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through the body. Participants lay supine with their-arms and
legs extended and relaxed during bioelectrical impedance
measurement. Leg muscle mass adjusted by their whole-body
weight (LLM) was used for analysis (25).

Fall experience and fear of falling

We assessed fear of falling by asking a single yes or no
question “Are you afraid of falling?”,which has a high test-
retest reliability (26). This question was asked at the pre- and
post-intervention. The test-retest reliability using the Kappa
coefficient was 0.960.

Measurement of physical activities

Measurement of step counts was conducted between October
2010 and May 2011. Participants were instructed to wear the
pedometer in their pocket of dominant leg for 14 consecutive
days except bathing, sleeping, and performing water-based
activities. This pedometer has a 30-day data storage capacity.
We calculated the averages of their daily step counts for 2
weeks.

Required sample size

Previous pedometer-based walking program showed a
significant improvement in average daily steps from 7,220 to
10,410 (effect size = 0.77) (27). We designed the effect size of
the current study to be 0.7. With a sighificance level of 0.05,a
power of 80%, and a moderate effect size (0.7), a minimum of
34 participants were needed in both intervention and control
groups. Accounting for a potential 20% attrition rate, a total of
82 participants were recruited for this study, which was deemed
large enough to detect statistically significant differences.

Statistical analysis

Baseline characteristics of intervention and control groups
were compared to examine the comparability of the 2 groups.

Differences in the demographic variables between the 2 groups
were analysed using the Student’s t-test or chi-square test.

Relative risk was then calculated, and the chi-square test was
used to evaluate the effect of interventions on fear of falling.
The effect of exercise on outcome measures was analyzed
using a mixed 2 x 2 (group (intervention and control groups) x
time (pre-intervention, post-intervention)) analysis of variance.
Post hoc Tukey tests were used to assess whether group or time
periods showed significant differences.

In the intervention group, the relationship between the
percent change of daily steps and percent change of other
measures was investigated with the Spearmann correlation
coefficient.

Data were entered and analysed using the SPSS (Windows
version 18.0, SPSS, Inc., Chicago, IL). A P value <0.05 was
considered statistically significant for all analyses.

Results

Overall, 103 people were screened, and 87elderly (84.5%)
who met the inclusion criteria for the trial and agreed to
participate were enrolled (Fig. 1). Among the individuals who
did not meet the inclusion criteria (n = 16), most were excluded
because they had exercised regularly in the 6 months before
screening. Four people who were eligible for the study
withdrew their consent after telephone screening. Of 87
individuals selected for the study, 82 (94.3%) completed the
12-month follow-up: 40 in the intervention group (93.0%) and
42 in the control group (95.5%).

All 24 scheduled intervention sessions were completed. The
median relative adherence was 100% (25th—75th percentile,
95.6-100%) in the intervention group. No health problems,
including cardiovascular or musculoskeletal complications,
occurred during daily walking or testing. Minor problems such

Figure 1
Flow chart showing the distribution of participants throughout the trial
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Tableau 1
Comparison of demographic characteristics and measurements in intervention and control groups

Mean SD Mean SD . P-value
Age (year) 755 59 75.8 7.6 0.83
Gender, female 20 (50.0%) 20 (47.6%) 0.50
Height (cm) 159 10.7 157.2 8.9 0.28
Weight (kg) 576 9.1 59.1 109 042
BMI (kg/m?) 227 25 24.1 5.1 0.10
Number of Medications 4.6 19 5.0 1.9 0.29
RDST 83 19 8.0 22 0.61
Walking aids 6 (15.0%) 5(11.9%) 047
Falls in the last 1 year 10 (25.0%) 14 (33.3%) 0.28
BMI: body mass index; RDST: rapid dementia screening test
Table 2
Functional fitness in each group at pre- and post-intervention
Baseline Post-intervention Time X group effect

measures group Mean SD Mean SD F-value P-value
Lean leg mass (kg/weight) 1 0.154 0016 0.168  0.027 * # 501 0.03

C 0.158 0018 0.159 0.020 )
Walking time (sec) 1 117 32 10.8 2.7 ** # 590 0.02

_ C 117 2.9 11.7 33

Timed up & go test  (sec) I 12.0 4.1 114 3.1* # 6.10 0.02

C 123 33 12.6 42
Functional reach (cm) 1 20.2 8.8 237 72 3.00 0.09

C 20.3 6.1 20.7 6.7
Five chair stand (sec) 1 12.0 50 122 6.0 0.06 0.81

C T 133 4.1 133 49
Physical activity (steps) 1 2031 1323 3726 1607 ## 51.66 <0.01

I: Intervention group; C: Control group; * P<0.05, ** P<0.01: As calculated by comparing pre-intervention value; # P<0.05, ## P<0.01: As calculated by group comparison

as muscle pain after the first training sessions and fatigue were
observed in the intervention group. All problems were managed
easily using adjustment of the intervention, and they improved
during the intervention.

Participants in intervention and control groups were
comparable and well matched with regard to their baseline
characteristics (Tablel). There were no significant differences
in age, body weight, height, gender, RDST scores, number of
medications, users of walking aids, or experiences of falls in
the previous year.

In the intervention group, average daily steps were increased
by 83.4% (from 20311323 to 3726 1607) during the study
period, but not in the control group (from 20471698 to
22671837). Participants in the intervention group had
significantly greater improvements in secondary outcome
measures such as LLM, walking time, TUG, and physical

42

activity (P < 0.05). However, other secondary outcome
measures were not significantly different between the 2 groups
(P >0.05) (Table2).

In the pre-intervention period, fear of falling was 55.0% and
47.6% in the intervention and control groups, respectively. The
relative risk was calculated as 0.865 (95% CIL: 0.566 - 1.322)
for fear of falling for participants in the control group compared
with those in the intervention group (p = 0.327). After the
intervention, fear of falling was decreased to 30.0% in the
intervention group, while that was not changed in the control
group (52.4%). Relative risk was calculated as 1.746 (95% CI:
1.003 ~ 3.039) for fear of falling for participants in the
controlgroup compared with those in the intervention group (p
=0.033).

To determine the association of percent change in daily steps
withthatin other outcome measures, we analysed Spearmann’s
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correlation coefficients in the intervention group. The percent
change of daily steps was correlated with that of leg muscle
mass (r=0.476, P=0.014), walking time (r=-0.789, P<0.01).
TUG (r=-0.441, P=0.009), and functional reach (r=0.450,
P=0.006). The percent change of daily steps was not
significantly correlated with that of 5CS (r=-0.234, P=0.295).

Discussion

In this 6-month pilot RCT to address the role of pedometer-
based intervention for older adults, we have shown that the
average daily steps were successfully increased by 83.4%in the
intervention group, and that the pedometer-based behavior
change program was very effective for the improvement of
physical activity, fear of falling, locomotive function, and leg
muscle mass. These results suggested that pedometer-based
behavioral change programs can be applied to sedentary older
adults to prevent the progression of frailty and disability.

We showed that the pedometer-based behavioral change
program was very effective for the improvement of average
daily steps. Goal setting and self-monitoring of behavior are
crucial for behavioral change. In this study pedometers were
primarily used as a motivational tool and our behavioral
support seemed to have mainly affected the behavioral change
toward increasing physical activity.

We found that there was moderate correlation between
percent change of daily steps and that of other physical
functions. These results suggest that the promotion of physical
activity is potentially beneficial for a wide spectrum of health-
related outcomes in older adults. Due to such benefits, physical
activity should be indicaled to prevent sarcopenia, frailty and
disability. Recent study suggested that the physical activity is
correlated with leg muscle mass (18) and the lower extremity
function such as walking speed and knee extension torque (28)
in the elderly aged 75 years and above. As an underlying
mechanism, Tissandier et al. reported that regular physical
activity could maintain higher levels of insulin-like growth
factor-1 (29). Further, improvement of inflammation, oxidative
damage, and insulin resistance may be related to higher
physical activity and could mediate the improvement of the
health status and protection from negative health-related events.
However, in spite of its simple and inexpensive applicability,
few studies have addressed the relationship between physical
activity and physical function by pedometer-based intervention
in older adults. In 12-week pedometer-based trial of older with
knee osteoarthritis, Talbot et al showed increased daily steps,
walking speed, and knee extension strength (30). A 4-week trial
of a pedometer-based walking program in older adults shows an
improvement in number of daily steps, lower limb endurance,
and locomotive function (16). These reports and ours indicated
that increased physical activity (daily steps) is associated with
improvements in numerous physical functions.

The pedometer-based behavioral change program was
effective in improving leg muscle mass and fear of falling.
These results suggest that the pedometer-based behavioral
change program is effective for the prevention of sarcopenia
and reducing falls in community-dwelling older adults. A
pedometer is very small and relatively inexpensive, and may be
useful as a large population approach for the prevention of
dependency. However, not only increased physical activity, but
also better nutrition such as sufficient protein intake is
important for the prevention of sarcopenia (31).

