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ABSTRACT

THE USE OF THE NINTENDO WII FIT BALANCE PROGRAM CORARED TO A
TRADITIONAL BALANCE PROGRAM IN PHYSICALLY ACTIVE INDIVIDUALS

By

Kirstin Robinson
CONTEXT: Dynamic balance is a critical aspect of everydf@ythat can be affected by a
variety of factors including age and injury. Wheaining to improve balance, traditional
(TRAD) balance exercises or the Nintendo Wii Fiebae training exercises can be utilized.
OBJECTIVE: The purpose of this study is to examine if thet®mado Wii Fit balance training
program is more enjoyable and improves dynamicricaldo the same degree as a TRAD
balance training progranSUBJECTS: 60 female and 29 male participants began the study
with 52 females and 20 males finishing the studlizge control group comprised 25 participants,
the TRAD group comprised 25 participants, and thegbup included 22 participants.
METHODS: The star excursion balance test (SEBT) was utilibetest dynamic balance before
and after intervention. The TRAD and WII groupsfpemed their training three times a week
for 12-15 minutes for four weeks. Following eantervention the participants completed an
enjoyment questionnairdRESULTS: There were no significance differences on totaBBE
scores on either leg for time by group (right leg51.8;left leg p=.647). When examining
enjoyment the WII group was significantly higheamhthe TRAD group after 4 weeks (p=.000)
of balance trainingCONCLUSIONS: The results indicated that there were similaabed
improvements among the WIl and TRAD group, themftioth programs can be used

interchangeably for balance training exercisesoung physically active adults
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CHAPTER 1
INTRODUCTION

1.1 OVERVIEW OF THE PROBLEM

Balance is targeted in rehabilitation because @frtte it plays in decreasing the risk of
re-injury in patients. Balance is more than simpdyng able to stand; it is a task thequires a
solid base of support with timely control of positiand motion (Betker, 2007). There are three
components of balance: the vestibular system, Vispats, and the somatosensory system. Each
aspect is critical and must be present to achiestata of stabilityThe vestibular system
provides the central nervous system with inforrratibout the position of the head in regards to
the rest of the body. Visual input is given basedhe movement of the head in relation to the
supporting surface. The somatosensory system dstaggive information regarding the position
of body segments in relation to each other (Win2et1).

There are two types of cognitive controls thatwsed during balance. Feed-forward
cognitive controls are where preparatory controgsimitiated in order to keep balance during
anticipated disturbances (Betker, 2006; Kuo, 1#35erka, 2002; Shepard, 1992). Whereas
feedback control is used to keep balance when #reranexpected disturbances (Betker, 2006;
Kuo, 1995; Peterka, 2002; Shepard, 1992). Feedtxaukol is used more in the active
population and less in the elderly population (Bet2006).

In order to measure dynamic balance the Star ExguBalance Test is used. The star
excursion balance test (SEBT) is a simple testdhases the patient to disrupt his or her
equilibrium (Cohen, Blatchly, & Gombash, 1993; k¢#t al., 2000; Olmsted, Carcia, Hertel, &
Shultz, 2002; Rasool, 2007). The subject is pasgtbon one leg and asked to touch his or her

opposite toe as far as possible in several diftadgactions. The SEBT provides a total score as



well as independent directional scores. The SEBialid and reliable approach to measuring
balance in collegiate students (Hertel, 2000).

The most commonly used form of balance rehabiditais traditional exercise.
Traditional balance exercises (TRAD) have been @megears in clinics in order to rehabilitate
and improve balance in a variety of patients. Toagof traditional balance rehabilitation in a
clinic usually include improving the patient’s furmnal balance (especially during ambulation),
decreasing fall risk, improving the patient’s afyilio see clearly with head movement, and
reducing the patients disequilibrium (Herdman, 200RAD has been found to be an effective
tool for increasing static and dynamic balancergvipus research (Heitkamp, 2001; Pluchino,
2010; Rasool, 2007; Rothermel, 2004). In one studych used a single leg balance protocol to
improve balance post-injury, researchers saw imgmants in dynamic balance (Rasool, 2007).
Despite TRAD leading to improvements in balances itot always enjoyable for the patients.

Although research has shown improvements in balasicg traditional programs, there
has been an underutilization of this type of reltation due to the limited enjoyment and
motivation shown by the patient as the traininggpam progresses (Pluchino, 2008). These
rehabilitation programs can be uninteresting fdrgpés. Due to this, boredom and loss of
interest are obstacles that health-care providest exercome during the rehabilitation process.
A patient who has lost interest in the mundane®@ses associated with a lengthy rehabilitation
process also loses motivation. This makes it exdéhgmifficult to reach the results desired by
both the injured athlete and the health-care psidesl (Cramer, 2001; Piercy, 2007).

Another form of balance rehabilitation that is lgeinvestigated is virtual reality (VR).
VR is defined as an immersive, interactive, thrameshsional computer experience occurring in

real time. The benefit of virtual reality is thagives the patient a sense of real-life situations



and events and allows a variety of senses to geted (Deutsch, 2008JR has been shown to
be valid and applicable to the real world, alonthwiaving motivational qualities. This form of
gaming is currently under examination around thédva order to help improve patient’s
enjoyment throughout their return to function rahtion programsThe Nintendo Wii is one
of the most common VR based games being investigatel has sold over 75 million units
worldwide. The basic idea behind the Wii systenihat it requires the patient to use their own
physical movements in order to control the play#ii)(on the game. The player uses either the
Wii remote or the Wii balance board to control thayer. The balance board uses pressure
sensors, which translate the movement of the pgenter of gravity (Taylor, 2011). The
balance board is a uniqtaol that captures slight movements in order tosusafoot position
and weight distribution (Shih, 2011).

Recently, a variety of studies have been condua$sdssing the extent to which the
Nintendo Wii fit balance program affects balanceulbtte, Olivier, and Toursel (2012) found
that when working with elderly adult participantsWii fit balance training, there was an
increase not only in static balance, but also ggravement in their center of gravity. In similar
studies improvements were also shown in staticngalan older adult patients (Allen, 2008;
Bainbridge, 2011). Other studies comparing efficaetween traditional balance programs and
video game based balance programs reported thah{gperforming video game based
rehabilitation are more enjoyable, less difficalbhd more engaging (Agmon, 2011). In addition
to the overall increase in enjoyment of rehabibiatimprovements in postural sway from
patients who used the Wii was noted (Brumels, 20@Bhough a few studies have examined the
Nintendo Wii as a balance training tool, more rede# warranted to determine its effectiveness

on static and dynamic balance.



In order to combat the issues noted with tradititvadance exerciseathletic trainers and
other health care professionals have begun topocate interactive gaming systems into injury
therapy (Wikstrom, 2012). The purpose of using ¥Roiprovide the patient with a different,
interactive form of rehabilitation. Patients arayphg competitive games, while still reaching the
desired goals of rehabilitation. Studies have lzbmre assessing the enjoyment and ability of
Virtual Reality balance programs to improve balaimcelderly adults, but few studies have
investigated the college-aged physically activeytaion (Brumels, 2006).

The population of people who might benefit fromavele training is potentially quite
large—including children, younger and older adudisg rehabilitation patients. In this initial
phase of research, however, | have focused mytiaiteon healthy, physically active young
adults (college students) who volunteered for tbdys If the results of this initial research are
promising, future research can be pursued to exaotimer physically active populations for
whom a balance training program would serve a preartc function (e.g., athletic rehabilitation
patients).

1.2 PURPOSE OF THE STUDY

The purpose of this study was to examine if thedtido Wii Fit balance training
program is more enjoyable and improves dynamicricaldo the same degree as a traditional
balance training program.

1.3 HYPOTHESES

This study examined the following hypotheses:

H1: The TRAD group and the WII group will show sifigantly increased dynamic balance

compared to the control group based on the tadalestcursion balance test score.



