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CHAPTER |
INTRODUCTION

1.1 Background and Rational

Fall is one of the leading causes to incapability of individuals over the age of
65 years old. Each year 30-40% of adults over 65 years old fall at least once a year,
and the likelihood of fall increases continuingly (Boulgarides et al., 2003). This
statistic is significantly concerned to society because individuals of age 60 years old
and older currently represented the fastest growing population worldwide. By the
year 2050, it is projected that there will be two billion people over the age of 60
years old (WHOGRFPOA, 2007). Thus, it is important for physical therapists and other
health care professionals to promptly address this issue to reduce future injuries
from falls that could have been prevented. Data from College of Population Studies,
Chulalongkorn University shows that the proportion of the elderly population in
Thailand has increased science the year 2010. Number of the elderly aged 60 years
and over represents 11.4 % of the population nationwide, or about 7.6 million

people.

Consequence of falls can lead to fractures, activity avoidance, health decline,
disability, fear of falling and hospitalization. These are ongoing global health
problems in older adults, as they often lead to pain, functional limitations, disability.
20-30% of those who fell suffer moderate to severe injuries such as hip fractures,
head trauma and lacerations. These injuries decrease functional ability and increase
risk of death. Injuries from falls can lead to sedentary behavior, fear of falling, lower
quality of life and impaired function (Perracini and Ramos, 2002). The main reason
why falls and fall-related injuries have become a major health problem is that falls

are very frequent common incidence among older adults.

Falls are commonly used as an indicator to reveal the capability of individuals
to control balance. Balance is defined as the ability to control the center of gravity
over the base of support in a given sensory environment (Barnett et al., 2003).

Balance requires maintaining a reference point, making constant corrections, and



having an end objective of movement. The integration of a number of working
physiological systems is necessary for successful balance. Balance is a complex
system involving vestibular, visual, and somatosensory systems to achieve
movement goals in activities of daily living and sports activity. Research suggests that
there are many factors that contribute to achieving optimal balance such as muscle
activity and communication within the central nervous system. The visual,
somatosensory, and vestibular systems integrate to establish the sensory triad of
postural control. An individual relies on vision to scan the environment and to

develop an anticipatory control or feedback mechanism.

The integration and interaction between and among components of the
musculoskeletal and neurological systems are also essential for balance or postural
control. The musculoskeletal system encompasses muscles, bones, and connective
tissue to create muscle synergies, joint torques, and kinematic surface forces through
range of motion (ROM) and strength. The neurological system provides the ability to
perform coordination, strategies for maintaining balance (ankle, hip, stepping
response), postural response latencies, spatiotemporal coordination, force control
and adaptation of postural strategies. These strategies are neural control processes
that provide an action plan based on particular tasks, behavioral goals, and
environmental constraints. Postural strategies become more efficient and effective in

response to a repeated stimulus.

Horak and others reviewed the neural control of posture and synthesized
research on balance and concluded that balance was ultimately a flexible,
functional motor skill that can adapt with training and experience. Cognitive process
practice of an activity could affect postural control as well (Horak, Henry, and

Shumway-Cook, 1997).

Deficiency of balance and posture control in the elderly was reported to be a
major problem leading to cause of fall in recent literatures. There were bodies of
research reported that methods of rehabilitation or training that aim to change and
develop balancing and posture control in elderly helped to prevent falls. These
methods including strengthening exercise, balance training, using vitamin D

supplements and use of multiple methods in multidisciplinary assessment and



treatment could restore balance and reduce the number of falls in the elderly

(Gillespie and Handoll, 2009).

A systematic review on preventive interventions aimed to reduce falls and
fall-related fractures reported that the efficiency of programs and activities which
were designed and implemented to stimulate, challenge, and/or facilitate balance
could promote improvement through practice. A significant amount of research
existed and its results emphasized the impact of exercise on balance with a notable
amount in aging population (Gillespie and Handoll, 2009). This systematic review
included 111 randomized controlled trials and 55,303 participants. The conclusion
related specifically to exercise was that exercise programs that contained two or
more of the following components: strength, balance, flexibility, or endurance had a

reduction rate of falls or number of people falling (Gillespie and Handoll, 2009).

Numbers of research reported that the most effective fall-prevention
programs for older adults involved a variety of tasks which challenge balance, such
as multisensory balance training (Nitz and Choy, 2004); (M. Rogers et al., 2003a), (M. E.
Rogers, Fernandez, and Bohlken, 2001) and stepping programs (Nnodim et al., 2006).
In addition, it was demonstrated that results of training using virtual technology
reveled better than conservative training. The specific contribution factors of virtual
reality as a training choice in patients with stroke and among the elderly were due to
technology that was motivated, stable and safety for patient and elderly. Also it
provided a real like learning environment (Yang et al.,, 2008). However, real virtual
machines had limitations, especially in terms of affordable prices. Thus an
alternative device was suggested. This was a training program done by a home game
console or video games which its technology was inexpensive and had simple

devices connected to a similar style and features (Clark and Kraemer, 2009).

Recently, the Nintendo wii™ gained popularity with healthcare professionals
as a rehabilitation tool. When used in conjunction with typical physical therapy
interventions, the Nintendo Wi shown to improve balance. Clark and Kraemer.
conducted a study looking at the effects of wi™ Bowling on the balance in an 89
year old female (Clark and Kraemer, 2009). Results showed, this patient

demonstrated improvements in the Berg Balance Scale (BBS) score, the Timed Up



and Go (TUG) and the Activities-Specific Balance Scale (ABC) (Clark and Kraemer,
2009). Results from the other study also suggested that a home game console may
improve balance in well-functioning older adults. This study, however, did not

utilize a control group and had a small sample size (Williams et al., 2011).

The purpose of this study was to determine if performing the video game
commercial had better short-term effect in improving balance and decreasing risk of

fall in well-functioning elderly than home based exercise.

1.2 Objectives

To compare the short-term effect of video game commercial exercise and

home based exercise in improving balance in healthy elderly.

1.3 Research question

Does video game commercial based have short-term effect in improving

balance in Thai elderly people?

1.4 Hypotheses of the study

The hypothesis to be tested was: participants who were trained in the video
game commercial exercise group when compared to the home based exercise group
would demonstrate better improvement in balance, as measured by the BBS, FAB
and FRT.

- Specific hypothesis of the study:

- Participants who were trained in the video game commercial exercise group
would demonstrate better score at post-test (the end of week 4) higher than at pre-
test (week 0) as measured by the BBS, FAB and FRT.

- Participants who were trained in the video game commercial exercise group
would demonstrate better score at the end of week 2 and 3 higher than in the home

based exercise group, as measured by the BBS, FAB and FRT.



1.5 Keywords

Elderly, exercise, balance, fall, Wii balance board, Nintendo® Wii™

1.6 Scope of the study

1. Participants: healthy elderly aged 65-80 years were recruited. The eligible
participants for the study were randomized into 2 groups which were

trained by video game based exercise (Wii) and home based exercise.

2. Variables: this research aimed to study effect of video game commercial to
decrease risk of fall and improve balance in Thai elderly people. The

variables were classified as follow:

- Independent variables:

- Video game based exercise (Wii group)
- Home based exercise group

- Dependent variables:

- Berg Balance Scale
- Fullerton Balance Advance Scale

- Functional Reach Test

1.7 Brief Method

The comparison of the effect of video game commercial (Wii) exercise and
home based exercise in improving balance and decreasing risk of fall in the elderly
were tested. The Wii group received 30-45 minutes video game commercial exercise
per day, 3 days a week, for 4 weeks. The home based group received a handbook to
prevent fall and self-monitored exercise for 30 minutes a day, 3 days per week, for 4
weeks. All participants were evaluated with Berg Balance Scale (BBS), Fullerton
Advance Balance Scale (FAB), and Functional Reach Test (FRT) at the beginning of
training or pre-test (week 0), the end of week 1, 2, 3 and at the completed of the

training or post-test (the end of week 4).



1.8 Conceptual Framework
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Figure 1.1 Conceptual frameworks



1.9 Expected benefits and applications

1.

To acknowledge the different effect between video game based exercise

10

(Wii group) and home based exercise group on balance in elderly people.

The results will be used as guidance in the exercise to improve balance

and decrease risk of fall in elderly people.

To provide preliminary data to further study.



CHAPTER Il
REVIEW LITERATURE

According to information of the Ministry of Public Health, Thailand on aging-
related statistics, the older adult population demonstrated an increase life
expectancy. Over the course of the 20" century, the older adult population grew
from 3 million to 10.7 million (www.moph.go.th). Mortality rates at older ages also
declined more rapidly due to health improvements, which led to rapidly increase in
this segment of the population. However, the increase in life expectancy could be

greater if mortality from accidental injuries or falling events decreased.

2.1 Fall
2.1.1 Definition of fall

Fall had various suitable definitions but the most precise definition of fall was
“an event which results in a person coming to rest inadvertently on the ground or
floor or other lower level” (WHO, 2010). A second definition was “carelessly coming
to rest on the ground, floor or other lower level excluding intentional change in
position to rest in furniture, wall or other object ”(WHOGRFPOA, 2007).

2.1.2 Epidemiology and prevalence of fall

In Thailand, number of elderly people was predicted to rise. There were 5.7
million elderly people in 2000 and The Institution Geriatric predicted that the elderly
population would reach 10.78 million in 2010 ( ,instution Geriatric2007). It was well
known that fall was a major health problem in elder persons. Approximate 30% of
the people who aged over 65 years and lived in community fell at least once each
year. The rate progressively increased when the age increased ( ,Geriatric instution
2007). Epidemiological findings indicated that slip-precipitated falls were among the
leading causes of injuries and source of high economic costs, especially among older
adults. Understanding the biomechanical factors responsible for slipping and falling

was an important component in injury prevention (Cham and Redfern, 2001).

The prevalence of falls in the elderly population stimulated research on the
various in the biomechanics of slips. An elderly person adapted characteristic during

walk, a shorter stride length, a larger step width, and slower gait speed were unique
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characteristic in elderly gait (Lockhart, Woldstad, and Smith, 2003). These factors
should result in a stable gait; however the epidemiological findings were not in
support of this information. Other factors that may decrease the ability of elderly to
recover once a slip decreased strength and delayed reaction time (Lockhart et al.,
2003), In other words, the typically physiological change in musculoskeletal system
found in older adults may prevent older adults react too slowly to stop the sliding

motion of the foot.

2.1.3 Risk factor for falling

Fall was a serious public health concerned in elderly people. Factors related
of fall in the elderly were classified into intrinsic and extrinsic factors (Todd and
Skelton, 2004). Intrinsic factors included physical, psychological, cognitive factors
such as older age, impaired balance, orthostatic hypotension, lower-extremity
muscle weakness, decreased reaction time, impaired vision, cognition, decreased
lean body mass, and impaired mobility (Todd & Skelton, 2004). Extrinsic factors were
associated with conditions in the environmental hazards and activity related intrinsic
factors such as slippery surfaces, darkness, poorly maintained walking aids, number
and type of medications prescribed, floors and uneven surface, inappropriate
footwear or clothing and inappropriate assistive devices (Todd and Skelton, 2004). In
community dwelling most falls in older adults were result of an interaction between
the two types of risk factors. The incident of sustaining an injury from a fall depends
on each patient's susceptibility. In addition risk factors responsible for a fall may had
multiple causes such as history of falls, and balance deficit (Lord, Clark, and Webster,
1991).

2.1.4 Biomechanics of slips and fall

The risk of slips and falls involved body movement of human and
environmental factors (Cham and Redfern, 2001). Intrinsic factors were consisted of
biomechanics, somatosensory abilities, aging, experience of a slippery surface, and
neuromuscular mechanisms embraced in balance and gait. Environmental factors
contained friction between the foot-floor surface, footwear material, lighting, and
floor unevenness. Recently Hanson et al., 1999 studied the interactions between
human and environmental factors related with slip and fall event. This study shown
that the frictional created while walking on different surfaces made it possible to

predict falling affect. The dynamic coefficient of friction (DCOF) of the foot-floor
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interface shown high significantly different that floor contamination or soapy floor
effect to fall than floor surface material such as tile and carpet and dry floor surface
(Hanson, Redfern, and Mazumdar, 1999). The foot-floor interface during walk on the
dry friction were determined as maximum shear-to-normal ground reaction forces,

called peak required coefficient of friction (Hanson et al., 1999).

Then a slip occurred, the body must initiate reaction for keep balance and
posture to forward movement. The strategies were used to kept balance and
postures that vary respond. Step strategy was the one recovery action which used
when slip happened with a great impact (Brady et al., 2000). Most research
interested on postural strategies of the lower body the researches demonstrated
that they aggravated slips in healthy subjects. They explained heel contact velocity
as the horizontal velocity of the heel at the instant of heel contact and may be used
as a measure of slip propensity (Lockhart et al.,, 2003). That was, a person who
showed a higher heel contact velocity could be at a greater risk for slipping than
someone whose horizontal heel velocity was lower (Lockhart et al., 2003).
Researcher also noted that reactions respond initiated at the hip movement and led
leg for stepping in balance recovery (Cham and Redfern, 2001) Previous study,
showed non-slipping limb strategies had been including swing phase interruption and
thus increased of the base of support (BOS) area. Few other studies were shown
evidence of upper body postural strategies, namely an arm elevation strategy, which
influence the outcome of a slip. In summary, the reactions generated during slipping

involve responses initiated at several body joints (Lockhart et al., 2003).

