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Abstract

AIM

To investigate the impact of extrinsic visual feedback
and additional cognitive/physical demands on single-limb
balance in individuals with ankle instability.

METHODS

Sixteen subjects with ankle instability participated in
the study. Ankle instability was identified using the
Cumberland Ankle Instability Tool (CAIT). The subject’s
unstable ankle was examined using the Athletic Single Leg
Stability Test of the Biodex Balance System with 4 different
protocols: (1) default setting with extrinsic visual feedback
from the monitor; (2) no extrinsic visual feedback; (3) no
extrinsic visual feedback with cognitive demands; and (4)
no extrinsic visual feedback with physical demands. For
the protocol with added cognitive demands, subjects were
asked to continue subtracting 7 from a given number
while performing the same test without extrinsic visual
feedback. For the protocol with added physical demands,
subjects were asked to pass and catch a basketball to and
from the examiner while performing the same modified
test.

RESULTS

The subject’s single-limb postural control varied signi-
ficantly among different testing protocols (F = 103;
P = 0.000). Subjects’ postural control was the worst
with added physical demands and the best with the
default condition with extrinsic visual feedback. Pairwise
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comparison shows subjects performed significantly worse
in all modified protocols (P < 0.01 in all comparisons)
compared to the default protocol. Results from all 4
protocols are significantly different from each other (P <
0.01) except for the comparison between the “no extrinsic
visual feedback” and “no extrinsic visual feedback with
cognitive demands” protocols. Comparing conditions
without extrinsic visual feedback, adding a cognitive
demand did not significantly compromise single-limb
balance control but adding a physical demand did. Scores
from the default protocol are significantly correlated with
the results from all 3 modified protocols: No extrinsic
visual feedback (r = 0.782; P = 0.000); no extrinsic visual
feedback with cognitive demands (r = 0.569; P = 0.022);
no extrinsic visual feedback with physical demands (r
= 0.683; P = 0.004). However, the CAIT score is not
significantly correlated with the single-limb balance control
from any of the 4 protocols: Default with extrinsic visual
feedback (r = -0.210; P = 0.434); no extrinsic visual
feedback (r = -0.450; P = 0.081); no extrinsic visual
feedback with cognitive demands (r = -0.406; P = 0.118);
no extrinsic visual feedback with physical demands (r =
-0.351; P = 0.182).

CONCLUSION

Single-limb balance control is worse without extrinsic
visual feedback and/or with cognitive/physical demands.
The balance test may not be a valid tool to examine ankle
instability.

Key words: Ankle; Balance; Instability; Motor control;
Rehabilitation

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Single-limb balance control with the Biodex
Balance System (BBS) was significantly worse without
extrinsic visual feedback and with cognitive or physical
demands in those with ankle instability. Clinicians should
consider a patient’s activity and incorporate proper addi-
tional demands in ankle stability testing. In addition, the
Athletic Single Leg Stability Test of the BBS may not be
a valid tool to examine ankle instability. Further research
is needed to examine the validity and reliability of the
Athletic Single Leg Stability Test in testing ankle instability.
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INTRODUCTION

Ankle sprain is one of the most common musculoskeletal
injuries, especially for active individuals and athletes!™.,
An estimated 23000 ankle sprains occur daily in the
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United States alone'™. Ankle sprains often occur as the
result of trauma (e.g., landing on an uneven surface
from a jump), compromising the physical structural and
functional integrity of the tissues surrounding the joint™.
It was reported that lateral ankle sprains comprise up to
83% of all ankle injuries’®. They are likely the result of a
fast perturbation of ankle plantar flexion and inversion,
contributing to complete or partial tears of the 3 lateral
ankle ligaments (anterior talo-fibular ligament, calcaneo-
fibular ligament, and posterior talo-fibular ligament).
Moreover, compromised mechanical restraints (e.g.,
injured ligaments, joint capsule), muscle strength, and/
or neuromuscular control (e.g., proprioception deficits)
after the initial injury may further compromise ankle
stability®*®!. As the result, 73% of the individuals who
had sprained their ankles before are likely to experience
recurrent injuries and ankle instability"’.

