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Thesis for the degree of Doctor of Philosophy

THE FEASABILITY OF EVALUATING THE EFFECT OF USING WII FIT BALANCE GAMES TO
TRAIN POSTURAL CONTROL IN CHILDREN WITH CEREBRAL PALSY

Afrah Khalaf Almuwais

The aim of this research is to investigate the usability and potential effect of Wii Fit games as
postural control intervention and Wii Balance Board [WBB] as postural control assessment tool in
clinical rehabilitation for children with cerebral palsy [CP]. Two studies were conducted to
evaluate the intra- and inter-session reliability of the WBB in measuring Centre of Pressure [COP]
path length of children with and without CP. 12 children {mean age 8.75 £ 1.7}, and 12 aged
matched children with CP attended two sessions during one week. Participants were asked to
stand on the WBB on both legs with eyes open [EO2L] and closed [EC2L], and to stand on one leg
with eyes open [EO1L] and closed [EC1L]. The results showed excellent reliability of the WBB COP
length during EO2L [ICC= 0.96] and EC2L [ICC= 0.95] and moderate reliability during EO1L
[ICC=0.65] and EC1L [ICC= 0.794]. However, children with CP were only able to perform double-
leg stance tasks; the WBB COP length achieved excellent reliability during EO2L [ICC=0.92] and
moderate to poor reliability during EC2L [ICC=0.58]. The third study was conducted to test the
methodological feasibility for conducting future randomised controlled trail [RCT] that will
investigate the effect of the Wii Fit balance games training on standing postural control and
functional balance in children with CP. 11 children with CP were asked to attend eight sessions for
four weeks to play with Wii Fit balance games. Participants were assessed pre- and post- Wii Fit
with Paediatric Balance Scale [PBS], Timed Up and Go [TUG] and WBB COP length. The results
found no significant differences between pre and post Wii Fit for COP length [EO2L; p=0.21, EC2L;
p=0.53], PBS [p=0.11] and TUG [p=0.35]. The Wii Fit balance games are feasible and enjoyable
games for children with CP. However, a RCT with larger sample is required to provide evidence
about its effectiveness with children with CP. The feasibility outcomes of this study are to inform

future RCT.
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Chapter 1: Introduction

The importance of conducting this research, what the research is about and how the research
guestions were formed, is presented in this chapter. A simple layout of the three main stages of

the research is also given, including the research aims and objectives

1.1 Why did | conduct this research?

During my clinical experience as a paediatric physiotherapist, | worked with children with cerebral
palsy [CP]. This was because of the high prevalence of CP in Saudi Arabia, and the lack of
community services, at homes or schools, in the Saudi health system. The majority of children
with CP in Saudi Arabia undertake their rehabilitation sessions at hospital clinics. Therefore, my
main treatment goals were to improve children’s independence, facilitate functional activities,
encourage social interaction with the community and provide family-centred service where

parents are partners in the care.

Tailoring a treatment plan to each patient’s needs and preferences is important to achieve
therapy goals. Making the treatment exercises more functional and practiced with everyday
activities, improves the patient adherence to the treatment. In the case of children, the treatment
needs to be creative to inspire them to perform the intended movement. When the child is
motivated to exercise, the training adherence is much higher. Games are usually used in training
children, as they can relate to and benefit from. When a child is involved in a game that captures
his/her attention and the game challenges him/her to perform a certain movement, the therapy
goals may be achieved less painfully. Therefore, selecting a game that a child enjoys and

encourages a specific movement is crucial.

Nowadays, technology has become an essential part of our daily lives. Some of the available
technology, such as video games, can be used in care delivery for children with CP. Using new
videogames, such as Nintendo Wii, can be enjoyable and may improve their functional abilities. In
addition, therapists will save time trying to design exercises that ensure that children have fun
while exercising. Furthermore, these games can be played by more than one player; therefore,
children can play them with their siblings or peers. However, such games have been launched
only recently and new studies need to be conducted to investigate their effectiveness. Therefore,
| was motivated to conduct research on the effectiveness of Wii games on functional balance

improvements among children with CP.
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1.2 What is the research about?

Impairments of the body structure and function, such as range of motion [ROM], strength and
sensation, influence the postural control ability of children with CP. For example, children with CP
have decreased ROM of hip extension and external rotation and ankle dorsiflexion (Lowes et al.
2004), which makes them adopt a crouched posture to respond to balance perturbations (Burtner
et al. 1998) or prepare motor coordination for moving (Thorpe et al. 1998) like typically developed
[TD] children. Additionally, children with CP have sensory impairments in proprioception
sensation, demonstrated as decreased kinaesthesia and joint position sense (Wingert et al. 2009).
These sensation impairments limit their ability to reproduce movements, regardless of their
motor abilities, and contribute to balance impairments. Consequently, children with CP have an
increased postural sway compared to TD children (Rose et al. 2002; Donker et al. 2008). The
impaired balance experienced by CP children challenges their ability to adapt to threats to
balance, which can make them feel unstable. therefore, they prefer sedentary activities with

limited social interaction (Imms 2008).

The Nintendo Wii is an interactive virtual reality video game system introduced in the US and the
UK at the end of 2006. One of the most popular games is Wii Fit, a compilation of fitness game
with many different aerobic, strengthening, yoga and balance exercises. These games are usually
played with the Wii balance board [WBB], because it requires players to shift their weight in
different directions. The WBB is a communication tool, which transfers the data of the player’s

movement to the Wii console.

The weight shifting nature of the Nintendo Wii Fit balance games can be a task-specific training
tool for balance rehabilitation. It was found that to facilitate the plasticity of neuromuscular
systems, an adequate amount of task-specific training may lead to improvements in task practice
(Hornby et al. 2011). When weight shifting practice is considered a task-specific practice,
improvements in standing balance can be achieved (Hartveld & Hegarty 1996). Thus, many
researchers hypothesised that the Wii Fit balance games are effective in improving balance
among adults and children with balance impairments. Most studies found in the literature
concluded that subjects who used the Wii Fit games showed significant improvements in static
and dynamic balance abilities (Chapter 3). These studies were conducted with adults who have
limited balance due to aging, musculoskeletal injuries, neurological deficits or vestibular loss. Only
a limited number of studies have been conducted with children with poor balance due to
different diagnoses, including CP. However, due to the small sample size in the studies conducted
with children with CP, their results cannot be generalised. Additionally, none of these studies had

a randomised control group to show the pure effect of the Wii Fit balance games on static and
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dynamic balance. To the author’s knowledge, there has been no randomised control trial [RCT]
study yet that has investigated the effect of Wii Fit games on both static and dynamic balance of

children with CP.

In addition, the WBB as part of the Nintendo Wii Fit, is a weight sensor plate that communicates
with the Wii console wirelessly about the player’s weight distribution during game play.
Therefore, some researchers investigated the ability of the WBB to provide data that can be used
to calculate centre of pressure [COP] parameters to assess standing balance. Researchers who
were interested in this area have concluded that the WBB provides valid and reliable COP
parameters which are comparable to laboratory force plate (Chapter 3). However, the WBB was
tested with adults, who may show different reliability values than children or patient populations.
Therefore, the WBB needs to be tested for reliability with TD children to establish reliable
reference data standing balance measurement for children. Then, the WBB can be used to assess
balance for children with CP. To the author’s knowledge, thus far, the reliability of the WBB data

has not been tested for children with CP.

As the Wii Fit and WBB work together, | was interested in investigating the capability of including
both of them in clinical rehabilitation for children with CP. Due to the gap in literature regarding
using the Wii Fit games as a balance training rehabilitation tool for children with CP, an RCT is
needed. Therefore, this study was designed to be a methodological feasibility study, which can
inform about the suitability of the methods and procedures for a future RCT with a larger
powered sample. In addition, this study will focus on using both the WBB as balance assessment
tool and its reliability values when testing TD children and children with CP. The main purpose of
the present study is to investigate the usability and potential effect of commercially available

technology as postural control training and assessment tools in clinical settings.

1.3 Research questions

° How feasible it is to conduct a RCT to test the effect of Wii Fit balance games on the

standing postural control and functional balance mobility among children with CP?

° Can the WBB provide reliable measures of standing balance in children with or without

Ccp?
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1.4 Research hypotheses

1- Ho: Children with CP will show no balance improvments highlighted in a decrease in the
COP length during double stance, increase in the total score of the PBS, and decrease in
the time to complete the TUG following four weeks of the Wii Fit balance games training
intervention.

H;: Children with CP will show balance improvments highlighted in a decrease in the COP
length during double stance, increase in the total score of the PBS, and decrease in the
time to complete the TUG following four weeks of the Wii Fit balance games training
intervention.

2- Ho: The WBB will not provide a reliable COP length measure of standing balance among
children with or without CP.

Hi: The WBB will provide a reliable COP length measure of standing balance among

children with or without CP.

1.5 Research design

This research involved three stages (Figure 1.1). In the first stage, a developmental work was
conducted to select the appropriate software to communicate with the WBB. In this stage, two
software programs were evaluated by comparing the COP points detected and weights measured
by the software to certified weights applied on specific points marked on a grid sheet. In the
second stage, two studies were conducted to evaluate the intra- and inter-session reliability of
the WBB and that of the selected software in measuring COP path length of TD children and
children with CP during standing. In the third stage, training with Wii Fit balance games was
conducted for children with CP and the effect of training was measured by calculating the WBB's
COP path length with other functional measures of balance. In the last stage, the main feasibility
study was conducted using a pre- and post-test design. This design was selected to give a
preliminary results of the effect of the Wii-Fit games as an intervention for a small sample size of

children with CP.
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1. * Testing and chosing the apropriate softwear
DeVElOpmentaI to capture data from the WBB

work

 Testing the intra-session & inter-session
reliability of WBB measurements on school-
aged children and children with CP

2.

Reliability
studies

3 e Testing the effect of Wii
' Fit balance training on
Feasability standing postural control
study amoung children with CP

Figure 1.1: Diagram of the study's three stages

1.6 Research aims and objectives

In Stage 1 (Chapter 4), the aim was to determine the validity of the WBB data using different

software after calibration. The objectives were;
e Select the appropriate software to communicate with the WBB.
e |dentify the minimum weight that the WBB can read accurately.
e Find any systematic errors in testing that can be avoided or corrected.
e Design an algorithm to calculate COP length from the WBB’s data

In Stage 2 (Chapters 5 and 6), the aim was to determine the intra-session and inter-session
reliability of the WBB’s data when measuring COP length among TD children and children with CP.

The objectives were;

e Investigate within-day and between-day reliability of the COP length

calculated from WBB with children with or without CP.

e |dentify which balance task is more reliable and practical for children.
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e Compare the results of COP length measured by the WBB between children
with CP and TD children.

In Stage 3 (Chapter 7), the aim was to test the methodological feasibility for conducting future

RCT which will investigate the effect of the Wii Fit balance games training on standing postural

control and functional mobility in children with CP. The objectives were;

Estimate recruitment rate to help in planning recruitment for the future RCT.

Test the methodology in terms of the delivery of the Wii Fit games, including the

duration and intensity of the Wii Fit training and the convenient research settings.

Refine the selection of outcome measures for the ultimate RCT which will test the

effectiveness of the Wii Fit balance games.

Calculate sample size for a larger RCT based on the standard deviation of

potential primary outcome measure.

Record the adherence rate including frequency and duration of each game, and

monitor adverse events.

Gather feedback from children regarding their enjoyment level and the most

games played to identify the most suitable games.

Discuss the feasibility of implementing the Wii Fit games as a rehabilitation tool
and the WBB as an assessment tool for children with CP in clinical and research

settings.

This chapter gave an overview of what this research is about, the main research questions, the

aims of each stage of the research and how the study was conducted. The following chapter will

include background about main concepts on which the research questions are based, such as CP,

postural control development in TD children and children with CP, postural control training and

postural control assessment.
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Chapter 2: Background

This chapter include some background on cerebral palsy, its aetiology, classification and the
impairments that children with CP may have which challenge postural control during standing.
Then, the postural control mechanism is introduced, including biomechanics of standing and
postural control development in TD children and children with CP. Furthermore, the literature on
postural control training is elucidated, including computerised balance training and virtual reality
balance training for children with CP. It includes a section on postural control assessment,
including COP parameters, their reliability, and what factors can influence their reliability. This
section contains an explanation of how postural control can be assessed to address the

effectiveness of rehabilitation interventions.

2.1 Cerebral palsy

CP is one of the most major neuromuscular impairments that affect children. One in every 400
children is affected by CP in the United Kingdom (Blair & Stanley 1997). CP is not a diagnosis but a
group of disorders. This is because only limited information is available regarding its aetiology,
pathology and prognosis. Owing to its complexity and variety of impairments, the definition of CP
has been debated through the years. Rosenbaum et al. (2007, p.9) defined CP as ‘a group of
permanent disorders of the development of movement and posture, causing activity limitations
that are attributed to non-progressive disturbances that occurred in the developing fetal or infant
brain. The motor disorders of cerebral palsy are often accompanied by disturbances of sensation,
perception, cognition, communication and behaviour, by epilepsy and by secondary

musculoskeletal problems.”(Rosenbaum et al. 2007).

211 Aetiology and risk factors

Since CP is defined as a group of disorders that occur in the developing fetal or infant brain, the
aetiology of CP is difficult to identify. This is because of the inability to identify the timing that the
disorder occurs in the brain and the long time lag between the assumed time and CP recognition
(Blair & Stanley 1997). Based on the cases studied in the literature, the aetiology of CP is
associated with various risk factors. Although these risk factors cannot be classified as the causes
of CP, they are aetiologically significant (Blair & Stanley 1997). The following risk factors have

been identified:
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2.1.1.1 Genetic Factors

Familial cerebral palsy can be a result of recessive genes. However, it is rarely found in Western
countries, in contrast to other countries like Saudi Arabia where consanguineous marriages are

culturally acceptable (Al-Rajeh et al. 1991).

2.1.1.2 Pregnancy Factors

It is believed that birth-weight ratio is inversely associated with the risk of CP. This risk increases
with multiple births because they combine two factors: premature delivery and low birth-weight
ratios (Blair & Stanley 1997). A high rate of toxaemia of pregnancy has been observed in the births
of CP children compared to the total population of births, which is considered another risk factor

(Blair & Stanley 1997).

2.1.1.3 Intrapartum Factors

Intrapartum factors produce hypoxia, which may occur due to the malpractice of obstetric
intervention. Birth asphyxia is an exposure-response-outcome sequence initiated by hypoxia,
which can result from inadequate supply of oxygen immediately prior to, during or just after
delivery. Birth asphyxia accounts for 10% of CP in developed countries and over 24% in

developing countries (Blair & Stanley 1997).

2.1.1.4 Post-Neonatal Factors

Post-neonatal aetiology can be acquired up to the age of 5 years. In developed countries, post-
neonatal factors, such as motor vehicle accidents, non-accidental injury and post-operative causes
account for 8% to 18% of CP cases. In developing countries, the percentage may be higher and
causes are infective, anoxic or traumatic, with the majority being septicaemia and meningitis

(Blair & Stanley 1997).

2.1.2 Classification

Clinicians and researchers have long debated how CP should be defined and what causes CP. This
conflict extends to how children with CP should be classified. Traditionally, children were
classified on the basis of clinical descriptions. However, recently, clinicians and therapists have

agreed to use a new, valid and reliable means of classification.

The traditional descriptive classification system of CP was based on the ‘type’ of motor
impairment, ‘topography’ of which parts of the body were affected and the severity of the motor

impairments (Blair & Stanley 1985). Muscle tone characteristics, such as spastic, dyskinetic,
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hypotonic or ataxic, are the main types of motor impairment that have been used to classify CP.
The most common type of motor impairment among CP is spasticity. It is characterised by an
abnormal increase in muscle tone, which limits the control over voluntary limb movement.
Spasticity is recognised with the presence of abnormal resistance to passive stretch, called a clasp
knife effect, hyper-reflex and clonus (Blair & Stanley 1997). Dyskinesia occurs in conjunction with
spasticity and is characterised by the presence of involuntary limb movements in the form of
writhing movements ‘athetoid’, rigid posturing ‘dystonic’ or rapid, jerky movements ‘chorea’.
Hypotonia, which is a decrease in muscle tone, is rarely described as a primary movement
disorder. This is because it is frequently accompanied by intellectual impairment (Blair & Stanley
1997). Ataxia is the fluctuation of muscle tone, causing the inability to control voluntary
movement, which presents in the form of tremors. The distribution of motor impairments is what
is called the ‘topography’, which is the second descriptive classification of CP. This topography
varies among one limb ‘monoplegia’, two limbs ‘diplegia’ {where legs are affected more than the
arms}, ‘hemiplegia’ {where the leg and arm of one side are more affected than the other side}, or
four limbs ‘quadriplegia’ {where both arms and legs are affected equally}(Blair & Stanley 1997).
Moreover, CP is further classified on the basis of the severity of motor impairments as severe,

moderate or mild (Blair & Stanley 1985).

