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ABSTRACT

Objectives The concept of this review is to examine and
quantify the reporting of parameters of dose (duration,
speed, head excursion) and dosage (daily and weekly
frequency, duration) for gaze stabilisation exercises and

to report on outcome measures used to assess change

in gaze stabilisation following intervention. This review
includes any population completing gaze stabilisation
exercises.

Design Scoping review.

Methods We searched key terms in the following
databases: PubMed, CINAHL, Scopus and Cochrane. Two
researchers reviewed titles, abstracts and full-text articles
for inclusion. Data retrieved included: patient diagnosis,
specific interventions provided, dose and dosage of gaze
stabilisation interventions and outcome measures.
Results From the initial 1609 results, 138 studies were
included. Data extraction revealed that only 13 studies
(9.4%) reported all parameters of dose and dosage.

Most studies used other interventions in addition to gaze
stabilisation exercises. Half of the studies did not use a
clinical or instrumented outcome measure of gaze stability,
using only patient-reported outcome measures. Clinical
tests of gaze stability were used in 21.1% of studies, and
instrumented measures of gaze stability were used in
14.7% of studies.

Conclusions Full reporting of the dose and dosage of
gaze stabilisation interventions is infrequent, impairing the
ability to translate current evidence into clinical care. Most
studies did not use a clinical or instrumented measure of
gaze stabilisation as outcome measures, questioning the
validity of intervention effects. Improved reporting and use
of outcome measures are necessary to establish optimal
intervention parameters for those with gaze stability
impairments.

INTRODUCTION

Vestibular input is necessary for accurate
gaze stabilisation, spatial orientation during
movement and balance." When vestibular
function declines or is lost completely, the
ability to maintain gaze during movement
and the ability to maintain postural control
decreases. These changes increase an individ-
ual’s risk of falls.” Altered vestibular function
may result from many different processes.

,! Karen Goodman," Lena Volland?

Strengths and limitations of this study

» Inclusion of all populations where gaze stability ex-
ercises were used.

» Independent content expert reviewer agreement on
inclusion and exclusion criteria at each step of the
review process.

» Limited to publications in English.

» Limited to availability of full text.

As we age, there is a progressive decrease
in the number and function of hair cells in
the inner ear causing a gradual decline in
the reliability of information from the vestib-
ular system.” For some individuals, partial or
complete loss in vestibular function occurs
in one or both ears due to trauma, toxins,
infections, genetics, neurodegeneration or
unknown causes." These pathologic events
can occur in individuals of all ages, including
children.' ° ® A recent epidemiologic study
from Germany found that the age-adjusted
prevalence of unilateral or bilateral vestibular
hypofunction (VH) in the general popula-
tion is 6.7%." Data from the 2008 US National
Health Interview survey showed that 14.84%
of respondents had experienced dizziness or
balance problems in the last year.® Vestibular
dysfunction has large consequences, causing
decreases in socioeconomic status and quality
of life including changes in driving habits,
social isolation and decreased activities of
daily living."

Treatment of VH, whether from illness or
ageing, includes pharmacologic, surgical
and rehabilitative measures. Components of
vestibular rehabilitation may involve habit-
uation activities, vestibulo-ocular exercises,
optokinetic exercises and balance and gait
training.7 ® Gaze stabilisation is the ability to
maintain an object on the fovea of the retina
(visual focus) during head movements. When
gaze stabilisation is impaired, this can create
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visual blurring, dizziness and disequilibrium.” Impair-
ments in gaze stability can be treated with physical therapy
interventions that adjust the gain of the vestibulo-ocular
reflex.'” These vestibulo-ocular exercises vary the speed
of head movement, background, visual focal point and
plane of head movement while attempting to maintain
focus on an object.'” Gain can also be improved through
the use of movement of the visual field during optoki-
netic and habituation exercises, especially if the head and
neck are rotating.® !

Several larger systematic reviews have reported the
benefits of vestibular rehabilitation, including the use of
gaze stabilisation exercises in the treatment of individuals
with unilateral peripheral VH.” 12 Despite the common
usage of these exercises, a recent clinical practice guide-
line for peripheral VH cited level of evidence for gaze
stabilisation exercise dosage as only at that of expert
0pinion.12 We suspect that limited reporting of interven-
tion parameters and limited use of outcome measures
specific to gaze stabilisation across diagnoses are signifi-
cant contributing factors.