H2: The TRAD group will show significantly greatenprovements than the WII group for total
star excursion balance test scores.
H3: The TRAD group and the WII group will show sifggantly increased dynamic balance
compared to the control group according to indepandtar direction scores.
H4: TRAD group will show significantly greater imgpprements than the WII group for
independent star direction scores.
H5: The WII group will have a significantly highenjoyment level than TRAD group for the
first 2 weeks.
H6: There will be no difference in the enjoymentdis after 4 weeks of balance training
between the WII group and the TRAD group.
1.4 OPERATIONAL DEFINITION OF TERMS
Dynamic balance The ability to maintain an upright position whitee body is moving as
measured by the star excursion balance test.
Enjoyment: The amount of happiness the subject felt whédgrming the exercises as
measured by a five item Physical Activity Enjoym&atle.
Independent Star Direction Scores: This is found by isolating each of the directianigized in
the Star Excursion Balance Test, which includesrant, posteromedial, and posterolateral.
Nintendo Wii Fit balance training: The use of four Nintendo Wii Fit balance games Whic
includes table tilt, balance bubble, ski slalompenguin slide to improve balance.

Table Tilt- Wii Fit Balance training game in whigie object is to control the balance

board by leaning in all directions in order to deopall into the hole.



Balance Bubble- Wii Fit Balance training game inieththe object is to control the
bubble down the river without hitting the sidegloé river or any obstacles which would
pop the bubble.
Ski Slalom- Wii Fit Balance training game in whittte object is to move between gates
down the ski hill. Time is added at the end tophdicipants score if gates are missed.
Penguin Slide- Wii Fit Balance training game whidne object is to keep the penguin on
the iceberg and collect as many fish in the ap@ssible by timing up the weight shift
medial and laterally.
Physically Active: As defined by the American College of Sports Matkais completing at
least 150 minutes of moderate intensity exercisésaninutes of vigorous intensity exercise per
week (ACSM, 2011).
Star Excursion Balance TestA measure of dynamic stability by standing on agewhile
reaching with the other leg in three directionse Tree directions being used are: anterior,
posteromedial, and posterolateral.
Traditional balance training: A series of exercises done in a clinical settmgnprove
balance, which involves a progression from simplere@ses to more advanced exercises. The
progression is as follows: solid ground with eypsm solid ground with eyes closed, solid
ground with eyes open and perturbation, and sobdrrd with eyes closed and perturbation.

This sequence is then performed on foam.



CHAPTER 2
REVIEW OF LITERATURE

2.1 INTRODUCTION

For people of all ages balance is an importantcsgdife. Proprioception and balance
can be altered for a variety of reasons, suchjasyimeurological disorders, being on unstable
surfaces, and/or having an unexpected disturb@heeto the significant role balance plays in
quality of life, balance rehabilitation has beefecéd within many settings to a variety of
individuals. The following chapter will highlightlat components make up balance and two
types of balance protocols that are offered: tiawigtl balance rehabilitation and Wii Fit balance
rehabilitation. Explanations of what each of thps®ocols entail, along with previous research
regarding how both of these forms of rehabilitatdiect balance, will be examined. Some
attention will also be given to the enjoyment assed with performing each of these
rehabilitation protocols.
2.2 BALANCE

Balance is defined as an even distribution of wieggtabling someone or something to
remain upright and steady. It is an important pétife due to the risk of injury that can occur
when balance is disturbed. Balance is more thaplgibeing able to stand; it is a holistic idea
thatrequires a solid base of support with timely condfgosition and motion (Betker, 2007,
Huxam, 2001). Balance is a function that requisecemuscle and joint movements to keep the
center of gravity in accordance with the body’sébaksupport (Hassan, 2002; Kovacs, 2004;
O’Connell, 1998; Subasi, 2008). There are two tygfesognitive controls that are used for
different types of balance. Feed-forward cognitieatrols are where preparatory controls are

initiated in order to keep balance during antiaoladlisturbances (Betker, 2006; Kuo, 1995;



Peterka, 2002; Shepard, 1992). Whereas feedbatiotmused to keep balance when there are
unexpected disturbances (Betker, 2006; Kuo, 196&rkRa, 2002; Shepard, 1992). Feedback
control is used more in the active population whaoge opportunities for spontaneous
perturbations are present. Feed-forward contnolage easily planned for and is used during
rehabilitation.

2.2.1 Three system control

There are three components that control whethersop is able to stay balanced: the
vestibular system, sensory input, and the somasosgisystem. Each aspect is critical in
achieving the precise control to remain balan@ée:. vestibular system provides the central
nervous system (CNS) with information about thetpws of the head in regards to the rest of
the body (The Human Balance, 2013). This systemmaide up of the following structures within
the ear: the utricle, saccule, and three semi@ratdnals. Linear and vertical movements are
detected by the utricle and saccule. Rotationalen@ants are monitored by the semicircular
canals. These canals are filled with endolymphdfiuhich puts pressure on sensory receptors
during rotational movement (Hanes, 2006; ShumwagkC2001; The Human Balance, 2013).

Sensory input from the surrounding area is givesetdan the movement of the head in
relation to the supporting surface (Mancini, 20I0)is can be in the form of visual inputs,
muscle and joint inputs, and vestibular organ iaptlihese sensory receptors send information to
the brain, which is then used to sustain balan@egk] 1987; Horak, 1996; Horak, 1997;
Macpherson, 2012; Mancini, 2010 ).

The somatosensory system is used to give infeomatgarding the segments of the body

in relation to each other (Shumway-Cook, 1986; \#iin2011). Through the incorporation of

information gained through touch and joint moventéetbodies ability to remain balanced



increases. The somatosensory system also gainmigtion regarding temperature. These three
systems work hand-in-hand to integrate the infoiomathey receive in order to keep the body
upright (Tsuchitani, 1997).

2.2.2 Proprioception

Proprioception, although often thought as intengfe@ble with balance, is a separate
facet of bodily position. It does contribute tormgiable to stay balanced and having good
postural control, but it requires different consréBouet, 2000; Kovacs, 2004; Latazio, 1998;
Lawkoverski, 2000; Pincivero, 2001; Riemann, 2082basi, 2008). Proprioception is the term
used to describe the sensory aspect of balana&hncbnscious and unconscious states. In order
to improve balance, this must be an area of foattswehabilitation. During complex
movements conscious proprioception is used in daderaintain complex activities, whereas
unconscious proprioception control occurs duringidenovements such as sitting and walking.
Proprioception is controlled by two different setsas. The first being static limb position
during which the body is aware of where the limtesia relation to the rest of the body in space.
The second involves the body recognizing the ratehech the limbs are moving through space,
which is termed kinesthesia (Johnson, 2013; JohB868). Proprioception is challenging to
measure and target, therefore it will not be a poiremphasis throughout this study.

2.2.3 Role in Athletics

Balance is the backbone to many functional movesieot only done in everyday life,
but also in sports. One of the most important aspafcan injury prevention program is a focus
on improving the patient’s balance and proprioceptWith increases in these skills, fewer
injuries are likely to occur during physical acties (Troop, 1984). Decreased proprioception

can result in different motor patterns of jointattban lead to unstable positioning and increased



injury (Kidgell, 2007). Improving balance is notlpmuseful in injury prevention, but is also an
important part of injury rehabilitation, especiaillythe case of long term injuries (Kidgell,
2007). Varying activities for the athlete to perfoeach day can be challenging, so finding
multiple balance rehabilitation options may inceetigeir enjoyment of the rehabilitation
process.

2.3 TRADITIONAL BALANCE TRAINING

In situations where balance and proprioceptiondezseased, balance training is
required. Traditional balance training involves thpetition of specific movements (Burdea,
2003; Gil-Gomez, 2011, Teasell, 2009). These rditaioon programs can be tedious, and costly
depending on the equipment used. Based on theiligditadn program exercises and the time
frame the person has to complete their rehaboitatine exercises can become repetitive
overtime. Boredom and loss of interest are obstablat health-care providers must overcome
during the traditional rehabilitation process. Aipat loses motivation when they become
unengaged with the exercises associated with ahgmghabilitation process. This makes it
difficult to reach the results desired by bothitijared individual and the healthcare professional
(Cramer, 2001).