Although these classifications are descriptive, they are not reliable. This is because they are not
operationally defined. For example, the term ‘spastic diplegia’ has variable and imprecise
definitions. Some use it to describe children with CP who are spastic only in the legs, while others
use it to describe children who are spastic in the arms. Although both these sets of children are
categorized as children with spastic diplegia, they can perform very different functions. Therefore,
traditional descriptive classification is not recommended for assessing children with CP because it

is unreliable and may not be suitable to measure the progress of functional performance.

The International Classification of Functioning, Disability and Health [ICF] is the World Health
Organization’s conceptual framework, which is used for classification of health and health-related
domains (WHO 2001). The ICF model covers three main domains; biological ‘impairments’,
functional ‘activity limitations’ and social involvement ‘participation restrictions’ (Gorter et al.
2004). This model provides a useful way of classifying health disorders and designing proper

treatment interventions and outcome measures.

The Gross Motor Function Classification System [GMFCS] was designed on the basis of the ICF
model for CP children aged between 2 and 18 years old (Palisano et al. 1997; Palisano et al. 2006).
It is a five-level classification system (Figure 2.1) used mainly by therapists for assessment,

measurement and prognosis. It classifies CP children on the basis of their self-initiated
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movements, functional limitations and need for assistive devices, such as walkers, crutches and
canes or wheelchairs (Palisano et al. 1997). The GMFCS is a reliable and discriminative system,
which demonstrates validity and clinical utility. It is a standardized international system and has
been translated into approximately 22 different languages. It was initially developed for CP
children aged between 2 and 12 years old (Palisano et al. 1997); however, subsequently, it was
expanded and revised to include adolescents aged between 12 and 18 years old (Palisano et al.

2006).

The GMFCS combines the clinical description of the impairments, including limb distribution and
type of motor impairment, with functional limitations and participation restrictions. It provides a
clinical picture with the level of severity and reliable prognostic information of motor abilities.
There is a statistically significant association between the impairments classification by clinical
descriptions and the functional classification by GMFCS (Gorter et al. 2004). According to Gorter
et al. (2004), 87.8% of children with hemiplegia were classified as GMFCS level | and 7.1% were
classified as level Il. Of the children classified as GMFCS level |, 36.9% had diplegia, whereas 3.4%
had quadriplegia (Gorter et al. 2004). This shows that children with hemiplegia or diplegia tend to
be more functional than children with quadriplegia, who are most represented at GMFCS level V.
This shows the importance of functional classification besides the impairment classification and

how children with the same impairment category may function differently.

10
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GMFCS E & R Descriptors and lllustrations for Children
between their 6™ and 12" birthday

...........................................................................

............................................................................

| GMFCS Level |

Children walk at home, school, outdoors and in the
i community. They can climb stairs without the use

i of a railing. Children perform gross mator skills such
i as running and jumping, but speed, balance and

: coordination are limited

. GMFCS Level II

Children walk in most settings and climb stairs holding
: onto a railing. They may experience difficulty walking

i long distances and balancing on uneven terrain,

! inclines, in crowded areas or confined spaces.

Children may walk with physical assistance, a hand-

i held mobility device or used wheeled mobility over

i long distances. Children have only minimal ability to
perform gross motor skills such as running and jumping.

| GMFCS Level llI

{ Children walk using a hand-held mobility device in
most indoor settings. They may climb stairs holding

: onto a railing with supervision or assistance. Children
i use wheeled mobility when traveling long distances
and may self-propel for shorter distances.

: GMFCS Level IV

i Children use methods of mobility that require physical
assistance or powered mobility in most settings. They
: may walk for short distances at home with physical
assistance or use powered mobility or a body support

: walker when positioned. At school, outdoors and in

i the community children are transported in a manual
wheelchair or use powered mobility.

..........................................................................................................

| GMFCS Level V

Children are transported in a manual wheelchair

: in all settings. Children are limited in their ability

i to maintain antigravity head and trunk postures and
control leg and arm movements.

.........................................................................................................

GMFCS descriptors copyright © Palisano et al. (1997) Dev Med Child Neurol 39:214-23 Illustrations copyright © Kerr Graham, Bill Reid and Adrienne Harvey,

CanChild: www.canchild.ca The Royal Children’s Hospital, Melbourne

Figure 2.1: The GMFCS five levels (Palisano et al. 1997)
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2.1.3 Impairments affecting postural control in children with CP

Children with CP across the GMFCS levels experience a wide range of impairments of the body
structure and function. These impairments include strength, muscle activation pattern, ROM and
sensation. This section only includes the impairments of children with CP classified at GMFCS

levels I-1ll, which affect standing postural control.

2131 Muscle strength

Decreased muscle strength is exhibited by children with CP in ankle dorsi-flexors, plantar flexors,
knee flexors and extensors and hip abductors and adductors (Lowes et al. 2004; Eek & Beckung
2008). This impaired force production is owing to increased muscle stiffness and limited ROM,
which alter the muscle tension curves (Lowes et al. 2004). Thus, it affects the ability to coordinate
muscle timing and force production to balance threats (Burtner et al. 1998; Thorpe et al. 1998;
Lowes et al. 2004). Strength training for ankle and hip muscles may increase ROM and force
production, where ankle or hip strategies can be performed during postural control (Lowes et al.
2004). Muscle strength in children with CP is highly associated gross motor function (Ross &
Engsberg 2007) and walking ability (Eek & Beckung 2008), as classified in the GMFCS. This shows
that muscle strength is essential for standing postural control and weight shifting control during

walking.
2.1.3.2 Muscle activation

Although muscle weakness was detected in children in CP, the onset and pattern of muscle
activation during postural adjustments were compared between TD children and children with CP.
It was observed that children with CP, who had more walking experience, demonstrate proximal
to distal recruitment of the agonist leg muscles, gastrocnemius and hamstring; however, no
significant difference was found in onset latencies of these muscles when compared to TD
children with the same walking experience (Nashner et al. 1983; Burtner et al. 1998).
Furthermore, a coactivation of the agonist and antagonist muscles was demonstrated by children
with CP with a decrease in trunk muscle activation (Burtner et al. 1998). This coactivation may be
employed to stabilize the joints during stance and to compensate the decreased activation of

trunk muscles to increase postural control.

2133 Range of Motion

Children with CP have decreased ROM of hip extension and external rotation, and ankle
dorsiflexion narrows the base of support, which challenges postural control ability (Lowes et al.

2004). Owing to the limited ROM of the lower extremity, children with CP tend to adopt a

12



Chapter 2

crouched posture. This causes poor biomechanical alignment, thereby affecting their ability to
generate effective muscular contractions. Interestingly, when TD children are standing in a
crouched stance posture, their muscle onset latencies are more constrained, their muscle
organization changes from a proximal to distal organization pattern, and the coactivation of
synergistic muscles increases (Weck et al. 1994; Sienko-Thomas et al. 1995; Burtner et al. 1998).
Significant differences are noticed in muscle activation when comparing TD children with children
with CP during their upright stance; however, this difference becomes insignificant when TD
children stand in a crouched posture (Burtner et al. 1998). This emphasizes the importance of

mechanical contributions to postural control regardless of neural pathology.

2.134 Sensation

The somatosensory system, which includes proprioception and tactile sensations, is one of the
three main systems used to maintain balance. Tactile sensation is the ability to localize and
characterize objects with touch. Children with CP exhibit tactile roughness and tactile object
recognition deficits of the upper extremities (Wingert et al. 2008). Proprioception is a modality
that employs inputs from muscle, joints and fibres. It comprises the sense of limb movement
‘kinaesthesia’ and the sense of static joint position (Gandevia et al. 2002). Impairments in
proprioception make children with CP rely heavily on visual input to maintain balance (Liao et al.
2001). Decreases in kinaesthesia and joint position sense are observed among children with CP
(Wingert et al. 2009). Abnormal biomechanical alignment, muscle weakness and increased muscle
tone in children with CP may contribute to providing inaccurate sensations of positions or joints,
leading to conflicting sensory input (Wingert et al. 2009). These sensation impairments contribute

to balance perturbations in children with CP or limit their ability to maintain balance.

In summary, postural control during standing in children with CP is challenged by these
impairments, leading to abnormal balance reactions or mechanisms of stability. Therefore, it is
important to understand postural control mechanisms and its development in TD children in

order to clinically address the postural control mechanisms of children with CP.

2.2 Postural control

2.2.1 Biomechanics of standing postural control

Winter (1995, p.194) defined centre of mass [COM] as ‘the point equivalent of the total body

mass in the global reference system and is the weighted average of the COM of each body
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segment in 3D space’ (Winter 1995). The COM of the human body normally lies at the level of the
second sacral vertebrae (Norkin & Levangie 1992). The centre of gravity [COG] is the vertical
projection line of the COM (Winter 1995), which should fall within an individual’s base of support
[BOS] to maintain balance. Therefore, COM and COG are equally presented and researchers

usually use these terms synonymously. However, COP is different from COM and COG.

The COP is a point location of the vertical ground reaction force vector. It is calculated as a
weighted average of all pressures within the surface area in contact with the ground (Winter
1995). When an individual stands on one leg, COP lies within the foot of that leg. On the other
hand, when an individual stands on both legs, COP lies between the two feet depending on the
weight distribution (Winter 1995). Pedersen et al. (2006) present a figure that illustrates the
differences among COM, COG and COP while standing (Figure 2.2).

Figure 2.2: Biomechanics of standing

COM is represented by the arrow pointing towards the floor
[labelled in the figure as CM], which is known as the line of
gravity, as it points towards the COG. The point marked on
the ground, close to the man’s left foot, represents the COP
[labelled here as CP]. The arrows pointing up from each foot
represent the weight distribution, and the green area
represents the base of support. (Pedersen et al. 2006)

The terms COG and COP are often used interchangeably. Therefore, the relationship between
these two measures needs to be clearly defined to identify the differences between them during
bilateral standing (Winter 1995). Winter (1995) introduced an inverted pendulum model of
balance in the anterior-posterior [AP] direction (Figure 2.3). Figure 2.3 illustrates that COP and
COG are inversely proportional, because when COG moves anteriorly, COP moves posteriorly to
control the COG positioning during stance. This sequence shows that ankle plantar flexors and
dorsiflexors control the body’s COG. Figure 2.3 also demonstrates that the movement of COP is
greater than that of COG to ensure the maintenance of equilibrium. Therefore, a deviation of a
few centimetres of the COG within the toes may not be corrected by the extreme movement of

COP, where stepping may be necessary to prevent falling (Winter 1995).
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Figure 2.3: The relationship between COG and COP during AP sway

Anterior-posterior sway of a subject standing quietly on a force platform during five different points in time,
showing the COG as [g] and the COP as [p] locations from the ankle joint along with the associated angular
accelerations [a] and angular velocities [w]. (Winter 1995)

2.2.2 Postural control development in typically developed children

Balance in the form of stability is the ability to control COM within BOS, which is called postural
control (Horak 1992). Balance can be static by controlling COM movement in the rest position or
dynamic by controlling COM movement while performing a purposeful movement within the BOS.
Understanding the development of balance in children is important to clinically address the
balance impairments of children with CP. The balance development of healthy adults and children
has been studied in literature in relation to the development of the sensory systems and the

development of postural adjustments.
2.2.2.1 Sensory systems

Standing postural control is primarily regulated by the sensory system. The sensory system
includes the visual, somatosensory and vestibular systems, which are integrated to provide

information about the body and the environment with respect to gravity and motion, thereby
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assisting in the maintenance of postural control. This mechanism is seen in adults; however,
children use these sensory systems differently when maintaining their balance, because each of
these systems mature at a different rate (Westcott & Burtner 2004). Therefore, it is important to
discuss the development of standing balance in children from the perspective of the three sensory

systems.

The visual system combined with the somatosensory system is the dominant system for balance
in early walkers (Sundermier & Woollacott 1998) and for children under three years(Shumway-
Cook & Woollacott 1985b; Foudriat et al. 1993). Although children are mostly dependent on visual
information to maintain balance, the visual system is still developing at this stage. Visual system
maturation initially occurs between the ages of 5 to 6 years and subsequently between 11 to 13
years (Hirabayashi & lwasaki 1995). Some recent studies state that children aged between 11 to
14 years have adult-like visual system (Peterson et al. 2006; Ferber-Viart et al. 2007), whereas
other studies indicate that the visual system is fully developed in children between 14 to 16 years

old (Hirabayashi & Iwasaki 1995; Steindl et al. 2006; Cumberworth et al. 2007).

For children of 3 years of age, the somatosensory system is the primary system of balance, with
input from the vestibular system (Foudriat et al. 1993). The somatosensory system is most mature
and adult-like when a child is aged between 3 to 4 years (Woollacott et al. 1987; Hirabayashi &
Iwasaki 1995; Steindl et al. 2006; Cumberworth et al. 2007). The somatosensory system is the

primary system for maintaining balance in children aged six years or older (Rine et al. 1998).

The vestibular system have the slowest maturation process among the other sensory systems. It
works in conjunction with the visual system in children under 3 years old (Shumway-Cook &
Woollacott 1985b; Foudriat et al. 1993) and with the somatosensory system in children aged over
3 years (Foudriat et al. 1993). The vestibular system could be damaged by middle ear effusion, a
condition that commonly affects children (Casselbrant et al. 2000). In children aged between 7 to
10 years, the vestibular system is still developing and has not yet achieved an adult-like pattern
(Rine et al. 1998; Cherng et al. 2001; Nolan et al. 2005; Steindl et al. 2006); therefore, children at
this age cannot rely solely on vestibular input to maintain balance (Woollacott & Shumway-Cook
1990). The vestibular system in children has another period of development between the ages of
12 and 14 years (Steindl et al. 2006; Ferber-Viart et al. 2007). One study found that the vestibular
system is adult-like in terms of standing, based on the postural sway area, in children aged 12
years (Peterson et al. 2006). In contrast, other studies have shown that the vestibular system
continues to develop until the ages of 14 to 16 years (Hirabayashi & lwasaki 1995; Cherng et al.
2001; Cumberworth et al. 2007).
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The three sensory systems are integrated to provide information processed by the brain to inform
the body to react with the environment with respect to gravity and motion. This sensory
integration process directs the motor balance reactions of postural adjustments to maintain
postural control (Ayres 1972). The ability to manage conflicting sensory information during
balance activities improves with age (Peterson et al. 2006). The maturation of sensory systems is
placed at the age of approximately 15 years (Steindl et al. 2006). However, children between the
ages of 3 to 6 years have demonstrated the ability to perform balance activities (Foudriat et al.
1993; Steindl et al. 2006). Although sensory systems develop at different rates in children, the
sensory integration process develops with training because it is a neuromotor learning process
(Ayres 1972). Children were able to response to altered sensory information similar to that of

adults by the ages 7 to 10 years (Shumway-Cook & Woollacott 1985a).

2.2.2.2 Postural adjustments

Postural control adjustments are made according to the changes in COM and BOS, which can be
performed by two mechanisms: reactive postural adjustments [RPA] and anticipatory postural
adjustments [APA]. RPA are adjustments that are made in reaction to an unexpected external
shift in the COM outside the BOS. APA are adjustments that are made for anticipating internal
postural controlling of the COM within the BOS, related to the production of voluntary

movements, such as reaching forward while standing (Westcott & Burtner 2004).

The sensory, motor and musculoskeletal systems coordinate with each other to produce effective
postural control mechanisms (Bernshtein 1967; Horak 1992). As stated above, the sensory system
comprises the visual, vestibular and somatosensory systems. Output from these systems gives
feedback to the individual for making postural adjustments. The motor system processes the
neuromuscular response synergies and organises the appropriate activation of the muscles. The
musculoskeletal system includes muscle strength, range of motion and biomechanical posture.
Therefore, the musculoskeletal system provides the framework to move and produce postural
muscle activity (Shumway-Cook & Woollacott 2001). Therefore, postural control development is
based on the development of the sensory, motor and musculoskeletal systems, although these

systems develop in a non-linear pattern at different rates (Westcott & Burtner 2004).

