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Effectiveness of a short-term and simple exercise
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ABSTRACT
While there have been many studies determining the effectiveness of training programs to decrease fall risk
in the elderly, most of them require special equipment, leader training, or major time commitments (more
than 8 weeks, multiple times per week). Individuals older than 66 years old identified an exercise program
offered at home, twice a week, lasting 10 or 30 minutes, and with no associated cost as being more attractive
than other training program options offered (Franco et al., 2015). The objective of this study was to determine
the effectiveness of a simple six-week exercise program on fall risk factors. Thirty-eight older adults were
assigned to a Training Group or a Control Group. Investigator-led balance and lower extremity strength
exercises were performed twice a week. Mobility, leg strength and postural sway were measured before and
after the six weeks for both groups. A survey determined perceptions of participant abilities and fear of falling
at three different times. Timed Up and Go times decreased (p = .008), leg strength increased (p = .022), and
postural sway decreased in the anteroposterior direction and overall, for the Training Group (p < .05) while
the Control group displayed no differences. Surveys administered determined no differences for the Control
group, but the Training Group perceived that they had better balance, mobility, and leg strength and a
decreased fear of falling (p < .05). This simple training program led to changes that would likely decrease fall
risk and did so in an extremely short time.
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INTRODUCTION
The number of adults that are over sixty years old is increasing drastically worldwide. It is projected to
increase from 962 million in 2017 to 1.4 billion in 2030 and to 2.1 billion in 2050 (Ortman et al., 2014). Falls
and the injuries associated with those falls are a major concern for this age group with about 30% of older
adults (those at least 65 years old) experiencing a fall each year (Bergen et al., 2016). Falls are the second
leading cause of non-intentional deaths with 646,000 individuals dying from falls globally each year (Burns &
Kakara, 2018). Research has shown that older adults who are physically active experience fewer falls (Wright
et al., 2012) as well as improvements in their quality of life (Barbosa et al., 2019).
The fear of falling has been correlated with the incidence of falls (Delbaere et al., 2004), with decreased
quality of life (Chang et al., 2016), and with the avoidance of activity (Zijlstra, et al., 2007). Recent research
has revealed that even when corrected for health status and falls, activity-limiting worry is associated with
decreased informal and formal social engagement (Choi et al., 2019). The percentage of older adults that
have a fear of falling has been reported to be 36.2% (Boyd & Stevens, 2009) and for those 70 years and
older it is 54.3% (Zijlstra et al., 2007).
While many fall prevention programs include multiple components, such as exercise, education, socialization,
specialist referral, and home modification, it has been concluded that programs that focus on exercise alone
are about five times more effective than programs that involve multiple components (Petridou et al., 2009).
Activities in previous exercise fall prevention training programs vary greatly and have included Pilates (Bird
& Fell, 2014), Tai Chi (Yu & Yang, 2012), water activities (Fisher et al., 2004), high speed power movements
(Pereira, et al., 2012), chair-based exercises (Vogler et al., 2009), strength training (Sousa & Sampaio, 2005),
virtual reality (Park & Kim, 2016), and combinations of activities (de Oliveira et al., 2014; Justine et al., 2011;
Kamide et al., 2009; Nagy et al, 2007; Patil et al., 2015). Some of these programs have been shown to be
effective, yet many of these programs are quite demanding and/or complex and may not be appropriate for
an older adult who is physically inactive. It is common for the aforementioned programs to require special,
and sometimes expensive, equipment or instructors with particular leadership training. Additionally,
transportation may hinder individuals’ ability to participate in the program if classes are held outside the home
at a community or fitness centre. Finally, with social activities and medical appointments, having a set
schedule for exercise, both days of the week and time of the day, can create a roadblock for adherence.
Program flexibility and simplicity are important to maximize adherence.
