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ABSTRACT

Elderly adults demonstrate increased postural sway, which may ultimately lead to falls. The
present study used a randomized controlled intervention to investigate whether the three-week
multisensory training program lead to a decreased postural sway. A total of 24 non-injured
elderly females (60-80 years) volunteered to participate. They were randomly assigned to
either a training group (ETG) who received one hour of training twice weekly for three weeks
or to a control group (ECG) who received no training. At post-training, the results showed
significant improvement in the trained ETG when compared to the untrained ECG for all
three postural sway measures for all six training factors. The findings demonstrated that the
trained ETG improved in their total Berg Balance Test (BBT) scores indicated that the
training program successfully improved postural sway control for non-injured elderly females.
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1. INTRODUCTION

Although postural control is taken for granted, it is a complex process involving the
coordinated actions of biomechanical, sensory, motor, and central nervous system components
[1]. Postural control has been defined as the ability to maintain postural equilibrium in a
gravitational field by keeping or returning the center of body mass over its base of support to
attain the desired positions or movement without falling [2]. The ability to maintain postural
control under dynamic conditions is an important underlying component of physical activity
or performance [3]. Deviation from this center of balance in any direction represents postural
sway. Postural sway is the distance expressed in centimetres that an individual travels away
from his or her center of balance [2].

Stabilization of postural equilibrium is achieved by continuous afferent and efferent control
strategies within the sensorimotor system with feedback from somatosensory, vestibular and
visual inputs [4]. The afferent information is processed in the brainstem and cerebellum, and
then motor commands are initiated [5]. When any of the sensorimotor feedback loops is
suppressed or defective, body sway increases and muscle activity increases concurrently, to
maintain balance [6].

Proprioceptive input is the cumulative neural input from the mechanoreceptors in the muscles,
joint capsules, ligaments, tendons, and skin that is conveyed to the central nervous system
(CNS) through afferent neural pathways [7]. Maintaining balance and postural stability are
functions of a number of sensory inputs to the CNS, including visual, vestibular, and
somatosensory components. These three sensory inputs are required because no single
combination of the three senses that provides accurate center of gravity (COG) information
under all performance conditions. This is because one or more of the senses may provide
information that is misleading or inaccurate for purposes of balance and postural control [1].
During sensory conflict situations, the CNS must quickly select the sensory inputs providing
accurate orientation information and must ignore the other misleading ones. Failure to ignore
conflicting sensory inputs can lead to instability or surface and surround motion illusions [1].
Despite the availability of multiple sensory inputs, the CNS generally relies on only one sense
at a time for orientation information [8].

Aging has impacts virtually on all aspects of the individual sensory and motor components of
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the balance system [9]. Dysfunction in the sensory and motor systems contributes to an
increased risk of falling among people 65 or more years of age [10]. Adequate postural
control requires intact sensory and motor systems to enable detection of COG deviations and
to generate appropriate and prompt muscle responses to effect postural corrections [11]. The
elderly who have ineffective sensory processing are unable to adjust and do not demonstrate
anticipatory postural reactions in cooperate with the degree of perturbation. The deficits in
proprioceptive and kinesthetic processing may be ineffective in altering postural disturbance,
hence leading to increased episodes of falling in the elderly [12]. Experimental and clinical
evidence suggests a decline in the ability to integrate the three sensory inputs for maintenance
of posture is seen in elderly [13].

The aging effects on the musculoskeletal system such as loss of muscle mass, strength,
contractile speed, and power has been attributed to changes and the decreased use of the
neuromuscular system [14]. These declines will decrease the efficacy of CNS integration to
select and adjust muscles contractile patterns, thus slowing the process of sending the decision
to peripheral motor components such as muscles acting on ankle, thigh, trunk, and neck for
generation of body movement to maintain upright posture and balance control. The slow
reaction and response of the peripheral motor component could at the aged at risk to falling
[15]. The impact of aging on the deficits of CNS is to alter balance, and impair hearing and
sight. Impaired hearing and sight will decrease sensory inputs from vision, and the vestibular
region to interact with environmental disturbance to determine the body position to execute
the best choice of body movement, thus increasing the risk of fall or imbalance [9]. Sheldon
[16] first suggested that the inability to control postural sway in advancing years plays an
important part in the tendency of old people to fall. Overstall et al. [17] and Fernie et al.
[Erreur ! Source du renvoi introuvable.] related postural sway to falls and suggesting that
the amount of the sway amplitudes of fallers were more than non-fallers, when the cause of
the fall is other than a trip or slip.