The development of RPA appears to be innate in the patterns of muscle coordination that are
organised for head control, sitting balance and standing balance. There are periods in RPA
development when some children demonstrate immature muscle co-contraction patterns,
however, adaptable RPA can be achieved with experience and practice (Westcott & Burtner
2004). RPA develops in the stance of infants aged between 7 and 8 months, a time when they

begin to demonstrate ankle strategies (Sveistrup & Woollacott 1996). RPA continues to follow a
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distal to proximal pattern of muscle coordination until the ages of 4 to 6 years (Forssberg &
Nashner 1982). When a child is aged between 4 to 6 years, there is a disorganisation of RPA
development in the standing postural muscle co-ordination patterns. However, it returns to adult-

like patterns and matures gradually between the ages of 7 to 10 old (Forssberg & Nashner 1982).

Development of APA is related to patterns of motor coordination and is more dependent on
practice and learning through experience, which makes APA appropriate for task-specific
movement patterns (Vereijken et al. 1992). APA in standing begins to develop in infants as early
as 10 months, and it becomes more consistent with increasing walking practice (Assaiante et al.
2005). APA is well developed by the time infants are 16 to 17 months (Witherington et al. 2002)

and becomes adult-like by the age of 7 years (Girolami et al. 2010).

2.2.3 Postural control in children with CP

2.23.1 Sensory systems

Only limited research has been conducted on the milestones or maturation of sensory systems in
children with CP; however, some research has explored the impairments of these systems.
Children with or without CP, at the age of three years, depend on visual input while balancing in
standing position. However, children with CP do not process this visual input in the same manner
as children without CP (Woollacott & Burtner 1992). This dependence on vision decreases in

children with CP between the ages of 7 to 9 years (Woollacott & Burtner 1992).

In children with CP, the somatosensory system performs poorly when they attempt to perform
balancing tasks (Nashner et al. 1983; Shumway-Cook & Woollacott 1985a). When a child with CP
stands on an unsteady surface, the sensory input is unreliable (Liao et al. 1997). However, when a
child with CP who is aged between 6 to 7 years stands on a stable surface, the sensory input will
be reliable and their performance may be similar to that of TD children (Cherng et al. 1999).
Although children with CP rely heavily on the somatosensory system, they have difficulties in

switching between systems when the sensory input is unreliable (Cherng et al. 1999).

In TD children, the vestibular system takes longer time to mature. Although only limited research
has been conducted on the development of the vestibular system in children with CP, its
development in such children may be slower than in children without CP. In addition, children
with CP have minimal responses to vestibular input (Takiguchi et al. 1991) and have difficulties in
processing vestibular information (Cherng et al. 1999). Therefore, in contrast to TD children,

children with CP do not consider the vestibular system as a reference system to maintain balance.
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Sensory integration dysfunction is one of the most important problems seen in children with CP.
Besides impairments of the visual, vestibular and somatosensory systems, children with CP
struggle with conflicting sensory information to obtain postural control. Therefore, children with
CP experience some sensory perceptual problems, such as impairment of body image, right-left
discrimination, position in space and visual perception problems and apraxia (Goldcamp 1984). In
general, children with CP react to conflicting sensory information while performing balance
activities in the same manner as TD children under the age of 7 years (Nashner et al. 1983).
Children with CP vary on the basis of the affected body part, severity or functional level, their
balance ability may also vary based on which system is most impaired. For example, CP children
with spastic hemiplegia struggle with muscle activation coordination, CP children with ataxia have
difficulty processing conflicting sensory information and CP children with diplegia face difficulty

with both motor and sensory systems (Nashner 1985).

2.2.3.2 Postural adjustments

2.23.2.1 Reactive postural adjustments

Studies were found in literature that have tested the RPA in children with CP in standing positions
(Nashner et al. 1983; Burtner et al. 1998; Ferdjallah et al. 2002; Chen & Woollacott 2007). Motor,
musculoskeletal and sensory differences, which affect RPA, were investigated by comparing CP

children to TD children.

Motor differences have been noticed in CP children with spastic hemiplegia who demonstrate
poor timing and longer onset latency of muscle activation with proximal to distal, hips to ankle,
patterns (Nashner et al. 1983). Children with CP and spastic diplegia have shown prolonged
durations of muscle activation without clear onsets and offsets. Moreover, non-selective
activation of agonist and antagonist muscles and a decreased activation of trunk muscles were
identified when children underwent tests that examined crouched standing with platform
perturbations (Burtner et al. 1998). When children with CP were tested for balance perturbation,
they were able to tolerate fewer perturbations than TD children (Chen & Woollacott 2007). A
child with CP between the ages of 8 to 13 years may respond to perturbation with similar control
as that of a TD child between the ages of 4 to 8 years (Chen & Woollacott 2007). This shows that

the RPA in children with CP are more delayed and impaired than normal children.

In terms of musculoskeletal differences, children with spastic diplegia tend to adopt a crouched
position, which limits muscle recruitment during balance perturbation in stance (Burtner et al.
1998). The strategies of balance of children with CP have been analysed using COP measures. The

transverse body rotation strategy was observed in children with CP to control anterior-posterior
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sway, which is effective when the ankle control is poor. Furthermore, limb protraction/retraction
strategies were observed to control medial-lateral [ML] sway in CP children. As compared to TD
children, children with CP demonstrate a greater COP path length, mean radial displacement and

slower frequencies of sway (Ferdjallah et al. 2002; Rose et al. 2002).

2.2.3.2.2 Anticipatory postural adjustments

APA were tested in CP children while they were standing and reaching forward (Thorpe et al.
1998; Westcott et al. 1998a; Zaino 1999; Liu et al. 2000). On observing children with CP and TD
children during a stand and reach task, differences were found in postural motor coordination

patterns, postural muscle activation onsets and COP excursion.

Children with CP classified as level | on the GMFCS showed no differences in postural motor
coordination patterns compared to TD children (Westcott et al. 1998a). However, CP children at
level Il showed slower onset times and larger time gaps between the onset of APA and the onset
of reach based on the electromyogram [EMG] readings (Liu et al. 2000). The children at GMFCS
level lll, compared to children at GMFCS level |, showed the earliest activation of anticipatory
postural muscle contractions (Westcott et al. 1998a). Furthermore, children with CP first showed
a greater onset of distal posterior muscle, whereas TD children first showed greater onset of
anterior distal muscles (Zaino 1999). While reaching forward, children with CP appear to move
their COP, with increased COP path length, in ML direction rather than in an AP direction (Zaino
1999; Liu et al. 2000). Children with CP reach forward, while standing, more slowly and in a more
variable pattern than TD children (Zaino 1999; Liu et al. 2000). However, when TD children were
asked to stand in a crouched position and reach forward, their motor coordination pattern was
similar to that of children with CP, who usually adapt their posture(Thorpe et al. 1998). Therefore,
this musculoskeletal difference leads to an altered biomechanical posture, which affects APA

while reaching forward.

In summary, the process of balance development in TD children was used as a reference to
address the abnormal development of postural control in children with CP. This also provides an
insight into the difficulties that children with CP face when maintaining balance. In addition,
postural control impairments in children with CP can be used by therapists to plan for the proper

rehabilitation program including possible effective treatments.
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2.3 Postural control training

23.1 Computerised balance training

The impaired balance experienced by children with CP challenges their ability to adapt to threats
to balance, making them feel unstable. Balance training is part of the physiotherapy treatment
plan for a child with CP. Traditional balance training activities include weight shifting by the
patient ,actively or passively, therapist applying perturbation to the patient’s balance and patient
performing activities on an unstable surface or using a narrow BOS (Westcott et al. 1998b).
Although balance training has been shown to be effective clinically, only limited studies have been
conducted to investigate balance training only for children with CP (Hartveld & Hegarty 1996;
Shumway-Cook et al. 2003; Ledebt et al. 2005; Woollacott et al. 2005). These studies have utilized
computerised balance training , which is different from the traditional clinical balance training.
Two studies have used weight shifting protocols with visual feedback, which is primarily APA

training (Hartveld & Hegarty 1996; Ledebt et al. 2005).

Hartveld and Hegarty (1996) hypothesised that standing balance and weight shifting training on
the moveable Compex board, using home computer systems and games, improves the standing
balance of children with diplegic CP. The study was an AB single-case experimental design. Four
ambulant children, aged 5 to 16 years, were advised to practice multi-directional weight shifting
for 30 minutes per day. Balance was measured by timing bilateral standing without support for
two children and by timing unilateral standing for the other two children. These timing
measurements only reflected the ability to stand longer, which is mainly an endurance measure,
rather than reflecting the children’s functional ability to balance and weight shift. Furthermore,
data was visually analysed through trends of increased and decreased time. Because all four
children demonstrated an increased trend during the treatment period, the improvement in
standing balance was ascribed to the training intervention. Since the study design included only a
single case, the generalizability of the results of this study is limited. However, the study was
conducted in a natural setting and provided a realistic picture of the application of such a

treatment in the daily life of a child with CP.

Ledebt et al. (2005) examined the effects of balance training with visual feedback on stance
postural sway, weight shifting and walking in CP children. Ten hemiplegic CP children, who were
classified as level | on the GMFCS, aged between 5 and 11 years, were randomised into two
groups. Children in the intervention group undertook three 30-minute balance training sessions
per week for a period of six weeks in a laboratory setting. The balance training comprised the

performance of static and dynamic tasks on a stable force plate. The static task involved keeping
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the COP, represented by a red dot, in front of the children at eye level within a target area. The
three dynamic tasks were performed by moving the dot [the COP] towards the target areas in
each task. Children were assessed pre-training, post-training and after four weeks. Standing
balance was assessed by measuring the performance in tasks, whereas walking was assessed by a

four-meter walkway with two force plates.

During static standing, the amplitudes of the COP sway in the intervention group significantly
decreased with time for the forward and backward [p = 0.039 and p = 0.026, respectively]
directions. Moreover, during dynamic standing, the amplitude of the COP sway increased in the
forward and backward [p = 0.002 and p = 0.027, respectively] directions and towards the non-
paretic side [p = 0.021]. The step length asymmetry significantly decreased with time during
walking [p = .021]. The study concluded that balance training for children with CP and visual
feedback increases voluntary weight shifting, decreases postural sway during standing and
decreases the asymmetry in step length while walking (Ledebt et al. 2005). Although the results
provided valuable information regarding the effect of weight shifting on walking, a sample size of

10 is considered small and this has limited the generalizability of the study.

Two other studies have employed perturbation training with a mobile force plate to train RPA in
children with CP (Shumway-Cook et al. 2003; Woollacott et al. 2005). Both studies used the same
training protocol of a moveable force plate {NeuroCom International} with a total of 100
perturbations per day for 4—6 min at a rate of 12-24 cm/s for 5 days. Both studies examined six
children with spastic CP aged between 7 to 12 years with GMFCS level II-l. COP sway area and
time to stabilization were measured following a perturbation on the force plate (Shumway-Cook
et al. 2003; Woollacott et al. 2005) and the EMG recordings of muscle activity were used to
recover stability after perturbations (Woollacott et al. 2005). Shumway-Cook et al. (2003)
reported a significant decrease in the COP sway area and time to stabilization following
intervention [p < 0.01] and after a period of one month [p < 0.01] compared to pre-training.
Moreover, improvements ranging from 2.94% to 11.76% were reported after training in
dimension D [standing] of the gross motor functional measure [GMFM] (Shumway-Cook et al.
2003). According to Woollacott et al. (2005), no change or decreased onset latency for
gastrocnemius and tibialis anterior were observed following perturbation training. Moreover, the
results showed decreased contraction amplitude of the gastrocnemius for hemiplegic and diplegic
children and decreased contraction amplitude of the tibialis anterior for diplegic children

following perturbation training (Woollacott et al. 2005).

Improvements were reported in balance and postural control following computerised balance

training for children with hemiplegic and diplegic CP with GMFCS level I-Il. Specific improvements
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in weight shifting and gait (Ledebt et al. 2005), balance recovery of stability and muscle activation
patterns (Shumway-Cook et al. 2003; Woollacott et al. 2005) and improvements in GMFM were
reported for children with CP (Shumway-Cook et al. 2003). These improvements were seen
immediately after training (Shumway-Cook et al. 2003; Ledebt et al. 2005; Woollacott et al. 2005),
and after one month for children with CP (Shumway-Cook et al. 2003; Woollacott et al. 2005). The
computerised balance training appears to be an effective method for improving balance in
children with CP; however, none of these studies compared computerised balance training to

traditional balance training.

Recently, it has been suggested that postural control training should involve activities to enable
children with CP to explore new movements without an external stimulus through perturbation
challenges (Dusing & Harbourne 2010). Therefore, weight shifting training with visual feedback
while being involved in a fun game without the fear of external perturbations is more favourable
for children with CP. Thus, further research needs to be conducted to investigate how weight-

shifting training for children with CP can incorporate fun activities and video games.

2.3.2 Virtual reality balance training

Virtual reality is a computer-generated environment that utilizes visual and haptic feedback
through the use of displays, headgear, body suits and other peripherals, where a person can
interact and be transported virtually into that environment. The use of virtual reality in
rehabilitation for CP children has been studied in the literature (Reid 2002; Reid 2004; Bryanton et
al. 2006; Brien & Sveistrup 2011).

Reid (2002) proposed a theory of the effect of virtual reality immersion on the self-efficacy of
children with CP. When a child interacts with a virtual environment that is enjoyable, he/she
becomes engaged in that environment. Thus, the child will practice a new movement, creating a
sense of mastery in the activity, leading to an increased feeling of self-efficacy (Reid 2002). In
addition, virtual reality influences the playfulness of children with CP, enabling them to become

creative and challenge themselves, thereby automatically increasing their motivation (Reid 2004).

Bryanton et al. (2006) tested the effect of virtual reality environment on children with CP while
performing strengthening exercises. Ten children with CP {GMFCS level |, II} between the ages of
7 and 17 years old were asked to perform ankle dorsiflexion exercise in both the conventional and
virtual reality settings. The ankle dorsiflexion ROM was calculated with the electro-goniometer.
Children with CP when trained with virtual reality strengthening exercises exhibited an increase in
ankle ROM and control of ankle dorsiflexion compared to when trained with conventional

strengthening exercises (Bryanton et al. 2006). This is due to the feedback from the virtual reality
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where children expressed high attention to the exercise to achieve a score in the virtual game.
Unlike the conventional settings where no feedback is given apart from the therapist’s verbal
instructions. Therefore, children reported a higher level of enjoyment with the virtual reality
exercise programme and parents observed their children’s increased motivation to complete this

exercise programme (Bryanton et al. 2006).

Brien and Sveistrup (2011) studied the use of virtual reality in balance training for children with
CP. Four adolescents with CP and GMFCS level | undertook an intensive daily session of virtual
reality intervention for 90 minutes, 5 days a week. The virtual reality training included dynamic
standing balance, weight shifting in standing, unilateral standing, reaching away from the centre
of gravity, squatting and jumping, and side stepping. Assessments were conducted using the
Community Balance and Mobility Scale [CB&M], six-minutes-walk test [EMWT], Timed Up and
Down Stairs [TUDS] and Dimension E of the GMFM. Visual analysis showed an increase in trends
in response to the intervention in the CB&M scores and 6MWT, which were maintained in the
follow-up phase. All participants showed statistically and clinically significant changes on the
6MWT and CB&M from the baseline to the follow up. It was concluded that short, intense virtual
reality intervention improves functional balance and mobility in adolescents with CP and these
improvements were maintained one month later (Brien & Sveistrup 2011). An intensive virtual
reality programme may be beneficial with increased frequency and magnitude. However, it may

not be practical to train for 90 minutes daily, at home or at a clinic.

Active gaming systems, which are considered a form of virtual reality because they provide visual
feedback, are less costly than true custom-designed virtual reality systems. This has evoked
researchers’ interest in gaming’s clinical effects, which resemble the effects of virtual reality . The
advantages of active gaming systems are as follows: 1) they are commercially available systems,
2) they can be used for home exercise programmes and 3) they provide opportunities for children
with disabilities to participate with their TD peers. The Nintendo Wii is an example of an active

gaming system that can be used for children with CP.

The nature of Wii games offers some sensory information that the child learns to react with a
motor task. For example, the display of a game character and game instructions provides the
visual sensation, the sounds and music provide the auditory sensation, the movement of limbs
during the game provides proprioception sensation and the sense of legs on the WBB provides
tactile sensation. All this sensory information which the child gets from playing the Wii games is
used to achieve a motor voluntary movement to play, and the sensation feedback the child

receives from the game directs his/her movement by showing how the players score points. The
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cycle of sensory information that the children get from the virtual reality world allows them to

interact and learn.