When reviewing elderly exercise program effectiveness, Cadore et al. (2013) recommended that programs
that incorporate multiple factors be used, rather than one solely focused on balance or strength. A metaanalysis of factors related to fall risk concluded that gait deficits, muscle weakness, and balance deficits are
strongly associated with fall risk and can increase the risk by 290%, 440%, and 290%, respectively
(Rubenstein & Josephson, 2002). Thus, is it important that any future program incorporate activities that
improve all three factors. Recent research has identified preferences that older adults have for exercise
programs (Franco et al., 2015). Specifically, individuals older than 66 years old identified an exercise program
that is offered at home, twice a week, lasting 10 or 30 minutes, and with no associated cost as being more
attractive than other training program options offered. While many studies have investigated fall prevention
programs, the current literature is lacking a proven program that meets the specific desired characteristics
identified by Franco et al. (2015). Additionally, the existing programs require a much larger time commitment,
both per training session and the number of weeks, and have not measured strength, balance, mobility,
confidence and fear of falling with both a training group and a control group. A study that meets the desires
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of this population and tests these physical and psychological characteristics would be an important and novel
addition to the existing literature.
The aim of this study was to determine the effectiveness of a simple and short duration in-home training
program on older adults’ fall risk by measuring their mobility, strength and balance. In particular, the study
desired to determine if significant improvements could be made in six weeks with the program taking place
only twice a week for approximately 20 minutes per session in the participants’ home. Additionally,
participants’ fear of falling and their perception of their own intrinsic factors related to fall risk were assessed.
METHODS
Participants
Thirty-eight individuals were recruited from local senior community centres and churches to participate in this
study. Most of these participants lived independently, but some lived in a senior residential facility. All
participants read and signed a consent form that had been approved by the university’s Institutional Review
Board prior to participating in the study. To be included in the study, participants had to be at least 65 years
old, and not participating in an exercise program. Participants who had been hospitalized or had surgery
within a year of the start of the study were excluded. If a participant had a major illness (e.g., cancer), was
unable to stand unassisted for at least five minutes, or had any other health conditions that would prevent
them from being able to do simple physical activities they were excluded from the study. Their health status
was confirmed by a health questionnaire that each participant filled out after giving consent. The
questionnaire was reviewed by the principal investigator to verify the appropriateness of the participants’
engagement in the study.
Once they were deemed eligible, each participant was assigned to either the Control Group (N = 19; 13
females, 6 males) or the Training Group (N = 19; 12 females, 7 males). Group assignment was quasi-random
with both age and gender being matched between the two groups. There was no significant difference in the
two group’s ages (76.8 ± 6.1 years vs. 78.2 ± 5.7 years for the Control Group and Training Groups,
respectively) or masses (70.9 ± 19.4 kg vs. 77.9 ± 18.9 kg for the Control Group and Training Groups,
respectively). The Control Group was instructed to continue their normal lifestyle and to not begin a regular
exercise program during the duration of the study.
Procedures
The Training Group participated in six weeks of training that was held twice a week in the participants’ home.
Two investigators directed the participants through a series of exercises with the same investigator working
with a particular participant for each training session for the duration of the study. The training sessions were
separated by at least one day but no more than four days. All participants were tested before and after the
six weeks of normal activity (Control Group) or of training (Training Group). Participants were not given any
information about their testing values until the entire study was completed. Control Group members were
later offered the opportunity to participate in a similar training study.
Training consisted of nine simple exercises that used either an elastic band for resistance or the participant’s
body weight. Additionally, participants used a stable (non-rolling) backed chair for many of the exercises.
Table 1 provides a list of the exercises and the desired number of sets and repetitions. An investigator led
the participant through all of the exercises, giving verbal encouragement, and logging the number of
repetitions and sets that were completed. This log was used to plan for subsequent training sessions.
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Participants began by performing Step Ups which required them to step up completely onto and then
completely down from a stair step with alternating lead legs. Participants used a railing, wall or the investigator
for stability, if needed. Participants then completed the next four exercises with each leg using an elastic
band with a looped end and a free end. The Hip Abduction and Knee Flexion exercises began with the
participant standing behind a stable, high backed chair with their hands resting on the chair for stability. They
placed the band’s looped end around one ankle and stepped on the free end with their other (support) foot.