Interestingly, it has been demonstrated that aged subjects are able to decrease the amplitude of
postural sway with practice and training [19]. Altered postural responses in elderly subjects,
such as delayed onset latencies, intermittent reversal of muscle activation sequences and

occasional co-contractions in lower leg muscles, have shown a tendency to improve with
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practice [20]. Hu and Woollacott [Erreur! Source du renvoi introuvable.] found that
multisensory balance training designed to improve intersensory interaction could effectively
improve balance performance in healthy older adults after receiving a ten-hour balance
training program. In addition, Kammerlind et al. [Erreur ! Source du renvoi introuvable.]
found that an eight-week balance training in elderly people with non-peripheral vertigo and
unsteadiness seemed to improve both objectively measured and perceived balance. This is
in agreement with previous studies noted that balance training has shown positive effects in
healthy elderly people [Erreur ! Source du renvoi introuvable.Erreur ! Aucun nom n'a été
donné au signet.].

A three-week multisensory training program was developing which was perceived would have
a significant effect on postural sway control. This experimental study used a pretest-posttest
control-group design. The study described a randomized controlled trial to test the hypotheses
that a three-week multisensory training program had significant effects for postural sway
control. The magnitude of differences of elderly training group (ETG) and elderly control
group (ECG) for all three dependent variables of: (a) overall sway (OS), (b) medial-lateral
sway (MLYS), and (c) anterior-posterior sway (APS) after training were evaluated. Thus, the
purpose of this study was to determine if the ETG improved in their postural sway measures
when compared with the ECG.  The researchers hypothesized that the ETG would show
significant differences on postural sway measures (reduced sway) after completing the
intervention when compared with the ECG.

The Chattecx Dynamic Balance System (CDBS) was used for the evaluation process and
training program. In addition, the Berg Balance Test (BBT) was utilized to assess the
functional balance skill before and after the training program for both groups. A second
purpose of this study was to investigate if the improvement found on postural sway measures
of ETG shown by the CDBS would indicate the same on the BBT scores when compared with
ECG. The researchers hypothesized that the positive improvement of ETG produced by the

CDBS could indicate similar training effect on the BBT.

2. METHODS
2.1 Subjects
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A total of 24 non-injured elderly females were recruited. Volunteers were derived from local
communities through posted advertisements. Subjects ranging from 60 to 80 years were
selected from a homogeneous group that had body mass index (BMI) less than 30 in order to
eliminate individuals with obesity. Inclusion criteria were normal ankles with no known
injuries, normal visual and vestibular functions, normal musculoskeletal functions of all joints
in the lower extremity, and free from all the neurological disease.

Prospective subjects were interviewed by telephone during the initial contact to identify their
eligibility by answering a screening questionnaire. The first 24 qualified subjects were
randomly assigned (drawing from an envelope) to the elderly training group (ETG) or the
elderly control group (ECG). The randomization process helped confirmed that the treatment
results would be less likely to be influenced by other external factors. A baseline assessment
was conducted by completing a self-reported questionnaire of demographic variables,
documenting health-history, types of sporting activities as well as hours spent on sporting
activities per week to ensure that the ETG and the ECG were comparable and similar on all
other factors especially for the ankle mechanics and posture.

The evaluation sessions (pretest and posttest) and the training sessions were arranged at
subjects’ convenience for both control and training groups. Following an explanation of the
experimental procedures and a demonstration of the evaluation protocols and training
conditions by the first author, subjects were required to read and sign an informed consent
approved by ethics committee which approved all such investigations.

2.2 Protocol

Each training protocol was designed to enhance specific contributions to postural sway
control. The process of sensorimotor rearrangement with subsequent postural stability was
related to the degree of the initial instability. In addition, the literature has noted that the
greater the initial risk of falling, the greater the percentage reduction in sway amplitudes with
training [25]. Therefore, this three-week multisensory training program focused on
manipulating or altered one or two of the three sensory systems (i.e. somatosensory input and
visual input) to create postural balance instability. Somatosensory input was manipulated or
altered by having each subject standing on a single leg or by keeping the platform moving.

Visual input was eliminated by the eyes-closed (blindfolded) and was manipulated by
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watching a bull’s-eye for visual feedback.

The nine training conditions were performed with the eyes-open and the eyes-closed; on a
stable or a moving up or a moving down platform (40 tilt) with maximum speed (8.3 seconds
per cycle); and, with bilateral and unilateral stance.