In summary, postural control training should incorporate activities that enable children with CP to
explore new movements without an external stimulus. There is an evidence to show that
computerized balance training with virtual reality is effective for children with CP. Active gaming,
such as the Wii game, is a form of virtual reality that can be used for balance training for children
with CP. These possible rehabilitation interventions needs to be assessed for effectiveness.
Therefore, considering how postural control can be assessed and what outcomes can be used to

indicate postural control needs to be discussed.

2.4 Postural control assessment

24.1 Postural sway

The oscillation of the COM or COG over the BOS is called postural sway (Alexander & Pier 1998).
This oscillation is controlled by the postural control system, presented in the position of COP.
Therefore, changing the position of COP over time is a commonly used measure of postural sway,
which has implications regarding the nature of the neurological and biomechanical mechanisms of
postural control (Winter 1995; Lafond et al. 2004). Postural sway is affected by numerous factors
and disorders, such as injury, aging and pathology, which alter the body’s ability to adapt to
changing stimuli. These interruptions to the postural control system lead to abnormal postural
responses, instability or unsteadiness and impaired reaction times (Alexander & Pier 1998).

Accordingly, they increase postural sway when an individual is standing upright.

The COP movement during standing, which represents postural stability, is mainly assessed using
a force plate (Samson & Crowe 1996). Several force plates have been developed to quantify
postural stability (Lafond et al. 2004). During bilateral standing, the COP falls between the feet;
however, it varies depending on the weight distribution of each foot (Winter 1995). When one
force plate is used, the net COP is the available output. However, when two force plates are used,
two separate COPs under each foot will quantify the changes of the COP within each foot (Winter
1995). In this case, the location of the COP under each foot represents the neural control of the
ankle joint muscles. For example, the COP will move anteriorly during ankle plantar flexion and
posteriorly during dorsiflexion. Moreover, the COP will move laterally depending on inversion and

eversion of the ankle joint (Winter 1995).
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COP measurements include the speed of COP movement over time ‘COP velocity’, length of COP
points travelled over time ‘COP path length’ and area that COP moves within ‘COP sway area’
(Kuukkanen & Malkia 2000). These measurements or parameters of COP have been used in the
literature to identify the differences in sway with regard to age groups, sensory conditions,
pathology and its association with the risk of falls (Overstall et al. 1977; Mizrahi et al. 1989; Nies &
Sinnott 1991; Lafond et al. 2004; Demura et al. 2005; Lin et al. 2008).

24.2 Postural sway in children

When comparing children and adults, children were found to have an increased and more
variable postural sway at a higher velocity than adults (Forssberg & Nashner 1982). This may be
due to incomplete maturation of the sensory systems. Therefore, postural stability increases with
age in the form of decreased variance, velocity and frequency of COP sway during standing
(Odenrick & Sandstedt 1984; Riach & Hayes 1987; Taguchi & Tada 1988; Riach & Starkes 1994;
Wolff et al. 1998).

The age of when children start to show a decrease in postural sway was debatable between
researchers. Riach & Hayes (1987) found that postural sway amplitude of the root mean square
[RMS] decreases between the ages of 2 to 14 years (Riach & Hayes 1987), while Odenrick &
Sandstedt (1984) found that this decrease occurs between the ages of 3 to 17 years of age.
Similarly, a few studies found that postural sway velocity decreases between the ages of 4 to 15
years (Taguchi & Tada 1988; Riach & Starkes 1994), while another study found that this decrease
occurs between the ages of 5 to 18 years (Wolff et al. 1998). AP postural sway decreases by 5%
and ML postural sway decreases by 25% in children between the ages of 5 to 18 years (Wolff et al.
1998). In addition, postural control develops faster over the AP axis than the ML axis (Hong et al.

2008).

Gender-related differences in the development of postural sway have been studied in literature.
Females between the ages of 9 to 10 years have more ML instability than males (Nolan et al.
2005). However, females develop adult-like AP control with vision between the ages of 12 to 13
years, whereas, males of the same age fail to demonstrate this development. On the other hand,
males develop AP control over two different time periods, that is, at the ages of 9 to 10 years and

15 to 16 years (Nolan et al. 2005).

As discussed earlier (section 2.2.2), due to the development of different sensory systems at
different rates, children undergo transitional periods of postural control at 4 to 5 years (Foudriat

et al. 1993), 6 to 7 years (Baumberger et al. 2004) and 8 to 10 years (Figura et al. 1991). However,
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the theoretical critical age for postural control development in children is between the ages of 3

to 8 years (Forssberg & Nashner 1982; Woollacott et al. 1987; Rine et al. 1998).

243 The reliability of COP parameters

Although they are commonly used, force plates, may be subject to measurement errors. These
errors could be avoided when the equipment is tested for reliability. There are several types of
reliability studies: intra-session, inter-session and inter-ratter (Bauer et al. 2008). The type of
reliability is important when determining the effectiveness of an intervention (Nies & Sinnott
1991; Corriveau et al. 2000; Lafond et al. 2004; Bauer et al. 2008; Hadian et al. 2008; Lin et al.
2008; Santos et al. 2008).

Intra-session reliability refers to immediate test-retest reliability, related to the random variability
of the measurement, and is an indication of the reproducibility of a measure within one session.
This type of reliability is important to determine the effectiveness of the intervention (Corriveau
et al. 2000). Inter-session reliability is the consistency among measures over a set timeframe and
indicates the reproducibility of measurements among multiple sessions, usually on different days
(Corriveau et al. 2000). Inter-ratter or inter-examiner reliability is the ability of different examiners
to conduct a measurement consistently throughout a study. It is primarily related to the ratter
and their data collection protocol. However, owing to the simplicity of the equipment, task and
instructions, this type of reliability is unlikely to be problematic (Corriveau et al. 2000; Santos et

al. 2008).

The majority of reliability studies of postural stability have used intra-session reliability (Corriveau
et al. 2000; Lafond et al. 2004; Bauer et al. 2008; Pinsault & Vuillerme 2009). Only a few studies
have conducted both intra- and inter-session reliability (Lin et al. 2008). Intra-session reliability

has been shown to have higher reliability values than inter-session reliability (Lin et al. 2008).

Although inter-ratter reliability may not be used in COP-based postural control studies, the
protocol and procedure of data collection may be varied. Thus far, no standardised measurement
protocol has been established. Therefore, COP parameters’ reliability has been tested widely in
the literature with different force plates, different feet positions, different number of trials with
different test durations and different COP parameters for each study (Ruhe et al. 2010). The

factors that can possibly affect the reliability of COP parameters’ reliability are discussed below.
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244 Factors affecting the reliability of COP parameters

2441 Subject demographics

Most COP reliability studies show the basic physical differences, such as height and weight and
body mass index [BMI], among the participants tested. The COP parameters, such as mean
velocity or range, are affected by the subject’s height (Chiari et al. 2002) and weight (Hue et al.
2007). Therefore, addressing the link among subjects’ physical demographics and COP parameters

tested is suggested when performing a reliability study (Ruhe et al. 2010).

The reliability of COP parameters was not influenced by gender because most research was
conducted on mixed-gender populations. The COP measures’ reliability was different among
different age groups (Hageman et al. 1995; Doyle et al. 2004; Demura et al. 2008). This is owing to
the variability in the balance ability of participants of different ages, especially among children,
young adults and older adults, where each age group has different mechanisms of postural
control. Therefore, reliability studies performed on an adult population may not necessarily apply

to other age groups.

24.4.2 Experimental setup

The instructions given to participants during testing may influence the results of the COP
parameters investigated (Zok et al. 2008). The most commonly used instructions were either
‘stand quietly’ or ‘stand as still as possible’. Depending on the instruction used, the COP
parameters showed 8-71% variation (Zok et al. 2008). Using the instruction ‘stand as still as
possible’ is recommended because it showed narrower confidence intervals, which indicates a

higher level of reliability (Ruhe et al. 2010).

Ensuring consistency of the standing posture while recording data, including the position of the
feet and arms, is essential in reliability studies. It is suggested that the arm is positioned at the
side of the body, thereby maintaining the natural COP position from a biomechanical perspective

(Ruhe et al. 2010).

Most reliability studies use various foot positions during posturography testing. Some studies
have investigated the effect of the foot position on COP parameter reliability (Hill et al. 1995;
Chiari et al. 2000; Santos et al. 2008). A wide foot position increases the passive stability of the
musculoskeletal system and decreases the active neural control, thereby increasing the reliability
coefficients (Chiari et al. 2000). Based on 25-second recordings, Hill et al. (1995) showed that the
measurements taken when participants are standing with their feet together are less reliable than

those taken when they are standing with their feet apart with an interclass correlation coefficient
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[ICC] <0.55 (Hill et al. 1995). Furthermore, Santos et al. (2008) showed significantly higher
correlation coefficients for normal stance compared to narrow stance based on 7 repetitions of
60-second recordings (Santos et al. 2008). However, a higher reliability value was obtained for
narrow stance than normal stance when data from a single 30-second trial was compared (Chiari
et al. 2000). No standardised foot position should be followed; however, consistency while testing
must be maintained, even though the position of the foot will be altered when stepping on and

off the force plate during breaks (Ruhe et al. 2010).

2.4.4.3 Sampling frequency

Few studies show that the reliability of COP measures is influenced by the chosen acquisition
frequency of the data set (Schmid et al. 2002; Raymakers et al. 2005). Fundamentally, sampling
frequency is the amount of COP points detected while recording. It is expected that the more the
number of COP points detected, the better the analysis of COP movements. In the literature,
sampling frequencies vary from 10 to 200 Hz (Hill et al. 1995; Chiari et al. 2000; Lafond et al. 2004;
Doyle et al. 2007; Bauer et al. 2008; Doyle et al. 2008; Hadian et al. 2008; Santos et al. 2008;
Pinsault & Vuillerme 2009) and COP reliability was found to vary across similar experimental
setups partially due to the differences in the chosen frequencies. Some COP parameters are
sensitive to the selected sampling frequency. For example, mean COP displacement measures,
such as mean velocity or mean amplitude, are less sensitive to different sampling frequencies
(Schmid et al. 2002). When a sampling frequency of 50 Hz was used, the COP mean velocity and
path length was 26.1% greater than when a frequency of 10 Hz was used (Raymakers et al. 2005).
However, the reliability of COP mean velocity was not significantly affected by different
frequencies ranging from 64 to 200 Hz (Doyle et al. 2007; Hadian et al. 2008; Pinsault & Vuillerme
2009). Although the chosen sampling frequency depends on the COP parameters chosen, a

sampling frequency of 100 Hz is recommended (Ruhe et al. 2010).

2.4.4.4 Sampling duration

The number of trial recordings and their duration appear to be important factors in the reliability
of COP measures. The ideal trial duration time has been a subject of debate in the literature.
Earlier studies suggest that sample durations of 10-60 seconds may provide reliable data
depending on the observed COP measures (Goldie et al. 1989; Letz & Gerr 1995; Le Clair & Riach
1996; Schmid et al. 2002). Le Clair and Riach (1996) suggest that a trial duration of 20—30 seconds
will provide reliable data based on the assumptions that standing strategy alternations are
adapted with time and an increased trial duration of more than 30 seconds will increase
variability. Lafond et al. (2004) found that a duration of 60 seconds is sufficient for a reasonable

COP parameter reliability, because there is little difference in the ICC values between trials lasting
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60 and 120 seconds, which means that an extra 60 seconds is unnecessary. In contrast, other
studies have concluded that a duration of 90 to 120 seconds is optimal to reach correlation
coefficients of 20.75 for COP parameters and that 10—-30 seconds is not sufficient to obtain

reliable COP parameters (Carpenter et al. 2001; Doyle et al. 2005; Weir 2005; Santos et al. 2008).

Therefore, in summary, to obtain good reliability for most COP parameters, a sampling duration of
90 seconds is suggested (Ruhe et al. 2010). However, owing to the diversity of COP parameters
measured and the methods used to obtain data, the trials of only the same duration and COP
measures can be compared (Le Clair & Riach 1996). Owing to the possible effects of fatigue or
boredom, especially in a population with balance impairments, increasing the number or duration
of trials in a single day needs to be considered carefully. Moreover, it must be kept in mind that
most of the extant studies involved adult participants, and it may not be possible for participants

belonging to other age groups, such as children or elderly, to stand for more than 60 seconds.

2445 Number of repetitions

Besides trial duration, the number of repetitions is an important factor for gaining acceptable
reliability among COP parameters. These two factors are subjective to the research based on the
population tested. Therefore, the number of repetitions used in reliability studies varied between
two (Kitabayashi et al. 2003), three (Salavati et al. 2009), four (Doyle et al. 2007) and seven
(Santos et al. 2008) repetitions, which yields acceptable reliability for the majority of COP

parameters.

Increasing the number of trials may provide more reliable data; however, in a clinical setting, it is
impractical to ask elderly people or individuals with limited balance ability to perform 7 to 10
trials. Therefore, an average of 3 to 5 trials is acceptable and practical to obtain reliable COP

parameters (Ruhe et al. 2010).

2.4.4.6 COP Parameters

Most COP parameters tested in reliability studies show an acceptable level of reliability with a
variety of degrees between parameters. Studies have shown intra-session reliability results of

different COP parameters.

Extant studies have shown that COP velocity may be the most reliable parameter, whereas COP
sway area may be the least reliable (Lafond et al. 2004). Lin et al. (2008) found greater reliability
values in COP mean velocity, COP sway area and RMS distance. Although both Lafond et al. (2004)
and Lin et al. (2008) used a similar participant group and testing conditions, they used different

statistical analysis methods, which may be the reason for the different reliability values.
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Moreover, Bauer et al. (2008) obtained good to excellent reliability of COP parameters, including

mean sway area, COP length, ML and AP sway.

It is suggested that the fractal dimension be used as a COP parameter because it is different from
traditional COP measures (Doyle et al. 2005). Fractal dimension is a technique used in dynamical
systems, which provides an indication of the complexity of a signal while describing its shape. For
example, a signal with a fractal dimension equal to one means that it is a stationary signal over
time, whereas a signal with a fractal dimension equal to two means that this is a signal that
oscillates equally over time (Doyle et al. 2005). Therefore, the number of fractal dimension
changes describes the changes in signals. This may indicate control strategy changes when
participants are standing by analysing the COP patterns. The reliability of fractal dimension as a
measure for the COP was tested and compared to the traditional COP parameters (Doyle et al.
2005). Doyle et al. (2005) noted that the reliability of fractal dimension as a traditional COP
measure was higher [ICC2,1 = 0.62-0.90] than the reliability of mean velocity, [ICC2,1 = 0.05—
0.71]. However, the sampling duration for recording data was 10 seconds, which is an insufficient
timeframe to gain reliable data (Lafond et al. 2004). In contrast, Santos et al. (2008) showed that
fractal dimension reliability values were comparable to traditional COP measures, with an

acceptable sampling duration of 60 seconds (Santos et al. 2008).

Parameters of minimal, maximal or peak-to-peak readings, which use only one or two data points
of the entire recorded data, should be avoided because they are subject to great variances with
lower reliability values (Ruhe et al. 2010). It can be concluded a sufficient number of repetitions
and adequate sampling duration will ensure acceptable reliability for all COP parameters.
Furthermore, the selection of COP parameters depends upon the specific research purpose. This
should include both distance and time, such as mean velocity or COP length, to gain a reliable

description of the COP excursion(Ruhe et al. 2010).

2.4.4.7 Visual conditions

To maintain balance while standing upright, individuals mainly use the visual system. Therefore,
the absence or presence of visual information has an impact on steadiness. Simoneau et al. (1995)
showed the effect of the visual system on postural control, as measured by the percentage
displacement of the COP, with a 41% increase in COP movement during the absence of vision. This
finding led researchers to investigate the effect of visual information on the reliability of COP
parameters. The results of these studies have shown that the COP parameters measured when
participants’ eyes were closed were more reliable than when their eyes were open (Geurts et al.
1993; Hageman et al. 1995; Chiari et al. 2000; Lafond et al. 2004; Doyle et al. 2005; Doyle et al.

2007; Bauer et al. 2008; Santos et al. 2008). This was surprising because it was expected that
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participants would find it harder to maintain postural stability when their eyes are closed.
However, loss of vision may increase muscle stiffness, which may be the reason behind the high
reliability of measures in the eyes closed condition (Redfern et al. 2001). In addition, this result
may also be owing to the use of improved technical equipment or rigorous scientific procedures in
conducting the studies (Ruhe et al. 2010). The removal of visual input is necessary when
evaluating postural control to detect differences between healthy subjects and those with sensory
impairments, such as vestibular, proprioception or sensory-motor impairments. In addition, it is
recommended that data be collected under both conditions eyes open and eyes closed for

permitting a reliability study or for outcome measurements (Ruhe et al. 2010).