2.2 Assessment tools used to measure balance in elderly people

Balance is an ability to perform maintains center of mass within a base of
support to remain upright and prevent from fall (Myers et al., 1996). This ability
played a critical role in how individuals perform their function in their everyday live.
If a deficit of balance was found during activities and mobility, further testing to
identify cause of falling would be needed. Common tests used in clinic to assess
deficiency of balance and to determine risk of fall include Romberg stance
(shumway-Cook and Woollacott, 2007), Timed-Up-and-Go (TUG) (Podsiadlo and
Richardson, 1991), Berg Balance Scale (BBS) (Berg et al., 1992a) and Functional Reach
Test (FRT) (Duncan et al., 1990). Evaluation of abilities to maintain balance by multi
testing methods may be needed to give a more complete picture of an individual to

maintain balance. This evaluation was also used to establish a baseline of balance
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performance for a plan of care. Moreover, balance assessment tools chosen for a
clinical examination should be simple without being redundant with the information
obtained (Thapa et al., 1994).

Forward reaching was frequently performed in activities of daily living. FRT
developed by Duncan et al in 1990 (Duncan et al., 1990) was a well-known clinical
measure of balance, and tested for both validity and reliability. FRT was designed to
assess antero-posterior (AP) stability by activate reach distance and measured the
distance between the length of the arm and a maximal forward reach in a standing
position, while maintaining a fixed base of support. It had been developed as a
dynamic measure of balance with no attempt to control movement strategies. FRT
required moving the body’s center of mass toward the front edge of base of support

in well-controlled manner (Duncan et al., 1990).

In clinics and research, FRT directly to balance ability and found to be related
to frailty, risk of falling and the ability to perform functional tasks in elder people
(Duncan et al., 1990). Short reach distance of FRT showed high risk of fall so reach
distance less than or equal to 14 inches, were reported to be associated with an
increased risk of fall in elderly (Duncan et al,, 1992). The FRT test-retest reliability,
criterion, concurrent, construct, and predictive validity and sensitivity to change had
been reported in different samples of older adults (Duncan et al,, 1990). The FRT
showed good intra-rater (intraclass correlation coefficient [ICC] =.92) and inter-rater
reliability (r=.97). Reported sensitivity was 62% and specificity was 92%, with
suggested cut off values of 22-25.4 cm (Behrman et al., 2002).

One of the first multi-item tools to common used to assess functional
limitations associated to balance was Berg Balance Scale (BBS) (Berg et al., 1992a).
The BBS was consisted of 14 items that evaluated an individual’s ability to maintain
balance while performing a series of difference activities. Performance on each test
item was rated a zero to four scoring system with a total of 56 points being the
maximum score that been achieved (Berg et al., 1992a). The BBS was shown to have
good inter-rater reliability, intra-rater, internal consistency, and concurrent validity
when the BBS was compared to clinical judgments, self-perceptions of balance, and
laboratory measures of sway (Berg et al., 1992b). However, important limitation of
the BBS became evident when assessed community-dwelling older adult who had
balance problems but were high activities or higher level of balance (Bogle Thorbahn
and Newton, 1996). Newton et al., reported that the BBS had a ceiling effect that it

not evaluate balance when had external perturbation which assessed anticipatory
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movement and anticipatory muscle activation. This study suggested that the scale
had limited in its ability to detected differences in balance that were delicate in
nature or pose a higher level of balance challenge. BBS could not be used to
identify impairments evident in the visual and vestibular systems. Nor could any of
the test items on the BBS be used to identify prolonged reaction times and
automatic postural response latencies observed. These additional findings by
Newton suggested the need for a clinical test that assesses more of the multiple
dimensions of balance and recommended the inclusion of more challenging task to
assess balance in higher functioning older adult samples. A study shows age-related
declines in the Berg score on 10-year age group (60-69, 70-79, 80-89) community
dwelling older adults, but the differences were not significant (Bogle Thorbahn and
Newton, 1996)

Rose et al., was developed a new balance assessment tool that used to
identify balance problems of varying severity in functionally independent older
adults and also evaluated more of the systems that might be contributed to balance
problems. More difficult static and dynamic balance tasks were included in the scale
that would not only make it less prone to ceiling effects when used with more active
older adults but also a more sensitive instrument when used to evaluate the
effectiveness of an intervention conducted with this segment of the older adult
population. A multidirectional balance scale called the Fullerton Advance Balance
(FAB) scale. The FAB scale included 10 items requiring the performance of balance
activities that stimulated different activities of daily living (ADLs). The purpose of the
FAB scale was to identify balance problems of varying severity in functionally
independent older adults and also to evaluate multiple-system contributions
(sensory, musculoskeletal, and neuromuscular) to balance (Rose, Lucchese, and
Wiersma, 2006). The content validity of the FAB scale was established with a
comprehensive review of the literature to ascertain a conceptual and theoretical
framework of postural control for the selection of the individual test items.
Component each test item was based on review of the literature that identified
which system or component of balance were most affected by the aging process and
the extent to which the changes were associated with increased risk for falls (Rose et
al., 2006). A review of the measurement literature and previously published clinical
test of balance assisted in establishing the number of possible performance level,

and overall task difficulty.

The convergent validity was obtained comparing the scores of the FAB scale

with the BBS scale in group of 31 older adults with identified balance problems of
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varying severity. The Spearman rank correlation analysis indicated a significant
(p<.01) but moderate correlation of 0.75 when the total score of the BBS was
compared with the FAB scale total score (Rose et al., 2006). The test-retest reliability
(0.95) was also established using the Spearman rank correlation analysis. The same
31 participants were tested on 2 separated occasions, two to four days apart by the
same tester. Ten of the 31 participants representing a range of functional ability
were videotaped while performing the FAB scale. Three of four physical therapists
watched the videotaped and were asked to score the participants to determine intra-
and inter-rater reliability. Inter-rater reliability was also high, ranging from 0.94 to 0.97
depend on administered by experienced clinicians. The FAB scale indicated that for
every one-point increase in the total FAB score there was an 8% decrease in the
older adult’ s likelihood of sustaining a fall. The result of this study’s ROC analysis
indicated that a cut off score of 25 on the FAB scale produced the highest sensitivity
(76.9%) and specificity (49.3%) in predicting faller status (Hernandez and Rose, 2008)

An additional measure of balance was the TUG, which measures active
performance of walking, transitioning such as sit/stand and turning (Podsiadlo and
Richardson, 1991). The researcher used a stopwatch to time how long it took the
participant rose from a chair, walked 3 meters, turned around, and walked back to
the chair and sat down. The 3 meters position marked with a piece of visible tape
on the floor and participants were asked to walk to that point and return to the chair
as quickly and safely as they can. Participants were not allowed to use any assistive
device for this test.

The TUG time of greater than or equal to 13
seconds, regardless of age, placed an individual
at a possible risk for falls. This test had an intra-

tester and inter-tester reliability of 0.99 and a

Ef construct validity value of 0.76. Podsiadlo et al.,
A also described TUG as had content validity,

—

I

concurrent validity and was acceptable for use

as a screening or descriptive tool (Podsiadlo and
I\ Richardson, 1991). TUG showed a sensitivity and
specificity of 87% when identifying fall risk in

Figure 2.1 Timed up and Go test  community dwelling older adults. The smallest

detectable difference (SDD) for the TUG was 1.63 seconds as shown in a population

of Parkinson’s patients with mild to moderate severity of disease (Huang et al., 2011).
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Decision balance assessment

In comparing the assessment tool to measure balance in elderly. Shown high

reliability.

Table 2.1 Time taken administer

Assessments Reliability Time administrated
TUG Yes (0.99) short
FAB Yes (0.95) medium
FRT Yes (0.95) long

Table 2. 1 Time taken administer

*Time (administration time) short <1 min
medium = 5-10 minutes

long = 15+ minutes

2.3 Components of a successful fall prevention program

A fall prevention program successful if it encourages about preventative
action to reduce the risk of fall. Research shown older adults and their caregivers
educate awareness about fall risk was an important component of a successful fall
prevention program. Falls can be prevented through this education about fall risk

factors and ways to reduce fall risks (Sturnieks, St George, and Lord, 2008)

Fall prevention program included assessment of the home and home
modifications as well as environmental danger. A home safety assessment and
home modifications can reduce external risk of fall by identifying danger in the
environment; these include installation of bathroom grab bars, handicapped showers

and ramps (Sturnieks et al., 2008)

Exercise program, including individual exercise and group exercise, was the
one important component to a successful fall prevention program. The clinician
assessment of fitness strength and balance were important before beginning exercise
for prevent fall (Sturnieks et al., 2008). The exercise classes should be small, with no
more than 15 participants. Older adults indicated that they strength and balance
training activities were important because these can help to preserve functional
capabilities and reduce dependence (Sturnieks et al., 2008). Additionally, older

adults indicated the strength and balance exercises which were enjoyable, interesting
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and provided an opportunity for socialization. Participants in a weekly exercise group
with home exercises reduced falls up to 40%, prevented injuries from falls, and
improved balance for community-dwelling older adults (Barnett et al., 2003).

Exercise programs should be suggested by clinicians who assessed level of elderly for
the specific needs of older adults. It was recommended for exercises to be
performed at least twice a week and progress in difficulty during the program.
Additionally, a fall-prevention program should cover dynamic balance exercises, as
these exercises transferred to improve balance during daily activities and were

associated to lifestyle and function (Gardner et al., 2001).

2.4 Programs to prevent falls

The most effective fall-prevention programs for older adults involve a variety
of tasks which challenge balance, such as multisensory balance training (M. E. Rogers
et al,, 2001); Steadman, et al.,, 2003), stepping programs (Nnodim et al., 2006);(M. W.
Rogers et al., 2003b), and a combination of balance and aerobic activities
(Sherrington et al., 2008).

Barnett et al. in 2003 studied the effectiveness of a community exercise
program in reducing falls in Australia. The researchers used a randomized controlled
trial of 163 elderly people with a history of falling to study the effect of a weekly
community-based exercise program. Subjects attended a weekly structured exercise
group led by an accredited exercise instructor. Moderate intensity exercises,
comprising stretching, balance, aerobic, and muscle strength, were performed for 1
hour weekly (a total of 37 in 1 year). The exercise group was also given information
on practical strategies for avoiding falls. The control group was given the same
information but was not involved in the exercise activity (Barnett et al., 2003).
Physical performance and general health measures were measured at baseline, 6
months, and 12 months using a postal survey. The researchers found balance to be
improved, and decreased the rate of falls to be 40% lower in the intervention group,
as compared to the control group, within the 12-month trial period. While this study
showed the effectiveness of moderate intensity exercise in improving balance and
reducing falls, it did not address the need for an in-home exercise program for those
elderly who could not attend a community-based program. Another limitation was
that subjects with cognitive impairment or those with degenerative conditions, such

as Parkinson’s disease, were excluded from the study (Barnett et al., 2003).
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2.4.1 Multisensory balance programs

A program which was combined multisensory training and specific balance
activities were reported more effective for improving balance when compared to
traditional exercise programs than that consisted of aerobics, strengthening, or
flexibility exercises (Nitz and Choy, 2004); (M. E. Rogers et al., 2001); (Steadman,
Donaldson, and Kalra, 2003).

Nitz and Choy2004, demonstrated a multisensory balance program, in which
required participants to bend, reach, and turn, while maintaining balance on various
surfaces, was compared to a traditional balance program, which consisted of typical
balance activities, such as marching in place, arm circles, gentle stretching activities,
and stepping to the side. The multisensory balance program provided additional
vestibular stimulation and encouraged participants to increase their speed and size of
movements to maintain balance, which resulted in increased strength, endurance,
and reaction time. Functional ability was evaluated by the Clinical Outcomes
Variables Scale (COVS) and balance ability was evaluated by the clinical
measurements and laboratory measurement. The clinical measurements consisted
of FRT, functional step test, TUG, TUG manual, TUG cognitive. The laboratory
measurement used the modified Clinical Test for Sensory Integration of Balance
(MCTSIB). After the intervention, both groups had a significant reduction in falls and
significant improvements in balance however, the multisensory balance group had
more improvements in functional skills, reduced fear of falling, measures of balance,
however, the in multisensory balance group better in all balance measurement
demonstrated TUG (10.7/9.4 seconds); TUG manual (11.9/10.2 seconds), TUG
cognitive (12.2/10.2 seconds) and FRT (26.5/28.2 centimeters) better than typical (Nitz
and Choy, 2004).

2.4.2 Tai-chi program

Tai Chi, a falls prevention exercise program that controversial results in the
literature. Lin et al.in 2006 were reported in six rural villages in Taiwan. An
intervention group that participated in tai chi exercise was compared to a control
group that did not participate in the exercise. All villagers received education on
falls prevention, which included posters and pamphlets on exercises, use of walking
aids, and environmental improvements. Falls were reported via telephone
interviews every 3 months over a 2-year period. Additionally, gait, balance, and fear

of falling were assessed in two follow-up visits, while there was a decrease in falls in
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the intervention group (45.8 per 1,000 person years), this was not statistically
significant from the control group (24.3 per 1,000 person years) (Lin et al.,, 2004). In
2005, Li et al. demonstrated a randomized controlled trial of 256 physically inactive
adults aged 70 to 92 years in Portland, Oregon. The researchers compared an
intervention group, who attended Tai Chi classes 3 times per week, to a control
group, who participated in a stretching class only. The researchers found that the
intervention group had a 55% lower risk of multiple falls following the intervention.
Again, while this showed some promise as far as a falls prevention exercise program,
it may be difficult for elderly persons with a history of falling to attend a community-
based program (Li et al., 2005).

