
 

 

 

A Systematic Review on Balance Performance in
Patients With Bilateral Vestibulopathy
Citation for published version (APA):

Herssens, N., Verbecque, E., McCrum, C., Meijer, K., van de Berg, R., Saeys, W., Vereeck, L., Van
Rompaey, V., & Hallemans, A. (2020). A Systematic Review on Balance Performance in Patients With
Bilateral Vestibulopathy. Physical Therapy, 100(9), 1582–1594. https://doi.org/10.1093/ptj/pzaa083

Document status and date:
Published: 01/09/2020

DOI:
10.1093/ptj/pzaa083

Document Version:
Publisher's PDF, also known as Version of record

Document license:
Taverne

Please check the document version of this publication:

• A submitted manuscript is the version of the article upon submission and before peer-review. There can
be important differences between the submitted version and the official published version of record.
People interested in the research are advised to contact the author for the final version of the publication,
or visit the DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these
rights.

• Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
• You may not further distribute the material or use it for any profit-making activity or commercial gain
• You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above,
please follow below link for the End User Agreement:
www.umlib.nl/taverne-license

Take down policy
If you believe that this document breaches copyright please contact us at:

repository@maastrichtuniversity.nl

providing details and we will investigate your claim.

Download date: 22 May. 2023

https://doi.org/10.1093/ptj/pzaa083
https://doi.org/10.1093/ptj/pzaa083
https://cris.maastrichtuniversity.nl/en/publications/a13fed1e-6185-4d69-9e8b-8f775c5f7972


N. Herssens, MSc, Department of
Rehabilitation Sciences and
Physiotherapy/ Movant, Faculty of
Medicine and Health Sciences,
University of Antwerp,
Universiteitsplein 1, Campus Drie
Eiken, DR314, 2610 Wilrijk, Belgium;
Multidisciplinary Motor Centre
Antwerp (M2OCEAN), University of
Antwerp, Antwerp, Belgium. Address
all correspondence to Mr Herssens at:
Nolan. herssens@uantwerpen.be.

E. Verbecque, PhD, Department of
Rehabilitation Sciences and
Physiotherapy/Movant, Faculty of
Medicine and Health Sciences,
University of Antwerp; Rehabilitation
Research Centre (REVAL),
Rehabilitation Sciences and
Physiotherapy, Hasselt University,
Diepenbeek, Belgium.

C. McCrum, PhD, Department of
Nutrition and Movement Sciences,
NUTRIM School of Nutrition and
Translational Research in Metabolism,
Maastricht University Medical
Centre+, Maastricht, the Netherlands;
Institute of Movement and Sport
Gerontology, German Sport
University, Cologne, Germany.

K. Meijer, PhD, Department of
Nutrition and Movement Sciences,
NUTRIM School of Nutrition and
Translational Research in Metabolism,
Maastricht University Medical
Centre+.

R. van de Berg, MD, PhD, Department
of Otorhinolaryngology and Head and
Neck Surgery, Division of Balance
Disorders, Faculty of Health Medicine
and Life Sciences, School for Mental
Health and Neuroscience, Maastricht
University Medical Centre+; Faculty of
Physics, Tomsk State University,
Tomsk, Russia.

W. Saeys, PhD, Department of
Rehabilitation Sciences and
Physiotherapy/Movant, Faculty of
Medicine and Health Science,
University of Antwerp; RevArte
Rehabilitation Hospital, Edegem,
Antwerp.

Post a comment for this
article at:
https://academic.oup.com/ptj

Review
A Systematic Review on Balance
Performance in Patients With Bilateral
Vestibulopathy
Nolan Herssens, Evi Verbecque, Christopher McCrum, Kenneth Meijer, Raymond
van de Berg, Wim Saeys, Luc Vereeck, Vincent Van Rompaey, Ann Hallemans

Objective. Patients with bilateral vestibulopathy (BVP) have severe balance deficits,
but it is unclear which balance measures are best suited to quantify their deficits and
approximate the diversity of their self-reports. The purpose of this study was to explore
measures of balance control for quantifying the performance of patients with BVP related
to different balance domains, allowing targeted assessment of response to intervention.