In summary, postural control is mainly assessed with laboratory force plates. Other platforms can
be used as well, however they need to be tested for reliability before they are used for measuring
the effectiveness of a balance intervention. In addition, the factors that can possibly influence the

reliability results should also be considered.

2.5 Summary

Children with CP have presented with postural control deficit owing to a wide range of
impairments of the body structure and function including; muscle tone impairments,
musculoskeletal imbalances and conflicting sensations. In comparison between TD children and
children with CP regarding the reaction to conflicting sensory information while performing
balance activities, children with CP react in the same manner as TD children under the age of 7
years (Nashner et al. 1983). In relation to postural control adjustments, children with CP between
the ages of 8 to 13 years respond to perturbation similarly to TD children between the ages of 4 to
8 years (Chen & Woollacott 2007). While reaching forward, children with CP appear to show
increased COP path length, in ML direction rather than in AP direction (Zaino 1999; Liu et al.
2000). Furthermore, the motor coordination pattern of TD children during standing in a crouched
position and reaching forward was similar to that of children with CP, who usually adapt their
posture (Thorpe et al. 1998). Therefore, children with CP experience daily challenges in
maintaining their balance. This feeling of instability restrict their participation in social activites
with TD peers and make them prefer more sedentary activities (Imms 2008). Consequently,
children with CP would probably benefit from balance training as a part of their rehabilitation,
especially if it covers the three domains of ICF model of impairments, activity limitations and

participation restrictions.
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Weight shifting practice through computerised balance training has been shown to be effective in
improving weight shifting during gait (Ledebt et al. 2005), balance recovery of stability and muscle
activation patterns (Shumway-Cook et al. 2003; Woollacott et al. 2005), and improvements in
GMFM for children with CP (Shumway-Cook et al. 2003) for children with CP. In addition virtual
reality environment increases the feeling of self-efficacy (Reid 2002) and positively influences the
playfulness of children with CP (Reid 2004), thereby enabling them to become more creative.
Therefore, computerized balance training with virtual reality have been shown to be effective in
improving the functional balance mobility and walking ability of children with CP (Brien &

Sveistrup 2011).

Active gaming, such as the Nintendo Wii, is a virtual reality tool that can be used for rehabilitating
different neurological population, including children with CP. Wii Fit games, in specific, includes
balance exercise that train weight shifting with visual feedback. Such games can provide similar
benefits of the computerised balance training with virtual environment for children with CP. In
addition, these games are commercially available where children with CP can share the game with
TD peers, which can possibly increase social participation. However, this possible rehabilitation

intervention needs to be assessed for effectiveness.

Postural control is presented by the movement of COP over time which is called postural sway.
Postural sway has implications regarding the nature of the neurological and biomechanical
mechanisms of postural control (Winter 1995; Lafond et al. 2004). The gold standard laboratory
force plate provides COP parameters to quantify postural control (Lafond et al. 2004). However,
force plates are subject to measurement errors which needs to be tested for reliability before
they are used for postural control assessment. Therefore, when using the WBB as a postural
control assessment tool, it should be tested for reliability as well. In addition, the factors that can

possibly influence the reliability of COP parameters’ results should also be considered.

This chapter has demonstrated a background of the main elements of this research including
children with CP postural control characteristics, what is the possible postural control
interventions and how it will be assessed. This has provided a base of knowledge to direct the
literature behind how to use Wii games as a postural control intervention and WBB as a postural

control assessment for children with CP.
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Chapter 3: Literature review

This chapter includes the literature relating to the research questions and the literature
search strategies. It has two parts, one about the Nintendo Wii games, specifically Wii Fit
games, and the literature relating to using them in rehabilitation of different populations,
including children with CP. The other part is about the literature relating to using the WBB
for balance assessment in rehabilitation, including the reliability and validity of its
measurements. In addition to how the WBB has been used by different researchers as an

assessment tool.

3.1 Nintendo Wii

The Nintendo Wii is an interactive virtual reality video game system, which was introduced
in the US and the UK at the end of 2006 (Blakely & Sabbagh 2006). The Wii comprises a
console, Wiimote and sensor bar (Figure 3.1). The console has a DVD drive for games discs.
The Wiimote is a wireless motion-sensitive controller shaped like a television remote,
which communicates with the sensor bar through an infrared camera within the forward
tip. The sensor bar, which should be placed on top of the television set and plugged into
the Wii, contains very small infrared light-emitting diodes [LEDs]. The Wiimote has an
accelerometer that senses motion and positioning and sends this information to the Wii

console via Bluetooth technology during gameplay.

Sensor Bar

Wii Game Disc
e Wii console

Wii Remote Plus

Your TV at home,

Figure 3.1: The Nintendo Wii set up
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While playing the games, an avatar characterises the player and mirrors the player’s
movements within the virtual environment (Deutsch et al. 2008). Therefore, the player
needs to physically perform the action to control and play the game. This virtual reality
environment provides both entertainment and indoor physical activity. There are various
Wii games that can be played individually or with other players and are suitable for
different age groups. The scores for each player on each game are saved on an secure

digital card in the console.

The most popular Wii games are Wii Fit and Wii Sports (Nintendo 2015). Wii Sports includes
sports games, such as tennis, golf, baseball, boxing and bowling. These games are usually
played using the Wiimote because most of them focus on the movement of the upper
limbs (Figure 3.2). Wii Fit is a fitness game with many different aerobic, strengthening, yoga
and balance exercises, which is usually played using the WBB because it requires shifting
weight in different directions. Both the Wiimote and WBB are tools of communication,

which transfer the data of the player’s movement to the Wii console.

A WiiFit

| B

Figure 3.2: Wii Sport and Wii Fit games

The Wii Fit games were mainly designed for fitness exercises ranging from slow cool down
yoga games to fast worm up aerobic games, in addition to strengthening games for each
muscle group. Yoga and strengthening games are played with an instructions of the avatar
personal trainer, who also demonstrate the exercise. These games mimic the fitness gym

exercises. However, balance and aerobic exercises are played with the Mii character, which
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can be customised to the player preference, and each game has different visual graphics
depending on the purpose of the game. For example, the Mii character in the balance game
‘Penguin Slide’ presented like a penguin which slides over an iceberg to catch flying fishes.
In this game the player stands on the WBB and shifts weight to right and left, representing
the movement of the iceberg that the penguin slides across. Whereas, in the ‘Soccer
Heading’ game the Mii character is a football player resembling the player standing, while
heading the balls thrown at him by other characters. The player shifts their weight
according to whether the balls come from the right or the left. Therefore, the player’s
movement can be different in each game to encourage weight shifting and to focus on

standing balance while the player concentrates on the game.

The WBB is an accessory of the Wii; in particular, it is required to play all the Wii Fit games.
The WBB connects to the Wii console via Bluetooth. The WBB is a pressure-sensitive board
that the player stands on and leans in different directions to control the movement of their
character in the game (Deutsch et al. 2008). The WBB contains four sensors, located on
each corner of the WBB (Figure 3.3), which detect changes in weight distribution in four
directions. The WBB can detect small changes in weight distribution and communicates
with the Wii console to represent these changes to give visual feedback of the player’s
movement. This piece of technology has raised the interest of many therapists because
patients can perform beneficial movements with good visual feedback, all while enjoying
playing a game. Thus, there have been some studies to test the effect of using Wii Fit

games with WBB as a balance training tool for rehabilitation.

Figure 3.3: Wii Balance Board and the location of sensors
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The WBB sensors are used to assess the force distribution and thus COP movements,
similar to a laboratory force plate (Clark et al. 2010). This characteristic of the WBB was of
interest to another group of researchers, who investigated the ability of the WBB to
measure balance and produce valid and reliable data. The WBB possesses technologically
advanced features, and its applicability, portability and low cost have attracted the interest
of researchers. It has been tested as a balance measurement tool both with and without
the Wii Fit game. Therefore, the studies found in the literature are discussed under two
main categories: 1) using the WBB as a balance assessment tool to measure COP
parameters and 2) using the Wii Fit games as balance rehabilitation tools to improve

balance.

3.2 Literature search

The literature search consisted of searching seven main databases which were; AMED,
CINAHL, EMBASE, MEDLINE, Web of Science, PubMed, and Science Direct. In addition to
the University of Southampton database of electronic and print items from subscribed
academic resources, known as ‘DelphiS’. The search terms were divided to four main
searching groups, in each group a list of alternative searching terms. The main four
searching terms were selected from the research title, which were; Wii Fit balance games,
standing postural control, children with CP, and Wii balance board. Each searching term
from each group was used in database search with Boolean operators of ‘or’ or ‘and’ or
both (Figure 3.4). The number of studies found in each database with each search term is

presented in Table 3.1

Studies were selected to be discussed in the literature review, based on the following
inclusion criteria; 1) English language peer review publication between the years 2008 and
2015, 2) studies investigating the use of Wii Fit games as balance training intervention to
improve balance for rehabilitation proposes with populations identified with poor balance
control, 3) studies tested the capability of using the WBB as a balance assessment tool
{including testing the validity and reliability of WBB’ data}, or have used it as an outcome

measure of balance.

However, studies were excluded if they were; 1) poster abstracts, 2) If the study does not

use the Wii Fit games for balance training, but for other purposes, such as fitness, energy
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expenditure, or education, or 3) If the study Includes using Wii games other than Wii Fit
{e.g. Wii Sports or Wii U}, other forms of videogames like Sony PlayStation, or designed
games which are not commercially available. Figure 3.5 presents a flow chart of this

process, highlighting the number of studies selected for the literature review.
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Wii fit balance games

OR

Nintendo Wii

Wii Fit

Balance games

Wii Fit balance training

Wii rehabilitation

anv

Standing postural control

Children with CP

OR

Standing stability

Postural control

Balance

Standing balance

Balance training

Balance rehabilitation

anNv

OR

Children

Cerebral palsy

CP

Child with CP

Figure 3.4: Literature search terms using Boolean logic ‘OR’ ‘AND’
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Table 3.1: The number of studies found in each database with each searching term

Chapter 3

Search term

Articles found in each database

DelphiS AMED CINAHL EMBASE MEDLINE Web of Science | PubMed | Science Direct
1 Nintendo Wii or Wii Fit 515 62 209 1157 291 840 307 128
2 Wii Fit or balance games 2921 60 107 487 139 296 402 604
3 Wii Fit games 196 7 13 42 20 201 82 38
4 land?2 185 31 93 478 115 582 164 23
5 3and4 135 7 13 42 20 392 82 38
6 Wii rehabilitation or Wii fit balance 283 19 43 30 51 372 206 393
training
7 Postural control or standing stability | 58847 825 1622 12221 319 80115 13756 5233
8 7 and 2 186 5 8 54 1 133 100 2
7 and 3 42 1 2 7 0 107 26 7
10 | 7and6 99 2 2 5 0 171 51 2
11 | Standing balance or balance 20031 3727 588 3711 1352 41087 4320 2699
12 | 11and4 138 23 3 25 6 78 27 7
13 | 11and5 79 6 3 2 4 63 12 6
14 | 11and6 296 8 3 5 4 100 26 3
15 | Balance training or balance 69643 374 1456 4043 2053 57599 17633 3526
rehabilitation
16 | 15and1 285 9 45 154 58 401 112 15
17 | 15and3 100 2 5 13 7 201 45 11
18 | 15and6 354 5 19 14 22 442 118 7
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19 | Children with CP or cerebral palsy 110700 2443 8958 71590 21395 81747 25677 5636

20 | 19and1 12 3 9 66 8 56 9 2

21 | 19and?2 32 3 5 34 4 36 16 2

22 | 19and3 5 1 0 8 1 25 3 2

23 | 19and6 9 2 3 4 1 67 12 0

24 | 19and 10 3 1 0 1 0 11 4 0

25 | 19and13 3 1 0 1 0 7 1

26 | 19and 18 8 0 0 1 0 37 5 0

27 | Wii balance board 591 14 49 235 81 145 103 48

28 | Centre of pressure or Center of 695842 743 1505 19193 8915 42964 148684 | 13082
pressure or COP

29 | 27and 28 180 3 9 96 32 104 36 17

30 Force plate or Postural measures 76711 666 809 7226 2608 224910 9109 1953

31 |29and30 86 0 3 29 7 74 19 4

32 Balance assessment 78158 238 535 1410 1215 88794 11641 5904

33 |32and30 4522 15 25 123 59 3423 1128 52

34 |33and?29 716 1 4 1 22 8 3

35 | Reliability and 29 16 3 38 9 30 9 4

Articles selected from each database 2179 42 71 304 112 1889 473 107
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2652

Total number of studies found in
all databases

2181

Number of studies excluded after <
reading abstracts

N

471

Number of studies included

397 <
Number of studies excluded after
reading full text

N

74

Number of studies included in
literature review

Wii Fit games to train balance [52]

Studies conducted with adults [39], including
older adults, adults after knee surgeries,
stroke, Parkinson’s disease, brain injury and
vestibular loss

Studies conducted with children [13],
including children with poor balance relating
to different diagnoses and children with CP

WBB to assess balance [22]

e Studies tested the reliability
and validity of WBB's data [14]

e The usability of the WBB COP
data for different measures [4]

e The validity and reliability of
Wii-Fit balance test and games
scores [4]

Figure 3.5: Flow chart of the process and the final number of studies in the literature

review

43



Chapter 3

33 WBB as a balance assessment tool

Since 2010, when the first study about the ability of WBB to provide valid and reliable
outcomes of postural control was published, increased interest was observed in the
literature. To date, there are 14 studies in the literature that have investigated the validity
and reliability of WBB in providing comparable results to other laboratory measures using
different populations. Four studies presented other benefits of WBB’s COP data in
informing clinical rehabilitation over and above postural control. The use of WBB alone to
measure balance was mistaken with the use of WBB with Wii Fit game scores to assess
balance be some researchers. Therefore, four studies that investigated the reliability and

validity of the Wii Fit game scores and tests as a form of balance assessment are discussed.

3.3.1 The WBB data validity and reliability

Because the WBB communicates with the Wii console through wireless Bluetooth
communication, the WBB can also communicate through Bluetooth with any computer.
Thus, any computer with the appropriate software can be configured to use the data
extracted from the four sensors of the WBB (Young et al. 2011). The chosen software
should have the capability to extract data from the sensors to calculate the resultant COP
coordinates and COP parameters can then be further calculated. In this manner,

guantitative COP parameters can be used in research to measure balance.

Since 2010, the literature relating to the validity and reliability of WBB data for use in
balance assessment has increased. Fourteen studies were identified, of which seven tested
both reliability and validity (Table 3.2), five studies only tested validity (Table 3.3), and only

two tested reliability (Table 3.4).

Twelve studies explored the validity of COP data obtained from WBB when compared to;
laboratory force plate (Clark et al. 2010; Chang et al. 2013; Huurnink et al. 2013; Yamamoto
& Matsuzawa 2013; Holmes et al. 2013b; Bower et al. 2014; Larsen et al. 2014; Park & Lee
2014; Scaglioni-Solano & Aragon-Vargas 2014; Sgro et al. 2014; Abujaber et al. 2015; Pavan
et al. 2015), the Smart Balance Master [SBM] (Chang et al. 2013), the Baropodometer
platform [BP] (Sgro et al. 2014), and clinical functional balance tests (Bower et al. 2014).
The validity results were based on the outcomes analysis of standing on each device {force

plate or SBM or BP} and on the WBB separately (Clark et al. 2010; Chang et al. 2013;
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Holmes et al. 2013b; Bower et al. 2014; Park & Lee 2014; Scaglioni-Solano & Aragon-Vargas
2014; Sgro et al. 2014; Abujaber et al. 2015), or standing on the WBB placed on top of force
plate (Huurnink et al. 2013; Yamamoto & Matsuzawa 2013; Pavan et al. 2015). However,
the study by Bower et al. (2014) was the only one that tested the correlation between the
WBB’s data of COP parameters and clinical functional balance tests, such as the Ten-meter
Walk Test [10MWT], the Timed Up and Go [TUG], Step Test and the Functional Reach test
[FRT]. Seven of these studies tested the reliability and the validity of COP data obtained
from the WBB(Clark et al. 2010; Chang et al. 2013; Bower et al. 2014; Larsen et al. 2014;
Park & Lee 2014; Scaglioni-Solano & Aragon-Vargas 2014; Abujaber et al. 2015). Only two
studies focused on the reliability of WBB’s data relating to weight bearing asymmetry
[WBA] while standing on two WBBs (Clark et al. 2011), and the capability of WBB to reliably

assess balance in adults with impaired vision (Jeter et al. 2015).