2.4.3 Stepping programs

When a person loses his or her balance, the individual must take a rapid and
lengthen step in the direction of the loss of balance, to prevent fall (Lord and
Fitzpatrick, 2001), (M. W. Rogers et al., 2003b). A slow stepping response time was a
strong predictor of a fall for older adults and impairments in stepping may be a
contributing factor for falling (Lord and Fitzpatrick, 2001). Additionally, the person
must maintain rapidly swing the foot, with a sufficient force to the group with the
stepping leg and maintain postural stability (Schulz, Ashton-Miller, and Alexander,
2007). A person‘s ability to accurately and quickly take a step had been correlated
with other measures of balance, and neurophysiological functioning (Lord and
Fitzpatrick, 2001). An individual’s speed of stepping and length of stepping was
related to a person’s mobility, gait, and risk for falling. Research indicated a person’s
speed of stepping and reaction time for taking a quick step decreases with age (Lord
and Fitzpatrick, 2001); (M. W. Rogers et al., 2003b); (Schulz, Ashton-Miller, and
Alexander, 2007).

In 2003, Rogers et al., were reported a study. Twenty adults participated in a
stepping training program, which consisted of stepping on and off a platform in
response to either a small forward waist-pull or an auditory cue. Each session
comprised 53 trials, twice a week, for three weeks. Older adults had significant
improvements in their speed of stepping, and a reaction time for stepping (M. W.
Rogers et al., 2003b); these result of study showed improving balance, reducing falls
and increasing the quality of life among older people by a stepping program (M. W.
Rogers et al., 2003b). Then, Clemson et al. (2004) shown that the effectiveness of

stepping on, a 7-week multi-factorial community program aimed at elderly persons
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with a history of falling. After training, the participants were improved lower-
extremities strength and balance, improving home and community environmental
and behavioral safety, encouraging regular vision screening, making adaptations to
low vision, and encouraging medication review (Clemson et al.,, 2004). The results
showed a 31% reduction in falls in the intervention group. While this program was
shown to be effective, the elderly participant had to be able to attend a community
program. However, this program was unsuitable for the home-bound elderly who
were at risk for falling. Additionally, a stepping program indicated greater
improvements in balance, functional mobility, and a decreased risk of falling,
compared to a Tai Chi program (Nnodim et al., 2006). Nnodim et al.,2006 were
reported an exercise program used Combined Balance and Stepping Training (CBST)
compared with Tai Chi exercise for 10 weeks increased dynamic balance when tested
in single leg stance, tandem stance, maximum step length and rapid step test and
TUG (Nnodim et al., 2006)

2.5 Virtual reality and video games in rehabilitation.

With the rapid advances and the expansion in technology there were many
new approaches to provided interventions for patients. Virtual reality (VR) defined as
computer simulated environments utilizing visual and haptic feedback that
completely immerses the participant. One of the primary advantages of VR was the
immersion; through the use of displays, headgear, body suits and other virtually
transported into an alternate reality where they can receive different sensory
feedback. VR had been used therapeutically with a variety of populations, ranging
from children to older adults (Lieberman, 2001).

One of the major used of video games technology in the medical field was to
increase physical activity in adolescents. With the rate of obesity rising in children,
the use of physical activity based VGs provided a unique opportunity to engage
children. Specifically, the Nintendo Wii had been found to increase energy
expenditure while, playing VGs compared to playing traditional (Lanningham-Foster
et al,, 2009; Lanningham-Foster et al., 2006).

2.5.1 Video games and cognition of older adults

Video games were used to help improve cognitive function in older adults.
Currently, research was being done to use software and other technology for

cognitive remediation; a variety of programs, such as Brain Age™ by Nintendo DS®
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and the Brain Fitness Program™ were available. Brain Age: Train Your Brain in Minutes
a Day was a variety of puzzles, including stroop tests, mathematical questions, and
Sudoku puzzles, all designed to help keep certain parts of the brain active. Similar
game for brain exercise was Brain Fitness Program. it was a software training program
developed by the research team at Posit Science as a possible means for improving
auditory processing and memory. It approached this goal by adherence to the
principles of brain plasticity. Vance, et al., 2009, were demonstrated older adults
who used computer software had significant improvements in memory, attention,

and speed of processing (Vance, McNees, and Meneses, 2009).

2.5.2 Nintendo® Wii™ and rehabilitation

The Nintendo Wii system was comprised of a console that attaches to a
standard television, a wireless handheld controller, and several additional
peripherals. One peripheral of particular interest here was the balance board.
Similar to that of a bathroom scale, the board contains several sensors that measure
body weight and respond to shifts in body position. Although originally designed for
individual recreational entertainment within residential settings, a trend had
developed to utilize the Wii system as an adjunctive tool within traditional
rehabilitative contexts, a practice which has been termed Wii-habilitation.
Specifically, the balance board had substantial potential to be beneficial in therapy
with clients experiencing balance issues as it was easy to use, and can be used in
conjunction with games such as Wii Fit Plus designed specifically to work on
balance(Butler and Willett, 2010). Recently research conducted using the Wi
balance board on balance-challenged populations show similar results in improving
balance, cognition and motor abilities (Deutsch et al., 2008); (Shih, Shih, and Chu,
2010). Deustch et al., 2008 were shown that the cerebral palsy patients showed
improvements in postural control, visual perception processing, and functional
mobility (Deutsch et al., 2008). In a similar study (Shih et al., 2010) using adolescent
subjects with spastic quadriplegia showed that the usage of Wii-fit balance board
improved levels of responding to motor demands and stimulation control
independently. The Nintendo® Wii™ had the capability to be used with a variety of
populations during occupational and physical therapy. The Nintendo® Wii™ used in
either an individual therapy session or a group therapy session. The Wii™ helped
motivate the individual to perform activities while standing and to begin weight-

bearing on the affected extremity.



23

2.5.3 Nintendo® Wii™ in older adult

The Nintendo® Wii™ and other video game systems were becoming
increasingly popular among the older adult population, especially in nursing homes
and assisted-living communities (Peltier, 2007). Older adults used the Nintendo®
Wii™ to simulate popular sports, such as bowling, golf, and tennis. At one retirement
community, there was a Wii™ bowling league with over 200 older adults competing.
The Wii™ league provided numerous chance for social interaction (Peltier, 2007), and
helped older adults remain active. Residents reported the Wii™ provides therapeutic
and leisure benefits; also, the Wii™ increased social interactions among residents,

which helped improve their psychosocial function (Peltier, 2007).

Saposnik, et al., (2010) developed a trial program, Effectiveness of Virtual
Reality Exercises in STroke (EVREST); this was the first double-blind randomized trial
to use the Nintendo® Wii™ with 6-month individuals recovering from a stroke. The
program was currently in the initial stages of development and researchers were
evaluated the program for safety and feasibility (Saposnik et al., 2010). Qutcome
measured as an improvement in motor function such as Wolf Motor function Test
(WMFT), Box & Block test and Stoke Impact Scale (SIS).

2.5.4 Nintendo® Wii™ for balance rehabilitation

The Nintendo® Wii Fit™ had been effective in improving balance with various
populations; however, additional research was needed to evaluate the effectiveness

of using the Wii™ in conjunction with other therapies.

Kirk et al in 2008 compared a traditional balance training program to the
Nintendo® Wii Fit™ and Playstation® Dance-Dance Revolution™ video games to
determine which was most effective for improving balance. The study consisted of
25 participants, 18-to-24 years of age. Traditional balance program included Star
Excursion Balance Test (SEBT) in eight directions, DynoDisc balance with eye closed,
ball toss and ORBITS. Both the Nintendo® Wii Fit™ and the Dance-Dance
Revolution™ games required weight-bearing and physical activity to play the game
(Brumels et al., 2008). The Dance-Dance Revolution™ game consisted of a game pad
with four directional arrows (right, left, front and back) and the direction arrows
appear on a television screen in a random sequence. The gaming participant must
press each arrow as it appeared on the television screen with his or her foot. The

Wii Fit™ game consisted of a plastic balance board, which registered weight-shifting of
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the participant and the gamer must weight-shift to the right, left, front, or back to
play each game. Participants played either the Dance-Dance Revolution™ game, Wi
Fit™ game, or participated in the balance program for three days a week for a total

of four weeks (Brumels et al., 2008).

Both the Dance-Dance Revolution™ study group and the Wii Fit™ eroup had
significantly reduced anterior and posterior postural sway (p=0.004 and 0.027) and a
reduced deviation from the center of pressure, which indicated an improvement in
balance. The traditional balance program had the lowest score for participant
enjoyment (Brumels et al., 2008). This study was shown the report from participants
indicated the video game based balance programs were less difficult and more
enjoyable and engaging than the traditional balance program (p=0.016 and 0.003),
which may increase participant compliance, motivation, and lead to better results
(Brumels et al., 2008).

Williams et al., 2011, shown the Nintendo® Wii Fit™ was used with 22 older
adults, who resided in independent retirement communities and skilled nursing
facilities. The participants were well-elderly, indicating they were independent and
had no significant medical conditions or functional deficits (Williams et al., 2011).
The average age of participants was 84, with a range of 74-to-94 years of age. The
intervention phase included the use of the Nintendo® Wii Fit™ for four weeks, three
times per week. The duration of each session was 20 minutes, split equally between
the balance games and aerobic games on the Nintendo® Wii Fit™ (Williams et al.,
2011). Prior to the study, the Berg Balance Scale (BBS) was administered; participants
scored an average of a 39.41/56, indicating impairments in balance, and an increased
risk of falling. After the intervention, the BBS was administered to determine changes
in balance. There was a statistically significant (p< 0.01) increase between the
posttest BBS (mean: 48.55, SD: 4.58) and the pretest BBS (mean: 39.41, SD 6.28)
(Williams, et al., 2011). This indicated an improvement in balance and a reduced risk
for falling. After the study, there was a decrease in the need for using an assistive
device for ambulation and a decreased need for additional balance rehabilitation.
Overall, participants showed an average of 25.03% improvement in Berg Balance
scores from pre-test to post-test. Additionally, all participants reported they enjoyed
playing the Wii Fit™ and several participants reported social benefits from the study,

as the games were competitive and occurred in a group setting (Williams et al., 2011).

Clark and Kraemer in 2009 conducted a study using the Nintendo® Wii™ with

an older adult who had an unspecified balance disorder. The research participant
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was an 89-year-old woman who had an abnormal gait because of limited postural
stability. Prior to the research study, the participant scored a 48/56 on the BBS,
which indicated unsteadiness and difficulty placing one foot on a stool during single-
leg stance. The participant scored a 19 on the Dynamic Gait Index (DGI), which
indicates instability while ambulating and changing direction and while turning
around obstacles on the floor. Researchers used the Nintendo® Wii™ bowling game
for 6 sessions, each lasting one hour. After the sessions using the Nintendo® Wii™,
the participant’s BBS score improved from 48 to 53, which indicates improved
steadiness and a reduced risk for falling than her initial score. For the DGI, her score
improved from 19 to 21, which indicates improvements in her ability to ambulate
without requiring an assistive device, while making a pivot-turn. With the Timed Up
and Go Test (TUG), she improved from 14.9 seconds to 10.5 seconds, with indicates
she was mostly independent with ambulation. These results suggest that the
participant had a reduced risk of falling after participating in the research study (Clark
and Kraemer, 2009).

The participants played the Nintendo® Wii Fit™ games any time of the day,
and there were no requirements as to the order of the games or the specific games
the participants played. The flexibility of study was designed so the Wii Fit™ could
be a feasible addition to the participants’ routine and to avoid boredom from had a
specific protocol for the games that they played. Each of the balance games
required the participants to quickly shift weight to the left, right, front, or back to
reach the goals of the game; however, the games varied in complexity level and
physical demands. Some games required only a lateral weight shift, but other games
required an anterior weight shift in addition to a medial or later shift in weight. As
the participants played the games, the level of difficulty of the games increased and
more advanced, challenging levels can be played. The participants also needed
good visual-motor skills to visually-attend to the items on the television screen and
respond accordingly. The ability to attend a variety of stimuli was also required so
that the participants were able to ignore inessential distractions in the environment
and respond to visual and auditory stimuli in the video games. Typically, the video
games that the participants played during each session various balance games. The
participants were allowed to choose any basic balance game to start with these
basic balance game were basic balance games: soccer heading, ski slalom, ski jump,
table tilt, and tightrope walk. If any participant reached some set score (average
scores of each game) the program were automatically unlock and then moved to

advanced games.
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Although there were numbers of successful studies investigating the efficacy
of Wii game, those studies were not randomized control trial studies. In addition,
there was no study examined the efficacy of Wii game in high activity elderly.
Furthermore, training methodology of previous studies usually used couple feet

position which inadequately challenged balance for high activity elderly

Therefore, the purpose of this study was to compare the efficacy of a 4-week
video game commercial and home based exercise in improving balance in high
activity and healthy elderly by measuring three clinical balance tests (Berg Balance
Scale (BBS), Fullerton Advanced Balance Scale (FAB), and Functional Reach (FR).



CHAPTER 1lI
MATERIAL AND METHODS

3.1 Participants

Healthy elderly aged from 65 to 80 years who were recruited from local

senior services center (Phra-nung kloa hospital).

3.1.1 Sample size

Sample size was calculated based on data from a previous study (Williams, et
al.,, 2011). The data derived for power calculation was focusing on functional
balance assessment (Berg Balance Scale) as an outcome which was indicated
statistically significant at a level of 0.05. Polit and Hungler suggested that in order to
detect 5% treatment-effect in an intervention group, setting power of a test at 0.8
should be implemented (Polit and Hungler, 1999). An optimal sample size to
detected change for the current study calculating by a formula (see Appendix H) was

at 22 subjects per group.