Several screening tools [e.g., The Cumberland Ankle
Instability Tool (CAIT), The Ankle Instability Instrument,
The Functional Ankle Instability Questionnaire] have been
developed to identify individuals with ankle instability™®.
A panel of experts concluded that CAIT is based on the
highest level (level I ) of evidence according to guidelines
described by the Centre of Evidence-Based Medicine,
Oxford, United Kingdom®. The CAIT is a 9-item question-
naire with the score ranges from 30 (best) to O (worst)".,
A subject scores lower than 28 would be considered
having ankle instability. It has a test-retest intraclass
correlation coefficient (ICC) of 0.96, and it also has a good
sensitivity (82.9) and specificity (74.7) in differentiating
participants with or without ankle instability™’.

Proper balance control is crucial to ensure safe fun-
ctional activities. It is achieved with the integration of
sensory inputs (e.g., visual, vestibular, and somatosensory
information), muscle activations, and cognitive function
in human bodies™. For individuals with ankle instability,
compromised muscle strength and proprioception around
the ankle joint may hamper balance control®*?, A variety
of laboratory equipment (e.g., force plates) and dlinical
tests (e.g., Y Balance Test, Star Excursion Balance Test,
Foot Lift Test) have been developed to examine balance
control. One of the commonly used devices to examine
both static and dynamic balance control is the Biodex
Balance System (BBS; Biodex, Inc, Shirley, NY)®. This
apparatus has a good test-retest reliability and provides
quantitative measures of balance control***!, In addition,
the BBS uses a multi-axial testing platform which can be
set at various degrees of instability/difficulty (from the
static protocol of 0° surface tilt to a dynamic protocol of
20° surface tilt) to challenge the subjects with various
fitness levels and injury severities™”, Compared to other
balance testing equipment, the unstable platform of the
BBS can simulate unexpected external perturbations (such
as landing on an uneven surface) in various activities.
However, the monitor of the BBS also provides extrinsic
visual feedback (information about the center of gravity
location in relation to the base of support) to the subject
and compromises the test’s functional significance. In real
life scenarios, individuals don't receive concurrent visual
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information about their performance. Therefore, balance
control measured with the BBS may not truly reflect
balance control in daily activities.

Individuals often sprain their ankles while engaging
a sport activity (e.g., basketball), in which additional
cognitive demands (e.g., whom to pass the ball to) and/
or physical demands (e.g., catching or passing the ball)
are often present. It was suggested that balance activities
take place in association with at least one concurrent
task in daily activities, and cognitive function can have
an impact on balance control®®. The impact of adding
a cognitive loading on functional activities such as gait
and balance control is inconclusive, depending on many
factors such as the difficulty of the primary/secondary
tasks and subject conditions®®*>*. Examining single-leg
balance control with the BBS, Rahnama et a/®® (2010)
reported adding a cognitive task decreased postural
stability in subjects with ankle instability. However, they
used a modified protocol with their subjects’ eyes closed
during the testing. Eliminating all visual inputs does
not resemble functional activities and common ankle
injury mechanisms. Moreover, their protocol can further
increase anxiety and unnecessary muscle activation,
therefore compromising balance control. In addition,
no study had examined the impact of adding a physical
demand with a functional significance to individuals
performing the single-leg balance lest with the BBS.

The first aim of this study was to investigate the
impact of extrinsic visual feedback and additional cog-
nitive/physical demands on single-limb balance in
individuals with ankle instability. The second aim of
the study was to investigate if any of the 4 single-limb
balance testing protocols correlates to ankle stability
measured by the CAIT. It was hypothesized that taking
away the extrinsic feedback and additional cognitive/
physical demands could compromise single-limb balance
control. Results of the study can provide clinicians
useful information regarding testing and rehabilitation
regimens for individuals with ankle instability.