Methods. MEDLINE, Web of Science, and Embase were systematically searched on
October 9, 2019. The Scottish Intercollegiate Guidelines Network checklist for case-control
studies was applied to assess each individual study’s risk of bias. Standardized mean
differences (SMD) were calculated based on the extracted numeric data and reported
according to the type of sensory perturbation in the balance tasks.

Results. Twelve studies (1.3%) met the eligibility criteria and were analyzed, including
data of 176 patients with BVP, 196 patients with unilateral vestibulopathy, and 205 healthy
controls between 18 and 92 years old. In general, patients with BVP were either unable to
maintain (or had reduced) balance during tasks with multisensory perturbations compared
with healthy controls (range of mean SMD = 1.52–6.92) and patients with unilateral
vestibulopathy (range of absolute mean SMD = 0.86–1.66).

Conclusions. During clinical assessment to quantify balance control in patients with
BVP, tasks involving multisensory perturbations should be implemented in the test
protocol.

Impact. As patients with BVP show difficulties with movement strategies, control of
dynamics, orientation in space, and cognitive processing, clinicians should implement
these aspects of balance control in their assessment protocol to fully comprehend the
balance deficits in these patients.
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Balance Performance in BVP

B ilateral vestibulopathy (BVP) is an uncommon (28/100,000 US adults
in 2008)1 but highly disabling disorder characterized by a partial or complete loss
of vestibular function on both sides.2 A bilateral loss of vestibular function can be

due to a dysfunction of the vestibular end organs, the vestibular nerves, or a
combination of both.3,4 In 2017, the diagnostic criteria of BVP were published by the
Classification Committee of the Bárány Society.5 These diagnostic criteria include
symptoms of movement-induced blurred vision during walking or quick head
movements and unsteadiness during standing and walking that worsens in darkness
and on uneven ground.5

As head movements aggravate their symptoms, patients with BVP are at risk for limiting
their activities of daily life, becoming more sedentary, moving more rigidly to decrease
their symptoms, and eventually developing concern for and risk of falling.6 These
adverse effects of BVP on function and participation highlight the need for adequate
assessment of balance deficits in order to formulate a physical therapy diagnosis to
guide targeted intervention.6 Such assessments need to take into account a
comprehensive, multi-factorial definition of balance where controlling the center of
mass in relation to the base of support during self-initiated and externally triggered
disturbances is implemented.7

Alongside the defined diagnostic criteria, Strupp et al5 made several suggestions
regarding the assessment of the vestibulo-ocular reflex (VOR) and the vestibulo-spinal
reflex. To assess the VOR, a large variety of both laboratory and bedside test methods
was described.5 To address the vestibulo-spinal reflex, on the other hand, only the
Romberg test was recommended.5 However, this test is limited to standing balance with
feet together and with eyes open or closed. Considering the broad range of clinical
symptoms reported by patients with BVP, a single test such as the Romberg test seems
inadequate, and a more comprehensive approach, taking several task constraints and
sensory conditions into account, seems justified.

Balance control is required in both static and dynamic situations, suggesting that its
assessment should comprise both task constraints.8 Furthermore, balance control is
highly influenced by the degree to which sensory information is available. It is
well-established that the sensory triad of vestibular-, visual-, and proprioceptive
information is crucial to adequately achieve, maintain, and restore balance control
during daily activities.8 All sensory systems provide accurate information on body
motion with respect to (1) surface orientation (proprioception), (2) the visual scene
(vision), and (3) gravitational space (vestibular).9 Patients with BVP therefore mainly
experience postural instability, which increases in darkness or on uneven terrain.2,10

These sensory perturbations should therefore be reflected in the assessment
protocol.

Vestibular rehabilitation in vestibular patients focuses on adaptation in case of residual
function or enabling substitution of the vestibular loss by enhancing the use of visual
and proprioceptive information. This requires the selection and weighting of the
incoming visual and proprioceptive information to enhance balance control.11 The
weight attributed to each available sensory input represents the proportion of
information that contributes to balance control.9 Depending on the situation, task, and
goal, the sensory information will be reweighted with the input providing the most
accurate information having the highest weight, without excluding information from
any of the remaining sensors.12 To improve this reweighting process via physical
rehabilitation programs, sensitive measurement tools for balance control need to be
selected, because this process of sensory substitution is highly variable and depends on
individual factors.13,14 For example, the degree to which vestibular function is preserved
plays a role in this process, but also predisposition of an increased reliance on visual or
somatosensory cues in some individuals has been hypothesized.15,16
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Balance Performance in BVP