3.2 Inclusion criteria:

- Elderly people aged between 65 - 80 years

Having body mass index value between 18.5- 23.5 kg/m2

No history of fall during the past one year

Had normal range of lower limb joints especially both ankle joints

No cognitive impairment (had score of at least 15 out 19 points on Chula
Mental State (CMT)

3.3 Exclusion criteria:

- Had medical condition that would impair balance, including Parkinson’s
disease, Multiple sclerosis, stroke with residual impairment, severely

limiting arthritis, joint instability
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- Had visual impairments such as blurred vision or diplopia
- Had history of lower limb surgery, joints replacement and fracture

- Used medications that had adverse effect of postural stability such as

psychotropic drug, benzodiazepine drug etc.
- Had pain and arthritis of any joint result in difficulty standing and walking
- Alcohol consumption before testing and training within 24 hours
- Complaint symptom of vertigo and dizziness

- Clinically apparent abnormalities of hip, knee or ankle joints, leg length

discrepancy more than 1.0 centimeter, marked kyphosis or scoliosis

3.4 Screening test
3.4.1. Dominant limb (Schnider, 2010)

1. The dominant limb was determined by asking participant to kick a
soccer ball into a basket three times. The lower limb that was

used would be determined as a dominant limb.

2. The dominant limb was determined by asking participant to pick an
object to a researcher three times. The lower limb that was used

would be determined as a dominant limb.

3. The dominant limb was determined by asking participant to draw a
square or “8 ”on floor. The lower limb that was used would be

determined as a dominant limb.

3.4.2 Timed Up and Go test

For Timed Up and Go test procedures, participants were instructed to
sit in a chair with backrest, feet flat on the floor. This test measured the time taken
to start up from a chair, walk 8 feet, turn around, walk back to the chair and sit
down. Each participant begun the test on the signal “co” and was instructed to
“walk” at a comfortable speed. Each participant performed 2 trials and mean value

was calculated for statistical analysis.
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3.5 Design Overview

This study was a single-blind randomized control trial comparing efficacy of

two exercise programs; video game base exercise and home based exercise.

3.6 Instrumentations

The following instrumentations used in this study :
1. The Nintendo Wii )Nintendo, USA (
The Nintendo Wii consisted of
- Wii console box and

- Wii Fit™ )Wii balance board(

Figure 3.1 The Nintendo Wii system

2. Television 29” )SONY, Japan(

Stop watch

W

Bathroom Scale

5. Timed up an Go test (Appendix D)

6. Berg Balance Test (Appendix F)

7. Fullerton Advance Balance Scale (Appendix E )
8. Functional reach test (Appendix J )

9. Chula Mental State Examination (Appendix G )
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10. Consent form (Appendix A)

11. Data collection form (Appendix B )

12. Eligibility checklist (Appendix C)

13. Satisfaction form (Appendix ')

14. Handbook to prevent fall (Appendix K)

3.7 Research setting

Training program for Wii group was set at a private air-conditioning room of 5
X 6 meters in a building of senior services center, Phra-nung kloa hospital, Bangkok.
A television was used to connect with Wii console for output appearing on the scene
for picture of each game during training. The television was set on a firm table stood
on a level floor and perpendicular to Wii balance board. The Wii balance board was
placed on the floor 2 meters far from the television. For the basic step dance game,
the participants stood in normal stance position (B) but in balance game the

participants stood in stride or semi-tandem stance (C).

Television

i 2
- vy K

MNormal Stance

C

A.

Figure 3.2 A the position of equipment (top view)

B and C the position of equipment (top view)
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3.8 Procedure

Prior data collection, the researcher announced this study at Phra nung kloa
hospital for any elderly who was in interested joining this study. Then, the

volunteers were selected according to inclusion and exclusion criteria.

Prior to commencement of the training program, participants were evaluated
using three balance assessments including Berg Balance Scale, Fullerton Advance
Balance Scale, and Functional Reach Test in English versions However, Thai versions
of 3 balance assessment were attached in appendix (D, E and F) in accordance with
the requirement from the Ethics Review Committee for Research Involving Human
Research Subjects, Health Sciences Group, Chulalongkorn University. A well trained

assessor (registered physical therapist) administered the three balance assessment.

All participants were invited to read the letter of information describing the
protocol for the study (Appendix A) and to sign a consent form (Appendix A).
Participants were clearly explained the procedures of this study by the chief

investigator. Any question was also answered and explained to the satisfactions.

Prior evaluation of balance assessment; all participants were described
process and sequence used in balance assessment by a blind assessor so that they

would understand the process of the balance assessment.

Berg Balance Scale (BBS) (Berg et al., 1992a), Fullerton Advance Balance Scale
(FAB) (Rose et al., 2006), Functional Reach Test (FRT) (Duncan et al., 1990) were tools
commonly used by physical therapists to clinically assess fall risk in patients. The
BBS consists of a battery of fourteen activities that was faced in daily life, including
but not limit to sitting or standing up from a seated position, reaching forward,
picking up an object from the floor and standing on one foot. Scores were based on

the how easily and quickly the participants completed the task with or without aids.

The Fullerton Advance Balance Scale was consisted of 10 items that designed
to measure multiple components of balance, including standing with feet together
with eyes closed, reaching forward to grasp object, turn 360 degrees, stepping over
an obstacle, walking with feet in tandem position, standing on one foot, standing on
foam, eyes closed, backward perturbation, walking with head turns and two-footed
Jump for distance. Total score 40 points had operational definitions by which to
score each test item. Score was 0-4 ordinal scale for each item as well as the

appropriateness for intends population.
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The Functional Reach test in this study used a modified instrument for FRT
(appendix J). This was performed by instructing the participants to stand next to the
modified instrument for FRT and on a line, marked for positioning of the feet
placement for starting position. Measure of the height of the acromion of the
participants” dominant arm was adjusted by moving the core track and rotated the
measurement value track (see pictures in appendix J). The participants were asked
to stand on the line with the feet distance apart comfortably, made a fist, and
leaned forward. A measurer slid the slide handle bar to touch the fist on third
metacarpal for determine reach distances. Each participant was asked to perform

three trials. Mean reach distance of the three trials was recorded.

The study provided participants from each group an appointment to receive 3
balance assessment tests on different days to prevent contamination between

groups of participants.

- Timed evaluated balance assessment

The participants were evaluated 3 balance assessment; BBS, FAB and FRT at
the beginning of training program, the end of week 1, 2, 3 and complete of training

program in week

Pre week1 week2 week3 Post

(week 0) (week 4)

Figure 3.3 Showed times evaluated of balance assessment

3.8.1 Training

In the home based group, participants received fall prevention handbook
(Appendix D) containing a general exercise guideline. The participants followed the
exercise program according to exercise activities that were prescribed in the
handbook. These exercise had 2 components; these were strengthening and
stretching exercise. There were 4 parts of exercise (neck, shoulder, knee and ankle)

listed in order. These included; first part was neck stretching exercise (neck rotation
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to left and right, neck lateral flexion to left and right), second part was shoulder
stretching exercise (shoulder flexion), third part was knee strengthening exercise
(knee extension) and the last past was ankle stretching (plantarflexion) and
strengthening exercise (dorsiflexion). The participants performed 2 rounds of the
exercise. In each round there were 5 repetitions for stretching exercise part and 10
repetitions for strengthening exercise. Each round took about 15 minutes. The total
time of the exercise was 30 minutes per session. The participants were instructed to
do the exercise 3 sessions per week for 4 consecutive weeks. The participants were
allowed to rest between exercise sessions as needed but at the end of each session,
they have archived to total number total repetitions as instructed. In general it took
about 30 minutes. The researcher reminded about this general exercise to

participants in the home based group via making telephone call twice a week.

In the video game based (Wii group), prior exercise, the researcher educated
the participants on the use of the Nintendo® Wii Fit™ and demonstrated each of the
balance games and basic step dance game. Then the participants trained the
balance games and basic step dance game, and the researcher addressed the
participants’ questions or concerns regarding how to play the games. Before training

exercise, the participants were evaluated blood pressure every visit.

The participants in Wii group were trained with the Wii balance system for 30
minutes (time duration in exercise with Wii not included break time) per session, 3

sessions a week for 4 weeks.

The participants could make appointments to play the Nintendo® Wii Fit™
games any time of the day according to their preferences. The flexibility for times of
training was designed so the Wii Fit™ could be a feasible activity to be added up to
the participant’s routine and to avoid boredom from having a specific protocol for

the games that were played.

Each of the balance games required the participants to quickly shift their
weight to the left, right, forward, backward or multidirectional to achieve the goals of
the game; however, the games were varied to meet difficulty level and physical
demands of each participant. For example, some games required only a lateral
weight shift, whereas other games required an anterior weight shift in addition to a
medial or later shift in weight. As the performance of participants progressed during
the training program, the level of difficulty of the games increased, more advance
and challenging levels were atomically adjusted according to the software of the
Nintendo® Wii Fit™
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The participants chose one of a game from the following basic balance
games: soccer heading, ski jump, table tilt, tishtrope walk, and one of a game the
following advanced games: balance bubble, penguin slide, and ski stalom. The
advance games were automatically unlocked after the participants finished their

training on the basic games.

3.8.2 Designed protocol of intervention

The Wii group used the video game commercial Wii of Nintendo® Wii Fit™
system, as a training method to improve their balance. In each of the balance game
it took at least 2-3 minutes so participants played several balance games within 10
minutes. Participants chose any basic balance game could be chosen according to
the preferences. However, the participants with high scores on the basic balance
game only that would be able to progress to an advance balance game. First period
was basic balance game for 10 minutes training then followed by a compulsory 10
minutes basic step dance game and finishing the last period 10 minutes with any

balance game.

balance game 10 min

¥

basic step dance game 10 min

4

balance game 10 min

after each game there was a 30 second break

Figure 3.4 Showed time order for Wii group

After choosing a basic balance game, 30-minute training started. The Wii Fit
Balance Board was placed two meters from the television. The personal profile of
the participant entered into system and allowed the user to map daily progress and
set goal. The participants were instructed to follow the instruction of each game and
the instruction of each game was different. At the beginning and at the end of each
training session the participants performed a series of balance game for a total

duration of 10 minutes. In the middle of the session, they had to deal with
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Nintendo® Wii Fit™ interactive basic step dance game for 10 min. There was a 30

seconds break between each game.

Finally after 30 minutes training finished, the Nintendo® Wii Fit™ provided
feedback information of how well the participants had done with their games. This
included achieved scores, time used and overall order of each individual comparing
to other players. This evaluation was set for optimization of the quality of services

offered but also encouraging the participants to perform well.

Y == €

~ j

-~

Stride Stance

Normal Stance

a. b.

Figure 3.5 Showed foot position during play the game

(a) normal stance is a foot position of the step dance game (b) stride stance is a
foot position of the balance games and in this position, the participants were fixed

the foot position by gridline on the Wii balance board (c.).

3.9 The characteristic of the games
3.9.1 Soccer heading game

The soccer heading game required players to quickly shift their weight to the
right and left to hit soccer balls that continuously thrown out from inner side of the
screen. At the same time the players had to avoid hitting soccer shoes or panda
bears which were randomly thrown out. If the players hit one of the two items that
were not soccer balls, such as a shoe or a panda bears, the participants lost points.
So this game required an ability of a player to differentiate between soccer balls or
soccer shoes or panda bear heads (These three items had same color). The players

also needed to quickly shift weight in various desired direction.
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Figure 3.6 Soccer heading game

3.9.2 Ski slalom game

The ski slalom game required players to shift weight to the front, back, left
and right. The players stood on the balance board and shifted their weight to the
right or left according to directions of pop-up flags on the screen. The players gained
points if they successfully skied through the flags, and lost points if they missed the
flags. The avatar on the television screen traveled more quickly down the ski slope.

(D) 0:22,26
e

=z

Figure 3.7 Ski slalom game

3.9.3 Ski jump game

The ski jump game required players to lean forward, with both knees bent
and arms extended while moving quickly down a steep hill. If the players shifted his
weight to the balls of feet, the Wii™ character moved more quickly down the slope.
When the character on the television screen reach the end of the hill, the players
had to quickly extend both knees and stand still while the virtual character flew
through the air, reaching the end of the ski slope. The players had to stand still and

not shifting weight in order to obtain a high score. If a player was too unsteady, he
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or she received a low score. If the players extend their knees too quickly and did

not jump at the correct time, their scores would be 0 point.

Figure 3.8 Ski jumping game

3.9.4 Table tilt game

The table tilt game required players to shift their weight to right, left, front, or
back, to place a ball into a hole on a table surface. As the players shifted their
weight, the table moved in the direction of the weight shift. If the players shifted
their weight too much to one side and was unable to re-correct their balance, the
ball fell off the table and the score would be 0 point. This game required a specific
amount of graded balance to achieve the goals of the game. As the players
completed each level of the table tilt game, the difficulty increased by adding in an
obstacle of the movement. In the higher level, the players had to maneuver their
virtual character around blocks on the table surface and moved up inclines to reach
the hole.

Figure 3.9 Table tilt game
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3.9.5 Tightrope walk game

The tightrope walk game required players to shift their weight to left and right
to walk across a tightrope. The players had to avoid obstacles, such as blockages on
the tightrope and had to jump over these blockages to continue the game. In order
to jump, the players had to bend his knees, and then quickly extend both knees to
jump over the obstacles. Other obstacles include wind, which cause the players to

sway and had to shift their weight further away to avoid being blow off the tightrope.
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Figure 3.10 Tightrope walk game

3.9.6 Balance bubble game

The balance bubble game required players to maneuver their virtual
character in a bubble through a river and avoided hitting obstacles that randomly
flew in. The players had to shift their weight to left or right to avoid sharp edges of

the river banks and other obstacles. By shifting the weight forward, the bubble travel
more quickly down the river and the players earned higher scores.

