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Background/Purpose

This study aimed to evaluate how a two-week program using the in-phase mode of a
balance adjustment system (the BASYS) affected postural control in participants with
chronic ankle instability (CAI). It was hypothesized that the in-phase mode on the BASYS
would lead to improved postural control compared with training on a balance disc.

Study Design

Randomized control trial.

Methods

Twenty participants with CAI were recruited. The participants were divided into two
intervention groups: the BASYS (n = 10) and Balance Disc (BD; cushion type, n = 10). All
participants underwent six supervised training sessions over a two-week period. Static
postural control during single leg standing with closed eyes was assessed for the CAI
limb. We collected COP data while participants balanced on the BASYS. The test was
performed for 30 sec, and the total trajectory length and 95% ellipse area were calculated.
In the assessment of dynamic postural stability, Y-Balance tests-anterior, posteromedial,
and posterolateral directions were measured on the CAI limb for all participants and
normalized to the individual’s leg length. Participants were recorded at three instances:
pretraining (Pre), post-training 1 (Post1: after the first training), and post-training 2
(Post2: after the last training).

Results

There was an effect on time in the COP total trajectory length of the BASYS group, which
was significantly decreased for Post 1 and Post 2 than for the Pre (p = 0.001, 0.0001).
Group differences and time-by-group interactions were not observed for either of the
Y-balance test reach distances.

Conclusions

The study’s primary finding was that two weeks of intervention in the in-phase mode on
the BASYS improved static postural control in participants with CAL

Level of Evidence

Level I, randomized control trial

a Corresponding author:
Kazushi Yoshida,
Graduate School of Health and Sports Sciences, Chukyo University
Tokodachi 101, Kaizucho, Toyota, Aichi, 470-0393, Japan

TEL: +81 90-2011-4636, E-mail: k-yoshi hukyo- j


https://orcid.org/0000-0002-4406-4386
https://doi.org/10.26603/001c.74722
mailto:k-yoshida@sass.chukyo-u.ac.jp
https://doi.org/10.26603/001c.74722

Effect of a Balance Adjustment System on Postural Control in Patients with Chronic Ankle Instability

INTRODUCTION

Ankle sprains are among the most common injuries in the
general population and are the most frequently reported
injuries by competitive athletes.!=3 The prevalence of lat-
eral ankle sprains (LASs), coupled with high rates of rein-
jury, persistent symptoms, and self-reported reduced ankle
function, makes LASs and their sequelae a public health
concern.? Residual symptoms from an initial LAS are iden-
tified as chronic ankle instability (CAI). Doherty et al® con-
ducted a prospective study on patients with first-time ankle
sprains who sought treatment at the emergency depart-
ment in a hospital and found that 40% had developed CAI
at the 12-month follow-up. CAI describes a combination
of mechanical and functional instability with the following
residual ankle sprain symptoms®7: pain, swelling, weak-
ness, instability, and repeated episodes of “‘giving way”’.8
These potential long-term consequences highlight the need
for suitable treatments for these conditions.

Balance training has been reported to be an effective
modality for the rehabilitation and prevention of recurrent
sprains in individuals with CAI In their systematic review
and meta-analysis, Schiftan et al.? concluded that balance
training effectively reduces the risk of ankle sprain in sports
participants with a history of ankle sprains. Balance train-
ing generally involves maintaining a standing posture on
an unstable surface. Training on unstable surfaces has been
suggested to be a valuable aid for ankle sensory-motor re-
habilitation.1%:11 Previous studies suggested that training
on stable ground may correspond with enhanced static pos-
tural control, whereas instability training may improve dy-
namic postural control.12:13

A real-time postural feedback system called the “balance
adjustment system BASYS (MPF-5050B; Tec Gihan Co.,
Ltd., Kyoto, Japan)” was developed to establish a novel re-
habilitation strategy for addressing postural control. The
device adjusts between voluntary movements and reflects
adjustments in an individual’s standing posture adjust-
ment. In other words, the device helps the individual make
the necessary physical adjustments to their posture, while
also allowing their body to make automatic reflex adjust-
ments as needed. By doing so, the device can assist the in-
dividual in maintaining a healthy and stable standing pos-
ture. Additionally, the BASYS can implicitly modulate an
individual’s body sway, decreasing (in-phase mode) or in-
creasing (anti-phase mode) it in real-time. Especially the
in-phase mode differs from traditional balance training and
constitutes an entirely new interventional stimulation
method (Figure 1). Traditional balance training on unstable
surfaces improves postural control by imposing sway on the
patient. However, the in-phase mode of the BASYS sup-
ports standing postural adjustment and reduces sway by
moving the plate in the same direction as the individual’s
sway. These stimulations could be more effective than tra-
ditional balance training in treating the balance deficits
that have been reported in patients with CAI and postural
control disorder.