Traditional balance exercises have been used #osye clinics in order to rehabilitate
and improve proprioception. The goals of traditidmelance rehabilitation in a clinical setting
usually include: improving the patient’s functiotlance (especially during ambulation),
decreasing fall risk, improving the patient’s afyilio see clearly with head movement, and
reducing the patients disequilibrium (Herdman, 2081though research has shown
improvements in balance using traditional progratimere has been an underutilization of this

type of rehabilitation due to the limited enjoymant motivation shown by the patient as the

10



training program progressed. (Pluchino, 2008) Ttex@ses used in this form of rehabilitation
can be anything from basic strength training suschadf raises or mini squats to having the
patient stand with their eyes closed in a variétstances. There are also a variety of surfaces
that people can stand on while performing balaraiaibg such as the ground, dynadisk, or a
foam surface.

Pluchino (2010) compared using a standardized balaaining program, a Tai Chi
program, and a Wii Fit balance program over 8 weakd40 healthy older adults. The Wii Fit
balance program consisted of playing any of tharxa@ games. The games that were played
were based off of the scores the participant reckptaying the games the previous training
session. The Tai Chi program required the partidipa perform 12 skills with an instructor’s
aid that required different movement patterns neggibalance. The standardized balance
training program had 14 different exercises invadvsmall steps, moving objects off shelves,
and other walking activities.

In order to improve patient balance post-injutinicians have them perform exercises
targeting proprioception. One study focused on owjorg dynamic stability through the
completion of one leg dynamic balance activitiesaorariety of surfaces with 30 male athletes
(Rasool, 2007). Each participant did three setssefrepetitions of one minute single leg
balance with 30 second rest in between. The thetseadl included balance on both the
gymnasium floor and a soft mat with eyes open doskd. The difference in the three sets was
the first set involved a relaxed position of thaita-lateral leg, the second set involved the
participant performing trunk rotation while the t@nalateral leg was relaxed, and the last set had
the knee and hip flexed on the contra-lateral ¢e@t degrees with trunk rotation. They

performed the exercises five times a week for feeeks and were tested using the star
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excursion balance test (SEBT). After two weeksahing significant improvements were noted
in all eight directions of the SEBT, whereas afterr weeks significant increases were seen in
six of the eight directions. The authors conclutlted this simplified balance training protocol
and measurement can be transferred into a clisétihg due to the ease of both the protocol
and the testing measurements (Rasool, 2007).

Another study by Rothermel and colleagues (2004l 4 healthy college students to
determine if changing foot positioning can aidmproving balance. Three groups were utilized.
The first group performed traditional balance tiragy the second performed traditional balance
training with emphasized foot positioning, and thied was a control group. The intervention
groups completed 12 ten-minute sessions of trawditibalance training or balance training with
a specific foot position over a four week time pdriEach balance training session consisted of
ten minutes of balance training with the eyes agrashclosed. Each exercise lasted 30 seconds
followed by 30 seconds of rest and included a @sgjon from the floor to a foam surface with
hands placed on the subjects hips and straighTbetfoot position group performed the
exercises while trying to elevate their medial ibendinal arch while keeping their forefoot and
rearfoot on the floor. Results indicated that tiaglitional balance group had a significant group
by time improvement, whereas foot position shovess improvements than that of the
traditional group. The researchers concluded tadittonal balance training without focusing on
foot position improved postural control more thathe focus was placed on foot position
(Rothermel, 2004).

Heitkamp (2011) examined 30 physically active ajudtvided into a balance group and
a strength group, to determine whether balanceitrgican also improve strength and muscle

imbalances. Each participant performed 12 trais@gsions over six weeks for 25 minutes per
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session. The strength group performed leg curldemg@ress, where the balance group
performed activities on unstable surfaces. Resoliisd that balance and strength did improve
with traditional balance exercises. Researchewsrated that muscular development does occur
through balance training (Heitkamp, 2001).
2.4 NINTENDO WII FIT BALANCE TRAINING

Health care professionals have begun to turn gvaetive gaming systems in order to
assist in balance rehabilitation (Brumels, 2006ytSeh, 2008; Dixon, 2008, Wikstrom, 2012;
Wuang, 2011)The goal of using virtual reality rehabilitationts allow the patient a different
form of rehabilitation, which involves the use @ihepetitive games while still reaching the
desired goals of rehabilitation. This allows thieaigilitation process to move away from
traditional and often repetitive rehabilitation esises

Virtual reality (VR) is defined as an immersivetdractive, three-dimensional computer
experience occurring in real time (Deutsch, 2016idR2004). The benefit of virtual reality is
that it gives the patient a sense of real-lifeagittns and events, allowing for a variety of senses
to be targeted (Deutsch, 201VYR is applicable to the real world and has motwadil qualities.
The efficacy of this form of gaming is currentlyder investigation as to whether it actually
improves balance and patient enjoyment during freigression to functional activities
(Agmon, 2011; Bainbridge 2011; Betker, 2007; Dar2€l11; Deutsch, 2011; Toulotte et al.
2012).The Wii is one of the common VR based games beingstigated.

The Wii has sold over 75 million units worldwidehd basic idea behind the Wii system
is to control the Mii player on the screen throagberson’s physical movements outside of the
game. The individual uses a Wii remote to contneirtplayer unless they are using the Wii Fit

program, in which they will use the Wii balance twbalhe Wii balance board uses four pressure
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sensors, one in each corner, which tracks moveofehe player’s weight distribution and foot
position (Nintendo, 201@&hih, 2010; Taylor, 2011). The Wii balance boarchabile and
includes a Bluetooth wireless connectivity run lagtéries, making it user friendly. There are a
variety of exercises that can be done using theRWsoftware. The available categories or
exercise include: yoga, strength training, aerqlaosl balance.

This study will focus solely on the balance ganTéeere are four main balance exercises
that involve medial to lateral balance, anterioptsterior balance, and a combination of multi-
directional balance. The first balance exercidagtélt, involves trying to drop a marble into a
small hole while controlling the movement of thealmbon which the marble sits. Second, during
the balance bubble game, the participant floatsndawiver in a bubble and attempts to avoid
hitting the sides of the river or the variety o$tdirbances that get in the way. Third, ski slalom
involves skiing down a hill, and requires a comhbmaof forward leaning to increase speed,
along with side to side leaning to get around fithe gates. The last game is penguin slide
where a penguin slides on an ice berg. The obgdithis game is to not only keep the penguin
from going into the water, but also change direttioth enough force for the penguin to jump
and catch fish. All of these games are scored &ittier time or points and incorporate multiple
levels of difficulty.

In recent years, a variety of studies have beedwtrd assessing the extent to which the
Wii fit balance games effect balance (Agmon, 2@4dinbridge 2011; Betker, 2007; Daniel,
2011; Deutsch, 2011; Toulette, 2012). Toulottd .et@ducted a study that assessed balance in
36 elderly adults using four different intervensoadapted physical activities, Wii fit balance, a
combination of physical activities and Wii fit batze, and no training. All participants trained

once a week for 20 weeks for a one-hour trainirsgisa. Their pre-test and post-test results
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were assessed using the Tinetti test, unipedal, tast Wii fit tests. They found that after 20
weeks of interventions once a week, all groups detnated significant improvement in static
balance using the Tinetti test which assesseddstdéc balance, along with center of gravity
improvements using the Wii Fit balance test. Thiglg established that adaptive physical
activity training can decrease the loss of sengargtions often noted in the elderly (Toulotte,
2012).

In one pilot study, Bainbridge (2011) investigasexipatients over the age of 65 with
self-reported balance deficits in order to deteemether the Nintendo Wii Fit balance board
could improve balance. The intervention was domesifoweeks, two times a week for for 30
minutes each session. The testing used the Beem&alScale, activities-specific balance
confidence scale, and multi-directional reach t&khough researchers found no statistically
significant changes, clinically significant changesthe Berg Balance Scale as noted with a
decreased fall risk, a test which is designedHeruse in elderly adults to assess functional
activities, in two-thirds of the subjects was s@@ainbridge, 2011).