&‘;I’)B N.CON

Figure 3.11 Balance bubble game



39

3.9.7 Penguin slide game

In the penguin slide game, players had to shift their weight to the right or left,
which cause an iceberg to tilt in the direction of the weight shifted. As the iceberg
tilt, the penguins slide, thereafter, the players had to shift their weight quickly in the

opposite direction to avoid the penguins fell off from the iceberg.

Figure 3.12 Penguin slide game

3.9.8 Basic step dance game

In the basic step dance game, it required players to move their virtual
characters to step upward, downward on the balance board according to direction
pop up from the game. Directions of step were arranged as from left and right
stepping and last for 2 minutes. The players were received feedback via television as
“OK” meaning that the players step on the board in-time, “perfect” meaning that
stepping on the board was on-time. “Failed” meant that the players missed to make
a step on the balance board according to direction given by the game or not in time

allocated.

Figure 3.13 Basic step dance game
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3.10 Experiment protocol

Recruited participants according to inclusion/exclusion criteria

and physical examination

1

Procedure explained and participants signed inform consent

1

Evaluated balance test by Berg Balance Test, Fullerton Advance Balance Scale,

and the Functional Reach test

1

Randomized participants

I
v v

The video game commercial Homed based exercise

exercise

1 1

Repeated evaluate balance test by Berg Balance Test, Fullerton advance

balance scale, and the Functional Reach test

1

Data collection and data analysis
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3.11 Statistical Analysis

Analysis was processed using SPSS version 17.0 for Windows. The levels

significantly different for each analysis was set at p-value = 0.05.

Descriptive statistics were presented as mean + SD, median (minimum,
maximum), and percentage as appropriate is used to test baseline

characteristic data.

To compared the difference between elderly who trained with video
game commercial exercise and individual exercise before training and the

end of training and between in week 1, 2, 3
- Shapiro-Wilk test was used to test for the distribution of data

- Two-way mixed analysis of variance was used to examine main
effect and interaction effect of independent factors on video
game based exercise group and home based exercise group
(Wii group and home based group) x time (pre - post
treatment and the end of week 1, 2, 3 ). The minimum
detectable change significantly difference was set at 3.3 point
of BBS (Donoghue and Stokes, 2009) and reach distance was
set at 2.8 inches (Appendix J).



CHAPTER IV
RESULT

4.1 Characteristics of participants

Forty-eight individuals participated in this study. All participants were aged
between 65-80 years. The participants were recruited according to the inclusion and
exclusion criteria. They were randomized into 2 groups; home based exercise group
and Wii groups, with equal number of participants in each group (n=24). Both groups
received a-4 week exercise training program, carried out 30 minutes per day, 3 day
per week. All participants completed their exercise training program. Baseline
characteristics of participants were shown in table 4.1. Mean age of Wii group was
70.49+2.96 years and mean age of home based exercise group was 69.85+3.33 years.
Mean body weight of Wii group and home based exercise group were 53.46+4.22 kg
and 54.17+5.54 kg respectively. Mean height of Wii group was 1.56+0.4 meters and
home based exercise group was 1.58+0.5 meters. Mean body mass index of Wi
group and home based exercise group were 21.87+1.17 and 21.65+1.11 kg/m2
respectively. There was no significant difference in any characteristic of participants
between Wii group and home based exercise group (p>0.05) at baseline

measurement.

Table 4.1 Baseline characteristic data of participants in Wii group and home based

exercise groups, presented in mean+SD

Mean+SD
H based
Valiables Wii group PO T p-value*
exercise group
(N=24)
(N=24)
Age (year) 70.49+2.96 69.85+3.33 0.49
Weight (kg) 53.46+4.22 54.17+5.54 0.19
Height (m) 1.56+0.4 1.58+0.5 0.63
2

BMI (kg/m ) 21.87+1.17 21.65+1.11 0.54

*: p-value from Independent t-test
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4.2 Effect of both exercise programs

The two-way mixed analysis of variance showed that three functional balance
assessments (BBS, FAB, and FRT) were no significant difference in scores of BBS, FAB
and FRT (p>0.05). After training, both Wii group and home based exercise group

showed
There was significant of group x time interaction effect for Berg Balance
Scale (p > 0.05). For Fullerton Advance Balance Scale and Functional Reach Test

were not found (F s = 1.195, p >0.05, "= 0.6) and (F 4 = 1.348, p>0.05, N’ =

0.5) respectively. However, three functional balance assessments (BBS, FAB, and
FRT) were time effect (F (1 4¢) = 129.611, p < 0.05, T‘|2 = 0.5), (F (1 4¢) = 188.865, p <
0.05, "= 0.6) and (F (4 = 973312, p < 0.05, " = 0.5) respectively.

Table 4. 2 The comparison of balance assessment between Wii group and home

based exercise group

Pre-test Post-test
Home- Home-
Wii group base Wii group base
Assessment
(n=24) group (n=24) group p-value*
(n=24) (n=24)
Pre-test Pre-test Post-test Post-test

BBS 51.42+1.66 50.50+1.58 53.67+1.43 53.83+1.25 0.595
FAB 28.38+41.98 28.75+2.30  32.13+1.90 32.50+1.53 0.280
FRT 10.40+0.94 10.22+0.75 16.50+1.21 15.77+1.11 0.144

* within group difference between pre-test and post-test,

- BBS=Berg Balance Scale,
- FAB= Fullerton Advance Balance Scale,

- FRT=Functional Reach Test
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4.3 Improvement of balance during exercise

The increasing scores of Berg Balance Scale as shown in table 4.3.1 revealed
improvement of balance and implied decreasing risk of fall. BBS score at baseline in
Wii group and home based exercise group were 51.414£0.33 and 50.50£0.33,
respectively. At the end of 3 week, Wii group appeared to show significant increase
in BBS (1.25 scores, p=0.04) and continuingly increase to the end of week 4 (2.25
scores p=0.00). The same results were seen in home based exercise group with Berg
Balance scores of 2.33 (p=0.00) at the end of week 3 and 3.33 (p=0.00) at the end of

week 4 correspondingly.

Table 4.3 Time evaluated for Berg Balance Scale between Wii group and home

based exercise group

Time 95% Confidence
Group mean# SD p-value
eValuated Lower Upper
week 0 51.41+0.33
End of week 1 51.66+0.30 1.00 51.05 52.28
Wii group
End of week 2 51.79+0.28 1.00 51.22 52.36
(n=24)
End of week 3 52.66+0.29 0.04* 52.07 53.26
End of week 4 53.66+0.28 0.00* 53.10 54.23
week 0 50.50+0.33
Home-base  End of week 1 51.37+0.30 1.00 50.76 51.99
group End of week 2 51.70+0.28 1.00 51.13 52.28
(n=24) End of week 3 52.83+0.29 0.00*% 52.23 53.42
End of week 4 53.83+0.28 0.00* 53.26 54.39

* within group difference at the end of week 3 and 4
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Figure 4.1 Comparison of Berg Balance Scale between Wii group ([l and home base

exercise group (E) from baseline (week 0) to the end of training program

The increasing scores of Fullerton Advance Balance Scale as shown in table
4.3.2 exposed improvement of balance and implied decreasing risk of fall. FAB score
at baseline in Wii group and home based exercise group were 28.37+0.44 and
28.75+0.44, respectively. After training for 2 weeks, Wii group appeared to show
significant increase in FAB (1.38 scores, p=0.00) and continuingly increase to the end
of week 3 (2.04 scores p=0.00) and week 4 (3.75 scores p=0.00). The similar results
were seen in home based exercise group with FAB scores of 1.58 (p=0.00) at the end
of week 2 and continuingly increase to the end of week 3 (2.41 scores p=0.00) as

well as week 4 (3.75 scores p=0.00) respectively.
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Table 4.4 Time evaluated for Fullerton Advance Balance Scale between Wii group

and home based exercise group

Time

95% Confidence

Group meanz SD p-value
evaluated Lower Upper
week 0 28.37+0.44
End of week 1 28.58+0.42 1.00 27.72 29.44
Wii group
End of week 2 29.75+£0.39 0.00* 28.96 30.53
(n=24)
End of week 3 30.41+0.38 0.00* 29.64 31.19
End of week 4 32.12+0.35 0.00* 31.40 32.84
week 0 28.75+0.44
Home-base End of week 1 29.29+0.42 0.11 28.42 30.15
group End of week 2 30.33+0.39 0.00* 29.54 31.12
(n=24)  End ofweek3  31.16+0.38 0.00* 30.39 31.94
End of week 4 32.50+0.35 0.00* 31.77 33.22

sCore

* within group difference at the end of week 2, 3 and 4
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Figure 4.2 Comparison of Fullerton Advance Balance Scale between Wii

group (Il and home base exercise group ([7]) from baseline (week 0) to

the end of training program
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The reach distance of Functional Reach Test as shown in table 4.3.3 revealed
improvement of balance and implied decreasing risk of fall. Reach distance of FRT at
baseline in Wii group and home based exercise group were 10.39+0.17 and
10.21+0.17, respectively. After training for 1 week, Wii group appeared to show
significant increase in reach distance of FRT (1.34 inches, p=0.00) and continuingly
increase to the end of week 2 (2.70 inches p=0.00), the end of week 3 (4.25 inches
p=0.00) and week 4 (6.13 inches p=0.00). The similar results were seen in home
based exercise group with reach distance of FRT of 1.15 inches (p=0.00) at the end of
week 2 and continuingly increase to the end of week 2 (2.40 inches p=0.00), the end
of week 3 (4.09 inches p=0.00) and week 4 (5.56 inches p=0.00).

Table 4.5 Time evaluated for Function Reach test between Wii group and home

based exercise group

Time 95% Confidence
Group meant SD p-value
evaluated Lower Upper

week 0 10.39+0.17
End of week 11.73%0.24 0.00* 11.24 12.23
End of week . 13.09+0.31 0.00% 12.45 13.72
End of week : 14.64+0.32  0.00* 13.98 15.30
End of week : 16.5240.24 0.00* 16.03 17.00

week 0 10.21+0.17
Home-base End of week 11.36+0.24 0.00* 10.87 11.86
group End of week ;. 12.614£0.31 0.00* 11.98 13.24
(n=24) End of week . 14.30£0.32 0.00* 13.64 14.97
End of week : 15.774£0.24 0.00* 15.28 16.26

* within group difference at the end of week 1, 2, 3 and 4

Wii group
(n=24)
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Figure 4.3 Comparison of Functional Reach Test between Wii group (JJ)) and home

base exercise group (Fd) from baseline (week 0) to the end of training program

4.4 level of satisfaction

Table 4.6 show the level of satisfaction of participants in Wii group

Level of satisfaction

groups Very medium less not
satisfaction satisfaction  satisfaction satisfaction
Wii
100% 0% 0% 0%

group(n=24)

This study showed that the most of participants in Wii group rate their
satisfaction to be very satisfied after training 4 weeks (table 4.6). None of them

reported medium satisfaction, less satisfaction and not satisfaction.



CHAPTER V
DISCUSSION

This study was aimed to compare the effect of video game commercial
exercise and home based exercise on short-term effect in improving and decreasing

risk of fall. In this chapter, the effects of training programs were discussed.

The balance improvements seen in this study can be contributed from the
multi-factorial interventions used. Wii group were received a combination between
dynamic and static balance exercise and home based group were received general
exercise program involving of exercises focusing on 4 parts of body, including neck,
shoulders, knees and ankles. Both groups had exercises contributing to dynamic
balance, Wii group training was a combination exercise between step on-off (basic
step dance game) the board and shift weight training which kept their feet in semi
tandem position the Balance Board at all times (balance game). In the home based

exercise had sat to stand training.

Considering balance improvement at the completeness of each program, this
study showed statistically significant changes between the beginning and the end of
training programs on three balance assessments (BBS, FAB and FRT) without any

adverse effect.

5.1 Balance improvement: in terms of changes of BBS

Berg Balance scores increased both in Wii group (1.25 scores, p=0.04) and
home base exercise group (2.33 scores, p=0.00). Shumway-Cook et al in 2007 stated
that a 1-point increase in the BBS indicates a 6% decrease in fall risk for elderly
individuals (Shumway-Cook et al., 1997). So the current study demonstrated that
exercising protocols of both Wii group and home based exercises group improved
balance starting from at the ending of 3 weeks exercise. This finding was consistent
with the results found by Williams et al in 2011 which reported that the used of
Nintendo Wii™ increase balance scores on BBS (40% increasing from baseline)
(Williams et al., 2011).

The current study also supported a previous research by Andrews and Pigford
in 2010, which used the Nintendo® Wii Fit™ in an older adult for a total of 10

sessions, 5 sessions per weeks, over two weeks. After the Wii Fit™ intervention, the
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participant had improvements in dynamic standing balance and functional mobility
measured by BBS (score increased from 13 to 25 and TUG (time reduced from 62 to
47 seconds) (Pigford and Andrews, 2010).

Minimal detectable change for the BBS in healthy older adults was identified
as 3.3 score two groups exercise not to be obtained the BBS minimal detectable
change of 3.3 score from the beginning training to at the end of training (Donoghue
and Stokes, 2009; Stevenson, 2001). Wii group were able to increase their BBS after 4
weeks of training. There were different between the current study and past studies.
First, neither of the previous studies utilized a group that did not complete some
form of training, the previous study had no control group. The current study used
the training protocol which participants chose appreciate balance game but control
standing semi-tandem position during session balance game, the training completed
with Wii Fit was distinctly different in all studies that limited the training to only three
balance games (Pigford and Andrews, 2010; Williams et al., 2011).