To the authors’ knowledge, the BASYS has been used
primarily in elderly individuals and patients with neurode-

Figure 1. The in-phase mode of the BASYS’ motion
reduces shaking by moving the plate in the same
direction as the center-of-pressure movement.

BASYS, balance adjustment system

generative diseases; however, it has not been studied in
younger individuals or patients with CAI. So far, it has been
used in clinical practice, but there has been no detailed
investigation of the BASYS device. Therefore, this study
aimed to evaluate how a two-week program using the in-
phase mode of the BASYS affects postural control in partic-
ipants with CAI. The authors’ hypothesized that the BASYS
(in in-phase mode) might lead to improved postural control
compared with training on a balance disc.

METHODS
PARTICIPANTS

Twenty participants with CAI were recruited from several
intercollegiate sports teams. Selection criteria for patients
with CAI'4 included participants who reported a history of
at least one substantial ankle sprain (the most recent in-
jury must have occurred more than three months before
study enrollment), two or more episodes of the ankle “giv-
ing way”’ in the six months before the study, and a score
<25 on the Japanese version of the Cumberland ankle in-
stability tool.15 In participants with bilateral ankle instabil-
ity, the ankle with the lower score was selected. The exclu-
sion criteria were as follows: a history of previous surgery
involving the musculoskeletal structures of either lower ex-
tremity; fracture in either lower extremity requiring re-
alignment; or acute musculoskeletal injury to the joints of
the lower extremity in the three months before the study,
affecting joint integrity and function, and resulting in at
least one lost day of desired physical activity.14
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Assessed for Eligibility,
n=110

Excluded, n=90
Not meeting inclusion criteria, n = 80

Declined to participate, n = 10
Other reasons, n=0

Randomized, n = 20

Allocated to BASYS Group,
n=10

y

Lost to Follow-Up,
n=0

Analyzed,
n=10

Figure 2. Flow of participants through the intervention

G*Power (Version 3.1.9.7) was used to determine the
sample size. The calculation was based on the F test, with
an alpha level of 0.05. The type II error rate was set at 80%
power and the effect size of 0.3 of the primary outcome
variable was taken from similar previous studies.l0:1! The
appropriate sample size for this study was determined to be
20 participants. The subjects gave informed consent to par-
ticipate in the study. The participant flow chart as per the
CONSORT statement is shown in Figure 2.

PROCEDURES

This study was a randomized clinical trial that compared
two types of balance training over two weeks by measuring
static and dynamic balance. The study was approved by
an institutional review board or similar committee. Par-
ticipants with CAI were randomly assigned to one of two
training groups: in-phase mode on the BASYS or Balance
Disc (BD; cushion type, Kbands Training). A simple ran-
domization procedure (sequentially numbered draws from
containers) was used to allocate study participants. Partic-
ipants were assessed at three instances: pretraining (Pre),
post-training 1 (Post1; after the first training session), and
post-training 2 (Post2; after the last training session). In
this study, static and dynamic postural control were consid-
ered dependent variables, while the groups and time were
the independent variables (Pre, Postl, and Post2). Assess-
ment of both groups before and after the two-week inter-
vention period consisted of the center of pressure (COP)
measurements during single leg standing with closed eyes
and Y-balance test reach scores (YBT; anterior [A], postero-
medial [PM], and posterolateral [PL] directions).

l

Allocated to Balance Disc Group,
n=10

y

Lost to Follow-Up,
n=0

Analyzed,
n=10

STATIC POSTURAL CONTROL

To assess static postural control, all participants stood on
an instrumented BASYS (MPF-5050B; Tec Gihan Co., Ltd.,
Kyoto, Japan) in a single-limb stance (CAI limb only) with
their hands crossed in front of their chest and their eyes
closed (Figure 3). They were given the following instruc-
tions: “Remain as motionless as possible for 30 sec, and if
you move out of position, please return to the original po-
sition as soon as possible and continue the trial.” The test
was performed for 30 sec, and the following outcomes were
then calculated from the resulting COP data: total trajec-
tory length and 95% ellipse area. The test was conducted
three times, with a 60-sec rest provided between the trials.
Data were filtered using a low-pass digital filter with a cut-
off frequency of 10 Hz using the software included with the
BASYS. The total trajectory length of the COP refers to the
length of the path taken by the center of the foot’s pres-
sure distribution, based on data recorded from changes in
pressure applied to the foot. Additionally, the 95% ellipse
area represents the area of an ellipse that approximates the
trajectory of the COP. In this study, when the load balance
on the sole of the foot is good, the total trajectory length
is shorter, and the 95% ellipse area is smaller. Conversely,
when the load balance is poor, the total trajectory length is
longer, and the 95% ellipse area is larger. The averages of
the values recorded in the trials were used for the analysis.

