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ABSTRACT

Several effective fall prevention exercise pro-
grams address the problem of falls. The primary
challenge is not to develop effective programs,
but to find ways to motivate older people to be-
gin and maintain these programs while deliver-
ing these programs to as many older adults as
possible. This short-term pilot study collected
preliminary data on the design and testing of a
balance rehabilitation protocol that could be
replicated in a virtual gaming environment like
the Wii Fit. The protocol, based on evidence-
based practice, focused on strength, endurance,
and functional reach. Eight older adults partici-
pated in twelve one hour sessions with an oc-
cupational therapist and exercise professional.
Outcome measures included the Modified Falls
Efficacy Scale, Life Space Questionnaire, and
postural sway. Results suggest that the protocol
was effective in improving postural sway (as
measured by a force plate), reducing fear of fal-
ling, and increasing perceived life space.

Keywords: Fall Prevention; Virtual Gaming;
Exercise; Older Adults; Balance

1. INTRODUCTION

The majority of older adults want to be able to live and
function independently. People want to exercise control
over their lives and continue to live at home as long as
possible. However, a fall can have a significant impact
on the ability to function independently. Falls often lead
to serious injury, including hip fractures and head inju-
ries. Hospitalization and immobilization after a fall often
triggers a series of cascading disabilities. Many older adults
who have had a serious fall never return home. What we
don’t know about fall rates is sobering: many older adults
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do not report falls, fearing institutionalization and loss of
personal autonomy based on their actual rate of falling.
As a result, many frail older adults, particularly those that
live alone, risk falling and not being able to summon help.

According to the Centers for Disease Control and Pre-
vention (CDC), approximately one-third of older adults,
aged 65 and older, fall each year [1-3]. It is also esti-
mated that twenty to thirty percent of those individuals
that fall suffer from moderate to severe injuries that greatly
impact their ability to complete activities of daily living
[1,4]. Perhaps most importantly, falling in the elderly
produces negative consequences that actually increase a
person’s risk for falling—over 70% of elderly subjects
who have experienced a fall acknowledge avoiding pre-
viously performed activities such as walking, bathing or
housekeeping because of this fear of falling [5].

Falls not only impact the quality of life of older adults
but also increase the financial burden on the healthcare
systems of our country. The CDC reported that in 2000,
the total direct cost of all fall injuries for older adults
aged 65 and older exceeded $19 billion [6]. Adding to
the complexity of the issue is the fact that the population
of older Americans is rising at an unprecedented rate.
According to the U.S. Census Bureau [7], all of the baby
boomers will be 65 and older in 2030 and this population
is expected to grow to approximately 88.5 million by 2050.
It can be anticipated that approximately 29.5 million older
American adults will fall in 2050. Thus, it will be im-
perative to find real life health solutions to issues that
will impact a large segment of our population. Related
costs from permanent disability, institutionalization and
even death are growing as the older adult population con-
tinues to grow [1].

Another concern is the fact that as America ages, even-
tually there will not be a sufficient number of young adults
to provide services for senior citizens, especially in the
realm of fall prevention through physical activity and func-
tional rehabilitation. Rehabilitation professionals are al-
ready under the economic pressure of current health-care
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trends and are pressed to provide quality services to in-
dividuals that spend less time in the hospital and have
less therapy allotted to them. There is a critical need for
rehabilitation modalities that are low-cost, of high-quality
and able to ensure carry-over of success without relying
on the physical presence of a rehabilitation practitioner.

Virtual gaming interventions may provide an opportu-
nity to provide classes for older adults that find it chal-
lenging to access and participate in real-person, group
falls intervention activities. The Wii Fit has the potential
to address common barriers to exercise: availability of
well-designed interventions, cost, transportation, bore-
dom/discomfort, and preference for home-based interven-
tions. The gaming platform also allows remote observa-
tion of user performance, obtains objective data, and pro-
vides real-time feedback. However, the existing Wii Fit
platform was not designed to improve balance and re-
duce fear of falling in older adults.

Several studies have identified modifiable risk factors
of falls among older adults including muscle weakness,
gait and balance problems, poor vision, urinary inconti-
nence, use of psychoactive medications and structural haz-
ards within the home [6]. The Compendium of Effective
Community-Based Interventions [1] identified six exer-
cise-based fall prevention programs that have rigorous
scientific evidence of effectiveness: Stay Safe, Stay Ac-
tive, the Otago Exercise Program, Tai Chi: Moving for
Better Balance, Australian Group Exercise Program, Vet-
erans Affairs Group Exercise Program, and Simplified
Tai Chi.

While these programs are shown to be effective, they

are not available, accessible, or enjoyable for all older adults.