There was no clinical significant improvement in BBS, and this might be due
to a ceiling effect on older adults who had high activities. All the participants in this
study were indicated low risk of fall as evidenced by BBS scores were higher than the
score at cut off point at 45. The three items of BBS that the participants showed

improvements were standing one leg, turning 360° and alternate foot steppine.

5.2 Balance improvement: in terms of changes of FAB

In this current study, FAB was chosen in accomplishment of the ceiling effect,
which may be presented in participants who had higher activities in daily living. The
current study showed FAB score improve at the end of week two due to FAB had
some item difficult and more complex such as a tandem walk, walk with head turn,
and a two footed jump (Rose et al., 2006) than BBS while the FAB had some items
overlapping with the BBS too. These result shown ranges of FAB score wider than

the range of BBS score and quick improvement than BBS scale.

Scores of Fullerton Advance Balance Scale increased both in Wii group (3.75
scores, p=0.00) and home base exercise group (3.75 scores, p=0.00). Up to date,

there was no reported of the use of FAB in measuring the effect of Wii exercise.
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5.3 Balance improvement: in terms of changes of FRT

The FRT was suggested to be a clinical measure of the limit of stability and
developed from a leaning task (Duncan et al., 1990). Such a task involved
displacement of the center of pressure (CoP) forward by rotating around the ankle
joints while maintaining hip in extension. A leaning task also had, like other forward
oriented movements, anticipatory muscle activation in the tibialis anterior prior to
CoP displacement (Duncan et al., 1990). One way to explore the limit of stability
was to investigate the location and the path of the CoP during task performance.
CoP indicated the location where resultant ground reaction force had its origin and
was directed towards the body (Duncan et al., 1990). Duncan reported a correlation

of 0.71 between CoP displacement and reach distance during FRT.

In this current study, participants had ability to maintain balance on Wi
balance board follow the game. Feature of Wii exercise program required to perform
the selected movement to the goal directed. The body movement during play the
game encouraged weight shifting in order to archives tasks. This was similar to
performance of FRT. FRT appeared to perform displacement and shifting in CoP

resulted in improvement of reach distance.

Reach distance increased both in Wii group (6.13 inches, p=0.00) and home
base exercise group (5.56 inches, p=0.00). This result was consistent with the results
found by Brainbridge et al. that used the Nintendo® Wii Fit™ to increase reach
distance. This dynamic activity challenges balance and incorporates a weight shift,
head and trunk rotation, and changing the body’s orientation in space and increase
boundaries of limit of stability in elderly (Bainbridge et al., 2011).

5.4 Improvement tendencies in balance

In this study, there found no significant improvement in three balance
assessments in between group (Wii group and home based group). This result is
consistent with previous research, Bainbridge and colleagues in 2011, showed a Wi
exercise program for 6-weeks, twice session per week and 30 minute per session.
There were found no clinically significant balance improvement. Recently the study,
Nitz et al., 2010 demonstrated a Wii training program in 10-week, the program
provided 30 minute per session and twice session per week. There was a significant
improvement in balance too (Nitz et al., 2010). In 2011, William and colleagues

reported BBS score had significant difference in 4-week when train Wii Fit training.
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Similarly, clinically significant balance improvement following the completion of 4-
week training, 30 minute per day for three days per week. Motivation and
enjoyability were factors that help adherence in Wii training that provide an

increaseing challenge while playing balance game.

5.5 Feasibility of home based exercise in improving balance

One part of program in home based exercise group that contributed to the
improvement of FRT could be sit to stand exercise. Simao et al in 2012 found that
increase BBS and strengthen the lower limbs in elderly by inducing isometric,
concentric, and eccentric contractions of the hip and knee extensor muscle groups

and the plantar flexors (Simao et al., 2012).

This agreed to Rosie and Taylor’s studied, they compared the effects of
functional home exercise of repeated sit-to-stands with low-intensity progressive
resistance training in elderly (Rosie and Taylor, 2007). Intervention group performed
repeated sit-to-stands and control group performed knee extensions using ankle cuff
weights. They found the intervention group had a statistically significant

improvement in Berg Balance Scale mean score, 1.67 + 2.64 points (p=0.001).

The other part of program in home based exercise group that contributed to
the improvement of balance could be heel rise strengthening exercise and wedge
stretching exercise (cuff muscles stretching exercise) (Long, Jackson, and Laubach,
2013). Long et al in 2013 found that increase the Mini-BESTest, TUG and Activities
Specific Balance Confidence Scale (ABC) in elderly when trained heel raise and toe
raise strengthening exercise for 10-15 repetitions per session, 2 consecutive sessions

per day and 3 days per week for 6-weeks.

There was no statistically significant between the Wii group and home based
exercise group on three balance assessments; BBS (p = 0.595), FAB (p = 0.280) and
FRT (p=0.144).



53

CHAPTER VI
CONCLUSION

Effect of the video game commercial exercise and home based exercise
delivered to the elderly in this study demonstrated the increases of scores of BBS,
FAB and reach distance (FRT), as well as indicating high satisfaction of the programs
after 4 weeks training. This indicated that there was improvement of balance and
implied the reduction of risks of fall in the elderly.

Limitations of this study

In this study, screening for recruitment used TUG which identified potential
participants who may at risk of fall (time used for TUG greater than 13.5 second).
However, Berg Balance scores measured at the beginning of the program revealed a
mean of greater 50 in both groups. In this case, a ceiling effect may be presented.
Muscle strength of lower limbs was not measured in this study. However, one
exercise in the home based group (sit to stand) could improve muscle strength while

strengthening exercise was not directly included in Wii group.

Research Implication

The participants showed improved balance assessment at the end of training
as indicated by their ability to perform balance improve before training but screening
test that used TUG is a dynamic test indicated they had risk of fall when researcher
recruited so unaware capabilities to improve balance at the end of training.
Suggestion for further study, pre and post-test of TUG should be included and the

balance assessment should cover both static and dynamic balance test.

Clinical Implication

The results of this study suggest that video game base has potential to solve the purpose of
improving balance while home based exercise especially lower limb muscle has ability to
improve balance too. The duration of training program should be used a minimal of 3 weeks
exercise (either Wii game or home based exercise) can improve balance and therefore
prevent fall.
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APPENDIX B
DATA COLLECTION FORM
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APPENDIX C
Eligible checklist
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APPENDIX D
Timed Up and Go (TUG) Test

Equipments
1. Arm chair
2. Tape measure
3. Tape
4. Stop watch

5. Instructions:

The participants are instructed to sit in the chair with back support,
feet flat on the floor. On the word “Go” participants will stand up, walk to the line
on the floor, turn around and walk back to the chair and sit down. Walk at your

regular or a comfortable speed pace. Each participant is performed 2 trials and the

mean value is calculated for statistical analysis.
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APPENDIX E
Fullerton Advanced Balance (FAB) Scale

1. Stand with feet together and eyes closed

() 0 Unable to obtain the correct standing position independently

( ) 1 Able to obtain the correct standing position independently but unable to
maintain the position or keep the eyes closed for more than 10 seconds

() 2 Able to maintain the correct standing position with eyes closed for more
than 10 seconds but less than 30 seconds

() 3 Able to maintain the correct standing position with eyes closed for 30
seconds but requires close supervision

() 4 Able to maintain the correct standing position safely with eyes closed for

30 seconds

2. Reach forward to retrieve an object (pencil) held at shoulder height with

outstretched arm
() 0 Unable to reach the pencil without taking more than two steps
() 1 Able to reach the pencil but needs to take two steps
() 2 Able to reach the pencil but needs to take one step
() 3 Can reach the pencil without moving the feet but requires supervision

() 4 Can reach the pencil safely and independently without moving the feet

3. Turn 360 degrees in right and left directions
() 0 Needs manual assistance while turning
() 1 Needs close supervision or verbal cueing while turning

() 2 Able to turn 360 degrees but takes more than four steps in both
directions

() 3 Able to turn 360 degrees but unable to complete in four steps or fewer in

one direction
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() 4 Able to turn 360 degrees safely taking four steps or fewer in both

directions

4. Step up onto and over a 6-inch bench
() 0 Unable to step up onto the bench without loss of balance or manual
assistance

() 1 Able to step up onto the bench with leading leg, but trailing leg contacts
the bench or leg swings around the bench during the swing-through phase

in both directions

() 2 Able to step up onto the bench with leading leg, but trailing leg contacts
the bench or swings around the bench during the swing-through phase in

one direction
() 3 Able to correctly complete the step up and over in both directions but
requires close supervision in one or both directions

() 4 Able to correctly complete the step up and over in both directions safely

and Independently

5. Tandem walk
() 0 Unable to complete 10 steps independently
() 1 Able to complete the 10 steps with more than five interruptions
() 2 Able to complete the 10 steps with three to five interruptions
() 3 Able to complete the 10 steps with one to two interruptions

() 4 Able to complete the 10 steps independently and with no interruptions

6. Stand on one leg
() 0 Unable to try or needs assistance to prevent falling

() 1 Able to lift leg independently but unable to maintain position for more

than 5 seconds

() 2 Able to lift leg independently and maintain position for more than 5 but

less than 12 seconds
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() 3 Able to lift leg independently and maintain position for 12 or more

seconds but less than 20 seconds

() 4 Able to lift leg independently and maintain position for the full 20

seconds

7. Stand on foam with eyes closed

() 0 Unable to step onto foam or maintain standing position independently

with eyes open
( ) 1 Able to step onto foam independently and maintain standing position but
unable or unwilling to close eyes
() 2 Able to step onto foam independently and maintain standing position with
eyes closed for 10 seconds or less

() 3 Able to step onto foam independently and maintain standing position
with

eyes closed for more than 10 seconds but less than 20 seconds

() 4 Able to step onto foam independently and maintain standing position

with eyes closed for 20 seconds

8. Two-footed jump

() 0 Unwilling or unable to attempt or attempts to initiate two-footed jump,

but one or both feet do not leave the floor

() 1 Able to initiate two-footed jump, but one foot either leaves the floor or

lands before the other

() 2 Able to perform two-footed jump, but unable to jump farther than the

length of their own feet

() 3 Able to perform two-footed jump and achieve a distance greater than the

length of their own feet

() 4 Able to perform two-footed jump and achieve a distance greater than

twice the length of their own feet
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9. Walk with head turns

() 0 Unable to walk 10 steps independently while maintaining 30 head turns

at an established pace

() 1 Able to walk 10 steps independently but unable to complete required
number of 30O head turns at an established pace

() 2 Able to walk 10 steps but veers from a straight line while performing 30O
head turns at an established pace

() 3 Able to walk 10 steps in a straight line while performing 30 head turns at

o
an established pace but head turns less than 30 in one or both

directions

()4 Able to walk 10 steps in a straight line while performing required number

of 30 head turns at established pace

10. Reactive postural control

() 0 Unable to maintain upright balance; no observable attempt to step;

requires manual assistance to restore balance
() 1 Unable to maintain upright balance; takes two or more steps and requires
manual assistance to restore balance

() 2 Unable to maintain upright balance; takes more than two steps but is

able to restore balance independently

() 3 Unable to maintain upright balance; takes two steps but is able to restore

balance independently

() 4 Unable to maintain upright balance but able to restore balance

independently with only one step

TOTAL: POINTS
(@) L et e e s e et e e s e e sr e e aa e aenaas
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APPENDIX F

Berg Balance Scale

Description:
14-item scale designed to measure balance of the older adult in a clinical setting.
Equipment needed: Ruler, two standard chairs (one with arm rests, one without),

footstool or step, stopwatch or wristwatch, 15 ft. walkway

SITTING TO STANDING

INSTRUCTIONS: Please stand up. Try not to use your hand for support.
() 4 able to stand without using hands and stabilize independently
() 3 able to stand independently using hands
() 2 able to stand using hands after several tries
() 1 needs minimal aid to stand or stabilize

() 0 needs moderate or maximal assist to stand

STANDING UNSUPPORTED
INSTRUCTIONS: Please stand for two minutes without holding on.
() 4 able to stand safely for 2 minutes
() 3 able to stand 2 minutes with supervision
() 2 able to stand 30 seconds unsupported
() 1 needs several tries to stand 30 seconds unsupported
() 0 unable to stand 30 seconds unsupported

If a subject is able to stand 2 minutes unsupported, score full points for sitting

unsupported. Proceed to item

SITTING WITH BACK UNSUPPORTED BUT FEET SUPPORTED ON FLOOR OR ON A STOOL
INSTRUCTIONS: Please sit with arms folded for 2 minutes.
() 4 able to sit safely and securely for 2 minutes

() 3 able to sit 2 minutes under supervision
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( ) 2 able to able to sit 30 seconds
( )1 able to sit 10 seconds

() 0 unable to sit without support 10 seconds

STANDING TO SITTING
INSTRUCTIONS: Please sit down.

