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ABSTRACT

Introduction Lateral ankle sprains are one of the most
common musculoskeletal injuries. Up to 70% of individuals
who sustain lateral ankle sprains develop chronic ankle
instability (CAl). Balance training has been used in patients
with CAl, but the evidence for its efficacy is inconsistent.
This systematic review and meta-analysis aims to
determine the short-term (end of the treatment period)
and long-term (6 months after treatment) effectiveness of
balance training for patients with CAI.

Methods and analysis We will search PubMed, EMBASE,
the Cochrane Library, Ovid, EBSCO-host, Pedro, ClinicalKey,
ScienceDirect, Springer, China National Knowledge
Infrastructure, Technology Periodical Database (VIP),
WanFang Data and China Biology Medicine for reports

of randomised trials of balance training in patients with
CAl, from inception to 1 October 2021. The language will
be restricted to English and Chinese, and articles will be
screened and collected by two reviewers independently.
Dynamic balance and functional ankle instability are the
primary outcomes of this study. Secondary outcomes
include pain, ankle range of motion, ankle strength and
health-related quality of life. Review Manager V.5.3
software will be used for meta-analysis, and stratification
analysis will be conducted for study quality according to
the Jadad score. Subgroup and sensitivity analyses will

be conducted. Grading of Recommendations, Assessment,
Development and Evaluation will be used to assess
confidence in the cumulative evidence. The protocol
follows the Cochrane Handbook for Preferred Reporting
Items for Systematic Reviews and Meta-Analysis Protocols
guidelines.

Ethics and dissemination Ethical approval is not
required for literature-based studies. The results will be
disseminated through peer-reviewed publications.

INTRODUCTION

Lateral ankle sprains are one of the most
common musculoskeletal injuries.' More
than 2 million cases of ankle sprains occur
each year in the USA.? With the extension of
the average life span, the incidence rate has
gradually increased.” Up to 70% of patients
may not receive proper rehabilitation after
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Strengths and limitations of this study

» We will collect a broad range of outcomes to assess
the potential benefits of balance training for patients
with chronic ankle instability (CAl).

» This work could be helpful in verifying the short-
term and long-term efficacy of balance training in
patients with CAl.

» We will conduct a stratification analysis according to
study quality to make a reliable conclusion.

» Only randomised controlled trials (RCTs; not includ-
ing quasi-RCTs) will be included in this analysis.

» A variety of control interventions and differences in
sample size, time-course of treatment, and popula-
tion may increase heterogeneity and bias.

history of one significant lateral ankle sprain,
which manifested as sensory ‘giving way’ and
instability, recurrent ankle sprain, joint laxity,
pain, swelling and impaired ankle func-
tion.” The residual symptoms last at least 1
year after the acute ankle sprain,” affect the
level of daily activity and quality of life, and
possibly increase the risk of chronic diseases
in patients with CAL>®

The factors leading to CAI are complex and
may be related to motor perception distur-
bance and mechanoreceptor injury,” and the
loss of balance is a determinant factor.'"™"
Freeman et al”’ found that afferent feedback
changes are the main functional mechanisms
of recurrent ankle sprains. Hertel'* suggests
that joint ligament injury of the lateral ankle
affects the feedback loop of proprioceptive
sensation, resulting in sensorimotor distur-
bances. It manifests as defects in neuro-
muscular control, proprioception, posture
control, strength and range of motion
(ROM).""® Studies have shown that pain
and swelling might negatively affect motor
perception, resulting in decreased motor

Dr Song Jin; the initial injury, resulting in chronic ankle  function and increased risk of reinjury and
j1049147000@163.com instability (CAI).*® CAI is characterised by a  post-traumatic arthritis.'?*
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Non-operative treatment is recommended as the
primary treatment for patients with CAL?' Balance
training, the main component of rehabilitation plans,”
has been widely used for patients with CAL* Balance
training can promote the recovery of motor perception
by stimulating the receptors of the ankle joint capsule
and ligaments, increasing the input of motor sensation
and activating gamma motor neurons.***

Although two systematic reviews in 2008% and 2017%°
assessed balance training efficacy for patients with ankle
sprains, the former focused on patients with acute ankle
sprains only, and the latter compared patients with healthy
controls. In addition, a systematic review published in
2021% only scanned three databases and analysed the short-
term effects of balance training. However, several relative
randomised controlled trials (RCTs) published after the
final retrieval deadline of April 2021,**”! and control inter-
ventions, such as whole-body vibration training and ROM
training, have not been compared with balance training.