Adding to this conundrum is that studies have estimated
that between 1/3 and 1/2 of Americans over 50 get no
physical activity at all, and the number is even higher for
women, minorities, and the very old [8]. Thus, it is not
surprising that fall prevention efforts often fail due to low
levels of motivation, participation, adherence, self-efficacy,
and accountability. Therefore, the primary challenge is not
only to develop a fall prevention program that effectively
reduce the risk of falling, but to find ways to motivate
older people to begin and maintain an effective fall pre-
vention programs, as well as, encourage carry-over of suc-
cess beyond program end.

Arguably the most popular physical fitness video game,
the Wii Plus, was designed to operate as a virtual coach,
and guide users through various basic strength, balance,
and aerobic activities to improve both physical fitness
and coordination. The gaming mechanisms have also been
shown to allow remote observation of user performance,
obtain objective data, increase motivation, distract from
discomfort, and provide real-time feedback to allow peo-
ple to better track their progress [9]. The Wii Fit Plus
also addresses the barriers to participation in exercise
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that older adults face: availability of well-designed inter-
ventions, cost, transportation to community based pro-
grams, racial/ethnic barriers to participation in commu-
nity-based programs, boredom/discomfort with standard
exercise, and preference for the convenience of home-
based interventions.

There are numerous games that can be played on the
current Wii Fit that improve strength, cardiorespiratory
capacity, and balance. Video games have been shown to
allow remote observation of user performance, obtain ob-
jective data, increase motivation, distract from discom-
fort, and provide real-time feedback to allow people to
better track their progress [9]. Many of the activities, how-
ever, have fast-paced, moving graphics that older adults
find distracting or are not age appropriate. There are lim-
ited options in exercise progressions.

From a rehabilitation perspective, research suggests that
video games do appear to have potential for improving
older adults’ physical and cognitive health, increasing en-
joyment during exercise and even improving postural sway.
Basak, Boot, Voss, and Kramer [10] found that signifi-
cant benefits were realized following strategy-based video
game training on executive control functions. In a review
of studies, Green and Bavalier [11] found that video game
play can improve perceptual, motor, and cognitive func-
tion in older persons. Van Schaik, Blake, Pernet, Spears,
& Fencott, [12] suggest that a cognitive exercise such as
solving simple puzzles during physical exercise can break
a negative link between perception of time spent exer-
cising and performance by providing a distraction from
the physical exercise. Elder participants strongly preferred
virtual augmented exercise to traditional physical exer-
cise, and adherence rate was 100%. Haddad, Van Em-
merik, Wheat, and Hamill [13] found that postural sway
is especially challenged during supra-postural tasks such
as a manual fitting task, and can reveal age-related de-
clines in posture and balance in individuals as young as
40 years of age. As a result, improving functional reach-
ing of older adults through supra-postural tasks has the
potential to improve their balance.

The purpose of this pilot study was to assess the feasi-
bility and effectiveness of a hybrid fall prevention reha-
bilitation exercise program. The hybrid program focused
on fundamental components of the evidence-based Fall-
Proof program [14] and was designed to be replicated in
a virtual environment. It was hypothesized this hybrid
fall prevention intervention would improve balance, fear
of falling, and life space mobility, as defined by outcome
measures.

2. METHODS
2.1. Study Design

This was an exploratory pilot study using a pre- and
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post-test design. This pilot study also offered an oppor-
tunity to explore issues of feasibility. This project was
approved by the Indiana University Bloomington Institu-
tional Review Board.

2.2. Participants

Eight community-dwelling older adults aged 68 years
and above participated in a repeated measures ABA (base-
line-intervention-baseline) pilot study. Inclusion criteria
were: older adults aged 65 - 90 years old living in the
community and not currently enrolled in a formal exer-
cise class. Exclusion criteria were moderate to severe cog-
nitive problems (score < 31 on the Telephone Interview
for Cognitive Status [15] and musculoskeletal or neuro-
logical comorbidity that would preclude the planned ex-
ercises or result in motor performance difficulties.

2.3. Instrumentation

The Life Space Questionnaire (LSQ) was used to meas-
ure the extent of participant’s community mobility as
measured by the distance that the participant travels within
their home, neighborhood, and outside their community
[16]. The LSQ consists of 9 yes/no interview questions
related to the participant’s mobility over the previous 3
days. Example items include “During the past 3 days, have
you been to an area outside your home such as your porch,
deck, or patio, hallway of an apartment building, garage?”’
and “During the past 3 days, have you been to places
outside your immediate town or community”? Items are
scored either 1 (“yes”) or 2 (“no”) and only the yes’s are
summed (range =1 - 9).