DYNAMIC POSTURAL CONTROL

Dynamic postural control was tested using the YBT test ap-
paratus (FunctionalMovement.com; Functional Movement
Systems, Danville, VA). The YBT has been shown to be re-
liable (composite ICC = 0.89)16 in the measurement of in-
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Figure 3. Subject position for the balance training
intervention on the BASYS (opened-eye) and testing
position for static postural control (closed-eye)

BASYS, balance adjustment system

dividual reach directions: A, PM, and PL. The orientation
of the reach direction was determined relative to the stance
limb. Participants stood on the involved limb with the great
toe behind the line on the platform located at the center
of the three diverging lines. Measurements were taken as
the participant pushed the target plate along the polyvinyl
chloride pipe with the opposite leg. The participants were
instructed to return to the starting position without losing
balance after each trial. The test was conducted three
times, with a 60-sec rest provided between the trials. The
average values of the three trials were used for the analysis.
The reached distances were normalized to the participant’s
leg length, which was measured in centimeters from the
anterior-superior iliac spine to the distal tip of the medial
malleolus. The composite score (percentage) was calculated
by taking the average of the three reached-distance average
values divided by the participant’s limb length, multiplied
by 100. The obtained value was used for statistical analy-
sis.17

BALANCE TRAINING INTERVENTION

After baseline testing, the participants were randomly as-
signed to one of the two groups (BASYS or BD) in a 1:1 ra-
tio. All participants then underwent a total of six super-
vised training sessions over a two-week period. Participants
of both groups performed single-limb balance training ses-
sions with their eyes open. During the task, they were in-
structed to cross their arms in front of their body and to
look at the black curtain in front of them to avoid any visual
effects.18 The black curtain was placed 70 cm in front of the

participants. The training program consisted of one ses-
sion of three 30-sec exercises with a 60-sec rest between
the exercises. All exercises were carried out only on the
unstable ankle and were performed barefoot. Participants
in the BASYS group trained using the in-phase mode on
the BASYS (Figure 3), whereas participants in the BD group
trained with the DynaDisc on the floor. The BASYS used the
anterior-posterior position of the COP in the standing po-
sition as a feedback signal to immediately move the floor
surface in the front-back direction. The in-phase mode of
the BASYS suppressed postural sway by moving the floor in
the same direction as the sensed COP. The vibration of the
BASYS floor movement could be set at 5%, 10%, or 15% of
the sensed COP. In this study, COP was increased by 5% in
each of the three exercises.

The training program (number of times, rest periods,
number of sets, etc.) implemented in this study was based
on the authors’ experience in clinical practice.

STATISTICAL ANALYSIS

Group demographics were compared using independent
samples t-tests. A two-way repeated-measures analysis of
variance was performed for all outcome variables to analyze
the interaction among groups (BASYS, BD) and the time of
assessment (Pre, Postl, and Post2). When the differences
were established, a post hoc Bonferroni multiple compar-
isons test was used. The effect size (ES) was calculated for
all pairwise comparisons according to the formula proposed
by Glass et al.19 When a pairwise comparison was per-
formed between the BASYS and BD groups, a pooled stan-
dard deviation for the calculations was used. The magni-
tude of the ES was interpreted using the scale devised by
Cohen: small (<0.2), medium (0.5), and large (>0.8).20 All
data are presented as means * standard deviations. The o
level was set at 0.05. Statistical analysis was performed us-
ing SPSS (version 26.0; IBM Corp, Armonk, NY).

RESULTS

Descriptive characteristics of the participants (11 females
and 9 males; age, 20.9 * 1.1 years; height, 165.2 # 7.1 cm;
mass, 62.3 * 5.6 kg), after randomization into their corre-
sponding training groups, are provided in Table 1. Inde-
pendent t-tests indicated no group differences in age (p =
0.509), height (p = 0.198), or mass (p = 0.635) All random-
ized participants completed the entire study as allocated as
shown in Figure 2, and none were harmed in the process.
CAI participants were recruited from February 2021 to July
2021 and attended lab visits at the time of assessment and
during the two-week intervention.