It is essential to investigate the duration of treatment
effects of balance training in patients with CAI for clini-
cians in the decision-making process.”” Studies have
defined 6 months post-intervention as a long-term effect
assessment point for CAL* Studies used a follow-up
period of 6-12 months to evaluate the long-term effects
of CAL*™™ Wright and Linens® reported that 42.9%
of participants had improved sufficiently at 6-month
follow-up, and no longer meet the criteria of CAI inclu-
sion.® Thus, it is an important follow-up point for clin-
ical decisions. Therefore, we will define long-term effects
as 6 months after treatment based on the compliance of
subjects, clinical significance and the literature research
findings. However, there is no systematic review on the
subject to summarise its long-term effects. Thus, we
expect to conduct a systematic review and meta-analysis
to evaluate and synthesise the published RCTs and update
a definite conclusion of the short-term (end of the treat-
ment period) and long-term (6 months after treatment)
efficacy of balance training for patients with CAIL

METHODS AND ANALYSIS

The protocol follows the Cochrane Handbook for the
Preferred Reporting Items for Systematic Reviews. We
used the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis Protocols checklist to guide
the reporting of this protocol.

Eligibility criteria

Types of studies

The types of studies include RCTs on balance training for
patients with CAI. A randomised study will be conducted if
a trial mentions the phrase ‘randomisation’, and blinding
is not restricted. The language of the RCTs will be limited
to English and Chinese.

Types of participants
CAI was diagnosed according to the International Ankle
Consortium.’

1. Patients with CAI (aged =18 years) of any sex and eth-
nicity were enrolled.

2. Patients with a history of an ankle sprain that occurred
at least 12 months prior to study enrolment.

3. Patients with a history of injured ankle joint ‘giving
way’, and/or recurrent sprain, and/or ‘feelings of
instability’, and with a Cumberland Ankle Instability
Tool (CAIT) score of <24.

Types of interventions

The treatment group includes balance training with or
without conventional rehabilitation, while the control
group includes any type of rehabilitation, except balance
training.

Main outcome(s)

Primary outcomes

1. Dynamic stability will be evaluated using the Star
Excursion Balance Test. It is an excellent func-
tional index for monitoring changes in CAI after
rehabilitation.™

2. The functional ankle instability will be evaluated by the
CAIT. It is a simple, reliable and valid questionnaire.”’

Secondary outcomes

1. The pain intensity will be measured using the Visual
Analogue Scale or Numerical Rating Scale.

2. The ankle ROM will be measured, including dorsi-
flexion, plantar flexion, inversion and eversion move-
ments.

3. Ankle strength (inversion/eversion and dorsiflexion/
plantarflexion) will be measured.

4. Health-related quality of life will be measured by the
36-item Short-Form Health Survey.

Timing and effect measures

We will define short-term effects as the end of the treat-
ment period and long-term effects as 6 months after treat-
ment. This study will analyse the primary and secondary
outcomes at the following time points: end of the treat-
ment period (short-term) and 6 months after treatment
(long-term).

Exclusion criteria

Case reports, animal mechanism studies, self-pre-control
and post-control, expert experience, duplicated publica-
tions and quasi-RCTs will be excluded.

Information sources and search strategy

We will search PubMed, EMBASE, the Cochrane Library,
Ovid, EBSCO-host, Pedro, ClinicalKey, ScienceDirect,
Springer, China National Knowledge Infrastructure,
Technology Periodical Database (VIP), WanFang Data
and China Biology Medicine for reports of randomised
trials of balance training in patients with CAI, from incep-
tion to 1 October 2021. Medical Subject Headings, text
words, and word variants, such as “balance,” “coordina-
tion,” “proprioception,” “equilibrium,” “vestibular sense,”
“hop stabilization,” “training,” “chronic ankle instability,”
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”

“ankle instability,” “CAI” “ankle injury,” “ankle sprain,”
“syndesmotic injury,” will be searched for in all databases.
The language will be restricted to English and Chinese.
In addition, the reference lists of selected papers will be
checked manually. Detailed search strategies for data-
bases can be found in the online supplemental file.

Data collection

Two independent reviewers (JM and TZ) will scan the
titles and abstracts according to the inclusion and exclu-
sion criteria and screen articles using their full-text
version. They will extract the data into a self-designed
data extraction form and cross-check the selection results
if they satisfy the criteria. Any disagreements will be arbi-
trated by a third reviewer (S]). The selection procedure is
shown in figure 1.