For Hip Abductions they raised their non-support leg to their side (hip abduction) in a slow, controlled fashion
to approximately 30 degrees and then slowly lowered their leg. For the Knee Flexion exercises they flexed
the knee of their non-support leg to approximately 90 degrees in a controlled fashion and then extended their
knee slowly. Investigators were careful to avoid having participants flex their knee more than 90 degrees to
avoid hamstring cramping. The Seated Knee Extension exercise began with the participant sitting upright in
the chair with both hips and knees flexed approximately 90 degrees. With the looped end of the band around
the ankle of their extending leg and the free end under the foot of their stationery leg, they slowly extended
their knee so that it was almost fully extended and then slowly lowered it to its starting position. The last
exercise that used an elastic band was the Leg Press which participants performed seated near the front
edge of their chair while leaning back against the chair back. Each handheld a different end of the band with
the middle of the band passing under one foot. With their hip flexed so their knee was at about chest level
and their knee flexed approximately 90 degrees, they extended their hip and knee simultaneously so their
foot was at about hip height. If a participant was unable to perform any of these four elastic band exercises,
they would simply use their own leg weight to create adequate resistance. In contrast, if the movement felt
extremely easy for the participant, they were encouraged to increase the band resistance by decreasing the
length of the band or using a stiffer elastic band.
The final exercises were all weight-bearing exercises. To perform a Chair Sit, participants stood in front of
their chair, squatted down slowly as if to sit down in the chair, then prior to touching the chair, stood back up.
Participants held their arms in front of them to assist in their balance. The last three exercises were performed
while participants stood behind their chair with both hands on the chair back. For the Toe Raises and Heel
Raises the participant stood with their feet shoulder width apart and raised both toes or heels off the floor.
The final exercise, Single-Leg Balances, required participants to stand on one foot for as long as they could
maintain their balance. Participants alternated the support foot and were encouraged to count how long they
could maintain their balance on a single foot. For all of the exercises that used the chair for stability,
participants were encouraged to lessen their dependence on the chair for stability as they progressed.
Table 1. Training Program Description. Training exercises performed during each session for each leg.
Exercise
Goal
1. Step Ups (alternating R leading with L leading)
3 sets of 10-12
2. Standing Hip Abductions with elastic band (R and L)
3 sets of 10-12
3. Standing Knee Flexions with elastic band (R and L)
3 sets of 10-12
4. Seated Knee Extensions with elastic band (R and L)
3 sets of 10-12
5. Seated Leg Press with elastic band (R and L)
3 sets of 10-12
6. Chair Squats
3 sets of 2-10
7. Standing Heel Raises
3 sets of 10-12
8. Standing Toe Raises
3 sets of 10-12
9. Single Leg Balances (R, then L = 1 cycle)
5-8 cycles
Note: R = right leg, L = left leg.
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Measurements
A series of three tests measuring each participant’s static balance, mobility, and leg strength were
administered prior to and after the six weeks of training that took place for the Training group. Data from the
first testing session was not shared with the participants or investigators before the second testing session.
Each testing session took approximately 45 minutes to complete.
Static balance was measured using a single Kistler 9281CA force plate (Amherst, NY) which was embedded
in the laboratory floor. Participants stood in socks or barefoot on the force plate which collected data at 100
Hz. Participants used a self-selected stance determined by first marching in place a few steps to obtain their
own natural stance width. Participants were asked to focus on a large black dot which was 3 meters away
and instructed to try to stand as still as possible with their arms relaxed and laying by their sides. The dot’s
height was adjusted for each participant to ensure a consistent relative height (at approximately eye level).
An investigator stood next to each participant during this testing in case of a loss of balance. After the first
trial, each participant’s foot placement was traced onto a piece of paper which was already affixed to the
force plate surface to ensure consistent foot placement for all of that participant’s trials. Four trials lasting 40
seconds each were collected with participants resting in a chair for approximately two minutes between trials.