Review questions
The purpose of this scoping review was to compile
information related to dose and dosage of gaze stabi-
lisation exercises. We suspect that different dosages
may be beneficial for different types of patients based
on the pathophysiology and chronicity of their dysfunc-
tion, but it is our suspicion that reporting of dose and
dosage is insufficient for exercise replication and meta-
analysis. Further, we intend to discern if measures of
change in gaze stability are being reported and used in
order to establish effectiveness of recommended dose
and dosages of each intervention. This would allow
conclusions to be drawn regarding patient improve-
ment following interventions provided. Scoping the
literature will identify gaps related to implementation of
gaze stabilisation exercise to guide future research. Our
research questions are as follows:

» What information related to dose (duration, speed,
head excursion) and dosage (daily and weekly
frequency, duration) of gaze stabilisation exercises is
reported in the literature?

» When a gaze stabilisation intervention is prescribed,
what outcome measures are used to assess changes in
gaze stabilisation?

METHODS

We developed our methodology based on the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
Extension for Scoping Reviews guidelines and check-
list as well as other key works regarding methodology
for scoping reviews."”™ The protocol for this scoping
review was not registered. Two primary researchers devel-
oped the research questions and search criteria. A third
researcher assisted with resolution of disagreements and
data extraction.

Patient and public involvement
Patients were not involved in the development, design or
execution of this study.

Search strategy

We developed a list of key search terms from our research
question and conducted an initial search using those
terms in PubMed and CINAHL. From this, we revised
our search terms based on keywords and MESH terms
from those articles. A sample of our final search strategy
for each database can be found in online supplemental
appendix 1. We used the following databases to complete
our search: PubMed, CINAHL, Scopus and Cochrane.
Searches were conducted between April 2019 and May
2020. Results from the database searches were exported
into Endnote (V.X8.2) and duplicates were removed. Two
independent reviewers examined the titles and abstracts
of the remaining articles and applied the inclusion and
exclusion criteria. Full text for each of the remaining
articles was acquired for further review and determina-
tion of eligibility. If full text was not available, a notation
was made and the study was not included. One hundred
thirty-eight articles met all criteria and were used for data
extraction.

Inclusion/exclusion criteria

Our population was humans who performed any gaze
stabilisation intervention (such as X1 or X2 exercises or
optokinetic exercises). The exercise could be performed
as part of an intervention to address vestibular dysfunction
or could be used to determine the ability to alter compo-
nents of gaze stability whether or not vestibular dysfunc-
tion was present. However, we excluded individuals with
the diagnosis of benign paroxysmal positional vertigo as
individuals with this diagnosis do not typically present
with impairments of gaze stabilisation. We included all
age ranges as well as studies with additional interventions
unrelated to gaze stability. Search criteria were restricted
to clinical trials with human subjects16 and the English
language. The concept was to examine the reporting of
parameters of exercises and outcome measures used to
evaluate change in gaze stability. The context was not
limited and left open.

Data extraction

A Microsoft Excel (2016) spreadsheet was created to
document relevant information from the articles related
to dose and dosage of gaze stabilisation exercises, other
interventions provided, patient diagnosis, method of
diagnosis and outcomes measures related to gaze stability.

Analysis and presentation of results

All analyses were performed in Microsoft Excel (2016).
Following data extraction, coding was performed to
categorise findings for each of the dependent variables.
Patient diagnoses consisted of seven different categories
of healthy (no vestibular deficit), non-specific (no specific
diagnosis provided other than vertigo or dizziness), mild
traumatic brain injury (mTBI), central (central nervous

Cole KR, et al. BMJ Open 2022;12:2049560. doi:10.1136/bmjopen-2021-049560


https://dx.doi.org/10.1136/bmjopen-2021-049560
https://dx.doi.org/10.1136/bmjopen-2021-049560

system origin of deficit such as stroke), peripheral bilat-
eral dysfunction, peripheral unilateral dysfunction or
peripheral other. Studies were sorted based on these diag-
nostic criteria. Dosage parameters of duration, daily and
weekly frequency and dose parameters of duration and
head excursion were coded in a binary fashion of either
reported (1) or not reported (0). The dose parameter of
head movement speed was coded in a non-binary fashion,
placed into categories of slow (<120°/s), fast (=120°/s),
per patient comfort or no reported speed. Counts of
studies reporting each of the dose and dosage parame-
ters as well as number or parameters reported within each
study were then determined. Finally, outcome measures
were categorised into none reported, patientreported
outcome measures (PROMs) only, clinical measures
of gaze stability only, instrumented parameters of gaze
stability only and those studies that used combinations of
clinical, instrumented and PROMs. Again, the number of
studies that used each outcome measure was then deter-
mined. Only descriptive statistics were performed in this
analysis.