The sample size in most studies ranged between 20 and 37 participants, where only three
studies included fewer than 12 participants (Huurnink et al. 2013; Yamamoto & Matsuzawa
2013; Sgro et al. 2014), and one study had 54 participants (Larsen et al. 2014). The
participants recruited for these studies were young healthy adults (Clark et al. 2010; Clark
et al. 2011; Huurnink et al. 2013; Yamamoto & Matsuzawa 2013; Park & Lee 2014, Sgro et
al. 2014; Pavan et al. 2015), older adults (Chang et al. 2013; Scaglioni-Solano & Aragon-
Vargas 2014), older adults with total joint arthroplasty (Abujaber et al. 2015), adults with
Parkinson’s disease [PD] (Holmes et al. 2013b), adults post stroke (Bower et al. 2014), and
children (Larsen et al. 2014). None of these studies compared the reliability and validity
results between populations either based on age or pathology, except for that by Chang et
al. (2013), which revealed that older adults showed higher reliability values than younger
adults. They explained this difference as experience-related and not age-related, where
younger adults have more experience with WBB than older adults. Even though, these
studies presented evidence of the reliability and validity of data obtained from WBB when
assessing balance across all these populations. However the research is still limited to
healthy populations, only Holmes et al. (2013b) have considered adults with PD and Bower
et al. (2014) tested adults post stroke. Therefore, more studies are required to test the

validity and reliability of WBB with patient populations.

Various balance outcomes were calculated based on data obtained from WBB, such as; COP
path length (Clark et al. 2010; Chang et al. 2013; Holmes et al. 2013b; Larsen et al. 2014;
Park & Lee 2014; Scaglioni-Solano & Aragon-Vargas 2014; Sgro et al. 2014; Jeter et al. 2015;
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Pavan et al. 2015), COP velocity (Clark et al. 2011; Huurnink et al. 2013; Bower et al. 2014;
Park & Lee 2014; Jeter et al. 2015), maximum COP sway in AP and ML directions (Bower et
al. 2014; Jeter et al. 2015; Pavan et al. 2015), mean WBA (Clark et al. 2011; Bower et al.
2014), and the vertical component of the ground reaction force [vGRF] (Yamamoto &
Matsuzawa 2013; Abujaber et al. 2015). This shows the flexibility of WBB’s data which can
be used to calculate different outcomes of balance that can be used in assessment.
However, all these laboratory outcomes were derived using different programmed
software and algorithms designed by the researchers of each study. Most of the studies
used custom written software, such as LabVEIW or MATLAB software, whereas only Park &
Lee (2014) designed new user-friendly software called Balancia and showed the validity and
reliability of COP length and velocity calculated using that software. Although the software
and outcomes were different across the studies, the calibration protocol used by all of
them was that suggested by Clark et al. (2010). This is because Clark et al. (2010) were the
first to compare the validity and reliability of the COP path length obtained by the WBB
with the COP path length obtained using a laboratory force plate. Details of the calibration

of the WBB and calculation of the COP are presented in Appendix 1.

The validity and reliability of WBB’s data was tested while participants were performing
different static standing tasks, such as; double-leg stance with eyes open and eyes closed
(Clark et al. 2010; Chang et al. 2013; Holmes et al. 2013b; Bower et al. 2014; Larsen et al.
2014; Park & Lee 2014; Scaglioni-Solano & Aragon-Vargas 2014; Sgro et al. 2014; Jeter et al.
2015; Pavan et al. 2015), feet together double-leg stance with eyes open and eyes closed
(Holmes et al. 2013b), double-leg stance on foam surface with eyes open and eyes closed
(Scaglioni-Solano & Aragon-Vargas 2014; Jeter et al. 2015), single-leg stance with eyes open
(Clark et al. 2010; Chang et al. 2013; Huurnink et al. 2013; Larsen et al. 2014; Park & Lee
2014), single-leg stance with eyes closed (Clark et al. 2010; Huurnink et al. 2013; Park & Lee
2014). In addition, some dynamic standing tasks were also performed during testing, such
as; sit-to-stand [STS] (Bower et al. 2014; Abujaber et al. 2015), mediolateral weight shifting
(Bower et al. 2014), squatting (Clark et al. 2011), and jumping (Yamamoto & Matsuzawa
2013). Most studies were in agreement regarding the results of correlation values during
single leg standing tasks which were lower than correlation values during double-leg
standing tasks. However, Huurnink et al. (2013) showed high correlation between force
plate and WBB with small differences in error when calculating COP length and velocity

during single-leg standing. This shows that the WBB quantifies COP trajectory accurately
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during single-leg stance balance tasks. Therefore, the correlation variability seen in other
studies during single-leg standing tasks is due to intra-subject variability and not the

accuracy of the WBB or its measurements.

The variety of standing tasks presented in these studies, showed the practicality of the
WBB in balance assessment. It also shows the validity and reliability of the WBB outcomes
with different standing tasks. This gives clinicians and researchers more flexibility in
assessing different aspects of stability with healthy and patient population. For example,
the mean WBA calculated by two WBBs during squatting, in the study by Clark et al. (2011),
is a good indicator for symmetrical weight bearing following weight shifting training
especially for hemiplegic patients. However, the validity of the WBA data from two WBBs
may need to be tested before considering it as a clinical measure. Furthermore, the vGRF
calculated during jumping trials in the Yamamoto and Matsuzawa (2013) study, is another
example of quantifying dynamic movement which can be used to evaluate sports

performances.

The use of the WBB as a balance assessment tool has increased widely in literature. The
validity and reliability testing of WBB data to be used in balance assessment has been a
main focus of researchers. The studies discussed earlier have proven the accuracy of WBB
measurements with different connecting software, different calculated outcomes, and
different standing tasks. They all agree that the WBB provides comparable data to the
laboratory force plate, even though there were some differences which were attributed to

the sensitivity of the sensors and different signal processing schemes.
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Table 3.2: Studies testing the reliability and validity of WBB data for balance assessment

Study Sample Aim Measure Methods Validity Reliability
Clark et n=30young | Compare COP data Total COP path 2 sessions, 4 balance tasks; Excellent concurrent validity [ICC = 0.77- Both devices showed excellent test re-
al. 2010 adults from WBB with FP length EO2L & EC2L for 30 sec, EO1L | 0.89]. The SEM [FP range=3.5-10, WBB test reliability [ICC > 0.75] across
& EC1L for 10 sec, on both range = 4-11.4] and MDC [FP range = balance tasks except EO2L task on
devices, 3 trials on each 14.5-34.7%, WBB range = 24.5-29.4%)] WBB [ICC = 0.66].
Changet | n=20young | Test reliability and The average 1 session, 3 balance tasks; The correlation between SBM and WBB The ICC for WBB of the young adults
al. 2013 adults, n=20 | validity of WBB COP length EO2L, EC2L, and EO1L, 3 times | was significantly positive with high [0.19-0.28] and elderly adults [0.7-
older adults | compared to SBM for 10 sec each on both degrees of validity [r > 0.5, and p < 0.05]. 0.97]. The ICC for SBM [0.93-0.99] of
devices both groups.
Bower et | n=30 post Test reliability of WBB | Total COP 2 sessions, 5 balance tasks; COP velocity with EO is the most Excellent test-retest reliability for WBB
al. 2014 stroke adults | standing balance velocity {ML & EO2L & EC2L for 30 sec with significant correlation with FR [-0.61], parameters [ICC 0.82-0.98]. Bland-
measures and its AP}, the WBA, one WBB, WBA, dynamic STS moderate correlation between WBB Altman plots for WBB variables show
correlation with clinical | peak force and dynamic MLWS for 30 sec | dynamic MLWS and Step Test and TUG [- no systematic bias or trends between
dynamic balance tests during STS with two WBBs, 3 trials for 0.53, -0.57] No correlations were found sessions
[1I0MWT, TUG, Step each between the clinical balance tests and
Test and FRT] WBA or dynamic STS force variables
Park & n=20 young | Test the reliability and | The COP length | 3 sessions. 1st: on WBB with 2 | High concurrent validity with strong Inter-ratter & Intra-ratter reliability
Lee 2014 | adults validity and COP assessors, 2nd: on WBB with 1 | correlations for EO2L, EC2L, EO1L and showed strong correlations for EO2L &
velocity assessor, & 3rd: on FP with 1 moderate correlation for EC1L. The Bland- | EC2L and moderate correlations for

of WBB and Balancia
compared to FP

assessor 4 balance tasks; EO2L
& EC2L for 30 sec, EO1L &
EC1L for 10 sec repeated
thrice.

Altman plot showed agreement between
inter-ratter COP path length scores

EO1L & EC1L. The Bland-Altman plot
showed ‘good’ reliability
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Larsen et | n=54 To investigate the COP path length | 1 session, 3 trials of 4 tasks: The concurrent validity was satisfactory The CCC was ranging from 0.76 to 0.83
al. 2014 children [10- | reliability and validity EO2L, EC2L, EO1L dominant, [CCC =0.74-0.87]. The mean difference for WBB and from 0.79 to 0.86 for FP
14y] of the WBB when and EO1L non-dominant leg was highest for EO1L non-dominant leg.
compared to FP for for 30 sec on both the WBB Bland-Altman plots showed larger
children and FP variation in the unilateral tests.
Scaglioni | n=37 older Reliability and validity COP movement | 3 repetitions of 5 balance Excellent concurrent validity Modest to excellent test-retest
-Solano adults of WBB to quantify tasks of mCTSIB; EO2L, EC2L, reliability [ICC0.64-0.85].
& Argon- COP motions during EO2LFS, EC2LFS, and tandem | Bland-Altman plots show agreement
Vergas et MCTSIB tests stance, on both FP and WBB between force platform and WBB SEM and MDC similar for both devices
al. 2014 except EC conditions
Abubajer | n=35 older Test concurrent Peak VGRF & 2 balance tasks; STS and Excellent agreement between the two Intra-session reliability assessed using
et al. adults with validity and reliability inter-limb return STS performed on WBB | methods for peak VGRF[ICC3,3 0.97-0.98] | Cronbach’s alpha between first and
2015 total joint of WBB force symmetry and FP for 3 sec, 3 trials each. | and asymmetry ratio [ICC3,3 0.83-0.88] last trials showed excellent agreement
arthroplasty | measurements percentage during STS and return STS tasks for all measures across 3 trials on the
compared to FP during | ratios WBB [ICC3,1=0.844-0.995]

STS and return STS
tasks

10MWT=Ten Meter Walk test, AP=anterior-posterior, CCC=concordance correlation coefficient, COP=centre of pressure, EC1L=standing on one leg with eyes closed, EC2L=double-leg standing with eyes
closed, EC2LFS=double-leg standing with eyes closed on a foam surface, EO1L=standing on one leg with eyes open, EO2L=double-leg standing with eyes open, EO2LFS=double-leg standing with eyes open
on a foam surface, FP=force plate, FRT=functional reach, ICC=interclass correlation coefficient, mCTSIB=modified Clinical Test of Sensory Integration, MDC=minimum detectable change, ML=mediolateral,
MLWS=mediolateral weight shifting, SEM=standard error of measurements, STS=sit to stand, TUG=timed up and go, vGRF=vertical component of the ground reaction force, WBA=weight bearing
asymmetry, WBB=Wii balance board
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Table 3.3: Studies testing only the validity of WBB’s data for balance assessment

Study Sample Aim Measure Methods Validity
Holmes et n=20 Adults | Test the validity of the WBB | The COP path 1 session, 4 balance tasks performed Excellent concurrent validity across all balance tasks
al. 2013b with PD by comparing it with FP for length twice for 30 sec on each device; EO2L, [ICCs = 0.92-0.98]. Bland—Altman plots showed higher
adults with PD EC2L, and same tasks with feet together mean COP path length on WBB as compared with FP
Huurnink et | n=14 young | The WBB was on top ofa FP | The COP 1 session, 10 trials of 3 balance tasks for The FP and WBB were highly correlated [r>0.996]. The
al. 2013 adults to compare simultaneous velocity and 10 sec each: EOLL, EC1L and single-leg COP trajectories measured during the three balance
COP data during single leg mean sway stance after a short sideways hop. tasks were similar for FP and WBB systems
stance.
Yamamoto n=10young | Test validity of vGRF from The vGRF curve | The WBB was on top of FP, 1 session, 2 Strong and statistically significant linear correlation [r
& adults WBB during jumping jump trials on WBB =0.99] between both devices when assessing jumping
Matsuzawa compared to FP force but not in landings [strong shocks]
2013
Pavan et al. n=28 young | The WBB was on top of a FP | The COP path 1 session, 2 tasks repeated twice for 30 The error between WBB and FP for all measures was
2015 adults to compare simultaneous and AP and ML | sec; EO2L and EC2L. [3%-5%]. Bland—Altman agreement between two
measurements of COP sway | max sway signals from WBB on top of FP.
Sgro et al. n=10 young | Assess validity of WBB Total COP path 2 balance tasks; EO2L and EC2L on WBB Bland Altman plots showed good agreement between
2014 adults versus BP in normal length and BP for 25 sec WBB and BP and the ICC values were; EO2L {ICC2,1=
standing 0.79}, EC2L {ICC2,1=0.83}

AP=anterior-posterior, BP=baropodometer platform, COP=centre of pressure, EC1lL=standing on one leg with eyes closed, EC2L=double-leg standing with eyes closed, EO1lL=standing on
one leg with eyes open, EO2L=double-leg standing with eyes open, FP=force plate, ICC=interclass correlation coefficient, ML=mediolateral, PD=Parkinson’s disease, vGRF=vertical
component of the ground reaction force, WBB=Wii balance board
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Study Sample Aim Measure Methods Reliability
Clark etal. | n=23 young Test reliability of WBA Mean WBA and 2 sessions, 5 continuous squatting trials, Both WBA and COP path velocity assessed with and
2011 adults using two WBBs during | COP path velocity | with each foot on a separate WBB [6 sec without feedback showed excellent reliability
squatting for each limb each], with and without visual feedback [ICC=0.75].
Jeteretal. | n=14 blinded Assess intra-session COP length, COP One session, 2 testing, 4 balance tasks; The COP parameters increased with difficulty of balance
2015 adults & n=21 | reliability of WBB with | velocity and COP EO2L, EC2L, EO2LFS, EC2LFS for 30 sec, 3 task highlighting sensitivity of the WBB [p<0.01]. The
adults with visually impaired structure trials for each task. WBB is reliable when assessing balance in blinded adults

normal vision

adults

[Approximate
Entropy in AP &
ML]

[ICC=0.73-0.95] and adults with normal vision [ICC=0.62-
0.94]

AP=anterior-posterior, COP=centre of pressure, EC2L=double-leg standing with eyes closed, EC2LFS=double-leg standing with eyes closed on a foam surface, EO2L=double-leg standing
with eyes open, EO2LFS=double-leg standing with eyes open on a foam surface, ICC=interclass correlation coefficient, WBA=weight bearing asymmetry, WBB=Wii balance board
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3.3.2 The usability of the WBB COP data

The high technology of the WBB in detecting COP movement while standing has been
shown to be valid and reliable. However, other researchers have looked at other ways of
using the WWB technology. Four studies were found in literature that discussed the ability
of WBB’s COP data to inform clinicians and researchers outcomes other than balance.
These studies used the COP parameters detected by the WBB to address different
therapeutic purposes, such as; predicting falls (Kwok et al. 2015), predicting the suitable
walking aid (Pua et al. 2015), assessing sleepiness (Tietdvdinen et al. 2013), and detecting

postural changes with different visual tasks (Koslucher et al. 2012).

Koslucher et al. (2012) tested the WBB's sensitivity to the effects of visual tasks when
measuring standing sway in ten older adults. The aim of this study was to determine the
ability of the WBB to reliably detect postural changes associated with different visual tasks.
Subjects were asked to stand on the WBB and perform six trials; three involved an
inspection task and other three trials involved a search task. A blank white card was fixed
on the wall for the inspection task, and a card with a paragraph of English text was also
fixed on the wall for the search task. For the search task, the participants were instructed
to read the text and count the number of targeted letters in the text. The assessment was
based on the magnitude of postural variability of the COP movements in the AP and ML
axes for each task and trial. The results showed a significant reduction in positional
variability of the COP in the AP axis during the search task as compared to the inspection
task [p = 0.022] (Koslucher et al. 2012). The search task require more attention than the
inspection task, this may indicate that participants had better control while focusing on
cognitive challenging task. This study was the first to show the effect of visual tasks on the
postural sway dynamics among the elderly. However, the sample size was small to
generalize the findings to a larger population. In addition, the study findings can only be
applied to older adults who have different postural control mechanisms than other

populations.