To provide suitable vestibular rehabilitation for people
with BVP, enhancing sensory reweighting and
compensatory strategies and by extension quality of life,
more insight into various balance assessment methods is
needed. In particular, it is of interest to compare this
population with a group of patients with unilateral
peripheral vestibular loss and healthy controls (HC) with
bilaterally intact vestibular function. By comparing these
groups, insights are gained into the degree to which
balance performances vary according to vestibular
functioning (intact/unilateral hypofunction/bilateral
hypofunction). Therefore, the aim of this review is to
explore measures of balance control currently used in
literature to quantify the performances of patients with
BVP on different balance domains, thereby approximating
the diversity of their subjective complaints, which could
ultimately allow targeted assessment of response to
intervention.

Methods
Protocol and Registration
This systematic review was conducted according to the
Preferred Reporting Items for Systematic Review and
Meta-Analysis Statement. The protocol is available online
at PROSPERO (www.crd.york.ac.uk/prospero; registration
no. CRD42018102354).

Data Sources and Searches
A systematic search was last performed on October 9,
2019, in PubMed, Web of Science (Web of Knowledge),
and Embase using synonyms for the keyword “bilateral
vestibulopathy.” No filters were applied. Specifics on the
search queries for the 3 databases are available in
Supplementary Appendix 1. The search query was defined
by 2 researchers.

Study Selection
Relevant studies were identified using predefined
selection criteria according to the Population Intervention
Comparison Outcome Study design method.

Study design. Original studies written in English, Dutch,
French, or German, with a case-control design were
considered relevant as well as studies in which
norm-referenced (reference data derived from healthy
adult participants) assessment tools were applied.
Conference proceedings/−reports, editorials, letters, case
studies/−series, abstract only, (systematic) reviews, and
meta-analyses were excluded.

Population. Adult patients (≥18 years old) with isolated
BVP were of interest. All diseases or syndromes where
BVP occurs concurrently with other symptoms were
excluded (eg, cerebellar ataxia with neuropathy and
vestibular areflexia syndrome, diabetes mellitus, all types
of cerebellar disorders, neuropathies, etc). Children and
adolescents were excluded because of the ongoing
maturation or developmental influence.

Comparison. Performances on balance tests of patients
with BVP had to be compared with either HC adults
and/or adult patients with unilateral vestibulopathy (UVP)
to determine the influence of bilateral vestibular
dysfunction on balance control.

Outcome. Balance control was measured using a
standardized assessment tool in any static (ie, timed
bipedal stance or posturography), quasi-dynamic (ie, chair
stance test), or dynamic (ie, Timed Up and Go [TUG] test
or 3-dimensional gait analysis) situation for which
numeric data were reported for both patients and
controls. Self-reported balance deficits were excluded.

Risk of bias. Studies of poor methodological quality
were excluded. Two independent researchers (N.H., E.V.)
applied the selection criteria on title and abstract (phase
1) and on full text (phase 2) in the same sequence: design,
population, comparison, and outcome. After each phase,
the reason for inclusion and exclusion of citations was
discussed in a consensus meeting. To ensure that no
relevant articles were missed, the references of all studies,
included after phase 2, were screened and included if
eligible. The selection process is presented in
Supplementary Appendix 2.

Data Extraction and Quality Assessment
Data extraction. If the study was eligible, the following
data were extracted:

• General population characteristics (number of
participants per group, mean age and SD, age range,
sex distribution) and specific characteristics for the
patient groups (UVP/BVP: diagnostic criteria, etiology,
and time since the vestibular loss occurred);

• Classification of the balance tasks according to the
sensory perturbations: “without sensory perturbations,”
“perturbations of the base of support,” “visual
perturbations,” “vestibular perturbations,” and “more
than 1 sensory perturbation.” Subsequently, within
these classifications, tasks were further classified as
“standing” or “walking” tasks. In Supplementary
Appendix 3, a flowchart depicts the classification
process of the different perturbations;

• Mean and SD for each parameter. In case of median
values and interquartile ranges, Hillier and
Inglis-Jassiem’s formula for SD (SD = 0.75 ×
interquartile range) was applied and the median was
assumed to equate the mean.17

Quality Assessment
To identify risk of bias in individual studies, the Scottish
Intercollegiate Guidelines Network checklist for
case-control studies was applied.18,19 The checklist
contains 2 sections: internal validity and overall quality
assessment of the study. In the internal validity section,
risk of bias in the selection of participants, assessment,
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Balance Performance in BVP

confounding, and statistical analysis were assessed. One
item was omitted from the risk of bias assessment—
“Measures will have been taken to prevent knowledge of
primary exposure influencing case ascertainment”—
because loss of balance is one of the primary symptoms in
patients with BVP.