() 4 sits safely with minimal use of hands

() 3 controls descent by using hands

() 2 uses back of legs against chair to control descent
() 1 sits independently but has uncontrolled descent

( ) 0 needs assist to sit

TRANSFERS

INSTRUCTIONS: Arrange chair(s) for pivot transfer. Ask subject to transfer one
way toward a seat with armrests and one way toward a seat without armrests.
You may use two chairs (one with and one without armrests) or a bed and a

chair.
() 4 able to transfer safely with minor use of hands
() 3 able to transfer safely definite need of hands
() 2 able to transfer with verbal cuing and/or supervision
( ) 1 needs one person to assist

() 0 needs two people to assist or supervise to be safe

STANDING UNSUPPORTED WITH EYES CLOSED
INSTRUCTIONS: Please close your eyes and stand still for 10 seconds.
() 4 able to stand 10 seconds safely
() 3 able to stand 10 seconds with supervision
() 2 able to stand 3 seconds
() 1 unable to keep eyes closed 3 seconds but stays safely

() 0 needs help to keep from falling



86

STANDING UNSUPPORTED WITH FEET TOGETHER
INSTRUCTIONS: Place your feet together and stand without holding on.
() 4 able to place feet together independently and stand 1 minute safely

() 3 able to place feet together independently and stand 1 minute with

supervision

() 2 able to place feet together independently but unable to hold for 30

seconds
() 1 needs help to attain position but able to stand 15 seconds feet together

() 0 needs help to attain position and unable to hold for 15 seconds

REACHING FORWARD WITH OUTSTRETCHED ARM WHILE STANDING

INSTRUCTIONS: Lift arm to 90 degrees. Stretch out your fingers and reach
forward as far as you can. (Examiner places a ruler at the end of fingertips when
arm is at 90 degrees. Fingers should not touch the ruler while reaching forward.
The recorded measure is the distance forward that the fingers reach while the
subject is in the most forward lean position. When possible, ask subject to use

both arms when reaching to avoid rotation of the trunk.)
() 4 can reach forward confidently 25 cm (10 inches)
( ) 3 can reach forward 12 cm (5 inches)
() 2 can reach forward 5 cm (2 inches)
() 1 reaches forward but needs supervision

() 0 loses balance while trying/requires external support

PICK UP OBJECT FROM THE FLOOR FROM A STANDING POSITION
INSTRUCTIONS: Pick up the shoe/slipper, which is in front of your feet.

() 4 able to pick up slipper safely and easily
() 3 able to pick up slipper but needs supervision

() 2 unable to pick up but reaches 2-5 cm(1-2 inches) from slipper and keeps

balance independently

() 1 unable to pick up and needs supervision while trying



87

() 0 unable to try/needs assist to keep from losing balance or falling

TURNING TO LOOK BEHIND OVER LEFT AND RIGHT SHOULDERS WHILE STANDING

INSTRUCTIONS: Turn to look directly behind you over toward the left shoulder.
Repeat to the right. (Examiner may pick an object to look at directly behind the

subject to encourage a better twist turn.)

() 4 looks behind from both sides and weight shifts well

() 3 looks behind one side only other side shows less weight shift
() 2 turns sideways only but maintains balance

() 1 needs supervision when turning

() 0 needs assist to keep from losing balance or falling

TURN 360 DEGREES

INSTRUCTIONS: Turn completely around in a full circle. Pause. Then turn a full

circle in the other direction.
() 4 able to turn 360 degrees safely in 4 seconds or less
() 3 able to turn 360 degrees safely one side only 4 seconds or less
() 2 able to tun 360 degrees safely but slowly
() 1 needs close supervision or verbal cuing

() 0 needs assistance while turning

PLACE ALTERNATE FOOT ON STEP OR STOOL WHILE STANDING UNSUPPORTED

INSTRUCTIONS: Place each foot alternately on the step/stool. Continue until

each foot has touched the step/stool four times.

() 4 able to stand independently and safely and complete 8 steps in 20
seconds

() 3 able to stand independently and complete 8 steps in > 20 seconds
( ) 2 able to complete 4 steps without aid with supervision

() 1 able to complete > 2 steps needs minimal assist
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() 0 needs assistance to keep from falling/unable to try

STANDING UNSUPPORTED ONE FOOT IN FRONT
INSTRUCTIONS: (DEMONSTRATE TO SUBJECT) Place one foot directly in front of

the other. If you feel that you cannot place your foot directly in front, try to
step far enough ahead that the heel of your forward foot is ahead of the toes
of the other foot. (To score 3 points, the length of the step should exceed the
length of the other foot and the width of the stance should approximate the

subject’s normal stride width.)

() 4 able to place foot tandem independently and hold 30 seconds
() 3 able to place foot ahead independently and hold 30 seconds
() 2 able to take small step independently and hold 30 seconds
() 1 needs help to step but can hold 15 seconds

() 0 loses balance while stepping or standing

STANDING ON ONE LEG

INSTRUCTIONS: Stand on one leg as long as you can without holding on.
() 4 able to lift leg independently and hold > 10 seconds
() 3 able to lift leg independently and hold 5-10 seconds
() 2 able to lift leg independently and hold L 3 seconds

() 1 tries to lift leg unable to hold 3 seconds but remains standing

independently.

() 0 unable to try of needs assist to prevent fall

(o ) TOTAL SCORE (Maximum = 56)
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APPENDIX G
Chula Mental Test

wuunAdauanN1MaIR9WN (Chula Mental Test - CMT)
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APPENDIX H
SAMPLE SIZE CALCULATION

Purpose

In order to determine the total sample size and the sample size per group

that appropriated to the study.
Method
The total sample size was calculated by using the following equation
(Cohen’s equation):
N = M1-M2

Spooled

N

number of total subject

S pooled = pooled variance

=SE+/n-1
(n= number of subject in previous study)
=4.49

M1 = mean of post-test of Berg balance scale in previous
study (Williams et al., 2010 )

M2 = mean of pre- test of Berg balance scale in previous
study (Williams et al., 2010 )

N = M1-M2 = 48.55-39.41
Spooled 4.49
Result
N (total) = 39.77

Therefore, the total sample size for this study was 44 subjects and 22 per group
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APPENDIX |

Level of satisfied test
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APPENDIX J
The modified instrument of FRT

Reliability and Validity of a Modified Instrument for Functional Reach Test
Introduction

Approximately one third of people aged 65 years and over who live in
community fall at least once a year. In community dwelling, falls in older adults are
results of various risk factors including history of falls and balance deficit (Lord et al.,
2001).

Balance is an ability to maintain center of mass within a base of support to
remain upright and prevent from fall (Maki and Mcllroy, 1996). This ability plays a
critical role in how individuals perform their function in their everyday live. If any
deficit of balance is found during activities and mobility, further testing to identify
cause of falling would be needed. Common tests used in clinic to assess deficiency
of balance and to determine risks of fall include Romberg stance (Woollacott and
Shumway, 2007), Timed-Up-and-Go (TUG) (Podsiadlo and Richardson, 1991), Berg
Balance Scale (BBS) (Berg et al., 1992), and Functional Reach Test (FRT) (Duncan et
al,, 1990). Evaluation of abilities to maintain balance by multi testing methods may
be needed to give a more complete picture of an individual to maintain balance.
This evaluation is also used to establish a baseline of balance performance for a plan
of care. Moreover, balance assessment tools chosen for a clinical examination
should be simple without being redundant with the information obtained (Thapa et
al., 1994).

The FRT developed by Duncan et al in 1990 (Duncan et al., 1990) was a well-
known clinical measure of balance, and has been tested for both validity and
reliability. FRT measured the distance between the length of the arm and a maximal
forward reach in a standing position, while maintaining a fixed base of support. It has
been developed as a dynamic measure of balance with no attempt to control
movement strategies (Duncan et al., 1990). FRT was used in patients with diagnoses
as different as stroke, Parkinson, multiple sclerosis and hip fractures. Reach distance
of FRT at less than or equal to 14 inches, has reported to be associated with
increased risk of fall in elderly. In using FRT a researcher must be confident that the
measurement has both high reliability and validity. The accuracy or validity of the

measurements provided by an instrument can be determined by comparing the
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reading value obtained from the device and a gold standard measure (Duncan et al,,

1990). FRT was reported to be a quick and simple,

single-task dynamic test and evaluate the margin of stability as well as ability
to maintain balance during a functional task (Duncan et al., 1990). Conventional FRT
was used by placing a yardstick or tape measure on a wall, parallel to the floor, at
the height of the acromion of the participant's dominant arm. The participants were
instructed to stand with the feet a comfortable distance apart, make a fist, and
forward flex the dominant arm to approximately 90 degrees. The participants were
asked to reach forward as far as possible without taking a step or touching the wall.
Scores were determined by assessing the difference between the start and end

position of reaching distance, usually measured in inches.

Accuracy of reach distance and cautiousness of high susceptibility to fall were
needed to obtain during performing FRT measure. To overcome these occurrences,
a modified instrument which was foldable, movable and adjustable was developed.
Our purpose in this study was to test the validity and reliability of the modified
instrument for measure functional reach test (figure 1) and to demonstrate whether it

produce less measurement error than the conventional one.

B: foldable core track

C: fully extend core

A: core track

Figure J.1 A modified instrument for FRT and partly of a modified instrument
1) base 2) core track 3) measurement value track 4) slide handle

bar
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Method
Instrumentation

The modified instrument for FRT in this study were divided into 3 main parts

The first part was the base and core track. The base was welded from steel
square pipes (figure 1). At the 4 corners of this base, and adjustable foot was
attached for leveling the equipment on uneven surface. The core track (figure 1A)
was consisted of one steel square pipe and one aluminum runner rail. The
connection between base and the core track was foldable base make it easy to
move (figure 1B, C). In addition an aluminum runner rail was inserted inside the core
track to make its height adjustable therefore the use for any shoulder height of
participants (figure 1A).

The second part was the measurement value track. It made from an
aluminum runner rail. Reading value was provided using a yardstick which was
attached on rectangular aluminum (figure 2). The measurement value track can be
rotated to position the slide handle bar either for left or right dominant’s hand of
participants. At both ends of the measurement value track, 2 stop-breakers (figure

2D), were attached to keep the slide handle bar remain on the track.

Figure J.2 Measurement value track

The last part was the slide handle bar. (Figure 3E, F) It made from a
rectangular aluminum attached perpendicularly to the measurement value track via
2 rollers. These 2 rollers were used to decrease fiction during movement of the
slide handle bar along the measurement value track. A solid card was attached the

slide handle bar to guide direction of fist of participants during reaching out of
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participants. At the final reaching distance a measurer move the slide handle bar so
that the solid card touched the third metacarpal of participants.

Figure J.3 Slide handle bar, roller system and solid card

Participants

Healthy individuals volunteered to participate. Those who were able to
maintain standing position for 1 minute and had no problem in balance standing
were included. Those who had problems in these conditions such as shoulder pain,
shoulder or elbow joint limitation, fracture of upper extremity within the past year

were excluded. Fifteen elderly and 15 young adults were included in this study.

Test Procedures

All participants were randomly to perform both conventional FRT and the
modified instrument for FRT on the same day. Participants were asked to stand on

the line, marked for positioning of the feet placement for starting position

The conventional FRT was tested by placing a tape measure on the wall,
parallel to the floor, at the height of the acromion of the participant's dominant arm.
The participants were asked to stand on the line with the feet a comfortable

distance apart, make a fist, and lean forward.

The modified instrument for FRT was done by setting participants to stand on
the line same as in the conventional FRT but the measurer can adjust acromion
height by moving the core track and rotated the measurement value track for

dominant hand.
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After a measurer assessed distance when participants maximally lean
forwarded while holding and upright posture. Each participant was asked to perform
three trials in 1 session, for two sessions. Mean reach distance of three trials was
analyzed. All participants were given explanation to ensure their understanding of
the tests. They were asked to stand so that their shoulders were perpendicular to
the floor, make a fist and reach their arm, and then participants were asked to lean
forward as far as they could without taking a step or losing their balance.
Participants were asked to maintain their shoulder position in forward flexion,
without shoulder abduction and adduction. A measurer slid the slide handle bar to

touch the fist on third metacarpal for determine reach distances.

Data analysis

All data were analyzed using SPSS software, version 17.0 for windows.
Descriptive statistics was presented as mean, standard deviation and median
(minimum, maximum). Percentages (as appropriate) were used to test baseline
characteristic data. Pearson’s correlation was used to correlate both instruments
that were demonstrated criterion validity. A mixed model ANOVA was used to
calculate intraclass correlation coefficients (ICC (3, 2)) and ICC (2, 2) (Portney, 2000) to
determine test-retest reliability of the modified for instrument of functional reach
test. The SEM was defined as a standard error of measurement which was
calculated as SD /+/1 — ICC where SD was the variance of the difference score
(Portney, 2000). The minimal detectable change (MDC) was used for contemplating
on amount of error that associated with repeated measurements. It indicated the
error in the unit of the measurement. MDC was calculated as1.96 x SEM x V2
(Portney, 2000).

Results

Fifteen elderly (mean age=69.75+6.29 yr.) and 15 young adults (mean
age=17.67+1.45 yr.) were completed the procedure. Analysis of criterion validity and
reliability used mean reach distance obtained from both measurers. The modified
instrument for FRT was demonstrated a high relationship with conventional FRT
(Pearson’s r = 0.79). Intraclass correlation coefficient (ICC) was used to evaluate
intra- and inter-rater reliability. Mean reach distance and standard deviation were

presented in table 1. The results indicated the modified instrument for FRT provided
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high reliability of both intra and inter-rater reliability of the modified instrument )ICC
(2,3) = 0.78-0.94) and (ICC (3, 2) = 0.77-0.97) respectively (table 2 and 3).

The SEM and MDC of the intra rater and interrater measurement were
reported in table 3. The SEMs were smaller when the modified instrument FRT was
used across in both groups and across intra rater and inter rater measures than when
the conventional FRT was used. The SEMs were 0.42 - 0.46 inches and MDC were
0.89 - 2.38 inches

Discussion

Results from this study indicated that the modified instrument for FRT had
high reliability. In this study, measurement of functional reach test has
demonstrated high reliability with ICC of 0.94 in line with the result shown by Duncan
et al, 1990 used the yard stick (Duncan et al., 1990). The conventional FRT was one
of the most tools in clinical practice by doctors, physiotherapists and other clinicians.
This is simple easy and minimum time required to administrate. In addition, it
provided an accurate measure to assess balance in elderly, However, the test was

susceptibility to fall enhanced by reach task during assess.