The primary author was the only trainer. Each condition was trained for one minute twice for
the first set. The duration of one minute training for each condition was chosen because it
was believed to be sufficient time for mechanoreceptors to respond with the stress of training.
Subjects had a 30 seconds rest between repetitions. Approximately 30 minutes were required
to complete all nine conditions with two repetitions at each session. Following a five-minute
break, the set of nine conditions was repeated. The entire duration of training took
approximately an hour for each session. The elderly training group was trained twice weekly
three weeks. Subjects in both training and control groups were instructed to continue with
their normal daily activities and not to initiate any new training programs or activities that
could affect the results of this study for the duration of three week period after the pretest.

2.4 Instrumentation and measurement

2.4.1 The Chattecx Dynamic Balance System (CDBS)

The Chattecx Dynamic Balance System (CDBS) was used to objectively assess pre-training
and post-training values for all subjects. In order to increase the first author’s confidence in
using the CDBS as an evaluation devise, the evaluation protocols were assessed in the
previous study for test-retest reliability. The study finding indicated that the CDBS obtained
good test-retest reliability (ICCs > 0.80) on postural sway measures as clinical measures and
the details have been published elsewhere.

2.4.3 The Berg Balance Test (BBT)

Both ECG and ETG were assessed using the Berg Balance Test (BBT) at pretest and posttest
in order to determine whether the outcome measures produced by the laboratory measure (i.e.
the CDBS) showing comparable results. This means that if the CDBS showed a decrease in
all three postural sway measures in ETG after training, the BBT scores of these people would
show an increase indicating that the ETG had better balance ability after the intervention
when compared with the ECG. The BBT consists of 14 subtests performed in a standard order

that assesses the ability to perform functional balance tasks [26]. Patients were asked to
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complete the 14 tasks, and each task was rated by primary author on a 5-point scale ranging
from 0 (cannot perform) to 4 (normal performance). Overall scores could range from 0
(severely impaired balance) to 56 (excellent balance) [26]. Measurements obtained with this
test have demonstrated excellent inter-rater and intra-rater reliability (i.e. ICCs 0.98 and 0.99,
respectively) and a tendency toward at least moderately strong concurrent validity [27].

2.5 Data analysis

The average score of the two repetitions of each of the evaluation protocols were used to
compute the total index of overall sway (OS), medial-lateral sway (MLS), and
anterior-posterior sway (APS), for the pretest and posttest data. The means (M) and standard
deviations (SD) of the pretest and posttest values for all three postural sway measures were
calculated for both the control and training groups to compare the differences before and
immediately after the three-week training program for the following training factors: (a) static
balance with the eyes-closed condition; (b) dynamic balance with the eyes-open condition; (c)
unilateral stance; (d) bilateral stance; (e) dominant leg, and (f) non-dominant leg.
Independent t-tests were performed on the pretest and posttest data. The t critical value (t crit)
of this study using two-tailed tests (a2 = 0.05) and 22 df (24-2) was (02 = 0.05) t 22 =+ 2.074.
For a t-ratio to represent a significant difference, the absolute value of the calculated ratio (t
obs) must be greater than or equal to the critical value or p < 0.05 to reject the null hypothesis.
Standard Error of Measurement (SEM) and associated 95% confidence intervals (95% CI)
were calculated to quantify measurement error or variation of individual scores. The

significance level was set at p < 0.05 a priori for all statistical tests unless otherwise specified.

3. RESULTS

3.1 Training Effect for Types of Balance

The t-statistic revealed significant differences between ECG and ETG for static balance with
the eye-closed condition for OS, MLS, and APS (t=7.765, p=0.000; t=7.264, p=0.000; t=8.464,
p=0.000, respectively). Similarly, significant differences were found between ECG and ETG
for dynamic balance with the eyes-open condition for OS, MLS, and APS (t=9.493, p=0.000;
t=7.376, p=0.000; t=9.731, p=0.000, respectively) after the three-week multisensory training

intervention (Figure 1).
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Fig.1. The elderly training group (ETG) showed greater improvement in percentage of
change for overall sway, medial-lateral sway, anterior-posterior sway for static balance
with the eyes-closed condition (A) and dynamic balance with the eyes-open condition (B)
when compared to the elderly control group (ECG) after training intervention. Negative
values (e.g. -40) indicate improvement in postural sway control (i.e. reduced sway), and
positive values (e.g. 20) indicate deduction in postural sway control (i.e. increased sway).