Subsequently, the studies’ overall quality was rated as high
quality (++) when ≥8/10 criteria were met, as acceptable
quality (+) when 6–7/10 criteria were met, and as low
quality (0) when either most criteria were not met (≥5/10)
or significant flaws relating to key aspects of the study
design were identified.19 Studies were rejected from data
extraction if overall quality was low or if the study did not
include clear definitions of the source population,
comment on how cases were selected, address the
influence of confounding factors, or provide a stat—ement
on psychometrics of the outcome measures or if the
outcome measures of interest were secondary outcomes.
All studies were assessed by 2 independent researchers
(N.H., E.V.) and results were discussed in a consensus
meeting.

Data Synthesis and Analysis
Standardized mean differences (SMD, mean and 95% CI)
were calculated in Review Manager (RevMan 5.3,
Cochrane, London, UK) and presented as forest plots for
each type of sensory perturbation (without sensory
perturbations, perturbations of the base of support, visual
perturbations, combined sensory perturbations and
vestibular perturbations). The SMDs were considered to
represent a large difference between groups if the mean
exceeded the interval (−0.8 to 0.8) and if the 95% CI did
not include zero.20

The number of patients unable to perform specific
balance tasks was converted to percentages as a function
of the applied sensory perturbations and graphically
presented in a bar chart.

Role of the Funding Source
The University of Antwerp Research Council (ID33586),
the University of Antwerp, and the Antwerp University
Hospital supported this work, and C. McCrum was funded
by the NUTRIM Graduate Programme from NUTRIM,
Maastricht University Medical Center+. The funders played
no role in the design, conduct, or reporting of this study.

Results
Study Selection
The search query revealed 866 unique citations. After
screening, 19 studies met the selection criteria, but 7
studies were excluded after risk of bias assessment.21–27

Data were extracted from 12 eligible studies28–39 as
reference screening revealed no additional suitable
citations. The selection process is presented in
Supplementary Appendix 2.

Risk of Bias in Individual Studies
The methodological quality of 8 studies was rated as
high28–32,35,38,39 and 4 as acceptable.33,34,36,37 All studies of
high quality failed to compare similarities or differences
between participants and nonparticipants but satisfied all
other criteria. Studies of acceptable quality failed to
provide clarity on including clear definitions of the source
population,36 addressing the influence of confounding
factors,33,36,37 applying the same selection criteria for both
controls and patients,33,34,36 or not comparing similarities
or differences between participants and
non-participants.33,34,36,37 Seven studies were excluded as
they did not include clear definitions of the source
population21,22,26,27 or address the influence of confounding
factors.21,23–26

Population Characteristics
Spread over 12 studies, 176 patients with BVP
(21–90 years old; 82 males, 85 females)28–39 196 patients
with UVP (20–92 years old; 56 male, 72 female),28,32,33,39

and 205 HC (18–87 years old; 86 male, 112 female)28–31,33–38

were investigated. In 8 studies, the control population was
age matched to the BVP population.28–32,35,36,38

The diagnosis of BVP was established using (a
combination of) different vestibular function tests: (1)
reduced VOR gain values during rotational chair testing at
different frequencies (0.01–0.8 Hz)29–32,38 or at different
velocities (47.1◦/s–240◦/s),35,36 (2) reduced or absent
responses to caloric stimulation,28,31–34,36–39 (3) corrective
saccades or reduced responses to head impulses,33,34,37 or
(4) reduced responses to cervical/ocular
vestibular–evoked myogenic potentials.33,34 Etiology of the
vestibular loss was reported in 11 studies and varied
greatly across the 176 patients with BVP and 196 patients
with UVP: acoustic tumor (UVP n = 29),28,32,33 degeneration
(BVP n = 3),32 genetic disorder (BVP n = 3),34 idiopathic
(BVP n = 28, UVP n = 14),30–33,38 inflammation/infection
(BVP n = 17, UVP n = 38),28–34,36,38 injury (BVP n = 1),34