STATIC POSTURAL CONTROL

Results for static postural control are presented in Tables 2
and 3. There was a significant primary effect on time in the
COP total trajectory length of the BASYS group (p = 0.035),
but not for the 95% ellipse area (p = 0.126). The BASYS
group total trajectory was significantly decreased for Post1
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Table 1. Anthropometric characteristics of the BASYS and Balance Disc groups

Variable BASYS Balance Disc p-value
n 10 10 -
Gender 4M 6F 5M5F -
Age (year) 21.0+0.9 20.7+1.2 0.55
Height (cm) 164.9+8.2 165.6+5.9 0.85
Body Mass (kg) 61.1£5.5 63.5t5.4 0.36

BASYS, balance adjustment system

and Post2 values than the Pre value (Pre-Postl: p = 0.001,
ES [95%CI] = 0.88 [-0.08,1.75]; Pre-Post2: p = 0.0001, ES
[95%CI] = 1.02 [0.05,1.90]).

DYNAMIC POSTURAL CONTROL

Results for dynamic postural control are presented in Ta-
bles 4 and 5. Group differences (p > 0.05) and time-by-
group interactions (p > 0.05) were not observed for either of
the YBT reach distances.

DISCUSSION

The primary finding of this study was that two weeks of in-
tervention with the in-phase mode of the BASYS improved
static postural control in participants with CAI. Overall,
these results support the use of balance training with the
in-phase mode of the BASYS to address static postural con-
trol impairments in individuals with CAI. It was also hy-
pothesized that dynamic postural control could be im-
proved with intervention in the in-phase mode of the
BASYS, however this hypothesis was not supported due to
no changes in any post-intervention YBT reach distances
variables.

The results showed that training using the in-phase
mode of the BASYS decreased the total trajectory length of
COP (p = 0.001, 0.0001) while there was no effect of train-
ing the BD for the same measure (p = 0.092, 0.676). Fur-
thermore, the effect sizes from Pre to Post1 and Post2 were
moderate to large for static postural control variables due
to the intervention using the BASYS.

Static postural control was defined as the ability to bal-
ance on a stable surface without intentional movement by
the participant, like a measure of postural sway on a force
plate.2l The interventional stimulation in the in-phase
mode of the BASYS can be performed with an extremely
small movement in the front-back direction and with a
small amplitude load while the ground surface remains hor-
izontal for the participant’s COP. A single-legged stance on
a firm surface evokes the lowest overall muscle activity lev-
els for EMG.22 In addition, the use of a uniaxial balance
board showed that, based on foot orientation, the agonist-
antagonist co-activation can be controlled to some de-
gree.22 Therefore, in this study, the intervention of stim-
ulation by the BASYS in the in-phase mode may have
contributed to the coordination of fine body movements
of participants with CAI, reducing the postural control de-
mands and improving the total trajectory length of COP.

Regarding dynamic postural control variables, no dif-
ferences were found between the intervention in the in-
phase mode of the BASYS and the intervention on unstable
surfaces, indicating that the intervention utilized in this
study did not improve dynamic postural control. The au-
thors chose to incorporate isolated exercises, whereas a
more comprehensive rehabilitation program addressing
mechanical restrictions, plantar cutaneous deficits,
strength, and static postural control may be more appropri-
ate for improving reach distances and result in better func-
tional outcomes.!” Further research in patient populations
with CAI is necessary to evaluate the possible additional
benefit of intervention in the in-phase mode of the BASYS.

Importantly, there was a significant decrease in the total
trajectory length of static balance with intervention in the
in-phase mode of the BASYS within a brief treatment pe-
riod, from immediately after the intervention to two weeks
after. This result was initially due to exercising in the in-
phase mode on the BASYS, which may be considered for
inclusion in a rehabilitation program for CAI. In previous
studies, improvements were evident in postural control in
four-week other intervention programs for participants
with CAL23-25 McKeon et al,26 who studied individuals
with both new and recurrent ankle sprains, noted a sub-
stantial increase of up to approximately 70% in the proba-
bility of returning to play on day three following an injury.
Roughly 90% of those injured returned to participate within
one week.26 These results suggest that rehabilitation pro-
grams in the early period of CAI and ankle sprain should be
conducted for improved outcomes.

Considering the results of the present study, future re-
search should assess whether combining the in-phase mode
of the BASYS and conventional methods can enhance im-
provements in dynamic postural control, providing a new
direction for balance training following ankle injury.