MATERIALS AND METHODS

Participants

Sixteen subjects (12 females and 4 males, ranged from
19-30 years old) with ankle instability participated in the
study. Subjects were recruited from the campus of a local
university. The inclusion criteria for the subjects includes:
(1) have one or more ankle sprains over the same ankle
resulted in pain, swelling, and/or loss of function when it
occurred; (2) have the latest ankle sprain occurred within
the past year; (3) have no other prior injury that received
medical attention for the injured ankle; (4) have no pain
or discomfort during single leg standing over the injured
ankle at participation; and (5) answer “no” to all questions
on the Physical Activity Readiness Questionnaire (PAR-Q
and YOU)™, All participants signed a consent form
approved by the Institutional Review Board of the local
university at the beginning of the study.
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Procedures

At the beginning of the testing session, subjects were
asked to fill out the CAIT questionnaire (Table 1). Only
subjects who scored 27 or less (an indication of ankle
instability) were asked to participate in the study. The
subject’s unable ankle was examined using the Athletic
Single Leg Stability Test of the BBS. The single-leg test
was chosen because all subjects were recreational
athletes and other double foot support and/or static
protocols of the BBS lack functional significance. Subjects
were examined with 4 different protocols: (1) default
setting with extrinsic visual feedback; (2) no extrinsic
visual feedback; (3) no extrinsic visual feedback with
cognitive demands; and (4) no extrinsic visual feedback
with physical demands (Figure 1). Subjects were tested
at dynamic level 4, which provided moderate balance
control difficulty.

After adopting a single-limb stance on the BSS
platform without shoes, subjects performed a total of
3 trails with 20 s/trial while receiving extrinsic visual
feedback (their center of gravity location in relation to
the base of support) concurrently from the monitor.
For the remaining 3 modified protocols, subjects were
positioned on the platform facing the opposite direction
while keeping the same relative foot position/alignment
in relation to the platform as in the default protocol. In
the modified protocols, subjects were able to use vision
to assist maintaining the balance but without the direct
extrinsic visual feedback from the monitor. For the protocol
with cognitive demands, subjects were asked to continue
subtracting 7 from 121 (trial 1), 119 (trial 2), and 116
(trial 3) to 0 without feedback from the monitor. For the
protocol with physical demands, subjects were asked to
pass and catch a basketball to and from an examiner
standing 6 feet away. The pace was standardized at once
every second (guided by a metronome). All 3 modified
protocols consisted of 3 trails with 20 s/trial. Subjects were
asked to sit and relax for 2 min between protocols to avoid
fatigue.

Statistical analysis

Statistical analyses were conducted using IBM SPSS
Statistics (Armonk, NY) Version 21.0. The overall stability
index (OSI) produced by the BBS was used for analyses.
One-way Analysis of Variance (ANOVA) with repeated
measures was used to compare the 4 different testing
protocols. Post hoc comparisons were performed with the
Paired-Samples T test. Pearson Correlation was used to
examine the correlations between the OSI and the CAIT
scores. Significance level (P-values) was set at 0.05 for
all comparisons.

RESULTS

The subject’s single-limb balance control varied significantly
among different protocols (F = 103; P = 0.000). Subjects’
postural control was the worst with added physical de-
mand (passing and catching a basketball) and the best
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Table 1 The Cumberland Ankle Instability Tool

Please check the one statement in each question that best describes your ankles

Left Right Score

1 I have pain in my ankle
Never
During sport
Running on uneven surfaces
Running on level surfaces
Walking on uneven surfaces
Walking on level surfaces
2 My ankle feels unstable
Never
Sometimes during sport (not every time)
Frequently during sport (every time)
Sometimes during daily activity
Frequently during daily activity
3 When I make SHARP turns, my ankle feels unstable
Never
Sometimes when running
Often when running
When walking
4 When going down the stairs, my ankle feels unstable
Never
If I go fast
Occasionally
Always
5 My ankle feels unstable when standing on one leg
Never
On the ball of my foot
With my foot flat
6 My ankle feels unstable when
Never
Thop from side to side
Thop on the spot
When I jump
7 My ankle feels unstable when
Never
I run on uneven surfaces
Ijog on uneven surfaces
I walk on uneven surfaces
I walk on a flat surface
8 Typically, when I start to roll over (or “twist”) on my ankle, I can stop it
Immediately
Often
Sometimes
Never
I'have never rolled over on my ankle