(inner) ear surgery (BVP n = 1, UVP n = 28),29,32,33

Menière’s disease (BVP n = 4, UVP n = 4),28,34,36 multiple
sensory deficit (UVP n = 5),32 ototoxicity (BVP n = 57, UVP
n = 2),29–33,35,36,38 unknown (BVP n = 5, UVP n = 34),28,34

and not reported (BVP n = 57, UVP n = 42).28,37,39 Time
since BVP onset was reported in 4 studies29,32,35,39 and
varied between 1 month35 and 15 years.29

Balance Performance Without Sensory
Perturbations
Differences in performance on balance tasks without
sensory perturbations between patients with BVP and
healthy controls (HCs) or patients with UVP are
summarized in Figure 1. Standing balance was addressed
by measuring the center of pressure (COP) displacements
during quiet bipedal stance (hereafter referred to as
“standing”) on a force plate. Reported variables for
standing balance tasks were typical COP measures (eg,
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Balance Performance in BVP

Figure 1.
Difference in performance on balance tasks without sensory perturbations. Data on standing were derived from center of pressure (COP)
movements. For walking without sensory perturbation, data were derived from accelerometry34, GAITRite37, and COP movements36 but
also timed measures32,39. Standardized mean differences were considered to represent a true difference between groups if the difference
exceeded the interval (−0.8 to 0.8) and if the 95% CI did not include zero.

amplitude, area, and velocity)28,30,35 but also SD of dynamic
alignment (ie, the angular position of the center of gravity
relative to the center of foot position)35 and the strategy
(ie, the relative amounts of ankle and hip movements with

lower scores indicating hip strategy).35 Comparison of
balance performance during standing of patients with
BVP and HCs revealed significant SMDs for the COP
amplitude in anteroposterior direction (AP),30 COP area,28

1586 Physical Therapy Volume 100 Number 9 2020

D
ow

nloaded from
 https://academ

ic.oup.com
/ptj/article/100/9/1582/5828214 by guest on 12 O

ctober 2020



Balance Performance in BVP

COP velocity AP, and mediolateral direction (ML),30 but
not for the other variables28,30,35 or for comparison
between performance of BVP and UVP.28,32

Walking balance was assessed with overground walk-
ing34,36,37 at different walking speeds (slow,37 preferred,34,37

and maximal37) and with the TUG test.32,39 From overground
walking, stride length,34 stride time,34 walking speed,34,37

lateral and vertical center of mass (COM) excursion34 (mean
and coefficients of variation [CoV]), and step angles36

were extracted. With the TUG, time32,39 was measured.
Significant SMDs were reported between patients with BVP
and HCs for lateral COM excursion CoV;34 vertical COM
excursion;34 slow,34 preferred,33 and slow walking speed
(CoV)37 both overground and during TUG; stride length;34

and stride time (CoV).34 No significant differences were
found between BVP and UVP for TUG performance.32,39

Balance Performance With Perturbations of the
Base of Support
Figure 2 depicts the SMD in performances on balance
tasks involving proprioceptive perturbations between
patients with BVP and HCs or patients with UVP. In
Figure 3, the percentage of patients with BVP unable to
complete such tasks is shown. Perturbations of the base of
support were introduced during standing by adding
foam,28,30–32,38 a platform moving in AP,29,30,32,35 or ML30,33

directions, but also with different foot positions such as
1-leg stance32 and tandem stance.32 For standing on foam
and on a moving platform, a large variety of variables
derived from COP displacement were reported (Figs. 2
and 3). Standing on foam resulted in significant mean
differences between BVP and HCs in case of bandwidth of
COP displacement,31,38 COP acceleration,31 COP
acceleration root mean squared AP/ML,31 COP amplitude
AP,30 COP root mean squared (AP/ML),31 and COP
velocity28 AP/ML.30,31 When standing on a platform moving
in an AP direction, SMDs between patients with BVP and
HCs reflected a large difference in performance for all
variables, except for contraction time of mm.
gastrocnemius and hamstrings when performing a
protective stepping response29 as well as the COP path35

and the applied strategy (predominance of ankle
strategy).35 A platform moving in the ML direction also
induced significantly more sway in BVP compared with
HCs.30 Compared with UVP, the COP velocity during
standing on foam28 and the equilibrium score when
standing on a moving platform in AP direction32 are
significantly smaller in patients with BVP.