The modified instrument for FRT was invented by the authors considered to
be more convenient and practical to utilize in the older adults participants. This
modified instrument for FRT was easy to mobile and assembly in any place. In
addition, this modified instrument for FRT can be set on uneven surface by utilizing
the adjustable feet. Also it provided convenience to determine reading value of
reach distance as well as enhanced capability of measurer to perform measurement

safely.

It was consistently reported that conventional FRT were inconvenient in
height adjustment. So Duncan et al, 1990 shown that the height of participants was
contributed to the reach value and accuracy of FRT rather than gender. Given that
the height of this modified instrument for FRT was adjustable therefore, It help to

reduce the individual variation of acromion height at the starting position.

Considering implementation for clinical use, the modified instrument for FRT
gave more benefit due to reduce the complicated secure safety of participants
during evaluation, and the instrument was foldable, mobile and suitable for various
heights of participants. Considering implementation for research, further study may
emphasize on a digital system for developing measurement value track from yard

stick to digital system.
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APPENDIX K
Handbook to prevent fall
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APPENDIX L
RAW DATA



Raw data of the participants

(Wii group)
No | Aged | Height | Weight | BMI TMSE | Satisfied | Dominant
(years) | (meter) | (kg) | (kg/ m?) | (scores) | (scores) leg
1 77.10 1.48 a2 19.17 19 21 R
2 71.4 1.50 52 23.11 17 22 R
3 67.1 1.56 55 22.60 18 24 R
4 68.5 1.55 55 22.89 19 25 R
5 73.5 1.57 52 21.10 19 22 R
6 68.9 1.62 60 22.86 17 22 R
7 67.5 1.58 57 22.83 17 21 R
8 73.1 1.58 57 22.83 18 25 R
9 76.2 1.56 57 23.42 18 25 R
10 69.7 1.60 59 23.05 18 23 R
11 711 1.60 55 21.48 19 23 R
12 65.4 1.58 52 20.83 19 22 R
13 68.3 1.55 49 20.40 19 21 R
14 70.6 1.55 52, 21.64 19 24 R
15 72.0 1.52 48 20.78 18 23 R
16 67.7 1.52 50 21.64 18 23 R
17 68.9 1.54 50 21.08 18 24 R
18 68.6 1.62 61 23.24 17 24 R
19 74.8 1.60 57 22.27 18 21 R
20 12.7 1.54 51 21.50 18 22 R
21 72.8 1.56 54 22.19 18 22 R
22 69.7 1.55 56 23.31 19 25 R
23 68.6 1.58 50 20.03 19 24 R
24 67.5 1.60 52 20.31 19 23 R
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Raw data of the participants

(Home based group)

No | Aged | Height | Weight | BMI TMSE | Satisfied | Dominant
(years) | (meter) | (kg) | (kg/ m?) | (scores) | (scores) leg
1 78.0 1.52 a5 19.48 18 23 R
2 74.2 1.57 55 22.31 18 22 R
3 67.3 1.55 50 20.81 19 21 R
4 69.3 1.50 50 22.22 19 21 R
5 71.10 1.57 52 21.10 19 24 R
6 66.8 1.60 59 23.05 18 24 R
7 69.7 1.55 a7 19.56 18 25 R
8 71.1 1.57 55 22.31 17 23 R
9 76.4 1.65 60 22.04 17 23 R
10 70.1 1.58 54 21.63 17 22 R
11 65.2 1.62 58 22.10 16 22 R
12 67.4 1.54 a9 20.66 19 22 R
13 65.6 1.57 49 19.88 19 21 R
14 | 71.10 1.57 52, 21.10 19 24 R
15 70.8 1.55 55 22.89 18 24 R
16 | 66.11 1.58 54 21.63 18 24 R
17 65.6 1.60 54 21.09 18 25 R
18 69.7 1.68 67 23.74 17 23 R
19 71.5 1.72 68 22.99 18 23 R
20 73.4 1.60 58 22.66 17 25 R
21 2.7 1.58 55 22.03 17 24 R
22 68.1 1.57 56 22.72 19 22 R
23 66.5 1.52 a8 20.78 19 22 R
24 68.8 1.55 50 20.81 19 21 R
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Raw data of the scores of Berg balance Scale
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(Wii group)
No | Aged BMI Berg Balance Scale
Week0 Week1 Week2 Week3 Week4

1 77.10 | 19.17 49 50 52 52 53
2 71.4 23.11 52 52 52 54 53
3 67.1 22.60 51 51 53 54 55
a4 68.5 22.89 52 52 52 53 53
5 73.5 21.10 B 52 54 54 56
6 68.9 22.86 52 52 52 55 56
7 67.5 22.83 53 53 52 52 52
8 73.1 22.83 53 546) 54 54 56
9 76.2 23.42 49 50 50 52 53
10 | 69.7 23.05 52 53 52 52 54
11 | 711 21.48 52 52 51 53 54
12 | 654 20.83 54 54 54 56 56
13 | 68.3 20.40 54 54 54 54 55
14 | 70.6 21.64 49 50 50 51 52
15 | 720 20.78 50 50 50 52 53
16 | 67.7 21.64 52 53 53 53 54
17 | 68.9 21.08 53 53 52 52 54
18 | 68.6 23.24 52 52 54 52 52
19 | 74.8 22.27 52 52 52 53 53
20 | 727 21.50 51 51 50 50 53
21 | 728 22.19 51 51 50 50 52
22 | 69.7 23.31 a7 48 50 51 51
23 | 68.6 20.03 50 50 50 51 53
24 | 67.5 20.31 52 52 52 54 55
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No | Aged BMI Berg Balance Scale
Week0 Week1 Week2 Week3 Week4
1 78.0 19.48 a7 50 52 52 53
2 74.2 22.31 49 50 53 54 53
3 67.3 20.81 51 51 54 54 56
4 69.3 22.22 50 52 52 53 53
5 71.10 | 21.10 48 48 50 51 52
6 66.8 23.05 51 52 52 55 56
7 69.7 19.56 50 Bl 52 52 54
8 71.1 22.31 53 546) 54 54 56
9 76.4 22.04 48 50 52 54 54
10 70.1 21.63 52 53 52 52 54
11 65.2 22.10 50 50 51 56 54
12 67.4 20.66 51 54 54 56 56
13 65.6 19.88 54 54 52 53 54
14 | 71.10 | 21.10 50 50 49 52 54
15 70.8 22.89 50 50 50 52 53
16 66.11 | 21.63 52 53 53 54 55
17 65.6 21.09 51 53 52 52 53
18 69.7 23.74 51 52 54 52 52
19 71.5 22.99 52 52 52 53 53
20 73.4 22.66 51 52 50 52 53
21 72.7 22.03 49 51 50 50 52
22 68.1 22.72 50 50 51 53 54
23 66.5 20.78 50 50 50 51 53
24 68.8 20.81 52 52 52 54 55




Raw data of the scores of Fullerton Advance Balance Scale

126

(Wii group)
No Aged BMI Fullerton Advance Balance Scale
Week0 Week1 Week2 Week3 Weekd

1 77.10 19.17 26 26 28 28 29
2 714 23.11 28 29 29 32 33
3 67.1 22.60 32 32 31 34 36
4 68.5 22.89 28 28 30 31 34
5 73.5 21.10 30 29 32 32 34
6 68.9 22.86 32 33 33 33 34
7 67.5 22.83 26 26 27 27 30
8 73.1 22.83 32 32 34 34 34
9 76.2 23.42 25 26 26 28 28
10 69.7 23.05 30 30 32 32 32
11 71.1 21.48 29 28 30 30 32
12 65.4 20.83 30 29 32 32 35
13 68.3 20.40 28 28 30 30 33
14 70.6 21.64 28 28 29 28 32
15 72.0 20.78 26 26 29 30 32
16 67.7 21.64 26 28 28 31 31
17 68.9 21.08 28 28 28 28 30
18 68.6 23.24 30 31 31 31 32
19 74.8 22.27 27 27 30 30 31
20 72.7 21.50 29 30 30 30 32
21 72.8 22.19 29 29 29 29 30
22 69.7 2331 28 27 29 30 32
23 68.6 20.03 26 26 27 28 31
24 67.5 20.31 28 30 30 32 34
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No | Aged BMI Fullerton Advance Balance Scale (score)
Week0 Week1 Week2 Week3 Week4

1 78.0 19.48 24 26 26 28 30
2 74.2 22.31 25 29 29 30 31
3 67.3 20.81 32 32 31 33 33
a4 69.3 22.22 28 28 30 31 32
5 71.10 | 21.10 30 29 32 32 34
6 66.8 23.05 32 33 33 33 34
7 69.7 19.56 32 32 32 33 34
8 71.1 22.31 32 62 34 34 34
9 76.4 22.04 32 32 31 31 32
10 70.1 21.63 30 30 31 32 32
11 65.2 22.10 30 32 32 35 36
12 67.4 20.66 30 30 32 32 32
13 65.6 19.88 28 28 30 30 32
14 | 71.10 | 21.10 28 28 29 30 33
15 70.8 22.89 26 26 29 30 32
16 66.11 | 21.63 26 28 28 31 34
17 65.6 21.09 28 28 30 33 35
18 69.7 23.74 30 31 G 31 33
19 71.5 22.99 27 27 31 30 32
20 73.4 22.66 29 30 31 30 30
21 72.7 22.03 29 29 29 29 30
22 68.1 22.72 28 27 29 30 32
23 66.5 20.78 26 26 27 28 31
24 68.8 20.81 28 30 30 32 32
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(Wii group)
No | Aged BMI Functional Reach test (inches)
Week0 Week1 Week2 Week3 Week4

1 77.10 19.17 9.3 10.1 10.3 12.3 14.1
2 71.4 23.11 11.3 12.9 15.6 17.3 17.8
3 67.1 22.60 10.7 13.0 15.3 16.9 17.7
4 68.5 22.89 11.2 12.1 15.1 16.8 18.3
5 73.5 21.10 12.8 14.9 17.1 17.4 179
6 68.9 22.86 11.4 13.3 13.5 15.6 17.8
7 67.5 22.83 10.6 11.9 13.3 16.9 17.3
8 73.1 22.83 10.1 12.0 13.3 15.0 16.8
9 76.2 23.42 9.2 1.3 12.3 14.8 15.6
10 69.7 23.05 10.6 11.2 11.8 15.2 16.6
11 71.1 21.48 9.7 11.1 12.5 13.6 15.2
12 65.4 20.83 11.0 11.4 14.2 15.4 16.2
13 68.3 20.40 10.9 12.5 14.1 14.9 16.6
14 70.6 21.64 8.7 9.3 10.7 12.9 14.0
15 72.0 20.78 10.0 153 12.5 13.5 16.2
16 67.7 21.64 9.8 10.1 12.2 11.4 14.1
17 68.9 21.08 10.7 12.5 13.4 15.1 17.4
18 68.6 23.24 9.5 12.2 13.3 14.9 15.6
19 74.8 22.27 10.3 10.9 12.1 11.8 17.1
20 12.7 21.50 11.0 12.0 14.9 15.3 17.7
21 72.8 22.19 10.9 12.0 12.8 15.1 16.0
22 69.7 23.31 8.5 10.0 10.3 13.5 16.9
23 68.6 20.03 10.2 11.8 11.4 13.0 16.5
24 67.5 20.31 11.1 11.9 12.2 12.8 17.1
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No | Aged BMI Functional Reach test (inches)
Week0 Week1 Week2 Week3 Week4

1 78.0 19.48 9.1 11.0 11.3 13.6 15.1
2 74.2 22.31 9.0 10.9 12.2 12.9 14.9
3 67.3 20.81 10.2 9.7 12.5 14.7 17.1
4 69.3 22.22 9.9 11.3 12.0 13.1 14.0
5 71.10 21.10 115 12.8 14.0 14.0 16.9
6 66.8 23.05 9.8 13.1 13.5 14.7 15.6
7 69.7 19.56 9.2 10.2 14.9 15.1 17.4
8 71.1 22.31 10.1 12.0 12.9 13.0 15.2
9 76.4 22.04 8.7 11.6 13.5 12.9 13.5
10 70.1 21.63 10.8 10.9 10.0 11.4 15.3
11 65.2 22.10 10.6 9.5 11.0 14.9 17.2
12 67.4 20.66 11.2 10.8 12.9 15.3 16.6
13 65.6 19.88 11.2 11.3 13.0 12.5 15.1
14 71.10 21.10 10.9 13.4 12.2 12.8 14.9
15 70.8 22.89 9.2 10.9 12.5 14.0 15.2
16 66.11 21.63 11.5 13.5 10.8 15.2 16.1
17 65.6 21.09 10.3 9.8 11.2 14.9 17.8
18 69.7 23.74 10.2 12.3 581 17.4 16.9
19 71.5 22.99 10.5 10.6 14.2 16.9 16.9
20 73.4 22.66 10.6 12.3 12.9 15.4 14.9
21 12.7 22.03 9.7 10.5 13.5 14.0 15.2
22 68.1 22172 11.0 10.5 14.0 12.9 15.0
23 66.5 20.78 10.2 10.6 12.1 15.6 16.6
24 68.8 20.81 10.1 13.3 10.6 16.2 15.2
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