Tieavainen et al. (2013) investigated the ability of WBB to detect sleepiness in 15 young
adults. Postural steadiness was measured with the WBB every hour for 24 h and
participants were asked to wake up 1.5 h before the first measurement. They were asked

to stand on the WBB for 30 sec with eyes open four times for each measurement. The
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complexity index is a sway measure that describes the regularity of the COP signals. The
results showed a significant decrease in the complexity index during the 24 h of time awake
[p < 0.001], which is associated with impaired postural steadiness. The complexity index
group average was 8.9 +1.3 for alert subjects and 7.9 + 1.4 for sleepy subjects [p<0.001].
The correlation between the complexity index and the alertness estimation was 0.94.
Therefore, the WBB can detect impairment in postural steadiness due to staying 24 h time
awake, when using the complexity index to quantify sleepiness (Tietavadinen et al. 2013).
Although the sample was composed of younger adults, the study findings agree with
Koslucher et al. (2012) that attention is related to postural control. In this study, the
participants demonstrated higher COP irregularity when they were the most sleepy, which
means their ability to pay attention was decreased. Although neither study aimed to test
the reliability or validity of the outcome measures used, they confirmed the usability of the

WBB to evaluate and differentiate postural control according to visual tasks or alertness.

Kwok et al. (2015) claim that COP data from the WBB could predict future falls among
community-dwelling older adults. Standing balance was measured for 73 participant who
are aged between 60 and 85 years. These clinical and laboratory measures included the
COP sway velocity measured using the WBB. Over a one year period, follow up reports of
falling incidences were collected. The results showed 25% of the sample reported a fall in
the past year. There was no statistical difference between the balance measurements of
the non-fallers and fallers groups except for the WBB’s COP sway velocity. The most precise
prediction of falls is the COP velocity in the AP direction; as the COP velocity in the AP
direction increases, the odds ratio of falling increases (Kwok et al. 2015). However, the
number of fallers was significantly lower than the number of non-fallers, which may have

affected the statistical testing.

Pua et al. (2015) designed a prediction model of eight predictors of suitable types of
walking aids for 89 inpatients following total knee arthroplasty. The four walking aids used
in this study were walking sticks, narrow-based quad sticks, wide-based quad sticks and
walking frames. One of the eight predictors was the COP movement in the ML direction
while standing on the WBB. The results showed that three main predictors were significant
in predicting the type of walking aid—sex, BMI and COP ML sway. The higher these
predictors, the more likely that a patient will require a larger walking aid. The mean COP
ML for each walking aid group was: walking stick [0.26 cm], narrow-based quad stick [0.31

cm], wide-based quad stick [0.34] and walking frame [0.44 cm)]. Therefore, the COP sway in
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the ML direction collected from the WBB can be used to classify patients according to the
walking aid required. This could assist clinicians in prescribing the appropriate type of
walking aids for patients following total knee arthroplasty (Pua et al. 2015). Although the
sample size was large enough to make such conclusions, it might be hard to generalize
these results to different patient populations. The sample consisted of patients who had
recently had knee surgery, which affects the standing postural control mechanism; other

surgeries on the hip or ankle joints might affect the standing mechanism differently.

3.3.3 The Wii-Fit balance test with WBB

As mentioned earlier, Wii Fit is fitness game with many different exercises, including
aerobic, strengthening, yoga and balance exercises. Wii Fit features a body test that is
usually conducted prior to playing the game and that measures the player’s weight, BMI
balance and calculates the Wii Fit age. All this data is saved for each character/player on

the secure digital card to enable the players to monitor their fitness progression.

The Wii Fit body test also contains a balance test called the ‘Centre of Balance’ [COB] test,
which gives visual feedback about the location of the player’s COP and percentage of
weight distribution on each side. When an individual stands on the WBB, the screen will
show an outline of the WBB, with a moving red dot representing the individual’s COP
movement. This test takes 20 sec after which a COB score, which is a percentage of weight

on each side, is shown on the screen as an indicator of the right-left symmetry.

The right-left symmetry outcome may be beneficial because it provides feedback during
balance training. However, it does not measure the amount of sway or represent the sway
direction either forward or backward. For example, an individual could show a good right-
left symmetry without showing a quantitative value because their weight distribution could
be in a more forward or backward direction. Furthermore, this test was designed to
provide a general level of balance in a healthy population. The major challenge is to
understand how the COB score is determined in research or clinical settings for different

populations, and whether this score is a reliable and valid outcome for measuring balance.

It should be clarified that the balance data from the WBB that is measured using a
computer software is different from the Wii Fit balance test score that is taken from the
WBB. The WBB communicates with the chosen software to yield data on each sensor

where the parameters of the COP can be calculated. This WBB data has been shown to be a
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valid measure of balance and is comparable to the force plate measures (Clark et al. 2010).
However, when the WBB communicates with the Wii Fit game software for testing balance,
the data cannot be used to calculate the COP parameters because it does not provide the
COP coordinate values. Some researchers have confused the balance data from the WBB
and the balance test score provided by Wii Fit through the WBB. Consequently, following
the results of Clark et al. (2010), some researchers have considered the Wii Fit balance test

to be an outcome measure of balance.

3.34 The validity and reliability of Wii Fit balance games scores and tests

Clark et al. (2010) assumed that the results obtained using the Nintendo Wii, including the
Wii-Fit balance test, could provide valid and sufficient results (Clark et al. 2010). However,
this assumption was based on their results and was not tested. Gras et al. (2009) and
Wikstrom (2012) tested the validity and reliability of the Wii Fit balance test and balance

games scores, respectively.

Gras et al. (2009) compared the reliability and concurrent validity of the Wii-Fit balance test
with that of the NeuroCom EquiTest. Participants were asked to complete the COB test on
the Wii Fit for 20 sec, followed by the NeuroCom EquiTest for 30 sec, which mimicked the
COB test for measuring right-left symmetry. The study results showed that the COB score
was unreliable [ICC = 0.253]; however, there was a correlation between the Wii Fit and the
NeuroCom EquiTest [r = 0.532; p = 0.001] in terms of right-left symmetry. Despite this
correlation, the measurements were not reliable. Therefore, Gras et al. (2009) concluded
that the Wii Fit balance test was neither accurate nor consistent when compared to the
NeuroCom EquiTest. This may be owing to the fact that both instruments were designed
differently; the NeuroCom EquiTest uses a dynamic force plate, whereas the WBB uses a
static force plate. To truly test the validity of the Wii Fit balance test data, it should be
compared with the measurement data of a laboratory force plate. However, the Wii Fit
COB score has been shown to be unreliable (Gras et al. 2009). Moreover, it provides only

one outcome measure, that is, the right-left symmetry.

Besides the Wii Fit balance test, the Wii Fit balance game scores were also used by some
researchers as an outcome measure of balance. However, the game score usually refers to
the targets met by the player in each game and does not refer to the player’s balance

performance. Wikstrom (2012) tested the concurrent validity and reliability and the intra-
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session and inter-session reliability of the Wii Fit balance game scores. A total of 45 young
adults completed two test sessions with a one-week break in between. The first test
session included unilateral standing on a test force plate to measure the COP sway
excursions, the Star Excursion Balance Test [SEBT] to measure reaching distance, which is a
reliable measure of dynamic balance, and some Wii Fit activities. In the second session, 12
Wii Fit activities with various unilateral and bilateral standing tasks were completed. The
Wii Fit balance activity scores and the established balance task outcomes were found to be
poorly correlated [r < 0.50]. This means that the concurrent validity was not established.
Moreover, the Wii Fit balance activity scores demonstrated poor inter-session reliability
with high minimum detectable change [MDC] scores. Wikstrom (2012) concluded that Wii
Fit balance activity scores should not be used as an objective outcome measure or for
monitoring the progress of balance during rehabilitation. However, using Wii or Wii Fitin a

clinical setting was recommended.

In addition, improvements in the game scores were sometimes interpreted as the effect of
Wii fit training. However, this effect was not transferred to performance on the other
balance gaming device, according to the results of Naumann et al. (2015). This study
divided 37 healthy young adults into three groups: 12 in a Nintendo Wii Fit group, 12 in an
MFT Challenge Disc group and 13 in a control group. Participants in both intervention
groups were trained for 30 min per session, three sessions a week for four weeks. Four
balance games were selected for each group from each game system. These games were
similar in terms of their weight shifting requirements; however, the Wii Fit games were
played using the WBB, which is a stable platform, while the MFT Challenge Disc games use
a movable platform. The game scores from each deceive were the main dependent
measures, with the COP measurement obtained using an force plate. The results revealed
that participants who played Wii Fit games showed significantly higher game scores than
when playing MFT Challenge Disc games, and participants who played MFT Challenge Disc
games showed significantly higher game scores than when playing Wii Fit games. This
means that each group performed better on their games that were trained with and did
not perform well on different games. This pattern shows that the balance effect revealed
by the game scores is highly specific to the gaming device (Naumann et al. 2015).
Therefore, the games scores are not good indicators of balance improvement and does not

reflect an effect of training because they are mainly calculated based on time.
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Reed-Jones et al. (2012b) evaluated the correlation between Wii Fit balance tests and
clinical functional standardized tests of balance, mobility and fitness among 34 older adults
with a mean age of 67.115.2 years. The functional tests were a combination of muscular
strength tests with a grip strength dynamometer, muscular endurance using the 30 sec
chair stand and 30 sec arm curl tests, cardiovascular endurance with the 6MWT, functional
mobility with an obstacle course, dynamic balance with the TUG test, and self-reported
balance confidence with the Activities specific Balance Confidence scale [ABCS]. The results
showed no significant correlations between the Wii Fit tests and any of the functional tests,
suggesting that balance test scores on the Wii Fit are not predictors for any of the
functional test performances (Reed-Jones et al. 2012b). However, almost all functional
tests are of a different nature than the Wii Fit balance test. For example, the TUG test and
the obstacle course are dynamic in nature and require different balance skills than the
static standing balance skills required for the Wii Fit tests, whereas static balance tests such
as single-leg stance with eyes open and closed may reveal different correlations with the
Wii Fit tests. The results of Reed-Jones et al. (2012b) agree with those of previous studies

that concluded Wii Fit tests are not recommended for balance assessments.

It can therefore be concluded that Wii Fit games or tests scores are not recommended for
balance assessment due to their lack of reliability and validity outcomes. In addition, the
improvement in games scores are highly specific to the Wii Fit, the effects do not transfer
to other similar games. Furthermore, the Wii Fit balance tests do not correlate with any
functional tests of balance, fitness or mobility. These findings highlighted the importance of
taking care when interpreting results based on Wii Fit test or game scores. However, the
WBB is an independent assessment tool because it can communicate with different

software to calculate COP parameters to measure balance.

3.4 Wii Fit games as balance intervention tool

Physiotherapists have begun using Wii games in their treatment sessions (DiMola 2009),
during which patients can enjoy the game and focus on a certain therapeutic movement.
However, the evidence behind its effectiveness in balance training is still limited. A
literature search revealed 52 studies that have investigated the effect of Wii Fit games on

balance training. This section includes all studies which were conducted with both adult
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and child populations. The adult population included; older adults, adults after
musculoskeletal surgeries, adults with stroke, adults with PD, adults with traumatic brain
injury [TBI], and adults with vestibular loss. The child population included; children with
poor balance due to different diagnoses, such as developmental coordination disorder
[DCD], Down syndrome [DS], developmental delay, lower limb amputation, TBI, migraine
without aura [MoA], and CP. For each population, a group of studies are discussed based
on the study design, the Wii Fit training duration and type of games, the outcome

measures used and the main findings.

3.4.1 Adult population

3.4.1.1 Older adults

Ensuring improved balance for the elderly is a major concern because they are likely to be
more unstable and at a higher risk of falling than younger adults. Numerous researchers
have focused on investigating the effect of balance training on preventing falls and
increasing confidence among the elderly, besides studying balance interventions ranging
from using sophisticated lab equipment to home exercises. Despite this, few studies have
been conducted to investigate the effectiveness of the use of Wii Fit as an intervention for
improving balance among community-dwelling older adults (Williams et al. 2010;
Bainbridge et al. 2011; Williams et al. 2011; Pluchino et al. 2012; Rendon et al. 2012; Singh
et al. 2012; Toulotte et al. 2012; Reed-Jones et al. 2012a; Bieryla & Dold 2013; Singh et al.
2013; Cho et al. 2014), older adults undergoing physiotherapy training (Bateni 2012; Laver
et al. 2012), and older adults living in assisted living residences (Padala et al. 2012; Chao et
al. 2013). Table 3.5 presents the details of the 15 studies that have tested the effectiveness

of Wii fit balance training among older adults.

34.1.1.1 Study design

Of the 15 studies found in the literature, only two are RCTs (Pluchino et al. 2012; Toulotte
et al. 2012). Most are feasibility or pilot studies; 10 are controlled pre- and post-test studies
(Williams et al. 2010; Bateni 2012; Laver et al. 2012; Padala et al. 2012; Rendon et al. 2012;
Singh et al. 2012; Reed-Jones et al. 2012a; Bieryla & Dold 2013; Singh et al. 2013; Cho et al.
2014) and three are pre-and post-test studies without control groups (Bainbridge et al.

2011; Young et al. 2011; Chao et al. 2013).
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The sample size of all the studies was considerably small, ranging from eight participants to
45 participants. This has limited the generalizability of the results to the wider population.
Additionally, most of the studies used unpowered samples, except that conducted by
Pluchino et al. (2012) where the original sample consisted of 40 participants. However, the
sample decreased to 27 participants due to a high dropout rate. Some studies were
conducted on nonhomogeneous samples where there were more females than males, with
only one male in each group (Bainbridge et al. 2011; Williams et al. 2011; Bieryla & Dold
2013), or the whole sample consisted of females (Singh et al. 2012; Singh et al. 2013). This

is not an adequate representation of the older adult population.

Although 10 studies randomly divided participants into groups (Laver et al. 2012; Padala et
al. 2012; Pluchino et al. 2012; Rendon et al. 2012; Singh et al. 2012; Toulotte et al. 2012;
Reed-Jones et al. 2012a; Bieryla & Dold 2013; Singh et al. 2013; Cho et al. 2014), only four
mentioned how that randomisation was conducted (Laver et al. 2012; Padala et al. 2012;
Pluchino et al. 2012; Toulotte et al. 2012). The sample used in Williams et al. (2010) was
not randomised, and there was a significant difference in the characteristics of the groups
at baseline. Additionally, the intervention group was recruited from within the community,
whereas the standard care group was recruited from among participants of a local falls
programme. Participants were recruited in a similar manner in Bateni (2012), in which two
groups of patients who had limited balance ability and were undertaking physiotherapy
treatment were compared to one group of healthy individuals who were carrying out
normal daily activities. It is possible that this baseline imbalance affected the outcome of
the study. Furthermore, the absence of a control group, which shows the true effect of the
intervention, does not demonstrate adequate evidence of the effectiveness of Wii Fit in

improving balance (Bainbridge et al. 2011; Williams et al. 2011).

3.4.1.1.2 Wii Fit training

The Wii Fit training used in all studies was based on a selection of balance games only
(Bateni 2012; Pluchino et al. 2012; Rendon et al. 2012; Singh et al. 2012; Singh et al. 2013;
Cho et al. 2014) or with other games like yoga and aerobics games (Williams et al. 2010;
Bainbridge et al. 2011; Williams et al. 2011; Laver et al. 2012; Padala et al. 2012; Toulotte et
al. 2012; Bieryla & Dold 2013; Chao et al. 2013). The training duration varied across studies
from a short duration of three to four weeks (Williams et al. 2011; Bateni 2012; Bieryla &

Dold 2013) to a long duration of 12 to 20 weeks (Williams et al. 2010; Toulotte et al. 2012;
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Reed-Jones et al. 2012a). However, almost half of the studies selected a Wii Fit training
duration of six to eight weeks (Bainbridge et al. 2011; Padala et al. 2012; Pluchino et al.
2012; Rendon et al. 2012; Singh et al. 2012; Chao et al. 2013; Singh et al. 2013; Cho et al.
2014). Although it can be argued that a short duration might not be enough to show
significant changes, a long duration like 20 weeks (Toulotte et al. 2012) may have caused a
gap between the pre- and post-assessments. Furthermore, it may have showed the long-

term effect rather than the immediate effect.