RESULTS
The initial search yielded 1609 studies. After duplicates
were removed, a total of 1120 citations were identified
for title and abstract review. Based on a review of the title
and abstract, 955 articles were excluded. Overall, 165 full-
text articles were obtained and assessed for eligibility of
inclusion in this study; 120 studies met the criteria. We
also reviewed the references of the full-text articles and
found an additional 18 references that met the inclusion
criteria. A total of 138 studies were included in this review
(figure 1).

Diagnoses of peripheral dysfunctions consisted of 54%
of the articles including unilateral peripheral vestibular
dysfunction (50 studies), bilateral peripheral vestibular

Records identified from electronic

l databases (n=1609)
Records after removing duplicates
(n=1120)
v
Titles of Records Screened Records excluded
(n=1120) (n=814)
v
Abstracts of Records Screened Records excluded
(n=306) (n=141)
v
Full Text Records Screened Records excluded
(n=165) (n=45)

<
<

y
Studies Included (n=138)

Figure 1

Full-text from Review
of References (n=18)

Flowchart for a search of electronic databases.

dysfunction (31 studies) and other peripheral diagnoses
such as dehiscence and cervicogenic dizziness (5 studies).
Twenty-two studies included individuals with both unilat-
eral and bilateral peripheral dysfunctions as separate
patient populations. The results from these studies were
appropriately included in the analysis of each group.
Sixteen studies included individuals with diagnoses of
central dysfunctions (stroke, visual vertigo, multiple
sclerosis and motion sickness). Eleven studies included
patients with mTBI and seven studies involved healthy
subjects without vestibular deficits. In 39 of the studies,
the origin of dizziness was non-specific or included a
cohort of patients with many different possible origins of
dysfunction. Interestingly, although gold standard evalu-
ations of peripheral dysfunction have been established,
only 26 of the 50 studies used calorics to determine a diag-
nosis of unilateral vestibular dysfunction, and 12 of the 32
studies addressing bilateral vestibular dysfunction used
the rotatory chair method for diagnosis. Further, 55 of all
138 studies failed to describe methods of determining the
diagnosis described in their study further than a subjec-
tive report of dizziness.

Data extraction revealed that only 13 studies (9.4%)
reported all six parameters of exercise prescription,
including the three dosage parameters of duration,
weekly frequency and daily frequency and the three dose
parameters of repetition duration, exercise speed and
head excursion.'” It is interesting to note that 9 of the
13 studies reporting all parameters of dose and dosage
were studies involving very short intervention durations of
either a single session or an episode of less than 2weeks.
The most common number of reported exercise parame-
ters (23.2% of studies) was three out of six. Interestingly,
12.3% of studies failed to report any parameters of gaze
stability exercise dose or dosage. Studies reported param-
eters of dosage far more frequently (duration 77.3%, daily
frequency 69.8%, weekly frequency 73.0%) than dose
(repetition duration 51.6%, speed 30.2% and excursion
20.8%) (figure 2, online supplemental appendix 2). This
trend was similar across all diagnoses studied. By far the
least reported was excursion of head movement during
exercise, and varied from ‘patient comfort’ to 10°-20°
in each direction. When reported, speed of exercise also
varied. Several studies described the speed as patient
comfort and tolerance (16 studies), predetermined set
speeds (9 studies) or progressive increases to a set speed
over time (5 studies). Exercise speeds were reported in
degrees per second or as a frequency in Hz. Unfortu-
nately, six studies that reported movement speed as Hz
did not report head movement excursion, thus rendering
an angular velocity of head movement as undetermined.