Balance Performance With Visual Perturbations
All data from balance tasks with visual perturbations are
presented in Figure 4. During standing, eyes closed (EC)
and altered visual surround (condition 3 of the sensory
organization test) were used to introduce visual
perturbations. During these conditions, COP
displacements were measured. In the EC condition,
compared with HCs, the bandwidth of COP

displacement,38 COP amplitude AP/ML,30 COP degrees of
displacement (AP),35 COP velocity AP/ML,30 and the SD of
dynamic alignment35 differed significantly in patients with
BVP. Standing with altered visual surround induced
significant SMDs (patients with BVP versus HCs) for the
COP degrees of displacement (AP) and ankle (HCs) versus
more hip (patients with BVP) strategy.35 No significant
SMDs were found during standing with EC or altered
visual surround conditions when comparing performances
of patients with BVP with patients with UVP.28,32

Walking with EC induced larger deviations in the step
angle of both legs in patients with BVP compared with
HCs.36

Balance Performance With Vestibular
Perturbations
In 1 study32, vestibular perturbations were implemented
by adding head turns to an overground walking task.
Although patients with BVP performed the task faster than
patients with UVP, the SMD was only moderate (Fig. 5).

Balance Performance With More Than One
Sensory Perturbation
Figure 6 depicts differences in performance on balance
tasks with combined sensory perturbations between
patients with BVP and patients with HCs/UVP.

Combined sensory perturbation was introduced in
standing tasks by combining the EC condition with
foam,28,30,32,38 moving platform in AP direction30,32,33,35 or
ML direction,30,33 and by combining altered visual
surround with AP movement of the platform.32,35 Several
studies reported patients to be unable to complete
balance tasks with combined sensory perturbation,31–33,35,38

as shown in Figure 3. Overall, regardless of the measured
posturography variable, when they are able to complete
the task successfully, the performances of patients with
BVP differ significantly from those of HCs. A similar
trend was found when comparing patients with BVP with
patients with UVP, except in the case of acute UVP.33

Discussion

The aim of this systematic review was to explore
measures for balance control most useful to quantify
the performances of patients with BVP related to different
balance domains. The results revealed that the 12 included
studies used different types of balance measures28–39 and
even when similar assessment tools were applied, different
parameters were used.29–31,35 The lack of uniformity
in the applied methods among studies highlights the tone
for a lacuna in the literature with respect to a standardized
test battery for balance control in BVP. As a result, this
systematic review merely provides a description of results
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Balance Performance in BVP

Figure 2.
Difference in performance on balance tasks without proprioceptive perturbations. All data were derived from posturographic measurements,
representing movements of the center of pressure (COP) with the exception of muscle activity29 and timed measures in different positions
and number of steps32. Standardized mean differences were considered to represent a true difference between groups if the difference
exceeded the interval (−0.8 to 0.8) and if the 95% Cl did not include zero.
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Balance Performance in BVP

Figure 3.
Mean percentage of patients with bilateral vestibulopathy (BVP) losing balance, classified according to sensory perturbation and balance
tasks.

as opposed to a more robust meta-analysis. Nevertheless,
some trends can be derived from the available results: (1)
when no sensory perturbations were present (ie, balance
tasks with natural base of support on stable ground with
eyes open), the performances of patients with BVP were
similar to those of patients with UVP and, for the most
part, also to those of HCs; (2) when only perturbations
of the base of support or visual perturbations
were present, patients with BVP showed an increase
in postural sway compared with HCs, whereas the
differences varied (mean SMD: [|0.01|;|1.45|]) strongly
compared with patients with UVP; (3) the presence
of more than 1 sensory perturbation led to outcomes
that clearly distinguished patients with BVP from both
HCs and patients with UVP shown by large mean
differences (SMD ≥ 0.80) in almost all outcomes
(standing on moving platform/foam with EC or tandem
gait with EC).

These results are not surprising. In any perturbed sensory
situation, patients with BVP can rely on only 1 sensory
source. However, which test should be preferred by
clinicians to identify these patients in clinical practice and
subsequently evaluate treatment effects?