3.2 Training Effect for Types of Stance

The results revealed significant differences between ECG and ETG for OS, MLS, and APS
for bilateral stance (t=8.894, p=0.000; t=6.207, p=0.000; t=8.548, p=0.000, respectively).
For unilateral stance, the OS, MLS, and APS showed significantly differences (t=8.894,

p=0.000; t=6.207, p=0.000; t=8.548, p=0.000, respectively) after the three-week multisensory
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training intervention (Figure 2).
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Fig.2. The elderly training group (ETG) showed greater improvement in percentage of
change for overall sway, medial-lateral sway, anterior-posterior sway for bilateral stance
(A) and unilateral stance (B) when compared to the elderly control group (ECG) after
training intervention. Negative values (e.g. -40) indicate improvement in postural sway
control (i.e. reduced sway), and positive values (e.g. 20) indicate deduction in postural

sway control (i.e. increased sway).

3.3 Training Effect for Types of Leg Dominance

The t-statistic revealed significant differences between ECG and ETG for OS, MLS, and APS
at post-training for both the dominant leg (t=6.183, p=0.000; t=5.807, p=0.000; t=6.597,
p=0.000, respectively) and the non-dominant leg (t=7.672, p=0.000; t=8.441, p=0.000;
t=7.229, p=0.000, respectively) (Figure 3).



A. C. Lee et al J Fundam Appl Sci. 2017, 9(6S), 1116-1131 1125
A
Percentage of Change for Dominant Leg
% 20
]
5, 2
s 7
G
£ -20
& 40
ECG ETG
@ Overall Sway B Medial-lateral Sway B Anterior-posterior Sway
B

Percentage of Change for Non-dominant Leg

, 7/

Percentage of Change

7

ECG

ETG

® Overall Sway @ Medial-lateral Sway B Anterior-posterior Sway

increased sway).

Fig.3. The elderly training group (ETG) showed greater improvement in percentage of change
for overall sway, medial-lateral sway, anterior-posterior sway for dominant leg (A) and
non-dominant leg (B) when compared to the elderly control group (ECG) after training
intervention. Negative values (e.g. -40) indicate improvement in postural sway control (i.e.
reduced sway), and positive values (e.g. 20) indicated deduction in postural sway control (i.e.

3.4 Training Effect on the Berg Balance Test (BBT)

The mean difference in the total BBT scores between ETG and ECG (52.67 and 53,

respectively) before training was not statistically significant at t(22)=0.364, p=0.714. After

completing the three-week multisensory training intervention, the ETG revealed a

significantly greater change in total BBT scores than the ECG (55.25 and 53, respectively),

indicating a series of training conditions had led to increase total BBT scores at t (22) =
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-4.075, p=0.001 (Figure 4).

The Berg Balance Test Score for
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Fig.4. The Berg Balance Test score for pre-training and post-training of the three-week multisensory
training intervention between the elderly control group (ECG) and the elderly training group (ETG).

4. DISSCUSSION

4.1 Training effect on all six training factors

Overall, there were no significant differences in pre-training values between ETG and ECG
for their personal characteristics and postural sway. In addition, both the elderly groups’
demonstrated similar pre-training results on BBT scores indicate they were equivalent for the
measures recorded prior to the three-week multisensory training intervention.

This intervention trial demonstrated improvements in postural sway control in elderly
non-injured females with exercise training. On average, the elderly training group improved
(ranged 18.60% to 44.01%) for all three outcome measures on all six training factors. For
more details, see Figures 1, 2, and 3.

The positive training effects suggesting that the vestibular and somatosensory systems were
able to fully compensate for the loss of visual inputs in the maintenance of balance and
postural sway control. On the other hand, with the eyes-open condition, the visual inputs
remained available but both vestibular and somatosensory inputs were minimized by setting
the platform to various moving patterns and / or to a unilateral stance for the dynamic balance.

The improved training effects showed that sensory information from the visual inputs could
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successfully compensate for the altered somatosensory and vestibular inputs. The possible
mechanism for improved postural sway control is enhanced inter-sensory interactions and
sensorimotor integration in the CNS. In the postural system model, balance skill training
mainly affects the sensorimotor feedback pathway [4]. Since postural sway control
significantly improved for the training conditions that required sensory interactions,
processing improvement within the central integration mechanism is the underlying
mechanism that is likely to have been responsible for balance improvement following training
[Erreur ! Source du renvoi introuvable.Erreur ! Aucun nom n'a été donné au signet.].
The improvements were likely to be the result of the increased use of somatosensory, visual
and vestibular information when performing the various training protocols under sensory
deprivation conditions [21]. Another possible mechanism for this improvement is that the
trained subjects were able to compare, select, and combine reliable sensory information for
postural control more efficiently following the multisensory training [Erreur ! Source du
renvoi introuvable.Erreur ! Aucun nom n'a été donné au signet.].