Deutsch (2011) completed a case study that inastigthe feasibility and outcomes of
using the Nintendo Wii Fit for rehabilitation withpatient who had cerebral palsy. The patient
participated in 11 training sessions lasting anyetiem 60 to 90 minutes. The games played
included boxing, tennis, golf, and bowling. Follogithe training sessions the outcomes
measured were visual-perceptual processing, postatzlity, and functional mobility. The
patient improved in all of these categories, amdwhi was found to be easy to use for
rehabilitation in a school setting.

Studies utilizing the Wii Fit not only examined ingpement in balance, but also the

enjoyment level of the patients. Studies which &xbkt efficacy between traditional balance
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programs and video game based balance programsdotioat patients found video game based
rehabilitation to be more enjoyable, less difficalhd more engaging (Agmon, 2011, Brumels,
2008). Brumels et al. investigated the efficactyradlitional balance exercises compared to video
game based balance exercises in improving balaeesumes and compliance. Twenty-five
college aged students were divided into a contimlg, Dance Dance Revolution Group, Wii Fit
group, or traditional balance exercise group. Haaticipant was tested using the SEBT and
forceplate measures. After 4-weeks of trainingdhmmes per week, improvements were noted
in the star excursion balance test. Increasestiama&njoyment and engagement were also
noted (Brumels, 2008).
2.5 NINTENDO WII FIT REHABILITATION VS TRADITIONAL REHABILITATION

The Nintendo Wii Fit Balance Program offers a uei@pproach to balance training. Not
only has it been proven to be more enjoyable, thalso offers a variety of different games to
play throughout each session (Agmon, 2011; Bru@@@8). This VR game play involves
multiple movements all in different directions #fefing speeds. This keeps the player guessing
when the next movement will be, which requiresghgents to change their center of gravity
while playing in an interactive environment. A se®s kept for each of the different games so a
motivation factor to improve every time they playpresent. Positive feedback is seen
throughout the game with crowds that cheer on tagep. The problems with using the Wii Fit
include equipment costs, being able to navigatertbeu in order to get to the games that need
to be played, and a predetermined amount of timeishnot adjustable between each round of
each game. The player can always pause the gamthebpe is no way to speed up the time
between each game. The Wii fit does not have aflptevious research done on its

improvements in balance, therefore it has not prdeebe reliable yet.
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Traditional balance on the other hand is reliaWf@en it comes to traditional balance
exercises there are often similar exercises tleagi#iner done with eyes open or closed on
different surfaces along with minimal strengthrirag when appropriate. This requires minimal
if any equipment making it cost-effective for tHaic and patient. Some patients find this form
of rehabilitation tedious (Piercy, 2007). Anotheawback is that improvements may be varied
based on how well the patient trusts his/her alamcand unlike the Wii Fit Balance Training
there is no immediate feedback, unless a clinigatanding by their side watching every
exercise in detail.

One study compared these two forms of rehabuitatising 32 undergraduate students
who were divided into a traditional and a Wii bagaghing program. The students performed
exercises two times a week for 8 weeks for 24-naisgissions. The traditional group performed
single leg balance exercises on both the hardsdathe bosu ball and flat surface along with
a mini trampoline. For some of the exercises awa#l tossed to the participant to try and alter
their balance. The Wii group performed both Wiidrade exercises and Wii yoga exercises. The
authors found that the Nintendo Wii Fit Balanceiiiireg is effective for improving balance as
measured using a single leg stance on the Bioaéxist system. (Vernadakis et al., 2012).

In older adults, a similar preliminary study wasidmn eight females and nine males to
improve their balance (Bateni, 2012). One groupstad of Wii fit training only and the
participants performed table tilt, ski slalom, akdjump. Another group consisted of traditional
exercises only and the participants performed és@&sdo improve strength, posture, and
balance. The final group performed a combinatiobath of the other two intervention groups.
The exercises were performed three times per waek Weeks and improvements were noted in

all groups, although the most improvements wera gethe traditional exercised only and the
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traditional exercised and Wii training group. Thessults found that some form of Nintendo Wii
Fit training along with traditional balance traiginan be useful in improving balance in elderly
adults. Also, despite the Wii not improving balamasemuch as the other two groups, it may still
be utilized in situations where traditional balamceaot feasible (Bateni, 2012).

Finally, Toulette and colleagues (2012) assesskthbain elderly adults using four
groups. One consisted of adapted physical actyitiee second group trained on the Wii fit, the
third group used a combination of both trainingetypand the fourth group did no training.
Toulotte et al. found that after 20 weeks of tnagnonce weekly, all training groups had
significant improvement in static balance alongwaénter of gravity (Toulotte, 2012). Using
the Nintendo Wii Fit to gain balance improvemesta relatively new-found tool. Although, as
seen in the previous paragraphs, there are ayafistudies that show it is capable of making
improvements similar to traditional balance rehgddibn.

2.6 ENJOYMENT AND BALANCE TRAINING

An individual's enjoyment has been found to inceeastivation to complete more
tasks (Agmon 2011; Betker et al. 2007). Betkel.eised a center of pressure controlled video
game system in order to improve dynamic balanc¢brge patients with brain tumors and
traumatic brain injuries. Researchers focused mnfoihm of rehabilitation to see if motivation
increased because of the challenge of the gamearbigrbalance was assessed with four trials of
20 seconds standing on foam, on the floor, andistgrwith a variety of head and arm
movements. A decrease in fall rates were showthd@gubjects, along with enjoyment noted
through increased motivation of the participantsdamplete the balance exercises (Betker,

2006).
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Agmon (2011) also found high enjoyment levels va#tients using the Wii Fit for
balance rehabilitation. He examined five elderluleslwho played the Wii at home three times a
week for 30 minutes for three months. They wereedsk complete charts of their game play
along with an enjoyment log immediately followingrge play. Balance was measured using the
Berg Balance Scale, four meter timed walk test, @mngsical activity enjoyment scale. Both
walking speed and Berg Balance Scale scores irenteabng with participants expressing
increased balance. This study not only demonstiatpcovements in balance with the Wii Fit
balance program, but also high enjoyment and usalalels for the patient (Agmon, 2011).
Daniels et al. (2011) had volunteer, pre-frail olddults participate in two different forms of
rehabilitation. The volunteers were organized thtee groups: a control group, a seated
exercise group, and a Wii rehabilitation group. daécomes examined included:

Senior Fitness Test, Body Weight, Balance Efficacgle, CHAMPS, Late-Life Function and
Disability Index, and MOS SF-3n pre-frail older adults, researchers noted aneiase in
balance confidence over 15-weeks of game playgalath high enjoyment levels throughout
the game play period. Improvements in the outcoreasures were seen in both the seated
exercise group and the Wii group over the controlg.

2.7 BALANCE MEASURMENT TOOLS

2.7.1 Balance Error Scoring System

The balance error scoring system (BESS) test waigjded to provide a portable, cost
effective, and objective measures of assessingi@stability (Riemann, 1999). The BESS test
has moderate to good reliability (alpha > .72) ([B&#11). The test involves the subject standing
in three different stances (feet together, tand@amce, and single leg stance) on both a firm

surface and a foam surface. While the subjectrif®puring the six stances, errors are counted.
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Errors are tallied if the subject moves their haoifi®f their iliac crests, opens their eyes, steps
stumble or falls, abductions or flexes their higdired 30 degrees in single leg stance, lifts the
forefoot or heel off of the testing surface, or eans out of the proper testing position for greater
than 5 seconds (Bell, 2011). The average numbeirrofs for 20-39 year old individuals and
healthy control groups was 10.93 errors for the BEt (Bell, 2011). Although the BESS test
itself will not be utilized throughout this studiae error scoring system will be used throughout
the TRAD progression.