Outcome measures that specifically addressed either
symptom resolution or changes in gaze stabilisation were
divided into no report, PROMs, clinical evaluations and
instrumented measurements (figure 3, online supple-
mental appendix 2). By far, the most common type of
outcome used was PROMs, where 52.2% of studies used
a PROM as the only measurement of change, and an
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Figure 2 The number of publications that reported six
different parameters of gaze stabilisation exercise dose and
dosage for seven different patient populations. Numerical
values are provided in online supplemental appendix 2. mTBl,
mild traumatic brain injury.

additional 16.6% of studies used a PROM in combina-
tion with a clinical or instrumented measure. The Dizzi-
ness Handicap Inventory was the most commonly used
PROM, reported in 52.9% of studies that used this type
of instrument. A numerical rating scale of dizziness symp-
toms was the second most common, making up 27.1% of
PROM reported. Clinical tests of gaze stability were used
in 21.1% of studies, and instrumented measures were
used in 14.7% of studies. The Dynamic Visual Acuity Test
was the most commonly reported (57.5%) clinical test,
followed by the Head Impulse Test (14.9%). The most
commonly reported instrumented test was a measure of

Outcome Measures Related to Gaze Stabilization
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Figure 3 The number of publications that report using
gaze stability outcome measures classified as clinical,
instrumented or patient reported (PROM), as well as the
combinations of each. Numerical values are provided in
online supplemental appendix 2. mTBI, mild traumatic brain

injury.

Vestibular Ocular Reflex (VOR) gain (64.7%) through
a video Head Impulse Test, followed by a computerised
Dynamic Visual Acuity Test (13.3%). Only 1.3% of studies
used a combination of all three types of measures. Despite
using gaze stability exercises, 14.0% of studies included
no outcome measure to assess change in gaze stability or
improvements in patientreported symptoms related to
gaze stabilisation as a result of their investigation.

While this scoping review emphasises reporting of
exercise parameters and outcome measures of gaze
stabilisation exercises, we found that 113 of the studies
used other exercises in addition to gaze stabilisation.
Other interventions included balance and gait exer-
cises, general strengthening and conditioning exercises,
manual therapy, cervical stretching and strengthening,
visual motor exercises, habituation training and Tai Chi.

DISCUSSION

This review aimed to scope the literature to determine
reporting of information related to dose and dosage of
gaze stabilisation for any population receiving a gaze
stabilisation intervention. We intended to document
any differences in dose or dosage related to the type of
dysfunction as well as capture the outcome measures
being used to assess the efficacy of gaze stabilisation exer-
cises. Gaze stabilisation exercises were used across a wide
range of diagnoses including unilateral VH, bilateral VH,
other peripheral dysfunctions, central causes, mTBI and
healthy individuals. Our main findings from reviewing
138 publications that implemented gaze stabilisation
interventions were: (1) only 13 studies included all gaze
stabilisation dose and dosage parameters necessary for
intervention replication, (2) PROMs were overwhelm-
ingly the most common method to assess change in func-
tion and (3) the majority of studies included concurrent
exercises not targeting gaze stabilisation.

Reporting of dose and dosage of an intervention is
essential to be able to fully reproduce the intervention,
as well as understand the effect of the intervention on
outcomes. When prescribing gaze stabilisation exercises,
elements of dose should include exercise duration, speed
of head movement and excursion of head movement;
dosage should include daily frequency, weekly frequency
and length of time (eg, weeks) one should perform the
exercise. Our review found large gaps in reporting of all
six parameters of dosage and dose. Surprisingly, 12.3%
of the studies did not report any parameters of dosage
or dose for the gaze stabilisation interventions included
in the study, making it impossible to replicate or trans-
late to a clinical environment. The most commonly
reported parameters were elements of dosage, while the
least frequently reported parameters were dose speed
and excursion. This may be due in part to the ease in
which measures of dosage can be prescribed and docu-
mented. When dose speed and excursion were reported,
values varied widely. Exercise velocities and frequencies
ranged from 2()°/s22 %t 320°/530 and from 0.04 to 10 Hz,
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respectively. In a number of studies, the speed was often
up to patient’s discretion or comfort.

For the studies that did report on all aspects of dose
and dosage, all but three were individual case studies
and experimental paradigms that lasted less than 1week,
most often performed on healthy individuals. This could
be due in part to a lack of equipment in the clinical and
home setting to measure speed and/or excursion of head
movement. However, our review found several different
technologies being used or in development that can assist
with measuring speed and excursion.'” %2 20 31733 pogt
involved wearable head mounted technology that might
be more accessible to a clinical environment.' ** #* 315
Two studies used an optokinetic training paradigm on
a Digital Versatile Disc (DVD) allowing for a low-tech
option of training while simultaneously controlling for all
parameters.'” * Further use of technologies like these is
encouraging, as it would ensure that all aspects of dose
and dosage are captured and recorded to help determine
the optimal parameters for gaze stabilisation exercises.