Centre of pressure data collected using BioWare 3.0 software (Amherst, NY) was filtered using a fourth order
zero phase Butterworth filter with a cut-off frequency of 5 Hz. Each trial was analysed for the last 30 seconds
to ensure that participants were steady during the analysis time period. The mean distance, anteroposterior
mean distance, and mediolateral mean distance from the average location of the centre of pressure was
computed (Prieto et al., 1996). Additionally, the root mean square (RMS) distance, anteroposterior RMS
distance, and mediolateral RMS distance were also computed (Prieto et al., 1996). Finally, the overall range
of the anteroposterior centre of pressure and mediolateral centre of pressures were calculated. Values from
the four trials were averaged for each participant for analysis. Each participants’ foot tracing was affixed to
the force plate for post-testing to ensure their foot placement was consistent for all balance measurements.
Mobility was measured using the Timed Up and Go Test (Podsiadlo & Richardson, 1991). Participants sat in
a chair with seat height 44 cm with their back against the chair back. The chair was placed against a wall to
prevent the chair from sliding on the floor. When instructed to “Go” by a simultaneous visual and audio cue,
participants got up out of the chair, walked to and then around a mark on the floor which was 3 meters away,
walked back towards the chair, and then sat down in the chair. Participants were instructed to walk as quickly
as they felt comfortable, but not to run. The time for each trial was measured from the start cue to when the
participants’ back contacted the chair back after they returned from their walk around the mark. Each
participant completed three trials with seated rest for at least a minute between trials. Trials were timed with
a stopwatch and a digital video camera set at 60 Hz. The video data was used to confirm the stopwatch times
and to use in case of an error in starting or stopping the watch. The stopwatch data was used for analysis
due to its ability to measure to the nearest hundredth of a second, as opposed to the nearest 1/60 th of a
second for the video. The fastest time, rather than the average, was used for analysis because the
investigators encouraged participants to become accustomed to the activity first and then focus on increasing
their speed.
Isometric leg strength was measured using a Biodex System 3.0 isokinetic dynamometer (Shirley, NY).
Participants sat upright in the machine’s chair with approximately 90 degrees of hip flexion and 90 degrees
of knee flexion. Two straps were placed across the participant’s chest, one strap was placed across their
hips and one across their right thigh to prevent contributions from other body parts. The dynamometer axis
was aligned with their right knee joint centre. Participants completed three sets of five repetitions which
included 5 seconds of maximum effort isometric knee extension at their right knee, followed by 15 seconds
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of rest. Ninety seconds of rest was given between each set. Participants were verbally encouraged during
the contractions and were instructed to gently ramp up their force and not to violently kick their leg out. The
maximum torque (in Nm) produced during any of the trials was used for analysis.
Approximately nine weeks after post-testing, participants attended a reception held to share the study results
and individual data. Prior to any results or data being shared, each participant was asked to complete a
survey. The survey asked participants to rate their balance, mobility, leg strength and concern about falling
at three different times: (1) at their pre-testing; (2) at their post-testing; (3) on the day of the reception. For
the balance, mobility and leg strength questions, a score of one indicated the worst and a score of ten
indicated the best. For the concern for falling, a score of one indicated greatest fear and a score of ten
indicated no fear at all.
Statistical analysis
Data were analysed using SPSS v25 software (SPSS Inc. Chicago, IL). To determine if the two groups were
equivalent prior to the training, independent t-tests were used to compare the two group’s age, body mass
and pre-test values for the Timed Up and Go, postural sway and leg strength tests. To directly determine if
the training exercises decreased fall risk, paired one-tailed t-tests were run with the pre- and post-testing
values for the Timed Up and Go, postural sway measures and leg strength for the Training group. To
determine the consistency of these measures over time, the pre- and post-testing values for the Control group
were compared using paired two-tailed t-tests. The decision to use t-tests and not repeated measures
ANOVA was due to the one-tailed nature of the research question and the desire to focus on each group
separately. For the survey data, a one-way ANOVA was run for each group to compare participant ratings
for their balance, mobility, leg strength and fall concern over time. For any dependent variable that was found
to have a main effect, the effect size was determined and post hoc testing was performed to determine which
time pairs differed from one another. Additionally, pre-study survey values were compared between the two
groups using an independent t-test to determine any differences between the groups prior to the training
program. Significance for all statistical tests was reported at p < .05.