2.7.2 Star Excursion Balance Test

The star excursion balance test (SEBT) offers playmeliable, and low cost option for
investigating dynamic balance when compared toratigge expensive tools that are used
(Rasool, 2007; Cohen, Blatchly, & Gombash, 1993td¢let al., 2000; Olmsted, Carcia, Hertel,
& Shultz, 2002). The SEBT forces the subject toupstheir equilibrium to the maximal
amount. The SEBT is a functional test that posgithe patient on one leg. The subject stands at
the center of a grid and reaches in eight diresttbat all extend in 45 degree increments from
the center of the grid. Anterolateral, anterioteamnmedial, medial, posteromedial, posterior,
posterolateral and lateral are the directions titgests are asked to reach. In one study, subjects
were given a visual and verbal demonstration otéiseand allowed six practice trials in each
direction before data collection in order to redtlezlearning effect (Hertel, 2000). After
further research into the number of practice triRigbinson et al. (2008), found that the number
of practice trials can be moved from 6 to 4 withahange in validity of the test. During testing,
they were told to touch lightly as far as they coallong the line with their toe while keeping the
heel of the opposite foot firmly planted in the w#rof the grid and their hands on their iliac

crests. The subjects were allowed three touchegyaach line and the farthest touch was
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recorded. After each reach ther a 15second rest period. If the subject did not follarotocol
the measurement wasscarded (Rasool, 20(. The intraelass correlation coefficients shc
reliability for the SEBT is anywhere from -.87 depending on which direction the sub
reaches. The intreester values (intraclass correlation coefficientdgulated for each directic
were as follows: Anterior =96, Anteromedial = .95, Medial = .97pBteromedi: = .97,
Posterior = .98, Posterolatera .97, L = .96, and Anterolateral 84 according to Hardy
(Hardy, 2008)

One study used the SEBT to assess improvemenitsgie $2g dynamic stability in 3
adult males. The participants were divided int@atml| and traditional balance training grc
and were evaluated at baseline, 2 weeks, and 4swé&hkir protocol forhe SEBT consisted ¢
eightreach directions with 15 seconds rest in betweeh ezach and three chances at ¢
reach. If there was a mistake by the participlaatsicore was discarc. This study conclude
that a progressive single leg dynamic baleprogram can improve balance in a short amou
time (Rasool, 2007).

Another study which assessed SEBT scores betwedt-aged and midd-aged women
in order to determine dynamic balance differencesd that the younger women were abl
reach father by seven centimeters (Bouillon, 2007). The SEBE the only measure that v
used. The protocol that was followed includedsaual and verbal demonstration of three re
directions that were measured (anteromedial, meaiia posteromedial). Ez participant
warmed up for five minutes on an exercise bikeeylthen practiced the reach four time:
each of the three directions. After a rest, thedldirections were put in a randomized order

the participant performed three trials in eaclection with 10 seconds between trials anc

21



seconds between directions. If the participantlbasince the trial was repeated (Bouillon,
2007).

Gribble performed a systematic review regardingSE&T and its role in determining
dynamic stability (Gribble, 2012). Gribble foundatht should be considered a highly
representative, non-instrumented dynamic balarstdde physically active individuals. The
SEBT has been shown to be both valid and relialdieshould be used in the clinical setting as a
lower extremity functional test (Gribble, 2012).

One of the issues with using the SEBT is in regawd®w many times the subject should
reach in each direction. A study by Demura and Yéa{2011) examined the SEBT, but
condensed it down to four directions with threechess in each direction. The reach directions
were anterior, medial, posterior, and lateral. Tfoeynd that with this shortened version there
was the same intra-tester and inter-tester reifiglais the original version and that this made the
testing much more practical. Kinzey et al. (198Bp performed a study to assess reliability of
the SEBT. Participants performed a pretest andstigsi seven days apart. Participants were
instructed to put both of their feet in the certtex and reach with their right leg anterior and
posterior and with the left leg anterior and pasteiFive consecutive trials were done in each
direction before the participant moved to the risetction. Although they did not find high
reliability the study concluded with practice tetste SEBT may be more reliable (Kinzey,
1998).

2.8 ENJOYMENT SCALE

Enjoyment plays a huge role in not only the amairmxercise a subject will do, but at

the level he or she will complete the task. Thedta} Activity Enjoyment scale (PACES:

Kendzierski & DeCarlo, 1991) is a single factor,liple-item scale used to assess enjoyment of
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physical activity in adults across varying typeerércise. Kendzierski and DeCarlo found the
PACES to have acceptable internal consistency esteré¢test reliability in college students
(2009). A variety of researchers have developedaiscales to evaluate enjoyment at varying
age levels. Raedeke (2013) developed a five itgoyerent measure and found it to show
evidence of factorial validity. This five item quiesinaire is easier and takes less time for the
subject to fill out. This questionnaire includest&tements that the participant must rate on a
scale of 1 to 7. The statements are as follows:

1. lenjoyitto | hate it

2. |feel bored to | feel interested

w

| dislike it to | like it

»

| find it pleasurable to | find it unpleasurable

5. ltis no fun at all to it is a lot of fun

2.9 SUMMARY
Balance is a function that affects people of gésa Clinicians are always trying to find

more enjoyable and interactive ways for the pasiegmimprove their balance rather than the
traditional exercises. Few studies have addreskether a Nintendo Wii Fit balance training
program is just as effective and more enjoyableoiliege-aged individuals compared to a

traditional balance protocol.
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CHAPTER 3
METHODS

3.1 PURPOSE

This section discusses the methodology used tordete whether the Nintendo Wii Fit
balance training program and a traditional baldarmeing program demonstrate improvements
in dynamic balance when compared to a control grobs study also addressed whether the
Nintendo Wii Fit balance training program is morgogable than a traditional balance program.
3.2 RESEARCH DESIGN

A randomized convenience pre- and post- test relsekesign was used to determine
whether the Nintendo Wii Fit balance training pragrimproved balance as much as a
traditional balance training program. It also addezl which training protocol subjects found
more enjoyable. The independent variables in tiidyswere the two interventions groups
(Nintendo Wii Fit balance training and the tradii@ balance training) and a control group. The
dependent variables included dynamic balance (88T and individual SEBT scores) and
enjoyment level.
3.3 SAMPLE POPULATION AND PARTICIPANT SELECTION

This study’s sample population was composed g#t8&ically active, college students
between the ages of 18-28 who volunteered fortinysindividuals were selected if they were
physically active in accordance with the Americasll€)e of Sports Medicine (ACSM)
guidelines of completing at least 150 minutes oflerate intensity exercise or 75 minutes of
vigorous intensity exercise per week (ACSM, 20Vblunteers were excluded if they had
sustained an acute injury or concussion withimsonths of data collection or if they had been

previously diagnosed with a vestibular dysfunctoomeurological disorder
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3.4 INSTRUMENTATION

The Star Excursion Balance Test (SEBT) was usede@sure dynamic balance in t
study.The SEBT offers a simple, reliable, ecost-effective method faxaminingdynamic
balance when compared to otbalance measurement toassich as forceplates, the Bt
Balance Scale, and other clinical balance mea (Cohen, Blatchly, & Gombash, 19! Hertel
et al., 2000; Olmsted, Carcia, He, & Shultz, 2002; Rasool, 20077)he SEB" is a functional
test that positions the patienta singl-leg stance at the center of a grid with eight li
extending outward at 48egree angles from one another. Subjects wereiatstt to do a sing-
leg gquat motion, lightly touch the line with the mosstdl part of their foot, and then return
the start position (see Figure 1). Reach distaraemeasured in centimeter increments that !
marked on the lines (Bouillin, 2011). In the ev#dt the rach was inbetween twc
measurements, the trial was recorded as the ldsdance. In order to be a countable attel
the balancdeg heel must have stayed in contact with the feoa the hands must ha
remained on the subject’s iliac crests at mes. For this study, only thet@rior,posteromedial,
and posterolateralirections were used due to evidence from Hertgyssting these thre
directions are the most reliable (Hertel, 2(. A total SEBT score was determined by averar
the three indiidual direction trials and adding each directiogdther. The intratester value
(intraclass correlation coefficients) calculateddach directiolare as followsAnterior = .96,

Posteromedial = .97 dBterolater: = .97 according to Hardy (2008).
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Figure 1 3 Direction Star Excursion Balance Test
3.4.1 Balance Training Programs