Previous studies have shown positive effects with balance training in healthy elderly adults
[Erreur! Source du renvoi introuvable.Erreur! Aucun nom n'a été donné au
signet.Erreur ! Aucun nom n'a été donné au signet.]. These studies supported the evidence
that training programs with identified aims toward specific physiological systems related to
postural control have consistently reported significant training effects. This is in agreement
with the results of present study, suggesting that a training program designed to specifically
improve sensory function was effective in the improvement of postural sway control and
balance control of trained non-injured elderly females on six training factors of: (a) static
balance with the eyes-closed condition, (b) dynamic balance with the eyes-open condition, (c¢)

bilateral stance, (d) unilateral stance, () dominant leg, and (f) non-dominant leg.

4.2 Training effect on the Berg Balance Test (BBT)

The BBT is used as an indicator to predict risk of falling among elderly adults aged 60 years
and above. According to the BBT indicator, the individual who scores below 45 has a higher
risk of falling [26]. With respect of the BBT, it was found that the ETG had significantly

higher scores than the ECG after the three-week multisensory training intervention. The ETG
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increased their total BBT scores from 52.56 at pre-training to 55 at post-training, whereas the
pre-training and post-training of total BBT scores for the ECG remained unchanged. The
average total BBT scores for the ETG were 55. Condron et al., [Erreur ! Source du renvoi
introuvable.] suggested that measures of balance and postural sway on the CDBS, in
particularly dynamic platform conditions using anterior-posterior tilting movement, were the
most effective for accurate classification of fall risks in a sample with minimal to mild fall
risk. The results of the present study suggest that the three-week multisensory training
program was an effective means of improving balance ability and postural sway control, thus
preventing the risk of falling and fall-associated injuries among elderly females. It is
noteworthy to mention that the subjects in present study who had difficulty in BBT items such
as Romberg stance, tandem stance, standing with eyes-closed gained greater improvement on
the BBT scores at posttest after completing the training intervention.

The elderly females from the current study were free from any injuries or disorders of the
CNS, reflected that they were healthy and non-injured elderly females. None of the subjects
included received any specific training aimed at reducing postural sway or improving balance
before the study started. This may explain the generally high motivation and good attendance
in the ETG. Moreover, most of the subjects in ETG provided their best efforts when moving
within their comfort range while training.

The improved postural sway control measured through the CDBS is consistent with the
improved BBT shown by the ETG. It can be explained partly by the fact that both the CDBS
and the BBT address the ability to hold a posture and maintain a position, as well as to change
positions while keeping postural stability and balance. These improvements in postural sway
control and balance ability along with enhanced BBT scores demonstrated the same treatment
effects illustrated by the postural sway measures using the CDBS. The results of this study
suggest that the training protocols used in the current study are an effective means of
improving both the postural sway control (OS, and MLS, APS) and balance ability (BBT

scores) for elderly females.

5. CONCLUSION

The positive results of the present study suggest that the three-week multisensory training



A. C. Lee et al J Fundam Appl Sci. 2017, 9(6S), 1116-1131 1129

program using the Chattecx Dynamic Balance System (CDBS) was able to successfully
reduced postural sway, thus improved balance control ability. Balance exercises are
essential to improve balance ability for all ages. Lee et al., (2016) [30] stated that balance
exercises may improve balance ability of basketball players, thus reducing risk of injury.
Therefore, this multisensory balance training program is in agreement that may be suitable to
adapt as a fall prevention strategy program for elderly who present with a substantial risk of
falling. Such a program would ensure significant lower incidences of falls. In turn, this
would lead to substantially lower health related costs to falls and fall related injuries.
Furthermore, the CDBS may be a key measure in early identification of fall risk for elderly
adults. The information on postural sway improvement obtained from a laboratory measure
(i.e. the CDBS) after training could be transferred to a field measure (i.e. the BBT scores) and
indicates relevant finding from both measurement tools. Therefore, the BBT can be used to

evaluate postural sway control as well.
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