RESULTS
Seventeen of the nineteen participants in the Training Group completed the study while eighteen of the
nineteen participants in the Control Group completed the study. Two female participants dropped out
because they were unable to return for post-testing due to vacation plans and one female participant dropped
out because of a voluntary (non-emergency) surgery. There remained no significant difference in the ages
or masses between the Control and Training Groups.
Figure 1 depicts the average postural sway distance values from the mean centre of pressure (COP) overall,
in the mediolateral direction and in the anteroposterior direction for the two testing sessions for each group.
There were no significant differences between any of the three mean distance values between the two groups
in the initial testing session. The Training Group showed a trend towards a decrease in the overall distance
before and after training (p = .051) and the average anteroposterior distance after the training decreased
significantly from the value prior to training (p = .042). The Control Group had no significant differences
between any of their three distance values collected six weeks apart.
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Note: Error bars indicate the standard deviation for each data set. * denotes Post value is significantly smaller than the Pre value
(p < .05) & denotes a trend towards a significant decrease in value (p < .10).

Figure 1. Centre of pressure mean distance from the average centre of pressure data. Mean values for the
Control Group and Training Group from the initial testing session (Pre) and the final testing session
(Post) for the overall distance from the average centre of pressure, the mediolateral distance from
the average centre of pressure and the anteroposterior distance from the average centre of
pressure (in mm).
Figure 2 depicts the postural sway root mean square (RMS) from the mean COP values overall, in the
mediolateral direction, and in the anteroposterior direction for the two groups for the two testing sessions.
There were no significant differences between the two groups’ overall, mediolateral or anteroposterior RMS
values in the initial testing sessions. The average overall RMS and anteroposterior RMS values decreased
after the training (p = .046 and p = .038, respectively). The Control Group had no significant differences in
their overall, mediolateral or anteroposterior RMS values collected six weeks apart.
The range of the COP values in the mediolateral direction for the Training Group were not significantly
different pre-training and post-training (18.2 ± 8.0 mm vs. 17.6 ± 7.0 mm, respectively), but the range of the
COP values in the anteroposterior direction were different after training (24.4 ± 5.6 mm vs. 22.4 ± 3.9 mm
pre-training and post-training, respectively; p = .026). The Control group did not have a significant difference
in their mediolateral range of COP between the two sessions (18.0 ± 8.2 mm vs. 16.9 ± 7.1 mm initial and
final testing, respectively), nor between their anteroposterior range of COP (25.2 ± 7.7 mm vs. 25.4 ± 9.5
mm initial and final testing, respectively). The two group’s range values did not differ from one another in the
mediolateral or anteroposterior directions in the initial testing sessions.
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Note: Error bars indicate the standard deviation for each data set. * denotes Post value significantly smaller than the Pre value (p
< .05).

Figure 2. Centre of pressure average root mean square from the average centre of pressure data. Mean
values for the Control Group and Training Group from the initial testing session (Pre) and the final
testing session (Post) for the overall root mean square (Overall RMS) from the average centre of
pressure, the RMS in the mediolateral direction (Mediolateral RMS) and the RMS in the
anteroposterior direction (Anteroposterior RMS), all given in mm.
Table 2 provides the Timed Up and Go (TUG) and leg strength results for both groups before and after the
six weeks. There was no significant difference in the two groups’ initial testing values for either test. The
Training group significantly improved their Timed Up and Go times and leg strength (p = .008 and p = .022,
respectively), whereas no significant change was found for either of these measures for the Control Group.
Table 2. Timed Up and Go (TUG) and Leg Strength Test Results. Mean (standard deviation) test values from
the initial (Pre) and final (Post) testing sessions for Timed Up and Go (TUG) and leg strength are
provided below.