There are several limitations to this study. First, these
findings should be considered as preliminary because of the
relatively small sample size (n=82). Second, statistical analyses
were performed for each of the four outcome measures
separately, including the physical performance tests, which
increased the possibility of false-positive findings (type 1
error). Finally, as indicated by their willingness to participate in
this study, participants in both groups may have had higher
motivation and interest in health issues than the general elderly
population.

This is the first study to demonstrate that the pedometer-
based behavior change program is useful in improving physical
activity, fear of falling, physical performance, and leg muscle
mass in sedentary older adults. A larger study is needed to
confirm the present results and to evaluate the most effective
exercises for the prevention of dependency.
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Few studies have reported the effect of exercise intervention for improving postural control deficit in
older adults at high risk of falling. We have developed a “Dual-task Switch Exercise (DSE)” program that
focuses on gait initiation performance under the dual-task condition. The purpose of this study was to
evaluate whether gait initiation performance could be improved by a specific exercise intervention.
Eighteen participants were randomly assigned to either DSE or control groups. The DSE group received
focused training to improve the ability to initiate movements quickly under the dual-task condition. The
control group received steady-state walking training. After 30-min of seated training sessions,
participants received 5-min individualized training sessions once a week for 24 weeks. In the pre- and
post-training period, performance of the steady-state gait (10-m walking time) and gait initiation
(reaction time, backward center of pressure (COP) displacement) were measured under the single- and
dual-task conditions. The results of a randomized clinical trial showed that both groups showed
improvement of steady-state walking time under the dual-task condition {main effect of time;
p =0.018). However, DSE was more effective in improving both the reaction time and backward COP

.displacement during gait initiation under the dual-task condition than control (interaction effect of

time x group; reaction time, p=0.015; COP displacement, p=0.011). There were no significant
differences in steady-state gait and gait initiation performance under the single-task condition between
pre- and post-training in both groups. Only the specific exercise intervention improved gait initiation
performance under the dual-task condition.

© 2012 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

intervention should be more accurately targeted to this group
(Lord et al., 2003).

More than 30% of community-dwelling people over the age of
65 fall each year (Campbell et al,; 1990). Falls cause fractures and
head injuries (Dargent-Molina et al., 1996) and are associated with
a decline in function and mobility (Marottoli et al., 1992). A wide
range of preventative strategies have been studied, including
psychotropic medication withdrawal, treatment of cardiovascular
disorders, and domestic hazard assessment (Tinetti et al.,, 1996).
The 2009 Cochrane review addressed the effectiveness of exercise
interventions in preventing falls (Gillespie et al, 2009). It was
reported that exercise intervention was particularly effective for
previous fallers (Buchner et al., 1997). This suggests that exercise

* Corresponding author at: Graduate School of Medicine, Kyoto University 53
Kawahara-cho, Shogoin, Sakyo-ku, Kyoto 606-8507, Japan. Tel.: +81 75 751 3935;
fax: +81 75 751 3909.

E-mail address: kazuki.uemura@gmail.com (K. Uemura).

0167-4943/$ - see front matter © 2012 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.archger.2012.01.002

.

There are few studies that focus on improving the postural
control deficit of older adults who are at high risk of falling through
exercise intervention. In older adults, gait speed under the dual-
task condition, which was considered as postural performance
associated with the risk of falling (Beauchet et al, 2008a,b;
Hofheinz and Schusterschitz, 2010), could only be improved by
dual-task training (Silsupadol et al., 2009b). However, some
research studies have reported no significant differences in
dual-task-gait performance between fallers and non-fallers
(Stalenhoef et al., 2002; Hyndman and Ashburn, 2004; Andersson
et al., 2006). Therefore, improving gait speed under the dual-task
condition may not necessarily reduce the risk of falling in older
adults. Because gait speed under the dual-task conditions is not
always a sensitive indicator of fall risk, it is necessary to focus on
specific aspects of gait, and develop more sensitive indices for
dynamic balance control associated with fall risk.
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As such, we focused on gait initiation by examining several
aspects of gait, including gait termination and turning, because
these enable fundamental and vital transitions from a condition
of a static stable support to a continuously unstable posture
during locomotion (Crenna and Frigo, 1991). Gait initiation is a
voluntary destabilizing behavior that requires decoupling
between COP and center of gravity (COG) to accelerate the
COG (Halliday et al., 1998; Mbourou et al., 2003). The backward
displacement of COP during gait initiation decreases with
advancing age and disability (e.g., neurological disorders and
vestibular hypofunction) (Halliday et al., 1998; Chang and Krebs,
1999). These previous findings suggest that forward acceleration
during gait initiation is a unique and challenging task for the
neuromuscular system. Further, gait initiation requires more
attentional resources (Suzuki et al., 2004) and may cause more
dual-task interference with a cognitive task than steady-state
walking does. )

We previously investigated the relationship between the risk of
falling and backward displacement of COP during gait initiation,
which is considered to be a sensitive indicator of balance
dysfunction (Chang and Krebs, 1999; Hass et al., 2004). Limiting
backward displacement of COP could function as an adjustment
strategy to prevent a large disequilibrium between COG and COP
(Tokuno et al., 2003). We found that the gait initiation performance
of elderly fallers was poorer (i.e., reduction in backward displace-
ment of COP) under the dual-task condition than that of non-fallers
even if the steady-state walking time was identical under both the
single- and dual-task conditions between the groups (Uemura
et al., in press). In addition, the ability to initiate and execute a
quick voluntary step was impaired in older adults at high risk of
falling when their attention was divided by a secondary cognitive
task (St George et al., 2007).

Gait initiation performance under dual-task conditions may be
a better discriminator between fallers and non-fallers than steady-
state gait speed. Thus, we developed a “Dual-task Switch Exercise
(DSE),” which focuses on improving the ability to initiate and
switch movements quickly under the dual-task condition. This
preliminary randomized controlled trial aimed to evaluate
whether gait initiation performance could be improved by a
specific exercise intervention (DSE) in order to assess the
effectiveness of DSE for fall prevention primarily in older adults.
We hypothesized that DSE would improve gait initiation perfor-

mance under dual-task conditions, and that training of steady-’

state gait under dual-task conditions would not be associated with
gait initiation performance.

2. Materials and methods
2.1. Participants

Participants were recruited using an advertisement in local
press. The following criteria were used to screen participants in the
initial interview: aged 65 and older, community-dwelling, able to
walk independently or with a cane, minimal hearing and vision
impairments (i.e. participants were able to hear the instructions in
a normal voice, and were able to easily see the visual cues used in
the experiment), and no regular exercise in the previous 12
months. Exclusion criteria were as follows: severe cardiac,
pulmonary, or musculoskeletal disorders; pathologies associated
with increased risk of falling (e.g., Parkinson disease); inability to
execute arithmetic tasks; serious visual impairment not correct-
able with spectacles; and the inability to follow multiple
commands by a physical therapist. We recorded mental status
(Rapid Dementia Screening Test) (Kalbe et al, 2003). Written
informed consent was obtained from the participants in accor-
dance with the guidelines approved by the XXX University

Graduate School of Medicine (approval number, E-844) and the
Declaration of Human Rights, Helsinki, 1975.

2.2. Study design and randomization

Participants were randomized using block randomization in
blocks of 4. Using this sequence, the participants were then
randomly assigned to the DSE (n =9) or control (n=9) group.

2.3. Intervention

All participants received 30 min of seated group training
sessions once a week for 24 weeks. Each exercise class included
a standardized format: (1) stretching of upper limb muscles, (2)
stretching of trunk muscles, (3) stretching of lower limb muscles,
(4) agility training of lower limb (e.g., rapid stepping, ankle
pumping), (5) strength training of lower limb (e.g., knee extension,
calf raise, toe raise). Strength training was executed by one's own
weight and training equipment was not used. After these exercises,
participants in both the DSE and control groups performed
individual exercises for 5 min.

2.4. Dual-task switch exercise

In order to train the ability to initiate and switch movements
quickly under the dual-task condition, participants in the DSE
group were instructed to execute the following motor tasks
while performing a cognitive task: (a) the COP shift exercise was
to shift weight laterally from one foot to the other, and anterior-
posterior weight shifting, performed in a position similar to a
fencing posture. This was the basic exercise used to decouple the
COP and COG quickly on a fixed support base. (b) The Start-and-
Stop exercise was to start walking from a static standing
position and stop walking repeatedly. This second exercise
focused on training postural control abilities during the
transition phase from a static stable support to a continuously
unstable posture during locomotion. (c) The Switch exercise was
to switch the direction of movement in reverse without turning
around; for example, from walking forward to walking .
backward. This was the last applied exercise that focused on
switching ability during continuous movement. In the Start-
and-Stop and Switch exercises, participants were instructed to
initiate or switch movements by reacting to an auditory cue as
quickly as possible.