This study has some limitations. The interpretation of
the exercises was solely based on the postural control vari-
ables. To assess the intervention in the in-phase mode of
the BASYS, it would be interesting to observe the effect on
the evoked muscle activation levels or functional outcome
measures. A BD was used for the control group in this study.
Further research is needed to exclude cognitive bias. There
is ample room for evaluation of the optimal training pro-
grams using the BASYS device.
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Table 2. Static postural control variables for the BASYS and Balance Disc groups

BASYS (n=10) Balance Disc (n=10)

COP mean+SD mean+SD p-value
Pre Post1 Post2 Pre Post1 Post2 Time GroupxTime
95% ellipse area (cm?) 42.0+23.6 30.1£9.8 25.4+8.2 35.1£16.2 33.2£20.1 32.9+£15.8 0.031 0.126
Total trajectory (cm) 277.1+76.9 216.3+60.8 213.9+42.7 259.8+45.4 233.5+56.1 241.4+61.5 0.001 0.035

COP, center or pressure; BASYS, balance adjustment system; Post1, after the first training; Post2, after the last training; SD, standard deviation

Table 3. Effect sizes calculated from the pre-postl, pre-post2, and post1-post2 for each static postural control variable and their 95% confidence intervals

Effect size
[95%Cl]
CoP BASYS (n=10) Balance Disc (n=10)
Pre-Post1 Pre-Post2 Post1-Post2 Pre-Post1 Pre-Post2 Post1-Post2
95% ellipse area 0.66 0.94 0.52 0.11 0.66 0.66
° [-0.27,1.53] [-0.02,1.82] [-0.39,1.39] [-0.78,0.98] [-0.27,1.55] [-0.27,1.56]
Total traiector 0.88 1.02 0.05 0.52 0.34 -0.13
! Y [-0.08,1.75] [0.05,1.90] [-0.83,0.92] [-0.40,1.38] [-0.56,1.21] [-1.01,0.75]
COP, center of pressure; BASYS, balance adjustment system; Post1, after the first training; Post2, after the last training
Table 4. Dynamic postural control variables for the BASYS and Balance Disc groups
BASYS (n=10) Balance Disc (n=10)
p-value
Y-Balance Test mean+SD mean+SD
Pre Post1 Post2 Pre Post1 Post2 Time GroupxTime
Anterior reach (cm) 65.9+6.1 64.6+5.9 64.6+5.2 61.4+7.7 61.3+8.3 62.2+8.6 0.667 0.446
PM reach (cm) 277.1+76.9 216.3+£60.8 213.9+42.7 259.8+45.4 233.5+56.1 241.4+61.5 0.021 0.131
PL reach (cm) 103.8+8.2 104.9+7.9 107.6+6.6 99.6+11.3 103.7+10.0 105.3+9.0 0.003 0.367

BASYS, balance adjustment system; Post1, after the first training; Post2, after the last training; PM, posteromedial; PL, posterolateral; SD, standard deviation
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Table 5. Effect sizes calculated from the pre-postl, pre-post2, and post1-post2 for each dynamic postural control

variable and their 95% confidence intervals

Effect size
[95%Cl]

Y-Balance Test BASYS (n=10)

Balance Disc (n=10)

Pre-Post1 Pre-Post2 Post1-Post2 Pre-Post1 Pre-Post2 Post1-Post2

Anterior reach 0.21 0.22 -0.01 0.01 -0.11 -0.11
[-1.01,0.74] [-0.67,1.09] [-0.88,0.87] [-0.87,0.88] [-0.98,0.77] [-0.98,0.77]

PM reach 0.03 -0.25 -0.24 -047 -0.55 -0.06
[-0.85,0.91 [-1.12,0.64] [-1.11,0.65] [-1.33,0.44] [-1.42,0.36] [-0.93,0.82]

PL reach -0.14 -0.52 0.37 -0.39 -0.57 -0.18
[-1.01,0.74] [-1.38,0.40] [-1.24,0.53] [-1.25,0.52] [-1.44,0.35] [-1.05,0.71]

BASYS, balance adjustment system; Post1, after the first training; Post2, after the last training; PM, posteromedial; PL, posterolateral

CONCLUSION

This is the first study to assess the efficacy of the BASYS
used in the in-phase mode as an intervention tool to ad-
dress post-CAlI postural control deficits. The total trajectory
for COP decreased from Pre to Postl and Post2 in the
BASYS group. Furthermore, large to moderate effect sizes
in terms of static postural variables were evident in the
BASYS group. However, both groups did not demonstrate
improved dynamic postural control outcomes. Therefore,
whether the BASYS or BD groups have the greatest effect
on improving dynamic postural control remains unknown.
Evaluating how postural control in patients with CAI is af-
fected by the in-phase mode of the BASYS may provide ad-
ditional insight into how to restore normal function. Future
research should examine if combining the in-phase mode
of the BASYS with conventional techniques will boost im-
provements in dynamic postural control, offering a new ap-
proach for balance training after an ankle injury.
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