Group
Pre TUG (s)
Post TUG (s)
Pre Leg Strength (Nm)
Post Leg Strength (Nm)
Control
10.69 (5.24)
10.30 (3.98)
115.7 (44.9)
114.7 (37.8)
Training
10.55 (3.26)
9.60 (3.59)*
113.8 (45.8)
124.4 (40.9)*
Note: * indicates a statistically significant improvement from Pre value to Post value (p < .05).

The participant’s perceptions of their balance, mobility, leg strength and fear of falling are provided in Table
3. There was no difference between the two group’s values at the initial testing session for any of the four
items. There was no main effect of time on any of the four perception values for the Control Group. However,
the Training Group did show a main effect for all four perception values. There was a main effect of time on
balance (p < .001, 2 = .454) with both the post-testing and reception perception values differing from the
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pre-testing values (p = .009 and p = .001, respectively). There was a main effect of time on mobility (p < .001,
2 = .537) with both the post-testing and reception perception values differing from the pre-testing values (p
= .006 and p < .001, respectively). There was a main effect of time on leg strength (p < .001, 2 = .515) with
both the post-testing and reception perception values differing from the pre-testing values (p = .008 and p =
.001, respectively). There was a main effect of time on fear of falling (p = .021, 2 = .276) with both the posttesting and reception perception values differing from the pre-testing values (p = .016 and p = .040,
respectively).
Table 3. Subject Perception Values. Mean (standard deviation) perception values for both groups before the
first testing session (Pre), after the second testing session (Post), and at approximately nine weeks
after the second testing session (Reception). For balance, mobility and leg strength, lower values
indicate a worse rating and for fear of falling lower values indicate a greater fear. All scales are from
1 (worst) to 10 (best).
Control
Training
Pre
Post
Reception
Pre
Post
Reception
Balance
5.8 (2.0)
6.3 (2.2)
6.1 (1.8)
5.5 (2.0)
7.3 (1.8)*
7.6 (2.2)*
Mobility
6.3 (1.8)
6.6 (2.2)
6.2 (1.9)
5.9 (2.1)
7.4 (1.9)*
7.8 (1.9)*
Leg strength
6.2 (1.9)
6.6 (2.1)
6.1 (1.8)
5.5 (1.9)
7.1 (1.8)*
7.6 (2.1)*
Fear of falling
5.8 (2.4)
6.5 (2.4)
6.3 (2.7)
6.3 (2.8)
7.4 (2.3)*
7.2 (2.6)*
Note: * denotes that the value is significantly greater from the Pre-test perception value (p < .05).

DISCUSSION
The training program was effective at improving participants’ mobility, strength and postural sway and led to
greater confidence in the participants’ physical abilities and less fear of falling. Many previous studies have
used the TUG test to measure mobility and determine the effectiveness of a variety of training programs. The
majority of the programs that have been effective have been longer in duration than the current study and/or
have met more frequently. There have been a few programs shorter than 8 weeks that have been able to
evoke improved mobility, as determined by faster TUG times. A six week balance enhancing training program
which met four times a week, on average, with more rigorous components such as quarter turn jumps was
conducted with a younger population (Hafström et al., 2016). They reported TUG and balance improvements
but did not include a control group. Nagy et al. (2007) conducted an eight-week long training program which
focused on strength, flexibility and balance. Their participants showed improved mobility, but their postural
control results were mixed. An eight-week long Pilates-inspired training program with younger and more
mobile participants reported increased mobility and some postural sway improvements but did not include a
control group (Kaesler et al., 2007). None of these shorter programs investigated leg strength and so their
overall effectiveness at decreasing fall risk is unknown. Additionally, they did not include an assessment on
the fear of falling of the participants. The current study provides a fast and efficient way to improve mobility
by lowering TUG times for this population.