2.5. Control exercise

Participants in the control group were instructed to execute a-
steady-state walking (forward, backward, and laterally) exercise
while performing a cognitive task on a straight walkway at least
10 m long, without stopping or turning. In this exercise, quick
initiation and switching movements were not required.

In both the DSE and control groups, the cognitive load was
progressively increased during the 24-week program. The
participants of both groups were asked to execute only the motor
task without a cognitive task during weeks 1-6 and then to execute
individual exercises under. the dual-task condition by simulta-
neously performing simple cognitive tasks, such as forward
counting and reciting letters of Japanese alphabet, during weeks
7-12. From week 13, a more difficult cognitive task, such as
reciting as many names of animals, vegetables, or professions as
possible, was added. In addition, in the DSE group, the cue was
changed from verbal instructions (i.e., start or stop) to the sound of
clapping hands. Backward counting was not used as a cognitive
task in both group exercises because it was used as a secondary
task in outcome measures.
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2.6. Outcomes

Gait initiation and steady-state gait performance were mea-
sured under single- and dual-task conditions as outcome
measures. In the gait initiation test, the participants initially stood
upright on a force platform on both legs, with their feet abducted
10° and their heels separated mediolaterally by 6 cm. Participants
were instructed to initiate walking along the walkway as quickly as
possible after a visual LED illumination cue and to continue
walking, i.e., take at least 5 steps on the walkway (2 m). The
participants were allowed to select the first stepping leg (right or
left). An LED was set 2.5 m in front of the participants, at eye level.
The test was performed under single- and dual-task conditions.
Under the dual-task condition, the participants were instructed to
count backward aloud starting from 100 in decrements of 1 while
they waited for the visual cue. The order of the tasks was
randomized. Before the experimental data were collected, the
participants performed at least 3 trials to familiarize themselves
with the equipment.

The COP data during the gait initiation tests were collected with
a portable force platform (Kistler 9286). The force platform data
were sampled at a frequency of 1kHz and low-pass-filtered at
6 Hz. The initial COP position was defined as the mean amplitude
in the 1500-ms period prior to the onset of the visual cue. Step
initiation was defined as the first mediolateral deviation of the COP
toward the swing leg (COP excursion >3 SD away from the initial
. COP position). Measurement parameters comprised reaction time
and backward displacement of COP. Reaction time was calculated
as the time from the cue to step initiation (Uemura et al., 2011).
Backward displacement of COP was calculated as the distance from
the initial position to the maximum posterior position in the
anteroposterior direction (Fig. 1) (Hass et al., 2004). Backward
displacements of COP were standardized by the longitudinal
diameters of the support base (Tateuchi et al., 2011). The mean was
determined using data from 3 trials.

In the steady-state gait test, the 10-m steady-state walking time
(s) was measured under the single- and dual-task conditions.
Under the dual-task condition, participants were instructed to
count backward aloud starting from 90 by a decrement of 1
(Beauchet et al., 2008a). Walking time was calculated using a

Initial COP
....... posiﬁm

Maximum posterior
position

Fig. 1. Overhead view of the COP trajectory at gait initiation. Measurement
parameters comprised reaction time from cue to step initiation and backward
displacement of COP in the anteroposterior direction from the initial position to the
maximum posterior position.

stopwatch to measure the time taken to cover the central 10 m of
the 14-m walkway (van Loo et al., 2004).

2.7. Statistical analysis

Baseline characteristics were compared among groups using
Student's t-test for quantitative variables and the chi-square test
for qualitative variables. The intervention effects on all outcome
measures were determined using two-way repeated measures
ANOVA with group (DSE, control) as a between-subjects factor and
time (pre-training, post-training) as within-subjects factors. When
interaction effects were detected, post hoc comparisons were
performed to test the differences in physical function variables
between pre- and post-training at each group. The significance
level of multiple comparisons was adjusted using the Bonferroni
correction (p < 0.025). Partial 7> were reported as measures of
effect size. Data analysis was performed using SPSS version 11.0 for
Windows (SPSS Inc, Chicago, IL).

3. Results

Of the 34 participants that were screened, 14 did not meet the
inclusion criteria and 2 refused to participate. Eighteen partici-
pants completed the pre-intervention assessment and were
randomly assigned to one of the two training groups; 15 completed
the training program and were included in the analysis (one DSE
group participant died; two control group participants were
excluded because of illness; Fig. 2). There were no significant group
differences in any baseline characteristics (p > 0.05; Tables 1 and
2). There were no adverse events associated with participation in
the study.

3.1. Steady-state walking time on a 10-m walkway

Table 2 depicts all variables for the DSE and control groups at
pre- and post-training. No interaction effects between group and
time were detected for walking time under the single- and dual-
task conditions (p =0.79, F;13=0.075, and n?=0.006; p=0.093,
F;13=3.28, and n?= 0.2, respectively). There was no significant
main effect of time in walking time under the single-task condition

Assessed forEligibility (n = 34)

Excluded (n=16)
F—> » 14 did not meetinclusion cxiteria
+ 2 refused to participate

[ Randomized (n=18) l

N

Allocated to DSE group Allocated to Control group
n=9) =9
1lost to follow up 2lost to follow'up
Died=1 Illness=2
Analyzed(n=8) Analyzed(n="9)

Fig. 2. Flow diagram of participant progress through phases of the randomized
controlled trial.
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Table 1 .

Baseline characteristics of both groups of participants.

DSE group (n=8) Control group (n=7) p-Value

Age (years) 824459 (75-93) 82.44:6.8 (76-92) 0.99
Height (cm) 154.7+9.7 149.5+9.1 036
Weight (kg) 50.8+6.8 483194 0.57
Gender (% males) 28.6% 12.5% 043
RDST 46+3.0 33+3.1 045

Note: Values are shown as mean £ SD (range). p-Values are based on t-test or chi-

square.

RDST: Rapid Dementia Screening Test.

(p=0.22, Fy 13 = 1.65, and 7% =0.11), while there was a significant
main effect of time in walking time under the dual-task condition
(p=0.018, Fy13=7.3, and n* = 0.36).

3.2. Reaction time

No interaction effects between groups and time were detected
in reaction time under the single-task condition (p=0.92,
F113=0.01, and n?=0.001). There was no significant main effect
of time (p = 0.92, F.13 = 0.01, and 72 = 0.001). Significant interac-
tion effects between groups and time were detected for reaction
time under the dual-task condition (p=0.015, F;15=7.8, and
7?=0.38). The DSE group demonstrated significantly improved
reaction time under the dual-task condition (i.e., reacted faster)
after training (p = 0.007). However, no significant improvement
was found for the control group (p = 0.411).

3.3. Backward displacement of COP

No interaction effects between groups and time were detected
in backward displacement of COP under the single-task condition
(p=0.31, F;13=1.1, and 7?=0.079). There was no main effect of
time (p=0.17, F;13=2.1, and 7% =0.14). Significant interaction
effects between groups and time were detected for the backward
displacement of COP under the dual-task condition (p =0.011,
F113=8.7, and n?=0.4). Moreover, the DSE group showed an
inclination toward improvement, while the control group showed
an inclination toward deterioration on the backward displacement
of COP. However, there were no significant differences between
pre- and post-training in both the DSE (p=0.029) and control
(p=0.114) groups.

4. Discussion

The goal of this study was to evaluate whether gait initiation
performance under the dual-task condition could be improved by a
specific exercise intervention (DSE). The DSE group received
training that focused on improving the ability to initiate and switch
movements quickly under a dual-task condition, while the control

Table 2
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group received steady-state walking training under a dual-task
condition. Our results indicate that the type and magnitude of the
benefits vary by training type. Both the DSE and control groups
showed improvement of steady-state walking time under the
dual-task condition. However, DSE was more effective in improv-
ing both reaction time and backward displacement of COP during
gait initiation under the dual-task condition than the control
exercise.

Gait initiation performance under the dual-task condition (i.e.,
reaction time and backward displacement of COP) was improved
by DSE only, which is a specific exercise intervention that more
accurately targets previous fallers. Oddsson et al. (2007) empha-
sized the importance of overload and specificity principles,
suggesting that it is crucial to maintain a progressive and specific
training load, as in any type of training, for improvement to occur.
Changes in performance under the dual-task condition are
considered to depend mainly on one’s capacity to properly allocate
attention between the 2 tasks (Beauchet et al., 2009). In addition, it
is thought that gait initiation, which needs voluntary control,
requires more attention resources than steady-state walking,
which is highly automated (Bardy and Laurent, 1991; Suzuki et al.,
2004). Therefore, DSE strengthened the capacity of attention
allocation and information processing during the transition phase
of movement under the dual-task condition and led to specific
improvement in gait initiation performance. The control exercise,
including steady-state gait, failed to add sufficient loads for
training attention capacity.