Fear of falling was measured using the Modified Falls
Efficacy Scale (MFES). The MFES aims to determine how
confident seniors feel they are able to undertake various
activities without being afraid of falling [17]. Example
items include “Get dressed and undressed” and “Using
front or rear steps at home.” Items are scored from 0 (‘“not
confident at all”’) to 10 (“completely confident”). Responses
are summed (range = 0 - 140).

Postural sway was measured by having participants stand
on an AMTI forceplate for 30 seconds to assess their dis-
placement of center of pressure (COP). The AMTInet-
force software program was used for the data recording
and the exported data was analyzed using Matlabb. The
parameter measured was the sway area.

Demographic data was collected from each participant
using the FallProof Health and Activity Questionnaire
which includes information such as birth date, age, sex,
height, weight, home environment, social and family his-
tory, medical history, ambulation, assistive device use,
medications, participation in activities, current concern
for falling, past falls before the intervention, and activi-
ties of daily living [14].
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2.4. Intervention

The hybrid fall prevention exercise program was de-
veloped through a user-centered, iterative design process
with the authors and Advisory Board. Advisory Board
members included faculty in Kinesiology and Informatics
and fitness specialists with experience in teaching older
adults and balance. This collaborative interdisciplinary
team reviewed evidence-based exercise protocols for their
ability to improve balance, reduce fear of falls, and abil-
ity to be replicated in an enjoyable gaming environment.
A focus on functional training education was incorporated
through specific exercises which can be applied to daily
living activities [18]. Understanding sense of purpose for
exercise is critical for exercise adherence to make a dif-
ference in balance and falls.

The hybrid fall prevention rehabilitation exercise pro-
tocol was an integration of the FallProof comprehensive
balance and mobility training program [14] and functional
training education. Specific exercises were chosen based
on their translational ability to a virtual environment. The
protocol was composed of the following components: cen-
ter of gravity control, multisensory training, postural strat-
egy training, gait pattern enhancement and variation train-
ing, strength and endurance training, and flexibility train-
ing.

Center of gravity control training exercises included
exercises such as seated balance activities and standing
balance activities that involve reaching and leaning. Mul-
tisensory training exercises included activities that focus
on eye-head coordination and exercises such as standing
while focusing on an object. Postural strategy training in-
cluded activities that incorporate leaning while standing
and stepping sideways or backwards. Gait pattern en-
hancement and variation training included taking steps
with directional changes or simulated walking a tight rope.
Strength and endurance training included standard upper
and lower extremity exercises such as leg lifts while seated
and bicep curls. Flexibility training included exercises
such as seated head/neck stretches, and full-body stretches
[14].

Participants participated in the hybrid exercise proto-
col 2 times per week for six weeks. Each session lasted
for 60 minutes. Four participants met each week in the
exercise room of their retirement community. The other
participants were seen in their own homes.

2.5. Data Analysis

For each outcome measure descriptive analyses includ-
ing mean and standard deviations were generated. Effect
sizes were calculated using the equation: ([meanpost —
meanpre]/SDpooled) [19]. Effect size for each outcome
measure was reported. An effect size of 0.2 was consid-
ered small, 0.5 was considered medium and 0.8 was con-
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sidered large [20].

3. RESULTS

Table 1 summarizes the demographics of the 8 partici-
pants. The average age of the participants was 76. Seven
of the eight participants were female and all were white/
non-Hispanic. All had TICS scores that indicated normal
cognitive status. One participant used an assistive device.

There was 100% participation; all 8 participants recruited
completed the 6 week hybrid fall prevention rehabilita-
tion exercise program, pretesting, and posttesting. Post-
test scores were casewise deleted for one participant be-
cause of incomplete items. Casewise deletion was chosen
to be the best method for handling this missing data as
the participant was experiencing illness unrelated to the
intervention on the day of posttesting [21].

Outcomes

Outcome data are reported for 7 of the 8 individuals
that participated in the study. Results of outcome meas-
ures and overall mean scores can be found in Table 2.
Effect sizes for all outcome measures are estimated in
Table 3. Overall mean scores increased for the LSQ.
LSQ scores pre-intervention and post-intervention were
5.57 and 6.57, respectively. Participants had similar MFES
scores pre and post intervention with overall mean scores
9.32 and 9.4 respectively. Three participants (43%) ex-
perienced no change in their fear of falling after the com-
pletion of the intervention. Two participants’ scores in-
dicated a change from essentially not being worried at all
to being a little worried about falls following the inter-
vention. Two participants’ scores indicated a reduction in
fear of falling after the intervention. Overall mean pos-
tural sway area decreased from an average of 380.11 mm
210 263.0 mm 2.

4. DISCUSSION

The purpose of this initial study is to collect prelimi-
nary data on the design and testing of a rehabilitation
protocol focused on strength, endurance, and functional
reach that improved postural sway and reduces fear of

Table 1. Participant characteristics.