Data extraction and management

Two reviewers (JW and DZ) will extract data from the
included studies independently. Multi-arm RCTs will
be divided into two arms according to the intervention.
Balance training or balance training combined with
conventional rehabilitation will be considered the treat-
ment group, and other interventions without balance
training will be the control group. The data extraction
form will include basic information (article title, first
author, publication year, country, mean age of the popu-
lation, and number of male and female patients), study
design (RCT design, blinding method, randomisation,

sample size), interventions (including the type, frequency,
session, duration and follow-up time), outcome measures
and conclusions. Diversity will be resolved by a third
reviewer (S]).

Assessment of risk of bias and quality

Two reviewers (JW and JM) will assess the risk of bias of the
included trials using the Cochrane Collaboration’s risk of
bias assessment tool. We will evaluate the risk of bias (low,
high and unclear risk) in six areas, including performance
bias (blinding of participants and personnel), selection
bias (random sequence generation, allocation conceal-
ment), detection bias (blinding of outcome assessment),
attrition bias (incomplete outcome data), reporting bias
(selective reporting) and other biases. We will conduct
a stratification analysis for study quality according to the
Jadad score. For duplicate publications, we will select only
the original. The final decisions will be made by a third
reviewer (S]) if inconsistent results appear.

Management of missing data

For incomplete data or missing data, we will contact the
corresponding author to request additional information.
Otherwise, related studies will be excluded.

Assessment of heterogeneity

The Q-test and I” statistic will be used to assess the hetero-
geneity of the included studies, as the criteria: I* <50%
indicates low heterogeneity, while I >50% indicates high
heterogeneity.

Assessment of publication bias
We will use the funnel plot to visually assess publication
bias if the number of included trials is more than 10.*

Data analysis and synthesis

Review Manager (V.5.3, Nordic Cochrane Centre, Copen-
hagen, Denmark) will be used. The relative risk will be
used to analyse dichotomous risk. The fixed-effects model
will be used to combine the data if the statistical hetero-
geneity is low (I* <50%), or a random-effects model will
be used if the statistical heterogeneity is high (I >50%).
The mean difference (MD) with 95% CI will be used for
the continuous variables, and standardised MD and 95%
CI will be used for the continuous variables if the units are
different. When quantitative evaluation is not available,
we will provide a qualitative description of the individual
study results.

Subgroup analysis and investigation of heterogeneity

We will use subgroup analysis to explore the causes of
heterogeneity according to the following potential factors:
control group types (whole-body vibration training, ROM
training and strength training).

Sensitivity analysis

Sensitivity analysis will be conducted according to the age
of patients, time of initiation and course of treatment,
intervention method and sample size.
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Grading the quality of evidence

Two reviewers will independently assess the quality of
evidence for outcomes using the Grading of Recommen-
dations, Assessment, Development and Evaluation guide-
lines.” The strength of the body of evidence is divided
into four levels: high, medium, low and very low.*’

Patient and public involvement

Patients and/or the public are not involved in the
design, conduct, reporting or dissemination plans of this
research.

Ethics and dissemination

Ethical approval was not required in this study because
no data are related to an individual patient. The results
will be disseminated through peer-reviewed publications.

DISCUSSION

Several studies revealed that previous injury, balance
deficit, pain, decline of eccentric muscle strength and
loss of ankle dorsiflexion are related to a recurrent ankle
sprain in patients with CAL*"™ Donovan and Hertel™
presented a new paradigm rehabilitation for patients with
CAI within four broad domains, namely functional activi-
ties, ROM, strength and balance. The rehabilitation plan
aims to improve the related functional defects, reduce
pain, prevent recurrent ankle sprains and improve
patients’ quality of life.* ***° Clinical reports have shown
that balance training effectively treats patients with
CALX #4751 Though several systematic reviews evaluated
the efficacy of balance training for CAI, the conclusion is
indefinite for various limitations of methods.?* 20 %’ Thus,
to better understand the potential benefits of balance
training and conduct clinical decision-making for CAI,
we will design this study to determine the short-term and
long-term efficacy of balance training for CAIL

In this review, stratification analysis will be carried out
for the study quality based on the Jadad score (high-
quality study (Jadad score 24) and low-quality study
(Jadad score <3)).%? Subgroup analysis will be consid-
ered according to interventions of control groups, time/
course of treatment and age (if heterogeneity is high
(I 250%)). Potential limitations may affect the results,
such as the variety of control interventions and differenti-
ation in sample size, time/course of treatment and popu-
lation. New unpublished data may not be available at the
time of submission of this review.

Above all, various follow-up outcomes need to be eval-
uated in future studies to better understand the potential
benefits of balance training and provide evidence-based
decisions for clinicians and researchers regarding CAI
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