3.4.1.1Nintendo Wii Fit Balance Protocol

The two balance interventions being used were theeNdo Wii Fit balance training
(WII) program and the traditional balance train{iigrRAD) program. The WII training utilized
the Wii Fit software and the Nintendo Wii Fit bateboardThere were four main balance
exercises that involved medial to lateral balaacgerior to posterior balance, and a combination
of multi-directional balance. The first balance e, table tilt, involved trying to drop a
marble into a small hole while controlling the moent of the board on which the marble sits.
The second game was the balance bubble game wémti@gants floated down a river in a
bubble and attempted to avoid hitting the sidethefriver and a variety of other disturbances.
Ski slalom was the third game that involved skidtlogvn a hill and guiding the character between
a series of gates. This game utilized a combinaifdarward leaning to increase speed and side-
to-side leaning to pass through all of the gatée l[ast game was penguin slide where a penguin
slides on an iceberg. The objectives of this garaevo control the iceberg’s movement to both
keep the penguin from going into the water andgo #orcefully change directions to make the
penguin jump and catch fish. All of these gameseveeored by time or points and incorporate

multiple levels of difficulty for the participanbghey can advance.
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3.4.1.2 Traditional Balance Training Protocol

The subjects performing traditional exercises vasieed to perform two exercises
bilaterally. The first exercise was standing tand&ee Figure 2) and the second was standing on
one leg (See Figure 3). All exercises were donbath the left and right leg. Errors were
counted throughout the entire intervention time dredparticipant progresses when 10 or less
errors were counted. Errors were accounted fargusie following criteria as used by the
balance error scoring system test: moving the haffdsf the iliac crests, opening the eyes, step,
stumble or fall, abduction or flexion of the hipybad 30° in single leg stance, lifting the
forefoot or heel off the testing surface, or renragrout of the proper testing position for greater
than 5 seconds. After the subject completed tleecese with 10 or less errors the following
progression was used for both the tandem and dsieglexercise. Solid ground with eyes open
solid ground with eyes closed, solid ground witk®gpen and perturbation, solid ground with
eyes closed and perturbation. If a participantireddhe highest level of progression prior to the
twelfth intervention training session he/she reradion that level for the duration of the
training. The same progression levels were ther @onfoam once they completed all solid
ground progressions with less than 10 errors. Aaeher always worked with the traditional

group in order to progress the participant at ttoper time.

Figure 2 Tandem Stance Figure 3 Single Leg Stance
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3.4.1.3 Enjoyment Questionnaire

A 5 item enjoyment questionnaire was administeoeithé participants after each intervention
session. This 5 item scale was adapted from KerskziandDeCarlo’s (1991) Physical Activity
Enjoyment Scale (PACES) by Raedeke and Amorose3j2(Raedeke and Amorose showed
factorial validity using a confirmatory factor agsis using maximum likelihood estimation
procedures. The original PACES was shown to hagle internal consistency along with
moderate to high test-retest reliability (Kendzigrd991). In the validation studies Kendzierski
utilized one study containing a group who rode xar@se bike under control and external focus
conditions. The other study consisted of participaiding a bike and jogging. The participant
was then given the option for what to do for thkird exercise. The questionnaire utilized in this
study instructed the subject to rate the followingtatements based on the workout they just
completed. They had to rate on a scale of 1 ton7overall enjoyment score was determined by
adding the scores from all five items and thending by five. They rated based on the
following statements:

1. lenjoyitto | hate it

2. Ifeel bored to | feel interested

3. ldislike it to I like it

4. |find it pleasurable to | find it unpleasurable

5. Itis no fun at all to it is a lot of fun

They then rated the following two questions onghme seven point scale from very important
to not important.
1. How important is doing well on this task to you?

2. How important is it for you to improve your balafice
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3.5 DATA COLLECTION AND MANAGEMENT

Participants were recruited through word of moutlkimesiology classes along with
flyers posted around campus and in each athleticitlg room. Participants was asked to contact
the researcher via e-mail with a copy of their nalrmeekly schedule. E-mails were sent to all
volunteers establishing an initial meeting for mh@d consent and SEBT pre-testing. At the first
meeting, the study was described and informed cangas obtained from all participants. The
participants were given the opportunity to ask ¢joas and discuss the details of the study at
this time. Individuals then completed a healthdngtform and an ACSM physical activity
guestionnaire to determine inclusion. Subjects wanelomly numbered in order to conceal their
identities during the testing process.

Once subject inclusion was confirmed by the lesdarcher, SEBT pre-testing was
conducted. Prior to the SEBT all participants watmap on a bike for five minutes and then
removed their shoes and socksach participant followed the same protocol witlaadomized
direction order when performing the SEBT. Eachdlion (@nterior, posteromedial, and
posterolateraljvas done bilaterally before moving onto the nextation. Prior to starting each
reach direction, a visual and verbal demonstraticthe test was given and the participant
completed 3 practice trials. Following the practicals, subjects performed three recorded trials
in accordance with the SEBT protocol with 15 sesorast in between. They followed the same
protocol for their bilateral leg before moving onb@ other directions. A mean of the three trials
was calculated and normalized by subject leg-letmtletermine an individual average reach
distance for the anterior, posteromedial, and polsteeral directions. Leg length was determined
by measuring from the subject’s anterior supetiacispine to the distal tip of the medial

malleolus. Leg lengtivasused to normalize excursion distances by takiegltstance reached
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and dividing by leg length then multiplying by 1(®Bribble & Hertel, 2003; Munro, 2010§or
statistical analysis purposes, a total SEBT sc@® also calculated by taking the sum of the
average scores from all thrdections.

All SEBT measurements were done by two researsistasts who were blinded to the
intervention groups. The first research assistaplagned the procedure, demonstrated it, and
measured reach distances. The second researdamtsgisk the leg-length measurements,
watched for the SEBT errors, and recorded the rdethnces as reported by the first researcher.
Following the completion of SEBT pre-testing, sultgewere randomly assigned to the WII
group (n=30), the TRAD group (n=30), or the con{f@ONTROL) group (n=30). Subjects were
instructed to conceal their group assignments fileerSEBT research assistants.

The TRAD group and WII group met three times a wieeld weeks. Each session took
between 12 and 15 minutes. For all balance traitiiegarticipants removed their shoes and
socks.Each WII subjectvasrandomly assigned to two of the four games to plagach session.
The games were played on a 46 inch TV with therzadoard set up 6 feet from the screen.
They played the two randomized games two times traarhalternated between the two games
until the completion of the 12-minute interventmassion. If they were in the middle of a game
when time elapsed, subjeetsreallowed to complete the game they were currerdyipg and
it was recorded how many minutes they went oVee TRAD group performed their exercises
in one room with a research assistant tallyingntlsaber of errors per training session. The
participant progressed to the next level when tieaghed less than 10 errors per intervention
session. Errors were not counted during the peatimi stageAfter each intervention the
participants completed the enjoyment questionnAineaverage enjoyment score was calculated

for Week 1, 2, 3, and 4, of the intervention taused for statistical analysis.
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Following the final intervention, each participaaturned for SEBT post-testing. The
same protocolvasused as the pre-test. They also completed adimalyment questionnaire
regarding their experience as a whole with therigaddraining intervention.

3.6 DATA ANALYSIS

Descriptive and inferential statistics were usedralyze the data for this study. A 3
Group (CON, WII, TRAD) x 2 Time (pre, post) analysif variance (ANOVA) with repeated-
measures on the Time factor was performed to asgdésences on total SEBT scores.
Additionally, a 3 Group (CON, WII, TRAD) x 2 Tim@(e, post) multivariate analysis of
variance (MANOVA) with repeated measures on Time w@mpleted to determine individual
SEBT test scores in the direction of anterior, @asnhedial, and posterolateral. A 2 Group (WII,
TRAD) x 2 Time (two, and four weeks) ANOVA with regted-measures on Time was used to
determine the difference in average enjoyment sc@ata were analyzed using Statistical
Package for Social Sciences (SPSS) version 19¢dnifi8ance level for all analyses was set at

prior to p < 0.05.
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CHAPTER 4
RESULTS
4.1 OVERVIEW

This research was conducted to investigate whetiNentendo Wii Fit balance training
program is more effective and enjoyable than attoahl balance program in improving
dynamic balance. This chapter describes the deapbgrs of the sample and discusses results
of a 4 week Nintendo Wii Fit balance training praxgy, a traditional balance training program,
and a control program. The results section is desdiin terms of Group (TRAD, WII, control)
and Time (pre-test, post-test). It also discudsedlifferences in enjoyment between the two
balance training groups.