The increase in leg strength experienced by the Training Group likely indicates a decrease in their fall risk
due to the strong relationship between fall risk and muscle strength (Rubenstein & Josephson, 2002). Several
previous studies lasting 12 weeks or longer have determined that training programs can lead to lower
extremity strength increases in older adults. Patil et al. (2015) used step boards and various modes of weights
in a two-year training program. Leg extensor strength was increased by 14% over the control group, but there
was no difference in TUG times and balance measures were not performed. The current study found a 9.3%
increase in strength over the six weeks of training. A 16-week long training program focused on strengthening
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the knee and ankle musculature increased peak knee extension strength by a similar amount to the current
study (11%) but their sample size was very small (n = 4 for training, n = 5 for control) and neither mobility nor
balance were measured (Pijnappels et al., 2008). Another strength training focused study was performed for
14 weeks with a similar population and also reported strength increases and TUG improvements, but no
balance measurements were collected in their study (Sousa & Sampaio, 2005). A balance training study
conducted for 12 weeks reported knee extensor strength increases and dynamic balance improvements, but
did not investigate mobility (Gusi et al., 2012). None of the programs effective in increasing leg strength have
also increased both stability and mobility. The current study is unique in creating greater leg strength without
special equipment or professional instruction and also providing mobility and stability benefits, along with a
decrease in the fear of falling.
The initial postural sway values for both groups, in both the anteroposterior and mediolateral directions,
compared well to previous studies that reported the same measures for similar populations (Fukusaki et al.,
2016; Kim et al., 2010; Maki et al., 1994; Prieto, et al., 1996; Swanenburg et al., 2009). The results of other
exercise training programs that measure postural sway values with a force plate have reported various
outcomes. A recent meta-analysis performed on exercise interventions intended to improve postural control
concluded that balance exercise interventions are effective for decreasing total and AP sway length and
velocity measures with eyes open in double stance (Low et al., 2017). However, they concluded that
programs that focused on resistance training or that were multicomponent did not affect any sway measure.
Their analysis did not consider the effectiveness of any program to improve mobility or leg strength.
Several individual studies have determined that exercise training can improve postural sway values. Four
different training regiments have determined sway improvements, but in different directions. A six-month long
training program emphasizing swimming decreased sway path lengths and areas for both the intervention
group and the control group (Kawasaki et al., 2011). Three varieties of gymnastics-based training for 12
weeks were effective at decreasing sway area and both mediolateral and anteroposterior sway velocity (de
Oliveira et al., 2014) and a 24 weeklong Tai Chi program found similar results (Yu & Yang, 2012). Rogers et
al. (2001) reported that a 10-week long training program involving stretching, strengthening and balance
training altered sway in the mediolateral direction, but not the anteroposterior direction. It should be noted
that none of the four aforementioned studies considered mobility or leg strength, both important elements of
fall risk.
Some studies have investigated both postural sway and mobility for this population. Nagy et al. (2007)
reported unusual results of participants having improved mobility and no difference in the anteroposterior
sway direction but increasing their mediolateral sway path after 8 weeks of aerobic, balance and resistance
training. Their low sampling rate (16 Hz) may have contributed to their unexpected sway results. Six weeks
of interactive videogames has been found to decrease sway area and velocity as well as TUG times (Lai et
al., 2013). Another shorter (5 weeks) training program involving obstacle courses did not result in postural
sway changes, however their control participants increased their AP velocity (Weerdesteyn et al., 2006). No
strength or mobility was determined for their study. A longer training program (6 months) compared a strength
and balance exercise program to a flexibility and balance exercise program and determined no change in
double stance static balance for either group (Judge et al., 1993). The strength and balance group did
increase their knee extension strength while the flexibility and balance group did not. Mobility was not
measured. Finally, Paquette et al. (2015) investigated 8 weeks of stationary bike or agility/reaction time
training and found neither decreased postural sway measures.
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Previous research has identified that individuals classified as fallers have larger postural sway values overall,
in the mediolateral, and/or anteroposterior directions when compared to non-fallers (Maki, et al., 1994;
Melzer, et al., 2010; Pajala et al., 2008; Stel et al., 2003; Swanenburg et al., 2009). Thus, the decreases
exhibited by the Training Group members in the current study suggests that they may have decreased their
fall risk through their participation in the training program.