Post hoc comparison revealed significant improvement of the
reaction time in the DSE group under the dual-task condition after
training. Melzer and Oddsson (2004) reported that a short-term
learning effect was observed for the step initiation reaction time
under the dual-task condition in older adults. It appeared that the
reaction time under the dual-task condition was highly trainable
and showed significant improvement in response to 24-week DSE
training schedule. Moreover, in the DSE group, a significant
interaction effect between groups and time was detected for
backward displacement of COP under the dual-task condition, as
was an inclination for improvement. However, our sample size and
statistical power are not sufficient to reveal significance in the post
hoc comparison.

Both steady-state gait and gait initiation performance under the
single-task condition did not improve by DSE or the control
exercise. One reason might be the low frequency and short
duration of the exercise interventions in the present study, which
were 30-min training sessions once a week. These were smallér
than those in a previous report, which executed 45-min training
sessions 3 times a week (Silsupadol et al., 2009a,b).

The major limitation of this study was the small sample size.
Thus, the present study may be better characterized as a
preliminary study. It remains unclear whether improvement of
gait initiation performance under the dual-task condition could

Findings on outcome measures at pre-training (Pre), the end of training (Post) by intervention group.

DSE group (n=8) Control group (n=7)

Interaction effect (time x group)

Main effect (time)

Pre Post Pre Post " F-Value p-Value Partial n? F-Value p-Value Partial 7%
Reaction time (s)
ST 0.35+0.12 0.35+0.12 0.39+0.24 0.39+0.12 0.01 0.92 0.001 0.01 0.92 0.001
DT 0.71+0.23 044402 0.564+0.23 0.64+0.32 7.8 0.015 0.38 24 0.14 0.16
Backward displacement of COP (%)
ST 123+£122 15.3+12.1 152+108 15.7+89 1.1 0.31 0.079 2.1 0.17 0.14
DT 11.9+10.7 14.8+105 134+89 9.0+64 8.7 0.011 0.40 041 0.53 0.03
Steady-state walking time (s)
ST 134432 12.6+3.2 12.7+£4.2 122429 0.075 0.79 0.006 1.65 0.22 0.11
DT 185+7.2 13.9+4.7 169+89 16.0+7.7 3.28 0.093 0.20 7.3 0.018 0.36

* Significant difference between pre- and post-training at individual group (Bonferroni, p < 0.025).
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reduce the incidence of falls in the future. A larger study with
sufficient statistical power is needed to conclusively determine the
specific improvements of gait initiation performance associated
with DSE, and the training effect on preventing accidental falls.
Another limitation of this study was that only walking time was
used to quantify steady-state gait performance. There are several
other measures that could have been used. For example, the COG
and COP inclination angles have been shown to be a sensitive
measure of balance control during gait in older adults (Lee and
Chou, 2006).

5. Conclusions

This is the first study that examined the effect of a specific

- exercise targeting impaired gait initiation performance under the
dual-task condition in older adults who were at high risk of falling.
The results of the present study suggest that older adults are able to
improve their gait initiation performance under the dual-task
condition only after specific types of training (DSE), and that
training of steady-state gait under the dual-task condition may not
associate with gait initiation performance. This finding would give
new insight into developing exercise programs for fall prevention.
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Effects of Balance Training on Muscle Coactivation
During Postural Control in Older Adults: A Randomized
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Background. Recently, several studies have reported age-associated increases in muscle coactivation during postural
control. A rigid posture induced by strong muscle coactivation reduces the degree of freedom to be organized by the
postural control system. The purpose of this study was to clarify the effect of balance training on muscle coactivation
during postural control in older adqhs.

Methods. Forty-eight subjects were randomized into an intervention (mean age: 81.0 6.9 years) and a control group
(mean age: 81.6 6.4 years). The control group did not receive any intervention. Postural control ability (postural sway
during quiet standing, functional reach, and functional stability boundary) was assessed before and after the intervention.
A cocontraction index was measured during the postural control tasks to assess muscle coactivation.

Results. Cocontraction index values in the intervention group significantly decreased following the intervention phase
for functional reach (p <.0125). Cocontraction index values had a tendency to decrease during functional stability boundary
for forward and quiet standing tasks. Functional improvements were observed in some of the tasks after the intervention,
that is, functional reach, functional stability boundary for forward, one-leg stance, and timed up and go (p < .05).

Conclusions. Our study raised the possibility that balance training for older adults was associated with decreases in
muscle coactivation during postural control. Postural control exercise could potentially lead older adults to develop more
cfficient postural control strategies without increasing muscle coactivation. Further research is needed to clarify in greater

detail the effects of changes in muscle coactivation.
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OTH static and dynamic postural controls are funda-

mental components of human activity. Aging has been
associated with deterioration in postural control manifesting
itself by an increase in postural sway (1,2) and a decrease
in the voluntary movement capacity of the body’s center
of gravity (3,4). Deterioration in these functions leads to a
higher risk of falling, which in turn may increase the num-
ber of people with high levels of disability (4,5).

Recently, several studies have reported age-associated in-
creases in muscle coactivation during dynamic movements
(ie, walking and stair climbing; 6,7) and postural control
(8,9), although evidence on whether coactivation is elevated
during maximal effort contraction is inconclusive (10).
Increased muscle coactivation in older adults is most com-
monly described as a compensatory mechanism to increase
joint stiffness, which thereby enhances stability (6,7,8,9,11).

However, some researchers have pointed out negative
effects of coactivation on postural control and movement,

observing that excessive muscular coactivation increases
postural rigidity (12,13). A rigid posture induced by strong
muscle coactivation reduces the degrees of freedom to be
organized by the postural control system (14) and may actually
compromise the execution of voluntary or compensatory
responses (12,15).

In an effort to prevent deterioration in postural control
ability, patients undergo balance training in clinical settings.
Multiple studies have reported on the effect of balance
training on postural control ability. A systematic review of
these studies has documented improvements in the ability
to stand on one leg and to reach forward without losing
balance in postural control tasks (16).

However, the effect of balance training on muscle coacti-
vation during postural control in older adults remains
unclear. Investigation of muscle coactivation changes after
balance training thus could be an important step toward
clarifying the mechanisms by which balance training might

1
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improve postural control. In addition, this information could
serve as a useful reference for optimizing rehabilitation
strategies in older people. The purpose of this study was to
clarify the effect of balance training on muscle coactivation
during postural control in older adults. In our previous
cross-sectional study, muscle coactivation was negatively
correlated with postural control ability in older adults (9).
This result raises the possibility that the improvement in
postural control after balance training correlates with
decreased muscle coactivation.

We hypothesized that muscle coactivation during pos-
tural control in older adults would decrease after balance
training.

METHODS

Farticipants

Resident subjects were recruited using advertising litera-
ture from three nursing homes. The inclusion criteria were
set as follows: aged 65 or older, dwelling in a nursing home,
able to walk independently (or with a cane), willing to par-
ticipate in group exercise classes, and with minimal, if any,
auditory or visual impairment. Oral and written explana-
tions of the study were offered to the participants. Subjects
were excluded if they had acute neurological impairment
(stroke, Parkinson’s disease, paresis of the lower limbs),
severe cardiovascular disease, severe cognitive impairment
(Rapid Dementia Screening Test score of four points or
less; 17), persistent joint pain, or severe musculoskeletal
impairment (inability to participate in the training regimen).
Any subjects who were willing to participate and met the
entry criteria were accepted into the study. Written informed
conscnt was obtained from each participant in the trial in
accordance with the Declaration of Human Rights, Helsinki,
1975. This research was approved by the Ethical Review
Board of Kyoto University Graduate School of Medicine,
Kyoto, Japan. :

Study Design and Randomization

Randomization via computer-generated random numbers
was performed in blocks of four subjects stratified accord-
ing to 10 m walking time. The 48 subjects were randomly
assigned to the intervention group (n = 24) or the control
group (n = 24). The subject assignments were not blinded to
the research staff members who performed measurements
during the postural control tasks.

Sample Size

Our pilot study investigated the immediate effect of
repetitive balance training on muscle coactivation during
wobble board standing in young adults and demonstrated
that muscle coactivation during standing on the wobble
board decreased 12% (cocontraction index; CI), which is

accompanied by significant improvement in balance ability
(18). The longer intervéntion period would provoke greater
reduction of muscle coactivation in older adults. Therefore,
we aimed to detect a 15% (CI) reduction in muscle coacti-
vation in the intervention group compared with the control
group. Furthermore, based on the data from our pilot study,
we estimated the standard deviation of this degree of change
in coactivation to be 14% (CI; 18). Based on these assump-
tions, a total sample size of 34 participants would be required
with alpha set at 0.05, beta at 0.2, and a given power of 0.8.
We increased the sample size to a minimum of 44 to
account for an anticipated dropout rate of 20%.

Intervention
Subjects assigned to the intervention group received
40 minutes of group balance training sessions twice a week

-for 8 weeks focused on improving postural control ability.