4.2 DEMOGRAPHIC DATA

4.2.1 General Demographics.

A total of 89 (60 females, 29 males) participardgdn the study with 72 (52 females, 20
males) finishing the study. A participant was cdesed to finish the study by completing the
post test and attending at least 10 out of 12 balémaining sessions. The participants who opted
out of finishing the study all had scheduling canél that caused them to not be able to attend
intervention sessions or show up at the testing. ddntrol group consisted of 25 participants,
the traditional group consisted of 25 participaats] the Wii group consisted of 22 participants.
The average age of the participants was 19.2+/4ledfs old. The average weight was 66+/-
1.24 kilograms and the average height was 168.5:871centimeters.

4.3 ASSESMENT OF HYPOTHESIS
H1: The TRAD group and the WII group will show sifigantly increased dynamic balance

compared to the control group based on the tadalestcursion balance test score.
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H2: The TRAD group will show significantly greatenprovements than the WII group for total
star excursion balance test scores. These hymsthesre not supported as there were no
significant improvements in total SEBT scores aatilght leg for the interaction between Time
by Group [Wilks=.981, i 605=.665, p=.518]. The left leg was also not stat&ly significant
forTime by Group [Wilks=.988,{e9=.438, p=.647] for total SEBT. However, there \was
significant difference for the main effect of tirfee the right leg [Wilks = .765,{607=21.17,
p=.000], and a significant difference for the lefy [Wilks=.885, {1 695=9.09, p=.000] for time.
Subjects scored lower post intervention comparguméantervention on both the left and right
leg. There was a statistically significant diffecerfor the main effect for groupJo=5.43,
p=.006] with the TRAD group being higher balancerss than the control group. However, the

control group started at a lower SEBT score (sd#el4v1).

Table 4.1 Total Star Direction Scores for the WIRAD, and Control Groups (Distance in cm)

Intervention Mean SD Mean SD Mean SD Mean SD

(PreL) (PreL) (PreR) (PreR) (PostL) (PostL) (PostR) (PostR)

Control 239.09 16.91 258.28 21.84 243.52 19.68 @PA43. 21.99
TRAD 255.92 17.85 272.06  19.96 265.58  23.37 263.568.62
Wil 24897 222 266.12 20.62 255.74  21.55 257.10 .839
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Figure 6 Total star excursion scores on the left ahright leg for the TRAD and WII groups.
H3: The TRAD group and the WII group will show sifigantly increased dynamic balance
compared to the control group according to indepandtar direction scores.

H4: TRAD group will show significantly greater imgprements than the WII group for
independent star direction scores.

Both these hypotheses were not supported as thereene significant time by group
interactions. Specifically, in the direction of anor, both the right [Wilks'=.988,f¢9=.431,
p=.65] and left leg [Wilks=.996fs0i=.13, p=.88] did not reveal statistical differenéasthe
time by group interaction (see table 4.2). In &ddj there were also no between group
differences for the right ffs0=1.42, p=.25] and left {fs0=2.73, p=.072] leg in the anterior
direction. In regards to the posterior medial clian, there were no significant differences for
the interaction between time and group for thetrf@¥ilks=.983 {2 605=.60, p=.552] and left leg

[Wilks=.986 {2 601=.49, p=.614] . There was a significant differefmethe right leg between
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groups with the TRAD group being higher than thetoa group [f2,697=4.59, p=.013] for the
posterior medial direction. Results revealed adrenvards significance for the left leg for
posterior medial direction ffs0=3.03, p=.054]. Finally, the only interaction talicate a
significant difference was in the posterior latefimection for the right leg [Wilks=.918
f2,6073.13, p=.05]. Specifically, the TRAD group wasgliner than the control group; however,
both groups were lower at the post-test compardet@re-test. There was no significant
difference in the posterior lateral direction foeteft leg [Wilks=.992 } 60=.287, p=.75].
Finally, there was a significant difference betwegenups for both the rightffso= 6.79, p=.002]
and left leg [£,6976.37, p=.003] in the posterior lateral directi®articipants in the TRAD
group were higher than the control group for batright and left leg.

Table 4.2 Individual Star Direction Scores for Wé#, TRAD, and Control Groups

Intervention Direction Mean SD
Control (Pre) Ant 89.19 8.83
Control (Post)  Ant 91.41 6.47
Control (Pre) PM 79.51 9.20
Control (Post) PM 82.52 10.31
Control (Pre) PL 89.56 5.45
Control (Post) PL 70.02 8.58
TRAD (Pre) Ant 92.86 8.26
TRAD(Post)  Ant 9357 6.71
TRAD (Pre) PM 86.18  9.40
TRAD (Pre) PL 93.01  4.99
TRAD (Post)  PL 78.66  9.18
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Table 4.2 (cont'd)

WII (Pre) Ant 93.05 7.88
WII (Post) Ant 93.15 9.49
WII (Pre) PM 81.54  11.80
WII (Post) PM 87.61  9.22
Wil (Pre) PL 91.53 5.15
WII (Post) PL 76.33 7.71

H5: The WII group will have a significantly higher egment level than TRAD group for the
first 2 weeks. This hypothesis was supported agtfjeyment of the WII group (M=5.5089)
was significantly higher than the TRAD group (M=2+168) after two weeks of their balance
training [f1,497=59.01, p=.000].

H6: There will be no difference in the enjoyment lesvatter 4 weeks of balance training
between the WII group and the TRAD group. This hiipsiswas not supported as there was a
significant difference between the two groups. Wié group (M=5.38+53) reported
significantly higher enjoyment scores than the TR@bDup (M=3.37160) after four weeks of

balance training {f 49=155.33, p=.000].
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CHAPTER 5
DISCUSSION
5.1 OVERVIEW
This study found that there were no significantioyements in the star excursion
balance test (SEBT) between the WII and traditigh®AD) group after a four week balance
training program. However, participants in the \Wdllance program reported greater enjoyment
performing their balancing exercises than thogbenTRAD balance program at two and four
weeks. This chapter discusses the relevant fisdiighe SEBT scores and enjoyment levels
between the WII, TRAD, and control groups.
5.2 STAR EXCURSION BALANCE TEST
Overall the SEBT results from the present studycete that there were no differences
between the WII, TRAD and control groups after arfaweek balance program. These results
were similar to Vernadakis and colleagues (2012) véported no differences between a
Nintendo Wii Fit balance group and TRAD balanceugrperforming exercises twice a week
over eight weeks. Bateni (2012) also reported goiicant improvements between a physical
therapy and Wii Fit group, a physical therapy amlgup, and a Wii Fit only group. Similar to
this study the participants performed three sesgp@n week for four weeks. However, these
results are in contrast to other researchers wharted improvements in balance after a training
program (Bieryla & Dold, 2013; Brumels, 2008). Brels (2008) found improvements in the
TRAD group compared to the Dance Dance Revoluaod TRAD group in the anteromedial
and medial directions. While other researchersdaarprovements after three weeks of three
times a week Nintendo Wii Fit training comparedtoontrol group (Bieryla & Dold., 2013).

These contrasting results could be attributed eadifferent methodologies used and sample
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population. Brumels used the SEBT as an intervardgiercise which may have resulted in
greater improvements in participants SEBT scorédewhis study utilized different exercises
for the TRAD group. Bieryla and Dold utilized argiar format in the frequency of game play,
but their patient population was drastically diffet with all participants being over the age of
70.