O o o o o g
O 0o o o o g
S = N W ke O

o 0o o oo
o 0o o oo
S = N W

o o0 o o0
o 0o o g
o =N W

o o oo
o o oo
o = N W

o o
o o
=N

a
a
[=}

o o oo
o o oo
O = N W

oo o oo
0o o o oo
O = N W

O o oo g
O o oo g
WO = N W

9 After a typical incident of my ankle rolling over, my ankle returns to “normal”

Almost immediately

Less than one day

1-2d

More than 2 d

I'have never rolled over on my ankle

O o o o o
O o o o o
WO = N W

with the default condition with extrinsic visual feedback
(Figure 2). Pairwise comparison shows subjects performed
significantly worse in all modified protocols (P < 0.01 in
all comparisons) compared to the default protocol. Results
from all 4 protocols are significantly different from each
other (P < 0.01), except for the comparison between
the “no extrinsic visual feedback” and “no extrinsic visual
feedback with cognitive demands” protocols. Comparing
conditions without extrinsic visual feedback, adding a
cognitive demand did not significantly compromise single-
limb balance control but adding a physical demand did.
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Scores from the default protocol are significantly correlated
with the results from all 3 modified protocols: no extrinsic
visual feedback (r = 0.782; P = 0.000); no extrinsic
visual feedback with cognitive demands (r = 0.569;
P = 0.022); no extrinsic visual feedback with physical
demands (r = 0.683; P = 0.004). However, the CAIT
score is not significantly correlated with the OSI from any
of the 4 protocols: default with extrinsic visual feedback
(r = -0.210; P = 0.434); no extrinsic visual feedback (r
-0.450; P = 0.081); no extrinsic visual feedback with
cognitive demands (r = -0.406; P = 0.118); no extrinsic
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Figure 1 Single-limb balance testing protocols with the Biodex Balance System. A: The Athletic Single Leg Stability Test (default) with extrinsic visual feedback
from the monitor; B: Modified test without extrinsic visual feedback; C: Modified test without extrinsic visual feedback and with cognitive demands; D: Modified test

without extrinsic visual feedback and with physical demands.
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Figure 2 Overall stability Index of the Biodex Balance System from the 4
testing protocols.

visual feedback with physical demands (r = -0.351; P =
0.182).

DISCUSSION

Compared to the default setting, results of the present
study show single-limb balance control was significantly
worse without extrinsic visual feedback with the BBS.
The BBS is a common testing and training apparatus
for balance control. However, the monitor of the BBS
provides concurrent extrinsic visual feedback about the
performance, which is not available in most activities.
In other words, performance with the BBS may over-
estimate the true capability of balance control in a
functional setting. Although providing additional extrinsic
visual feedback could be beneficial during training sessions
for those with balance control deficits (e.g., patients with
severe Parkinson disease), its result may not accurately
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reflect the performance in other conditions without
additional visual feedback. Moreover, individuals who train
exclusively with the BBS may grow accustomed to rely too
much on extrinsic visual cues for balance control.

The results show that adding a cognitive demand did
not significantly compromise single-limb balance control
with the BBS. Literature is very limited about the role
of cognitive function on balance control for individuals
with ankle instability™®, The impact of adding a cognitive
loading on functional activities depends on many factors
such as the difficulty of the primary/secondary tasks
and subject conditions®*>%, Rahnama et ai*® (2010)
reported that adding a cognitive task decreased single-
limb postural stability in subjects with ankle instability.
However, their subjects were asked to close their eyes
during the testing. Despite not having extrinsic visual
feedbacks, subjects in the current study could still use
their vision in a subconscious matter to adjust their body
alignment in relation to surrounding objects. Therefore,
an easier primary task (maintaining the balance) may
explain the lack of cognitive effect in the current study.
Another explanation for the difference between the two
projects is the difficulty of the secondary task. Instead
of performing a simple mathematic calculation task,
their subjects were asked to remember the sequence of
7 digits and then repeat the digits in the exact reverse
order. The more difficult secondary task could also have
a greater impact on single-limb balance control in their
study.