There were three subgroups in the intervention group. Each
subgroup consisted of 4-10 people. Exercise classes, which
were supervised by a physical therapist, consisted of 10
minutes of warm-up and stretching exercises followed by
30 minutes of balance training. Subjects with a risk of fall-
ing during the exercise session were permitted to hold the
back of a chair to ensure their postural stability. The level of
exercise difficulty was adjusted according to the ability of
each subject by altering reach distance or base of support.
Subjects who held a chair during exercise were instructed to
decrease the assistive level when they were able to acquire
postural ability without losing balance during the tasks.

The control group did not receive any intervention but
were simply instructed to spend their time as usual during
the intervention phase. In order to avoid contamination dur-
ing the exercise period, the training location was set at a
place where the subjects in the control group were not usually
visiting when the training session was under way. Subjects
assigned to the control group were offered the same exercise
program after the conclusion of the study period.

Warm-up and Stretching

Before training, subjects participated in warm-up and
stretching exercises consisting of finger joint movement,
bending fingers backward, shoulder rotation, waist rotation,
upward stretching, lateral bending of the trunk, forward
bending, and lower leg stretching. Lower leg stretching was
targeted on the hamstrings (bending trunk forward with
extended knee) and gluteus maximus (hip flexion using
arms) in a sitting position.

Balance Training

Balance training consisted of standing on one leg, tandem
standing, shifting weight laterally from one foot to another
(19), anterior—posterior or lateral weight shifting, and reaching
forward and laterally (20). Subjects were instructed to
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EFFECTS OF BALANCE TRAINING ON MUSCLE COACTIVATION DURING POSTURAL CONTROL

maintain their position for 5 or more seconds during each
task and performed three sets of these exercises during each
training session. The training sessions also included step-
ping forward and sideways in which the instructor called
out each stepping direction. Subjects were provided a wall
or chair for safe support as needed.

Testing Procedures and Protocol

The postural control tasks selected for testing consisted
of postural sway during quiet standing, functional reach
(4,21), and functional stability boundary (forward and
backward; 3) because similar movements are performed
frequently during activities of daily living.

Postural Sway

Postural sway during quiet standing was measured by a

force plate (Kistler 9286 force platform, Kistler Instruments
Inc., Amherst, NY). Signals were sampled at 20 Hz and
processed by a low-pass filter (6 Hz cut-off frequency). The
participants stood on the force plate with their fect together
and then were asked to gaze at a mark at eye level while
maintaining a stationary posture as symmetrically as possi-
ble. Quiet standing balance was registered for a period of
10 seconds, from which the root mean square area was
calculated. Electromyography (EMG) activity was also
recorded for the first 3 seconds of quiet standing. The intra-
class correlation coefficient ICC; ;) for the root mean square
area was .72 in this study, which indicates “substantial”
reliability (22).

Functional Reach

Functional reach was defined as the difference between
arm’s length and maximal forward reach (4). The position
of the fingertip was determined with the shoulder flexed at
90° along a wall. Subjects then were instructed to reach as
far forward as possible without moving their feet, thus
moving the center of gravity forward over a fixed base, and
to maintain this maximal forward reach position for 3 seconds
for EMG measurements.

Functional Stability Boundary

Functional stability boundary tasks were performed on
the force plate (3). Standing with their heels on a line 10 cm
anterior to the posterior edge of the plate, subjects were
instructed to standstill for 5 seconds and then to shift their
body weight first toward their toes and then toward their
heels over the largest possible amplitude while maintaining
full contact between their feet and the plate (avoiding toes
off or heels off). For each direction (forward and backward),
the subject maintained their posture for 3 seconds for EMG
measurements, from which the averaged peak center of pres-
sure displacement from the initial position was calculated.
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The center of pressure displacement for each subject was
normalized by the length of that subject’s foot.

Additional Physical Function Characteristics

To calculate the 10 m walking time, which we utilized as
the stratification variable, we had subjects perform walking
trials at their preferred speed over a 12-m walkway, during
which we measured the walking time for the middle 10 m
(23). The timed up and go test (24) and the timed one-leg
standing test for the dominant leg with eyes open were per-
formed without EMG monitoring. The maximum duration
of the one-leg standing test was set at 30 seconds.

EMG Recording

EMG data were collected with the Telemyo 2400 (Noraxon
USA Inc., Scottsdale, AZ). The skin of the dominant leg
was shaved over the fibula head, tibialis anterior, and soleus
(25) and then washed with alcohol. Bipolar surface electrodes
(Ambu, Blue sensor M, Denmark) with a 2.0-cm interelec-
trode distance were placed on the skin around the probable
motor point of the muscles (26). The ground electrode was
affixed to the skin over the fibula head of the dominant leg.
The EMG data were sampled at 1500 Hz.

EMG activity was recorded from the soleus and tibialis
anterior while the subjects were performing maximal voluntary
contractions (MVC; 27). The MVC of the soleus was obtained
during maximal isometric plantar flexion, and maximal
tibialis anterior activation was recorded during maximal

isometric dorsiflexion of the ankle at 90° (anatomically -

neutral position). Strong verbal encouragement was given
during every contraction to promote maximal effort. The
EMG data from the MVCs were used to normalize the EMG
amplitude (percent MVC) during the postural tasks. The
MVCs were recalculated for the posttraining measurement.

Muscle Coactivation Analysis

The original raw EMG signal was band-pass filtered at
20-500 Hz. We computed the root mean square amplitude
of the signal using a 50-ms window. The EMG of each
muscle was then expressed as a percentage of the EMG value
during the MVC.

To evaluate the relative level of cocontraction of the tibialis
anterior and soleus muscles, the CI was calculated using
the method of Falconer and Winter (28). Specifically, the
following equation was used:

21
CI(%) = =-=x100.

total

Ly 1s the area of the total antagonistic activity, calculated in
accord with the following equation:

I, = [EMG,, (9)dr+ [ EMGyy, (91,

4 LY
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where #; to t» denotes the period during which the tibialis
anterior EMG is less than the soleus EMG, and #; to 13

denotes the period during which the soleus EMG is less -

than the tibialis anterior EMG.

Lirat 1s the integral of the sum of tibialis anterior and soleus
EMG during performance of the task, calculated in accord
with the following equation:

+EMG,, |()dt.

agon

| Itoml = Ii[EMG

The CI calculation was done by a staff member who was
blinded to the subject assignments.

Testing Reliability

The test-retest interday reliability of EMG measure-
ments related to electrode positioning was estimated by cal-
culating ICC;. ;. The ICCs;; for the CI were as follows:
0.68 (95% CI. 0.36-0.86) for quict standing, 0.75 (95% CIL:
0.47-0.89) for functional reach, 0.86 (95% CI: 0.66-0.94)
for functional stability boundary (forward), and 0.91 (95%
CI: 0.78-0.96) for functional stability boundary (back-
ward). These ICC values indicated substantial to “almost
perfect” reliability for all measurements of CI (22). The
ICC, for CI without electrode repositioning during quiet
standing was 0.93 (95% CI: 0.72-0.98), which indicates al-
most perfect reliability (22).

Statistics .

The results were analyzed using an intention to treat
analysis. Baseline characteristics of the intervention and
control groups were compared to examine comparability of
the two. The Kolmogorov—Smirnov Test was used to test the
normality of distributions. Differences between groups
were analyzed using the chi-square test for categorical vari-
ables, Student’s 7 test for continuous variables with normal
distribution, and the Mann—-Whitney U test for nonnormally
distributed variables.

The effect of exercise on outcome measurements was
analyzed using mixed design 2 x 2 group (intervention and
control groups) x time (pretraining and posttraining) analy-
sis of covariance. Baseline values were used as covariates
in the analysis of covariance. Statistical significances in CI
and muscle activation (percent MVC) were set at 0.0125
(0.05/4) because four tasks measured by EMG were included
to assess the muscle coactivation. Post hoc Bonferroni
tests were used to assess which group or time periods
showed significant differences. Statistical significance in
post hoc Bonferroni tests was also set at 0.0125 (0.05/4).
P <.05 was considered statistically significant in analysis of
covariance for physical functions. Data were entered and
analyzed using SPSS (Windows version 12.0, SPSS, Inc.,
Chicago, IL). For all outcome measures, missing data values

were imputed using mean values for each corresponding
group.

RESULTS

Study Population

Our initial pool of study subjects comprised 108 residents
from three nursing homes, of whom 51 refused to partici-
pate in the study and nine did not meet the inclusion criteria.
The remaining 48 individuals (mean age 83.0 £ 6.8 years)
agreed to participate in the study and provided written con-
sent. Of the 48 subjects who enrolled in the study, 40 (83%)
completed the 8-week intervention phase and postinterven-
tion assessment: 20 in the intervention group (83%) and 20 in
the control group (83%). The other eight subjects dropped
out because of hospitalization due to chronic illness (two
subjects) or absence on the day of the assessment for per-
sonal reasons (six subjects). After the imputation of missing
data, we performed an intention to treat analysis on the
48 subjects.