Fear of falling has been reported to be predictive of future falls (Delbaere et al., 2004; Stel et al., 2003). Many
other training programs have measured fear of falling and have determined that it can be decreased by
various types of exercise. However, most of these programs were 12 or more weeks in duration (Banez et
al., 2008; Gusi et al., 2012; Delbaere et al., 2006; Liu-Ambrose et al., 2004; Nicholson et al., 2014;). There
have also been long programs that have not found any differences in fear of falling (Nicholson, et al., 2014;
Paquette, et al., 2015; Shigematsu et al., 2008).
Three shorter programs that have created a decrease in the fear of falling but none of them investigated leg
strength. A six-week training program similar to the current study’s but with more challenging components
such as rotational jumps reported a decreased fear of falling, faster TUG times, but no similar changes in
postural sway (Hafström et al., 2016). They intended on their training to be performed daily but reported that
it was performed four times a week, on average. Lai et al. (2013) used an interactive videogame-based
training program for 6 weeks with training 3 times per week. Participants lowered their fear of falling, their
TUG times, and postural sway. Weerdesteyn et al. (2006) performed a shorter training program (5 weeks)
using an obstacle course twice a week for 90 minutes a session. Training participants decreased their fear
of falling but showed no change in postural sway and their mobility was not tested. The current study is
unique in measuring fear of falling not only before and immediately after a training program, but also
determining the long-term effects of the training on fear of falling.
While this training program was found to be effective for these participants, it may not be inferable to older
adults whose physical status differs greatly from those tested in this study. The participants selected for this
study were in good health and involved in no physical activity programs. Even participants with low physical
functionality were able to complete the program. For those who dropped out of the training program, it was
not due to the program being too difficult, rather it was due to personal situations (e.g., required surgery or
extended vacations). Older adults who are more physically active would not likely benefit from this training
program as it may not be rigorous enough to stimulate physical or neural changes for them. It is also important
to note that the participants who participated in this study are not necessarily typical of this population.
Individuals who choose to volunteer for a research study are likely more motivated and outgoing than the
typical individual. However, this is a limitation of every research project that involves training. Another
limitation of this study was that the training was led by investigators and their oversight may be difficult to
duplicate outside of this study. However, because the program requires little equipment or specialty training,
it is easier to initiate than most exercise training programs. Future studies should consider whether a single
session of training per week might also be effective at creating changes in these three important physical
measures and participant perceptions. Additionally, further follow up to determine the long-term efficacy for
fall prevention by this training program should be determined.
CONCLUSION
In conclusion, the simple training program was effective in eliciting physical changes that are known to reduce
fall risk. Overall, participants who participated in training experienced a decrease in their TUG times,
indicating an increase in their mobility. They were able to increase their leg strength significantly which may
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enable them to recover from a loss of balance more effectively than a weaker individual. Additionally, those
study participants who underwent the training experienced changes in various overall and AP postural sway
measures indicating greater stability. All three physical measurements taken resulted in favourable and
significant changes that are associated with decreased fall risk for this population. This study is unique in
reporting changes in all three measures and inducing these changes in such a short amount of time and
session frequency and duration.
Those participants who underwent the exercise training program became more confident in their abilities.
They ranked their mobility, strength and balance after the six weeks of training and about nine weeks after
the training ended as better than they were when the study commenced. They also reported less concern for
falling at these two time points when compared to their concern before the study. These perceptions are
important in that they influence what activities the older adults will participate in and they are also linked to
fall risk with less risk being associated with less fear of falling.
The results of this study provide extremely helpful information for health care providers. Practitioners can
bundle elastic bands (including various resistance levels) and the instructions for the exercises together and
distribute these bundles to the older adults they oversee. Additionally, they can distribute these bundles to
family members that visit the older adults frequently and answer any questions they may have about the
program. Residential program directors could create an incentive program to encourage their residents to
complete the training twice a week for six weeks or more. Alternatively, residential program directors could
conduct a class at their centre if their residents wanted a group setting that would include the social benefits
often associated with exercise adherence promotion. Finally, practitioners could consider making a video to
guide older adults through the various exercises.
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