No study had examined the impact of adding physical
demands on single-limb balance control in individuals
with ankle instability. Considering basketball players are
more vulnerable to ankle sprains (41.1% prevalence)
than other athletes', the present study adopted a
physical demand (catching and passing) that is similar
to playing basketball. The results show that adding a
physical demand significantly compromised single-limb
balance control with the BBS. In order to catch and pass
the basketball properly in a timely fashion, subjects could
not solely focus on balance control. Engaging an upper
extremity movement/perturbation also moved their
center of gravity away from the base of support more
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often, therefore making it more challenging to maintain
single-limb balance. Based on the results, clinicians
should incorporate physical demands in ankle stability
testing and rehabilitation protocols to better simulate
functional activities and sports.

Results of the present study indicate a poor cor-
relation between single-limb balance control and ankle
instability severity. It was suggested that ankle instability
can have a negative impact balance control®?*?,
Because after the initial ankle sprain, overstretched
ligaments and joint capsule may hamper the function
of mechanoreceptors (e.g., muscles spindles and Golgi
Tendon Organs) and compromise the proprioception
of the ankle joint™®®l, However, other studies found no
proprioception difference between unstable and healthy
ankles''®?***® Moreover, balance control can also rely
on other motor control strategies (e.g., hip strategy),
and the coordination of other joints (e.g., hip and knee)
and muscles (e.g., trunk muscles). In conclusion, many
factors other than ankle stability can contribute to single-
limb balance control. The results of the current study
suggest that OSI measured with the BBS may not be a
good indicator of the severity of ankle instability.

A limitation of the present study is the small sample
size. In addition, future studies may consider adding a
separate group of subjects without ankle instability to
examine if subjects with ankle instability respond to added
demands differently from healthy subjects. Although the
BBS is a commonly used apparatus in a rehabilitation
setting, further research is needed to examine the validity
and reliability of the Athletic Single Leg Stability Test in
testing ankle instability.

Single-limb balance control is compromised without
extrinsic visual feedback and/or with added cognitive/
physical demands. Clinicians should consider eliminating
excessive extrinsic visual feedback and incorporating
physical demands in ankle stability testing and rehabilitation
protocols to better simulate functional activities and sports.
In addition, many factors other than ankle stability may
impact single-limb balance control. Single-limb balance
tests with the BBS may not be a valid tool to categorize the
severity of ankle instability.

COMMENTS

Background

Ankle sprain is one of the most common musculoskeletal injuries. Recurrent
ankle sprains can cause ankle instability, and potentially contribute to poor
balance control. The purpose of the research was to examine the impact of
extrinsic visual feedback and additional cognitive/physical demands on single-
limb balance control, and to examine if those testing results can correlate to the
severity of ankle instability.

Research frontiers

Ankle instability is a well-studied pathology. However, it is still unclear if ankle
instability would have a significant impact on single-limb balance control. In
addition, some of the commonly used balance testing protocols provide too
much visual feedback and lack functional significance.

Innovations and breakthroughs

In order to provide more functional significance of a commonly used protocol for
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single-limb balance testing, the default protocol was modified to better resemble
daily activities and sport movements.

Applications

Clinicians should consider eliminating excessive extrinsic visual feedback and
incorporating physical demands in ankle stability testing and rehabilitation
protocols to better simulate functional activities and sports.

Terminology

Extrinsic visual feedback in the current study refers to the visual information
about the center of gravity location in relation to the base of support displayed
by the Biodex Balance System monitor. Proprioception includes both position
sense and movement sense of a joint.

Peer-review

Authors aimed to investigate the impact of extrinsic visual feedback and
additional cognitive/physical demands on single-limb balance in individuals with
ankle instability. Sixteen subjects with ankle instability participated in the study.
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