Adherence to the Study Protocol

During the 8-week intervention phase, 16 exercise ses-
sions were scheduled and all took place. Excluding the four
who dropped out, the intervention group subjects attended
an average of 14 sessions and had an overall attendance rate
of 82% over the 8 weeks. No health problems, including
cardiovascular or musculoskeletal complications, occurred
during training sessions or testing.

Baseline Characteristics

Table 1 sumimarizes baseline data for the 48 subjects
who completed the study. No significant differences between
the intervention and control groups were observed in any
of the characteristics examined, including age, height, and
weight.

Effects of Intervention on Muscle Coactivation and Muscle
Activity

After the 8-week intervention phase, CI values in the
intervention group showed a significant decrease compared
with preintervention values for functional reach (pre: 33.8%
+ 21.4%, post: 24.1% t+ 15.9%, group x time interaction:
F[1,46] = 10.311, p =.002, 1% = 0.186). Although there was
a significant group-by-time interaction in CI during func-
tional stability boundary (forward; pre: 41.3% + 25.7%,
post: 33.2% + 20.4%, group x time interaction: F[1,46] =
7.226, p = .010, M2 = 0.138), no significant decrease was
found in CI during this task by post hoc test (p = .0125;
Figure 1).

CI did not significantly change in standing (pre: 51.3% *
24.4%, post: 40.1% * 19.9%, interaction: F[1,46] = 4.975,
p = .031, 12 = 0.100) or functional stability boundary
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Table 1. Baseline Characteristics (mean £ SD) of Subjects

Intervention Control
Group (n=24) Group (n=24) p Value
Age,y 81069 81664 762
Body weight, kg 513184 524%76 .680
Height, cm 150.7£6.8 153.1£6.5 247
Female, % 83.0 92.0 620
Medication, n (%) 20 (83) 20 (83) 1.000
Number of comorbidities, n (%) 604
=3 20 (83) 18 (75)
4-6 407) 52
=7 (O] 1(4)
Falls in the Tast year, n (%) 4(17) 6(25) 613
Postural sway area, cm? 1.7£09 1.8%1.0 684
Functional reach, cm 213+46 19.8+6.3 365
Functional stability boundary 195£638 18.8+7.1 877
for forward, % )
Functional stability boundary 13.1+54 117+£58 161
for backward, %

10 m walking time, s 11.3+25 11.5+29 843
TUG, s 83+22 9.2£22 150
One-leg stance, s j44+115 10.1 £9.9 168

Notes: Significance was tested using the 2 test for categorical variables,
Student’s 1 test for comtinuous variables, and the Mann-Whitney {/ test for
nonnormally distributed variables. TUG = timed up and go.

*p <.05.

(backward) in the intervention group (pre: 60.8% * 19.7%,
post: 60.9% + 14.1%, interaction: F[1,46]=0.099, p =.754,
1° = 0.002).

90 -
80
76 -
66 p
40 -
30 -
26 -
10 -
0

co-contraction index (%}

Pre " post
Standing

70

60 .

50 - x

40+ >~<
30

20 -
10 4

=3

co-contraction index {%}

Pre post

Functional stability boundary
{forward) ¥

Figure 1. Pre- and posttraining comparisons of coactivation during postural control tasks. Significance was tested using mixed design analysis of covariance and
post hoc Bonferroni tests. The black lines indicate the intervention group, and the gray lines indicate the control group. Interaction by analysis of covariance, p <.0125

post hoc test, ¥p < 0125,

Significant group-by-time interactions in tibialis anterior
activity were observed during functional stability boundary
(backward), but not during functional reach (p =.055; Table 2).
Although there was no significance across the board, tibialis
anterior activity remained constant or decreased, and soleus
activity increased during the tasks such as standing, func-
tional reach, and functional stability boundary for forward
in the intervention group (Table 2). Tibialis anterior activity
increased during functional stability boundary (backward)
in the intervention group (p < .0125).

Effects of Intervention on Physical Function

Functional reach, functional stability boundary (forward
and backward), timed up and go, and one-leg stance signifi-
cantly improved after the 8-week intervention (group x
time interaction: p <.05; Table 3). No significant improve-
ments in other postural control abilities or physical func-
tions were observed.

DiscussIoN

Our study results provided evidence partially supportive
of our hypothesis that muscle coactivation during postural
control would decrease after balance training. Specifically,
we found that balance training decreased muscle coactiva-
tion in dynamic postural control tasks (ie, functional reach
and functional stability boundary for forward), although no
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Table 2. Mean Normalized Electromyographic Activity (% maximal voluntary contractions: mean + SD) During Tasks

Pre Post Group x Time Effect Size
Tasks Muscle (n=24) (n=24) F Value n?
Standing TA Intervention group 12.4£10.5 9.8+£87 1.806 0.039
Control group [126+11.3 123+11.0
SOL Intervention group 215292 249+99 0.368 0.008
Control group 193+153 21.9%13.7
Functional reach TA Intervention group 1234146 1171142 3.938 0.080
Control group 8.2%86 11.0+£ 87
SOL Intervention group 46.3£16.5 58.8117.6 1.982 0.042
Control group 423£19.6 5024193
Functional stability boundary for forward, % TA Intervention group 16.0% 15.0 16.4+£14.5 0.513 0.011
Control group 1324£12.0 17341121
SOL Intervention group 48.6+19.2 61.1+13.2 2.706 0.057
Control group 4531 19.0 5294197
Functional stability boundary for backward, % TA Intervention group 356+ 18.0 64.7 £ 16.6 21.223%* 0.320
Control group 393 %169 46.1% 17.1
SoL Intervention group 223+112 30.6+12.6 1.072 0.023
Control group 23.0+12.6 27.6+ 14.1

Notes: Significance was tested using mixed design analysis of covariance. SOL = soleus; TA = tibialis anterior.
*p <0125 F value; F value is a test statistic to decide whether the sample means are within sampling variability of cach other. The null hypothesis is rejected
when the F value is large. 12, effect size (%) is a measure of the strength of the relationship between two variables.

significance was seen in functional stability boundary for
forward in post hoc test. These findings suggest that exer-
cise may be able to modify redundant muscle coactivation
during dynamic postural control in older adults.

Previous studies have reported that older adults showed
greater muscle coactivation during postural control in static
or dynamic conditions compared with young adults (9,25,29).
A previous study of ours showed that muscle coactivation
was significantly higher in older adults with low postural
control ability than in older adults with high postural con-
trol ability (9). All these studies described coactivation with
resultant ankle joint stiffness as a compensatory strategy to
maintain postural stability. The result of our current study
suggests that trained subjects could maintain dynamic
postural stability without the stiffening of their ankle joint
associated with higher muscle coactivation.

Functional reach, functional stability boundary (forward),
timed up and go, and one-leg stance time significantly
improved in the intervention group. The improvements we
observed in functional reach and functional stability boundary
were associated with decreased muscle coactivation after
the intervention. Our previous cross-sectional study showed
that balance ability is negatively related to muscle coactiva-
tion during postural control in older adults (9). The result
of the present study suggested that changes in muscular
coactivation are related with changes in postural control
ability. However, the postural sway area and CI during
standing did not improve in the intervention group. The lack
of the effect on postural sway might be attributable to train-
ing frequency and duration. The training program in this
study was 40-minute balance sessions conducted twice a
week for 8 weeks. A previous study proposed an effective

Table 3. Pre- and Posttraining Comparison of Postural Control Abilities and Physical Function

R . . , Group x Time Effect Size
Preintervention Postintervention
(n=24) (n=24) F Value 1?2

Postural sway area, cm? Intervention group 1.7£09 1.3£1.0 0.001 <0.001
Control group 18110 1.43+0.87

Functional rcach, em Intervention group 213+46 - 252440 19.808* 0.306
Control group 19.8+63 19.6%£6.0

Functional stability boundary for forward, % Intervention group 19.5+6.8 252+68 28.777* 0.390
Control group 18.8+7.1 17.9+7.4

Fuactional stability boundary for backward, % Intervention group 127452 157+£62 3.886 0.079
Control group 11.7%58 123+46

10 m walking time, s Intervention group 113425 10521 3.926 0.080
Control group 115229 11.7+£34

One-leg stance, s Intervention group 144+ 115 16.1 £10.0 9.737* 0.178
Control group 10.1£9.9 83+6.8

TUG, s Intervention group 83+22 75+1.7 7.420% 0.142
Control group 92422 9223 '

Notes: TUG = timed up and go. Significance was tested using mixed design analysis of covariance.
*p < .05 F value; F value is a test statistic to decide whether the sample means are within the sampling variability of each other. The null hypothesis is rejected
when the F value is large. 0%, effect size (1)) is a measure of the strength of the relationship between the two variables.
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balance training program conducted three times per week
for 1 hour for 3 months (16). Longer programs may produce
greater effects on physical function and muscle coactiva-
tion. If postural control ability in functional stability
boundary for backward had improved in the present study,
coactivation during this task might also have changed after
training.