In regards to individual SEBT scores, there wersigaificant increases from pre to post
balance training between groups; however, overti@pants did demonstrate increases in their
scores clinically. Specifically, the right leg imet posteromedial direction of the WII indicated a
6.93% increase in SEBT score and the TRAD indicatBb3% increase. The left leg
posteromedial direction for the WII indicated a5l increase in balance whereas the TRAD
indicated a 11.2%. These high percentage increasedd demonstrate dynamic balance
improvements that would be noticeable to the patidren performing activities on one leg or in
a compromised position such as the SEBT.

The present study’s findings demonstrated sigafiéncreases in the main effect for
time on total SEBT scores for the WII, TRAD, anchttol group on both the left and the right
leg. These results are also similar to Gil-Gomex @ileagues (2011) who reported significant
differences over time when participants performigttee TRAD exercises or virtual reality
exercises for 21 one hour sessions. These sessaasompleted no more than five times a
week and no less than three times a week. In gasistudy, Baltaci and colleagues (2012) had
patients perform conventional balance training eses or Nintendo Wii Fit balance training
exercises after ACL reconstruction surgery. Altifothere were no significance between
groups, over a period of 12 weeks, patients SEBfescindicated significant improvements. A

study done by Bainbridge (2011) utilized patientsrdhe age of 65 performing Wii Fit balance
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training exercises two times a week for six weelkach session was 30 minutes in length. No
statistically significant changes were indicatethatend of six weeks of training, but clinically
significant improvements were seen in four of taeipipants (Bainbridge, 2011). Despite a lack
of significant results the Nintendo Wii Fit balartcaining program may be clinically relevant.

5.3 ENJOYMENT

The current study found that college students Saanitly enjoyed the WII balance

training program over the TRAD balance traininggveon. These results are similar to other
studies that found participants enjoyed the WIkhae or fit training over TRAD or exercise
programs (Brumels, 2008; Graves et al., 2010). Bpaity, Graves et al. (2010) had patients
perform Wii Fit games, handheld video games, joggand brisk walking and found that the
highest group enjoyment was seen in the Wii FiigrdAnother study focused on virtual reality
balance training and found that participants ergayiizing the Wil more than TRAD
(Brumels, 2008). Therefore, it appears that utigzhe Nintendo Wii Fit results in greater
enjoyment. There are several reasons why partitspaould find the WII Fit more enjoyable
than a TRAD balance program. First the participamy feel as if they are playing a game
rather than performing exercises to benefit thalabce or work out. Due to the Wii Fit
exercises not typically being associated with ptaidiherapy the participants may have a more
positive attitude towards Wii Fit exercises. Thet®ndo Wii Fit is also set up in a way where
scores are kept and after playing each game theetogcores are shown on the screen. This
could create a competitive environment for theipgnts leading them to set goals which could

increase their enjoyment or make the game more ebtive for them.
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5.4 CLINICAL IMPLICATIONS

Despite there being no statistical significancenbwhen examining the balance
interventions, clinicians should still considerngsboth the TRAD and Nintendo Wii Fit to
increase balance. Clinically, college studentsaased their percent SEBT total scores after
performing four weeks of both the TRAD and WII brada protocols. Typical current clinical
protocols are to use a TRAD balance program; howyélve Wii program could be interchanged
with a TRAD program and still obtain similar resultOr in some cases both types of balance
training could be utilized together to give theigats variety.

The high levels of enjoyment when playing the Nmake Wii Fit noted in this study and
other studies suggest that clinicians should et Fit games for balance training. As stated
above, if Nintendo Wii Fit exercises and TRAD exses show the same levels of improvement
in dynamic balance the Wii Fit may be more benafito use due to the patient’s enjoyment.
Moreover, researchers have found that a highelyargat has been associated with participants
performing more tasks (Betker, 2007).

Very few studies have been performed to examinetfeet of Nintendo Wii Fit balance
training on young physically active adults. Theulés of this study indicate that the movements
done on the WII and the TRAD may not be difficulbeigh to significantly enhance dynamic
balance in this patient population. Therefore bagkercises need to be utilized in order to see
improvements with an active population.

5.5 LIMITATIONS
The interpretation of the findings from the pressmty is bound by certain limitations.

The main limitation was the small sample size fhegroup. Although the total sample size
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was large enough, it had to be divided into thegmgate groups leaving less than 30 participants
in each group. This may have attributed to thi& t#csignificant findings in this study.

Another limitation was that the researchers haaksgume that every time a participant
came to complete their balance training and testiag were performing at the best of their
ability. This is not always realistic with a cajle aged population that is very busy and has a
wide range of variables that can affect their frainespecially when the training occurred at
night or in the morning.

When performing the traditional balance exercesesrs were counted in order to
determine when to progress each participant. Dulee subjectivity of the errors and utilizing
different research assistants there was not censigtetween participants. This could have led
to some subjects being progressed faster or slthaarthe other subjects.

Having self-reported enjoyment levels could als@mhother source of limitation. The
participants may have not been honest each tinyectbrapleted their enjoyment questionnaire
and may have changed it based on outside factoray have been possible that the participants
may have also attributed positive events to theadtaining, but the negative events to outside
factors. This can lead to bias when completingetijeyment survey.

One last limitation was due to class scheduleseat@dcurricular activities the
participants could not come at the same time edayy This resulted in varying times for
completing the exercises and testing. Some ppaits may have come right from sleeping,
where others came right from working out. Thislddwave resulted in differing levels of

balance depending on how tired they were.
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5.6 FUTURE RESEARCH CONSIDERATIONS

This research was performed on physically actolleege aged individuals, but in the
future it would be worthwhile to perform a similstudy utilizing injured athletes. Utilizing a
similar study, but having a longer interventionipdralso warrants further research. Typically
in a rehabilitation setting athletes perform rehttion for more than four weeks at a time, in
some cases they can be doing rehabilitation fotoseight months. With a longer intervention
session the training would better resemble that dinical setting. This would also demonstrate
if the improved balance continues throughout theebalance training or if it plateaus after a
certain number of weeks and the training should thteechanged. Finally, future research could
also concentrate on difference in SEBT scores ajayment between male and female
participants.
5.6 CONCLUSION

The results of this study reveal that there wersigoificant differences between SEBT
pre and post tests in the TRAD, WII, and contralugs. The results also indicated that there was
similar balance improvement among the WIl and TRgBup. Therefore both balance training
exercises should be used interchangeably for balkkaming in young physically active adults.
If an injured population was utilized more resultay have been noted due to the lower baseline
balance test scores when compared to the physeetilye population seen in this study. The
current study found that enjoyment scores weredrighthe WII group compared to the TRAD
group. Therefore, to improve compliance and ovdrafipiness of patients during their
rehabilitation using the WIlI may be beneficial. tilately the results of this study revealed that
there is a place for the Nintendo Wii Fit in balani@ining; however, further studies are

warranted on the long term effects of balance iingin
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APPENDIX A
ENJOYMENT QUESTIONNAIRE

THE USE OF THE NINTENDO WII FIT BALANCE PROGRAM COM PARED TO A
TRADITIONAL BALANCE PROGRAM IN PHYSICALLY ACTIVE IN  DIVIDUALS

Please rate how you currently feel about the playsictivity you have been doing according to
the following scales by circling the number thastgescribes your feeling.

lenjoyedit 1 2 3 4 5 6 7 |haied

|feltbored 1 2 3 4 5 6 7 |falterested

| dislikedit 1 2 3 4 5 6 7 Iliked

| found it pleasurable 1 2 3 4 5 6 ITound it unpleasurable
twasnofunatall 1 2 3 4 5 6 TRwasalotoffun
How important is doing well on this task tougo

Veryimportant 1 2 3 4 5 6 7 Not ion@ant

How important is it for you to improve your balafice

Veryimportant 1 2 3 4 5 6 7 Not ionf@ant
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APPENDIX B.

ENJOYMENT QUESTIONAIRE FREQUENCIES
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Figure 9 Individual Likert Responses for the “I FBered/Interested” Question for the WII and

TRAD Groups.
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Figure 10 Individual Likert Responses for the “slike/Like it” Question for the WII and
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Figure 11 Individual Likert Responses for the “h&iit Pleasurable/Unpleasurable” Question for

the WIl and TRAD Groups.
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