Using the Romberg test, as was suggested by the Bárány
Society,5 for the assessment of balance has several limita-
tions. One author used the Romberg test with EC and found
a medium SMD between patients with BVP and patients
with UVP (SMD = −0.58, 95% CI = [−1.17 to 0.00]).32

The Romberg test does not take into account the uneven
terrain, which is a typical area of difficulty in patients
with BVP.5 Therefore, more challenging test protocols that
do take these patient’s complaints into account seem more
suitable.

Technical measures, such as the Sensory Organization
Test, are much more challenging and provide us with
valuable information regarding the patient’s ability to
reweight sensory information,40 which is clearly disturbed
in patients with BVP (Figs. 1–6). When using a moving
platform, either in anteroposterior or mediolateral
direction, large differences can be observed between
patients with BVP and HCs depending on the outcome
parameter29,30,35 as well as medium mean differences
compared with patients with UVP.32 Furthermore, patients
with BVP do not only perform poorer quantitatively (eg,
time or COP displacement) but also with regard to being
unable to achieve, maintain, or restore a specific position
in more complex sensory situations (Fig. 3).

In common clinical settings, such technical equipment is
not available, underlining the need for more simple
substitutes such as foam pads or applying more complex
foot positions that seem to suffice when aiming to
evaluate patients with BVP (Figs. 2 and 5). Using these
task constraints, timing of performance can be useful, but
also assessing the (in)ability to achieve and maintain the
position (pass/fail) can be useful.

Patients with BVP do not only report balance difficulties
in static situations but also in more dynamic situations.5

However, fewer included studies have focused on the
balance abilities of patients with BVP during
walking.32,34,36,37,39 In contrast to the included literature on
standing balance, gait assessment in these patients is
scarce. Compared with HCs, the performance of patients
with BVP on the Functional Gait Assessment were
significantly poorer.37 The TUG test did not reveal
significant differences between patients with BVP and
UVP,32 and similar performances on the Dynamic Gait
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Balance Performance in BVP

Figure 4.
Difference in performance on balance tasks with visual perturbations. All data were derived from center of pressure (COP) movements except
for timed measures in different positions. Standardized mean differences were considered to represent a true difference between groups if
the difference exceeded the interval (−0.8 to 0.8) and if the 95% CI did not include zero.

Figure 5.
Difference in performance on balance tasks with vestibular perturbations. Standardized mean differences were considered to represent a
true difference between groups if the difference exceeded the interval (−0.8 to 0.8) and if the 95% Cl did not include zero.
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Figure 6.
Difference in performance on balance tasks with combined sensory perturbations. All data were derived from posturographic measurements,
representing movements of the center of pressure (COP) with the exception of timed measures in different positions32, the falling index
during the sensory orientation test39, and the total number of points on the Dynamic Gait Index39. Standardized mean differences were
considered to represent a true difference between groups if the difference exceeded the interval (−0.8 to 0.8) and if the 95% CI did not
include zero.
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Index between these 2 groups were found.39 Walking
performances seem to be more dependent on both the
applied outcome parameter as the specific walking task
under consideration (Fig. 1). Walking requires control of
the center of mass when the base of support is changing,
thereby requiring more real-time adaptations,41 that is,
variability of gait, compared with standing conditions.
Thus, walking allows more compensatory behavior to
maintain control over the body but also requires the
availability of compensatory strategies. Therefore, with
respect to dynamic balance control, more thorough
investigations towards sensitive functional assessment
tools are required.

Clinical Implications
The results of this systematic review indicate that patients
with BVP substitute vestibular loss with a combination of
proprioceptive and visual cues, allowing adequate
compensation for the missing vestibular information. As a
result, the balance control of these patients in clinical
settings may not be adequately challenged using a single
sensory perturbation. To enhance the identification of
balance deficits that approximate the subjective
complaints of patients with BVP, more advanced and
challenging balance tasks need to be performed, that is,
involving multiple sensory perturbations. However, the
concept of balance control is not only influenced by
sensory strategies; patients with BVP also perform poorly
on movement strategies (eg, reactive balance
control),30,32,33,35 control of dynamics (eg, gait),32,34,36,37

orientation in space (eg, perception of verticality),42 and
cognitive processing (eg, attention).43 This should
therefore also be implemented in the assessment protocol
for addressing balance control in patients with BVP, for
which the Balance Evaluations Test44 might be suitable.
Hence, further investigations towards validity and
sensitivity as well as reliability in patients with BVP are
useful.