Our study found that tibialis anterior activity during
postural sway, functional reach, and functional stability
boundary for forward had a tendency to remain constant or
decrease modestly in the intervention group. On the other
hand, soleus activity was subject to increase especially in
the intervention group. Functional reach and functional
stability boundary (forward) involve a forward movement
of the center of pressure, which requires increased plantar
flexor torque at the ankle joint to control posture, while the
tibialis anterior plays a role of antagonist. The results of the
study suggest that the balance training led to an increase in
agonist (soleus) activity and a decrease or maintenance in
antagonist (tibialis anterior) activity. Carolan and Cafarelli
(30) have measured muscle activation in the biceps femoris
during knee extension and found that as knee extensor
strength increased, biceps femoris activity also increased.
This finding indicates that greater effort to recruit agonist
induces increased muscle coactivation in the antagonist.
In the present study, after balance training, subjects could
recruit the agonist (soleus) without enhancement of the an-
tagonist (tibialis anterior). This decrease or conservation in
the antagonist activity, in turn, could help optimize the work
of the agonist (soleus) during postural control. Postural con-
trol exercise therefore could potentially lead older adults to
more efficient postural control strategies without increasing
muscle coactivation.

Not much has been done to define the contribution of
muscle coactivation during physical activity or in falls in
older adults, although the change of muscle coactivation
strategy has been reported during postural control or joint
movements (6,8,31,32). The present study showed decreased
muscle coactivation during postural control after training.
However, it remains unclear from our study how neural
adaptation (ie, decrease of muscle coactivation) contributes
to fall avoidance or changes with increased physical activ-
ity. Further studies should investigate the effect of decreased

.muscle coactivation after training on functional outcomes
other than balance ability. .

This study has several limitations. First, our study examined
only the ankle joint and thus provides no information on
postural strategies for the knee or hip joint. Second, our data
did not measure changes in kinematics, which therefore did
not enable us to evaluate any possible relationship between
muscle coactivation and kinematics during postural tasks in
older adults. It is a matter of further study to clarify the
effect of kinematic change on muscle coactivation with
information from multiple joints. Third, the information on
subject assignment was not blinded to the research staff
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members during the postural control tasks. Possible bias
cannot be ruled out in this study design. However, the effect
of bias on coactivation, which is the main outcome in this
study, is not considered significant because it would be
difficult for the research staff members to manipulate the
coactivation intentionally. Also, the CI calculation process
was done in a blinded way. Finally, the ICC for postural
control ability (sway area) during quiet standing was not
very high (0.72) because of the short measurement time
(10 seconds). This might have had an effect on the results of
the postural sway area. However, ICC for CI without elec-
trode repositioning during quiet standing was very high
(0.93). We conclude that the results for muscle coactivation
were not influenced very much by the measurement time in
quiet standing.

CONCLUSIONS

Our study found that coactivation during postural control
decreases after balance training in older adults, which can
be associated with improvement of postural control ability.
Postural control exercise could potentially lead older adults
to develop more efficient postural control strategics without
increasing muscle coactivation. Further research is needed
to clarify the contribution decreased muscle coactivation
makes to balance ability and to other functional outcomes
such as fall prevention or increased physical activity.
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ABSTRACT

Little is known about dynamic balance control under dual-task conditions in older adults with fear of
falling (FoF). The purpose of this study was to examine the effect of FoF on anticipatory postural
adjustment (APA) during gait initiation under dual-task conditions in older adults. Fifty-seven elderly
volunteers (age, 79.2 [6.8] years) from the community participated in this study. Each participant was
categorised into either the Fear (n = 24) or No-fear (n = 33) group on the basis of the presence or absence
of FoF. Under single- and dual-task conditions, centre of pressure (COP) data were collected while the
participants performed gait initiation trials from a starting position on a force platform. We also
performed a 10-m walking test (WT), a timed up & go test (TUG), and a functional reach test (FR). The
reaction and APA phases were measured from the COP data. The results showed that under the dual-task
condition, the Fear group had significantly longer APA phases than the No-fear group, although no
significant differences were observed between the 2 groups in the reaction and APA phases under the
single-task condition and in any clinical measurements (WT, TUG, and FR). Our findings suggest that
specific deficits in balance control occur in subjects with FoF during gait initiation while dual. tasking,
even if their physical functions are comparable to subjects without FoF.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Fear of falling (FoF) refers to the lack of self-confidence that
normal activities can be performed without falling [1]. Its prevalence
varies between 21% and 85%, is higher in women, and increases with
age [2.3]. While FoF is amajor component of the ‘post-fall syndrome’,
such fears can also develop in individuals who have not experienced
any falling episodes [4]. Although FoF may contribute to the risk of
falling, it cannot be assumed that it represents the actual risk of
falling [5]. FoF is associated with anxiety, depressive symptoms, and
reduced quality of life [6], and may lead to unnecessary avoidance of
specific activities in older adults, even though they may be able to
perform such activities without falling [7,8].

Some gait adaptations secondary to FoF - e.g. decreased step
length and speed and prolonged double support — are interpreted

as attempts at stabilisation to reduce the risk of falling [9]. On the

basis of Gage's study on the influence of anxiety on attentional
demands during walking, FoF may be assumed to reduce the
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amount of attention resources available for gait and balance
control [ 10]. The effect of FoF on gait and balance may therefore be
more apparent when individuals perform a second task during
walking, as happens often in daily life. However, little is known
about dynamic balance control under dual-task conditions in older
adults with FoF. Only one study has reported that FoF does not
influence the ability to attend to a secondary cognitive task during
a steady-state gait [11].

Many older adults fall while walking short distances [12],
suggesting that they have difficulty in maintaining balance during
the transition phase, including gait initiation and termination,
which are frequently repeated during daily activities. Gait
initiation is believed to require more attentional resources than
steady state walking does [13,14]. Gait initiation is a voluntary
transition from a condition of a static stable support to a
continuously unstable posture during locomotion, which requires
anticipatory postural adjustment (APA) serving to shift the centre
of mass (COM) towards the supporting side so that the leg can be
raised [15]. Prolonged duration of APA during step initiation while
dual tasking is reported to be associated with increased risk of
falling in older adults [16]. Therefore, the duration of APA is
considered an indicator of balance control ability during move-
ment initiation [16,17]. However, no study has thus far reported
the effect of FoF on balance control during gait initiation.
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The purpose of this study was to examine the effect of FoF on
APA during gait initiation while dual tasking in older adults. We
hypothesised that older adults with FoF need more time for APA
than those without FoF because of dual-task interference between
postural and cognitive tasks.

2. Methods
2.1. Participants

Fifty-seven community-dwelling older adults (mean age [standard deviation,
SDJ, 79.2[6.8] years; height, 156.1 [10.6] cm; weight, 55.8 [11.6] kg) participated in
this study. Participants were recruited through advertisements in various local
papers. Inclusion criteria were as follows: age >65 years, minimal hearing and
visual impairments (can see the visual cue used during the experiment), and ability
to ambulate independently at the time of measurement.

Exclusion criteria were as follows: severe cardiac, pulmonary, or musculoskele-
tal disorders; diseases associated with a high risk of falling (e.g. Parkinson disease);
inability to execute arithmetic tasks; serious visual impairment not correctable
with spectacles; and inability to follow multiple commands by a physical therapist.
Written informed consent was obtained from the participants in accordance with
the guidelines approved by the Kyoto University Graduate School of Medicine
(approval number E-809) and the Declaration of Human Rights, Helsinki, 1975.

FoF was assessed by an ordered-choice, closed-ended question about fear of
falling. The question was phrased as follows: ‘Are you afraid of falling now?
Participants who responded ‘somewhat’ or ‘very much’ were assigned to the Fear
group; those who responded ‘little’ or ‘not at all’ were assigned to the No-fear group
[18]. We recorded the subjects’ demographic and medical variables, such as number
of drugs used and mental status (Rapid Dementia Screening Test [19]).

The subjects also completed a standardised questionnaire, which recorded the
number of times they had fallen in the past year. A fall was defined as an event thata
person unintentionally comes to rest on the ground, floor, or another lower level
[20}]. Falls resulting from extraordinary environmental factors (e.g. traffic accidents
or falls while riding a bicycle) were excluded from the count. On the basis of their
responses, participants were divided into 2 groups: Fallers (one or more falls) and
Non-fallers (zero falls).

2.2. Task and protocol

In the gait initiation test, the participants initially stood upright on a force
platform on their both legs, with their feet abducted at 10° and their heels separated
mediolaterally by 6 cm. Participants were instructed to start walking along the
walkway as quickly as possible after a visual cue of LED illumination and to
continue walking—that is, take at least 5 steps on the walkway (2 m). The
participants were allowed to select the first stepping leg (right or left). An LED was
set 2.5 m ahead of the participants, at eye level. The test was performed under
single- and dual-task conditions. Under the dual-task condition, the participants
were instructed fo count aloud backward by 1 starting from 100 while they waited
for the visual cue. The order of the tasks was randomised. Before experimental data
were collected, the participants performed at least 3 trials to familiarise themselves
with the equipment.