We also found gaps in the literature related to the
outcome measures used to document changes in gaze
stability. A substantial portion of studies (14%) had no
assessment of gaze stabilisation, despite the fact that gaze
stabilisation was an intervention. We found that the most
common outcome measures used to assess gaze stabilisa-
tion were PROMs. The Dizziness Handicap Inventory was
the most widely used measure; however, it has no capacity
to measure gaze stability in isolation. While PROMs are
easy to administer, they only provide indirect assessment
of gaze stabilisation through the resolution of symptoms
and reported improvements in functions that incorpo-
rate gaze stability. In our opinion, using only PROMs may
be problematic as it is difficult to determine if improve-
ments on these scales are due to actual improvements in
gaze stabilisation versus other possible factors, such as
adapting daily activities to limit head movement and/or
limiting environment complexity to limit symptoms.

Instrumented measures of gaze stability are most
accurate to assess changes in VOR gain; however, only
19 studies used these means.** This may also be due to
limitations in access to equipment necessary to complete
these, such as a rotatory chair. Advances in more portable
technology, such as video Frenzel lenses and other wear-
able devices, are becoming more available and affordable.
We found several studies which used video head impulse
testing to determine changes in VOR function after gaze
stabilisation exercises.”’ * " Technology such as this
can be used to detect changes in VOR in a clinical setting
and will facilitate more accurate depiction of change in
gaze stability without access to a formal research labora-
tory or costly equipment.

Although outside the initial purpose of this scoping
review, we did find that only 25 studies focused solely on
gaze stabilisation as an intervention,'?% 2 28 30 32 35 38-53
Most studies included a combination of gaze stabilisa-
tion with other interventions such as balance and gait
training. Although effectiveness rather than efficacy

may be determined by incorporating a myriad of simul-
taneous interventions, further caution may be required
depending on the types of exercises issued. It may be that
certain exercises interfere with the effectiveness of gaze
stabilisation if performed simultaneously or in sequence.
Further studies are needed to determine the interaction
between gaze stabilisation and other types of interven-
tions thereby determining combinations or sequences of
exercises that provide optimal recovery in gaze stabilisa-
tion and overall function.

The ultimate goal in improving the reporting of dose
and dosage and use of outcome measures related to gaze
stabilisation is the ability to determine the appropriate
dose and dosage for individuals with vestibular dysfunc-
tion. Filling the gaps in the literature will help to deter-
mine if different dosages are needed for different types of
vestibular dysfunction. While we had hoped to be able to
comment on dosage and dose for different patient popu-
lations, we instead found that there is a widespread lack
of reporting on the six specific parameters. Future studies
should focus on reporting of all parameters of dosage and
dose in order to ensure the ability to establish optimal
interventions and reproducibility in the clinic and during
home exercise programmes. Future studies should also
include a measure of gaze stabilisation as an outcome,
ideally one that is clinical or instrumented instead of
patient report alone. Studies should also consider using
only gaze stabilisation as an intervention to establish effi-
cacy or to investigate the potential change in effectiveness
of gaze stability exercises when performed concurrently
with other types of exercises (eg, static or dynamic
stability). As previously mentioned, advancements in
technology that can be translated to the clinic in a cost-
effective manner will likely pave the way for future studies
that address each of these elements.

A limitation of this review is that we restricted the
search to only those articles written in English and
those with full text available. Despite this, we reviewed a
substantial number of articles to reach our conclusions
that there is no consistency in the reporting of dosage or
dose or the use of outcome measures for gaze stabilisa-
tion interventions.

CONCLUSION

Our scoping review found gaps in the literature related
to reporting of dose and dosage of gaze stabilisation
exercises. We also found gaps related to the use of clin-
ical or instrumented outcome measures to document
changes in gaze stabilisation. Future research should
focus on controlling for and reporting on all aspects
of dose and dosage and utilisation of clinical or instru-
mented outcome measures of gaze stability that do not
rely solely on patient report. This will allow for determi-
nation of the optimal prescription of gaze stabilisation
exercises.
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