Participants

1 2 3 4 5 6 7 8

Age 74 8 68 76 79 72 74 78

Sex F F F M F F F F

Race W W W W W W W W

TICS 33 44 37 36 32 41 45 33
Assistive Device RW Cane
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Table 2. Outcome measure results.

Participant LSQ MFES Sway

Pre Post Pre Post Pre Post

1 7 7 9.57 10 24.66 34.46
2 2 5 5.79 7.29 22627  162.18
3 5 7 10 10 171.3 101.56
4 7 7 10 10 811.88 359.7
5 6 6 10 10 713.25  569.27
6 7 5 9.86 8.78 392.24 35427
7 5 9 10 9.75 321.18  259.58
Avg 557 6.57 9.32 9.40 380.11  263.00
SD 1.81 1.4 1.56 1.03 287.12  182.55

Table 3. Effect size estimations.

Outcome measures Effect size cohen’s d*

MFES 0.06
LSQ 0.62
Sway 0.49

*Effect sizes: small = 0.2; medium = 0.5; large = 0.8.

falling. A hybrid of exercises was selected based on their
ability to be replicated in a virtual gaming environment
like the Wii Fit. This study adds to the body of literature
exploring the feasibility of creating rehabilitation quality
gaming specifically designed for the functional needs of
older adults and derived from evidence-based practice.

A user-centered, iterative design process was used to
create a hybrid fall prevention rehabilitation exercise pro-
tocol. The protocol was based on the following compo-
nents of the FallProof [14] comprehensive balance and
mobility training program: center of gravity control, mul-
tisensory training, postural strategy training, gait pattern
enhancement and variation training, strength and endur-
ance training, and flexibility training. The protocol was re-
viewed and amended by an interdisciplinary panel of ex-
perts.

In this study, participants’ perceived life space increased
after the intervention. These results suggest that the hy-
brid protocol was effective in helping participants main-
tain or increase activities outside the home, neighborhood,
and community. Fear of falling was also reduced after the
intervention, as measured using the Modified Falls Effi-
cacy Scale (MFES). One participant stated “I went to a
garage sale next door yesterday, and I haven’t even at-
tempted to go to my mailbox in a long time for fear of
falling”. This suggests that the hybrid protocol can be
effective in increasing confidence about balance and de-
creasing the threats to socialization, independence and
morbidity/mortality [22].

The effect size was not large, but with such a small sam-
ple, a limited case analysis is somewhat helpful in pro-
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viding insights into the results. Outcome data had to be
deleted for one participant due to missing items. This par-
ticipant had a sudden change in health status unrelated to
the intervention which may have affected her ability to
complete the instruments. This participant however was
severely deconditioned at the beginning of the interven-
tion and had probably made the most improvements in
balance, fear of falling, and life space.

Participant 6 also showed a decline in LS and MFES
assessments. Qualitative field comments with this par-
ticipant indicated that she had recently changed some
medications due to an injury she sustained prior to the
intervention. This recent change affected her perceptions
on the LS and MFES and explained the decline. Her sway
scores showed improvement pre/posttest. She noted that
she felt her balance had improved during the intervention,
had declined since the intervention ended, and the exer-
cises were “amazing.”

Finally, pretest scores on the LS and MFES were
rather high for all participants. As the intervention began,
it became obvious that not all participants were as bal-
ance-proficient as their pretests would indicate. Because
falling can be a reason for institutionalization, older adults
sometimes do not report or under report falls and fear of
falling [22]. It is possible that participants exhibited a Haw-
thorne effect in their pre test scores. Consequently, their
post test scores reflected a more realistic assessment re-
sulting from increased familiarity and comfort with the
instructors and authors. Effect sizes may have been larger
if pretest scores on the LS and MFES had been more real-
istically aligned with actual balance abilities.

This study confirms that virtual gaming interventions
may provide an opportunity to provide classes for older
adults that find it challenging to access and participate in
real-person, group falls intervention activities. One par-
ticipant stated “I will try anything if it means I might not
fall so much”. The gaming platform also appears to dis-
tract from discomfort while also providing a source of
active entertainment. One participant stated “this reminds
me of doing the fox trot... it takes me back to when my
body was fit and able. Boy could I dance”.

5. CONCLUSION

The primary goal of this pilot study was to explore the
development and feasibility of a rehabilitation based fall
prevention protocol to be replicated in a virtual gaming
environment. Findings indicate that the protocol does have
potential. The study design was sufficient for our purpose.
In the future, a larger randomized trial will be needed to
determine whether a virtual gaming rehab-based fall pre-
vention program would be effective. Future studies also
need to broaden outcomes to include participation, carry-
over, and remote observation.
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