All participants underwent 3 clinical measurements - a 10-m walking test (WT)
[21}, a timed up & go test (TUG) [22], and a functional reach test (FR) [23] - in the
presence of an experienced physiotherapist.

2.3. Instrumentation and data analysis

COP data during gait initiation tests were collected with a portable Kister 9286
Force Platform (Kistler Instrument Corp., Winterthur, Switzerland). The force
platform data were sampled at a frequency of 1 kHz and low-pass-filtered at 6 Hz.
The analysis of gait initiation data extracted specific temporal events, using a
program written in MATLAB (MathWorks Inc., Cambridge, MA, USA). The
following events were extracted from the COP data: (1) step initiation, which
was defined as the first mediolateral deviation of the COP towards the swing leg
(COP excursion >3 SD away from the initial COP position defined as the mean
amplitude in the 1500-ms period prior to the onset of the visual cue), and (2) foot-
off, which was defined as the end of the mediolateral shift of the COP towards the
stance leg {absolute COP slope <100 mm/s, 2 samples in a row) [17]. The reaction
phase was calculated as the time from cue to step initiation. The APA phase was
calculated as the time from step initiation to foot-off (Fig. 1). The means and SDs
were determined using data from 3 trials.

2.4. Statistical analysis

Two-way repeated-measures ANOVA (group [Fear vs. No-fear]) x (task condi-
tion [single vs. dual]) was used in the statistical analysis of all variables. A
probability of p < 0.05 was considered statistically significant. When interaction
effects were detected, separate ANOVA and post hoc comparisons were performed
to assess group and task differences. Additional 2-way repeated-measures ANOVA,
(group [Fallers vs. Non-fallers}) x (task condition [single vs. dual]), and post hoc
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Fig. 1. An example of gait initiation data. The following events are marked: onset of
the visual cue (Cue), the first mediolateral deviation of the COP towards the swing
leg (Step initiation), the end of the mediolateral shift of the COP towards the stance
leg (Foot-off); see text for details.

comparisons were performed in a similar manner. Student’s t-test for independent
measures was used to evaluate the differences between Fear and No-fear groups in
the WT, TUG, and FR tests. Partial 72 and Cohen’s d values were calculated as
measures of effect size. Data analysis was performed using SPSS 11.0] for Windows
(SPSS Inc., Chicago, IL, USA).

3. Results
3.1. Participant characteristics

Of the 57 subjects (age, 65-93 years) who participated in the
study, 24 (42%) were classified into the No-fear group and 33 (58%)
were classified into the Fear group on the basis of the presence or
absence of FoF. Table 1 shows the demographic and medical
variables and performance characteristics of the 57 participants, as
well as the differences in performance test scores between the Fear
and No-fear groups. No significant differences were found in age,
height, weight, gender, number of medications, or Rapid Dementia
Screening Test score between the 2 groups, while the number of
Fallers among the Fear group was significantly higher than those
among the No-fear group (p = 0.039). In clinical measurements, no
significant differences were detected in the WT (p = 0.69, d = 0.12),
TUG (p=0.99, d=0), or FR (p=0.29, d = 0.31) tests.

3.2. Performance of gait initiation test

Table 2 shows all variables for the No-fear and Fear group
participants in the single- and dual-task conditions. No interaction
effects between group and task conditions were detected in the
reaction phase (p=0.99, F1, 55=0, 1 =0; Fig. 2). The reaction
phase was longer for the dual-task condition for both the Fear and
No-fear groups (p <0.001, F1, 55=52.2, 7°=0.49), but no
significant main group effect was found (p =0.63, F1, 55=0.24,
7% = 0.004).

Table 1
Participant characteristics.
No-fear (n=33) Fear (n=24) p-value
Age, years 79.9 [7.5] 79.7 [6.9] 0.31
(65-93) (65-87)
Height, cm 156.8 [10.9] 155.1 [10.4] 0.55
Weight, kg 54.6 [9.8] 57.5[13.7] 0.38
-Gender, % males 38.1% 44.4% 0.64*
No. of medications 49 [5.2] 6.5 [5.6] 0.38
Faller, % 27.2% 54.1% 0.039*
RDST 49[3.3] 6.1[3.1] 0.17
WT, s 12.9 [5.7] 123 [3.9] 0.69
TUG, s 13.0 [5.9] 13.0 [4.6] 0.99
FR, cm 19.0 [7.7] 21.2[6.8] 0.29

RDST: rapid dimentia screening test; WT: walking test; TUG: tirmed up & go test; FR:
functional reach test. Values are shown as mean [SD].
2 p-value are based on t-test or chi-square.
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Table 2
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Two-way repeated measures ANOVA findings on measurement parameters in No-fear and Fear group.

Single-task Dual-task Interaction

No-fear Fear No-fear Fear F-value p-value n?
Reaction phase, s 0.29 [0.11] 0.31 [0.09] 0.52 [0.27] 0.54 [0.15] 0 0.99 0
APA phase, s 0.46 [0.16] 0.43 {0.09] 0.51 [0.14]F 0.62 [0.23]" 7.21 0.01 0.12

Values are shown as mean [SD].

T Significant difference between No-fear and Fear groups in individual task condition (Bonferroni, p < 0.05).
~ Significant difference between single- and dual-task condition in individual groups (Bonferroni, p < 0.01).
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Fig. 2. Average of measurement patafneters for both groups of participants in both task conditions: single-task condition and dual-task condition, Note, 'Significant difference
between No-fear and Fear groups in the individual-task condition (Bonferroni, p < 0.05). **Significant difference between the single- and dual-task conditions in individual

groups (Bonferroni, p < 0.01).

Interaction effects between group and task conditions were
detected in the APA phase (p = 0.01, F1, 55 = 7.21, »% = 0.12; Fig. 2).
The APA phase was longer for the dual-task condition for both the
Fear and No-fear groups (p < 0.001, F1, 55 = 23.1, n? = 0.29), but no
significant main group effect was found (p=0.26, F1, 55=1.3,
7? = 0.023). The main effect was qualified by the interaction. A post
hoc comparison showed that the APA phases of the Fear group
were significantly longer than those of the No-fear group under the
dual-task condition (p=0.036, d =0.62) and that there was no
statistical difference between groups under the single-task
condition {p=0.041, d=0.23). The Fear group had significant
increases in the APA phase under the dual-task condition
compared with the single-task condition (p < 0.001, d = 1.2), while
there was no statistical difference between task conditions in the
No-fear participants (p=0.11, d=0.33).

Table 3 shows all variables for Non-fallers and Fallers in the
single- and dual-task conditions. Interaction effects between group
and task conditions were detected in the reaction phase (p = 0.004,
F1, 55 =9.07, 5*=0.14). The reaction phase was longer for the

dual-task condition for both Fallers and Non-fallers (p < 0.001, F1,
55 =70.1, n* = 0.56), and longer for Fallers under both the single-
and dual-task conditions (p=0.006, F1, 55=8.11, n° =0.13). The
main effect was qualified by the interaction. A post hoc comparison
showed that the reaction phases of the Fallers were significantly
longer than those of the Non-fallers under the dual-task condition
(p=0.002, d=0.88), and that there was no statistical difference
between groups under the single-task condition (p = 0.67, d = 0.2).
Both Fallers and Non-fallers had significant increases in the
reaction phase under the dual-task condition compared with the
single-task condition (p < 0.001, d = 1.84; p < 0.001, d =1.27).
Interaction effects between group and task conditions were
detected in the APA phase (p = 0.005, F1, 55 = 8.39, n? = 0.13). The
APA phase was longer for the dual-task condition for both Fallers
and Non-fallers (p < 0.001, F1, 55 = 25.2, n? = 0.31), and longer for
Fallers under both the single- and dual-task conditions (p = 0.01,
F1, 55=7.08, °=0.11). The main effect was qualified by the
interaction. A post hoc comparison showed that the APA phases of
the Fallers were significantly longer than those of the Non-fallers

;cyolfv;y repeated-measures ANOVA findings on measurement parameters in non-fallers and fallers.
Single-task Dual-task Interaction
Non-fallers Fallers Non-fallers Fallers F-value p-value 7
Reaction phase, s 0.29 [0.10) 0.31 {0.11] 046 [0.18]1+" 0.65 [0.27]" 9.07 0.004 0.14
APA phase, s 0.44 [0.13} 0.46 [0.13] 0.49 [0.14] 0.66 {0.22]” 8.39 0.005 0.13

Values are shown as mean [SD].

it Significant difference between non-fallers and fallers in the individual-task condition (Bonferroni, p < 0.01).
~ Significant difference between single- and dual-task conditions in individual groups (Bonferroni, p < 0.01).
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