Limitations of the Included Studies
In general, the studies discussed included a
heterogeneous group of participants (ie, patients with
BVP of different etiologies), possibly different degrees of
vestibular dysfunction, and varying times of onset, which
were often (n = 8/12) not reported. Therefore, findings in
this review should be interpreted with caution.
Additionally, the literature search revealed 19 potentially
relevant studies to answer the research question, of which
7 studies had to be rejected due to severe methodological
shortcomings. Of the 12 eligible studies, only 2 studies32,39

compared patients with BVP and UVP and only 2
studies28,33 compared BVP with both UVP and HCs.
Although most included studies were rated as high
quality, 33% reached only acceptable quality, downgrading
the body of evidence due to (1) methodological
shortcomings in defining, selecting, or comparing the
investigated groups,33,34,36,37 (2) inducing selection bias

and lacking identification of confounding factors,33,34,36,37

and (3) limiting the reliability of the currently available
data.

Related to the controls, only in 8 included studies were
controls age-matched to the BVP population, resulting in a
possible selection bias.28–32,35,36,38 Only few included
studies matched the criteria proposed by the Bárány
Society because almost all studies included were
published before the diagnostic criteria were released.5

Most similarities were related to the reduced caloric
responses31,33,37,38 and reduced bilateral horizontal angular
VOR gain.33 Only 2 studies clearly stated that participants
reported unsteadiness while walking.30,32 In the remaining
citations, it was unclear whether self-reported
unsteadiness during standing or walking was used as an
inclusion criterion. The presence of oscillopsia and
absence of symptoms while sitting or lying down were
never reported as inclusion criteria.

Another main limitation of the included literature,
unaddressed with methodological quality assessment, is
reporting the etiology and the time since BVP onset. In
35% of the included patients with BVP, etiology was either
not reported or unknown. The wide variety of etiologies
that were reported, ranging from injuries to genetic
disorders, may further influence balance performance.
Only 4 studies29,32,35,39 reported the interval between onset
of the symptomatology and study date, with the majority
including patients with chronic BVP. One study reporting
balance performance in acute patients with BVP35 shows
that this subgroup tends to perform significantly poorer
compared with patients with chronic BVP (Figs. 1, 2, 4,
and 6), suggesting the need for subclassification within
this patient group when assessing balance control in
future research. Finally, most literature available concerns
standing balance in different sensory conditions,
providing insights into how patients with BVP are able to
cope with altered sensory information. However,
associations with locomotion-incorporating activities from
daily life are still missing. In the clinical practice
guidelines for patients with vestibular hypofunction by the
Academy of Neurologic Physical Therapy45 several balance
measures incorporating locomotion activities from daily
life, such as the Functional Gait Assessment and Dynamic
Gait Index, are recommended. Notwithstanding, there was
little mention of those balance measures in the included
literature. Only 3 studies mentioned the use of the
Functional Gait Assessment37 or Dynamic Gait Index,39,46

of which 1 study was excluded based on methodological
quality46 and 1 study did not report SDs,37 which made it
impossible to calculate the SMD. This was rather
surprising as these balance measures are widely used in
clinical practice.

Even though SMDs were calculated to provide a
straightforward interpretation of the actual differences in
balance performance between patients with BVP and
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controls, pooling of results was not possible because of
the large variability of applied balance tasks and outcome
variables. Therefore, these results can only describe a
certain trend in balance performance in patients with BVP,
highlighting the need for further research on this topic
and to define uniform outcome measures to evaluate
balance performance in BVP.

Conclusion
Based on the data presented in this systematic review, in
general, patients with BVP seem to be able to perform on
the same level as patients with UVP when visual cues,
proprioceptive cues, or a combination of both visual and
proprioceptive cues are available. In contrast, when both
visual and proprioceptive information is lacking, patients
with BVP are unable to perform at the same level as HCs
and patients with UVP, except when compared with
patients with acute UVP. During clinical assessment to
identify balance deficits in BVP or evaluate their therapy
progress, balance tasks involving multi-sensory
perturbations need to be implemented in the test protocol.
Future research should also be directed towards the
implementation of balance measures assessing balance
control in a multifactorial way that relates to activities of
daily life.
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