The timing of training sessions and the number of sessions per week also varied across
studies, ranging from 20 min to one hour and from once a week to three sessions a week,
respectively. However, a long training session, such as one hour (Toulotte et al. 2012), may
not be practical for a rehabilitation clinic and may be too long for an older population.
Regardless of how long Wii Fit training was or how many sessions, most studies have
shown significant balance improvements after training when assessed using laboratory or
clinical measures. In addition, participants showed a high level of adherence to Wii Fit

balance training.

34.1.1.3 Outcome measures

The outcome measures used in most studies investigating the effectiveness of Wii fit
balance training were either clinical functional measures to assess balance performance,
laboratory equipment to detect COP parameters during standing or a combination of both.
The laboratory equipment used was either to assess static standing balance with force
plates (Pluchino et al. 2012; Singh et al. 2013; Cho et al. 2014) or dynamic balance with
dynamic motion analysis systems (Pluchino et al. 2012). Although COP parameters during
standing are objective measures, functional clinical measures can give an idea if the
difference in COP movements is clinically or functionally meaningful when performing a
dynamic balance task. Therefore, using both clinical measures and laboratory outcomes

(Pluchino et al. 2012; Singh et al. 2013) is more favourable than using just one.

The most clinical measures used were the TUG (Laver et al. 2012; Padala et al. 2012;
Pluchino et al. 2012; Rendon et al. 2012; Reed-Jones et al. 2012a; Bieryla & Dold 2013;
Chao et al. 2013; Singh et al. 2013), Berg Balance Scale [BBS] (Williams et al. 2010;
Bainbridge et al. 2011; Williams et al. 2011; Bateni 2012; Laver et al. 2012; Padala et al.
2012; Bieryla & Dold 2013; Chao et al. 2013), Tinetti test (Williams et al. 2010; Padala et al.
2012; Pluchino et al. 2012; Toulotte et al. 2012), the FRT (Pluchino et al. 2012; Reed-Jones
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et al. 2012a; Bieryla & Dold 2013), and Single Leg Stance [SLS] (Pluchino et al. 2012;
Toulotte et al. 2012). These clinical tools have shown good psychometric properties of
validity and reliability for the same population. However, most of the measures are
subjective and can be affected by ratter bias, especially if the assessor was not blinded to
group allocation or training. Of all the studies that used clinical measures, only one ensured

the assessor was blinded (Singh et al. 2013).

Some studies used outcome measures not designed to assess balance or did not provide
reliable or valid data. For example, Williams et al. (2010) used the Wii Fit age, which
reflects the players’ overall fitness level; this cannot be considered a balance measure. The
Wii Fit balance test was considered a quantitative COP excursion measurement (Bainbridge
et al. 2011; Toulotte et al. 2012), although this test is not reliable or valid, according to the
results of Gras et al. (2009). Furthermore, one of the Wii Fit games, the ‘Balance Bubble’
game, where players have to maintain postural control while moving in a bubble, was used
as an outcome measure in Bateni (2012). However, the game scores of Wii Fit games have
been shown to be an unreliable assessment of balance (Wikstrom 2012). Reed-Jones et al.
(2012a) designed an obstacle course that was assessed based on time of completion and
number of obstacles hits as outcome measures of fall prevention. This kind of assessment
resembles real life obstacles for older adults with a fear of falling. Although this measure is
not a clinical balance measure, it was found to be highly correlated with the TUG and FRT

tests. However, the reliability and validity of this test need to be investigated further.

3.4.1.14 Results

Most studies concluded that Wii Fit training is safe, enjoyable and acceptable among
adults. In addition, Wii Fit training increase confidence in balance and decrease fear of
falling, which was assessed by self-rating questionnaires (Williams et al. 2010; Bainbridge et
al. 2011; Laver et al. 2012; Pluchino et al. 2012; Rendon et al. 2012; Singh et al. 2012; Chao
et al. 2013).

The effect of Wii Fit balance training alone was tested with one group pre- & post-test of
analysis (Bainbridge et al. 2011; Williams et al. 2011; Chao et al. 2013). These studies
demonstrated a positive effect of training presented in an increase BBS score after training,
however this improvement was statistically significant in only two studies (Williams et al.

2011; Chao et al. 2013).
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Other studies compared the effect of Wii Fit training to no training at all (Rendon et al.
2012; Bieryla & Dold 2013; Cho et al. 2014) and showed significant improvements in TUG
and ABCS scores (Rendon et al. 2012) and a significant decrease of COP area during
standing (Cho et al. 2014) in the Wii Fit group. Bieryla and Dold (2013) did not find
significant changes in the TUG, FRT or Fullerton Advanced Balance [FAB] scale scores;
however, participants in the Wii fit group showed a significant increase in BBS scores at the
one-month follow-up assessment. Thus, this improvement was not seen after three weeks
of training, which means it was not an effect of training but may be due to activities

performed during the follow-up period.

Nine studies investigated the effect of Wii Fit training in comparison to other forms of
balance training like fall care programmes (Williams et al. 2010), tai chi (Pluchino et al.
2012), physical activity (Toulotte et al. 2012), agility exercises (Reed-Jones et al. 2012a),
walking (Padala et al. 2012), physiotherapy (Bateni 2012; Laver et al. 2012) and balance
exercises (Pluchino et al. 2012; Singh et al. 2012; Singh et al. 2013). Four studies showed no
significant difference between groups, indicating that Wii Fit balance training is equal to
balance exercises. However, all have shown significant improvements after training in static
and dynamic balance assessed by the TUG test, the Ten Step test, the postural sway index
(Singh et al. 2013), the BBS and the Tinetti test (Padala et al. 2012); the level of confidence
assessed by ABCS (Singh et al. 2012) and dynamic balance reactions assessed by a dynamic
motion analysis system (Pluchino et al. 2012). This means that Wii Fit training is not
superior to any other form of balance training and may have the same effect. At the same

time, it did show effective results after training.

The other five studies found differences between groups; however, three of them did not
compare Wii Fit training to balance exercises. For example, Williams et al. (2010) compared
Wii Fit balance training, which consists of active exercise, to a local standard care fall
programme that consists of education and exercise and showed significant changes in BBS
for the Wii Fit group. Although this difference shows a positive effect of Wii Fit training, it
may not be rigorous enough due to differences between groups in baseline and in type of
training given. All participants in the study by Reed-Jones et al. (2012a) were trained with
strengthening, cardiovascular and balance exercises, but the difference in groups was in 15
min extra training in the form of agility exercises or Wii Fit training. All groups showed
improvements after training, however. The Wii Fit group had the greatest overall

improvement in the obstacle course. Although caution must be taken when interpreting
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this finding, this shows the effect of visual weight shifting training and the cognitive training
of the games on older adults to prevent falls. Toulotte et al. (2012) compared Wii Fit
balance training to a physical activity programme and concluded that a combination of Wii
Fit balance training and physical activity might produce better results in terms of improving
balance than using Wii Fit balance training alone. This was reflected in the significant
changes in the Tinetti test {static and dynamic} and the unipedal test {eyes open and eyes
closed} of the Wii Fit and physical activity groups. The Wii Fit group showed significant

changes in the static part of the Tinetti test only.

Only two studies compared Wii Fit training to physiotherapy and found significant
differences between groups (Bateni 2012; Laver et al. 2012). Bateni (2012) agreed with
Toulotte et al. (2012) that combining the Wii Fit games with other forms of training provide
better results than Wii Fit training alone. The results showed a significant increase in BBS
scores after training for the Wii Fit plus physiotherapy group and the physiotherapy group
(Bateni 2012). This may be because physiotherapy exercises can be more flexible and
customised to a patient’s needs, whereas Wii Fit games are the opposite. Additionally, as
mentioned earlier, the Wii Fit group had a higher BBS score than other groups at baseline
because they do not receive physiotherapy and are independent healthy elderly. Laver et
al. (2012) investigated the effect of Wii Fit games on hospitalized older adults recruited
from a geriatric rehabilitation unit. The Wii Fit group demonstrated significant
improvements in TUG and BBS scores in comparison to the conventional rehabilitation
group (Laver et al. 2012). As the sample is composed of older adults who are in a
rehabilitation programme, the improvement seen in the Wii Fit group may be because it
was a plus training to the conventional rehabilitation. Therefore, this result agrees with
previous studies (Bateni 2012; Toulotte et al. 2012) that Wii Fit games alone may not be
enough to bring about clinical changes, but when including them with other forms of

training, they do give significant results.
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Table 3.5: Studies that tested the effect of Wii Fit balance games on older adults

Study Sample Groups Wii Fit training Assessment Results
Williams et | n=21 2 groups; 2/week for 12 weeks Before training, at Significant improvement in BBS at 4 weeks only.
al 2010 Community dwelling 1-  Wii Fit {n=15} 4 Balance games, 3 aerobic week 4 & at week 12 | Significant difference in Wii Fit age after 12 weeks.
fallers over 70 y/o games & 1 Yoga game with; BBS, TT, FES-I, Standard care group show significant increase in FES.
2-  Standard care, falls AFRIS, Wi Fit age No significant difference between groups at other
program {n=6} only for Wii Fit group | measures.
Bainbridge | n=8 One group 30 min, 2/week for 6 weeks | Before and after Improvement in BBS, ABCS & MDRT for 3-4 out of 6
et al 2011 Community dwelling 4 balance games & Yoga training with; BBS, participants, but it was not significant
older adults aged ABCS, MDRT,COP
above 65 y/o excursion {Wii Fit
COB test}
Williams et | n=22 One group 20 min, 3/week for 4 weeks | Before & after Significant improvement in BBS [p < 0.01]
al 2011 older adults aged 74- {balance & aerobics games} | training with; BBS
94vy/o
Bateni n=18 3 groups; 3/week for 4 week Before, mid [week 2], | All groups improved, PT & PTW groups show better
2011 Older adults from PT 1- PT+ Wii Fit {n=5} 3 balance games & after 4 weeks with; | improvement in BBS than Wii group, and PTW group
clinic & community BBS & Bubble test show higher scores in bubble test than Wii group
aged 53-91 y/o 2-  PT{n=6} scores [for PTW &
3-  Wii Fit {n=6} from Wit groups]
community.
Rendonet | n=34 2 groups; 35-45 min, 3/week for 6 Before & after Significant improvements in 8-foot Up & Go & ABCS
al 2012 Older adults aged 1-  Wii Fit {n=16} weeks. 3 balance games training with; 8-foot for the Wii Fit group after training, compared to

between 60 & 95 y/o

2- Control, no training
{n=18}

Up & Go, ABCS, &
GDS

control group
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Pluchino et
al 2012

n=40

Independent seniors
mean age 72.5+8.4
y/o

3 groups
1-  Wii Fit {n=8}

2- Balance exercise{n=8}

3- Tai Chi{n=11}

60 min, 2/week for 8 weeks
9 balance games

Before & after
training with; TUG,
SLS, FRT, TT, force
plate {COP}, DMA,
FROP-Com, & FES

No significant difference between groups of all
measures. Significant increase in COP measures &
significant decrease in DMA after training for all
groups

Singh etal | n=36 2 groups {n=18 each}; 40 min, 2/week for 6 weeks | Before &after No significant difference between groups. Significant
2012 community dwelling 1-  Wii fit group 5 balance games training with; PPA & improvements after training in both groups
women aged above 56 ABCS
y/o 2- Balance program group
Toulotte et | n=36 4 groups {n=9 in each group}; | 1 hour/ week, for 20 weeks. | Before & after G1&G3 show significant balance improvement in all
al 2012 Healthy elderly with 1- G1PA 5 balance games & Yoga training with; TT, Wii | outcome measures, except Wii Fit test, only G3 show
history of fall and Fit test {COB test}, & | significant difference. G2 show significant decrease
mean age 75 y/o 2- G2 WiiFit Unipedal test with in TT static scores only
— eye open then with
3- G3WiiFit&PA eye close
4- G4 control
Reed-jones | n=45 3 groups {n=15 each}; 90 min, 2/week for 12 Before, mid {week 6} | Significant improvements in all fitness test &
etal 2012a | older adults with mean | 1- G1 control weeks. Strengthening, & after training completion time for all groups. G3 showed
age 67.5£5.9y/o cardiovascular & balance {week 12} with; 10 significant decrease in number of hits at mid
2- G2 Agility exercises for all groups. Plus | fitness tests, obstacle | assessment only. G3 had the greatest overall
agility or Wii Fit for G2 & G3 | course measures improvement of 22%.
3-  G3 Visual [Wii Fit] [number of hits and
time of completion]
Padala et n=22 2 groups {n=11 each}; 30 min, 5/week for 8 weeks. | Before and after No significant difference between groups in all
al 2012 Older adults with mild | 1- Wii Fit group 6 balance games, 4 Yoga training with; BBS, measures. Both groups improved significantly in BBS.

Alzheimer’s dementia
from ALR aged above
60 y/o

2-  Walking group

games, 3 strength games

TT, TUG, ADL, IADL,
QOL-ADL, MMSE

Significant improvement after training in BBS & TT in
Wii Fit group, and TT & QOL-ADL in the walking

group
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Laveretal | n=44 2 groups {n=22 each}; 25 min, 5/week until Before & after Only Wii fit group showed significant improvement
2012 Hospitalised older 1-  WiiFit discharge training with; TUG, per session in TUG & BBS when compared to PT
adults aged 85+ 4.5 y/o Balance, strengthening & SPPB, BBS,TIADL, group
2- PT aerobic games FIM, ABCS
Singh etal | n=36 2 groups {n=18 each}; 30 min, 2/week for 6 weeks | Before & after Significant improvement in both groups in the OPI &
2013 Senior Malaysian 1- Balance exercises 7 balance games training by a blinded | TST, and the TUG
women aged above 56 assessor with; TST, No significant differences between the groups.
years 2- Wii Fit games TUG and postural
sway [OPI]
Bieryla & n=10 2 groups {n=5 each}; 30 min, 3/week for 3 weeks | Before & after Significant increase in BBS for Wii Fit group after 1
Dold 2013 | Healthy older adults 1-  Wii fit group 2 balance games, 1 aerobic training, and 1 month | month follow up, but not significant after training.
aged above 70 y/o game & 3 Yoga games follow up with; BBS, Both groups show no significant improvements in
2- Control group, no training FAB, FRT, TUG FAB, FRT, TUG
Chao et al n=7 One group 30 min, 2/week for 8 weeks. | Before & after Significant improvement in only BBS after training
2013 Older adults from ALR [1 with stroke, 2 with PD, & 1 2 balance games, 1 Aerobic training with; BBS,
with mean age 86 £ 5 with COPD] game, 1 strength game, 2 TUG, 6MWT, FES,
y/o Yoga games SEE, OEE
Cho et al n=32 2 groups; 30 min,3/week for 8 weeks Before and after Significant decrease of COP area after training in the
2014 Healthy elderly aged 1-  Wii Fit {n=17} 3 games training with; COP Wii fit group
between 65 and 80 y/o area [eyes open &
2- Control {n=15}, no eyes closed)]
training

6MWT= Six min walking test, ABCS= Activities-specific balance confidence scale, ADL= Activities of Daily Living, AFRIS= Attitude to falls related interventions scale, ALR= Assisted Living Residents, BBS= Berg
Balance Scale, COB= centre of balance, COP= centre of pressure, COPD= Chronic Obstructive Pulmonary disease, DMA= Dynamic Motion Analysis, FAB= Fullerton Advanced Balance scale, FES= Falls efficacy
scale, FIM= Functional Independent measure, FRT= Functional Reach test, FROP-Com= Falls Risk for Older People-Community setting, GDS= Geriatric Depression Scale, IADL= Instrumental Activities of Daily
Living, MDRT= Multi-directional reach test, MMSE= Mini Mental State Examination, OEE= Outcome Expectations for Exercise scale, OPI= overall performance index, PA= Physical Activities, PD= Parkinson’s
disease, PPA= Physiological Profile Approach, QOL-AD= Quality of Life-AD, SEE= Self Efficacy for Exercise scale, SLS= Single Leg Stance test, SPPB= Short Physical Performance Battery, TIADL= Timed
Instrumental activities of daily living, TST= Ten Step Test, TT= Tinetti Test, TUG= Timed Up and Go
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3.4.1.2 Adults after Knee surgeries

Four studies were found in the literature (Table 3.6) which used the Wii Fit games as a form
of rehabilitation for adults following some knee surgeries like total knee replacement (Fung
et al. 2012), anterior cruciate ligament reconstruction (Baltaci et al. 2013), posterior
cruciate ligament reconstruction (Puh et al. 2014), and adults with history of lower limb
injury (Sims et al. 2013). All studies aimed to increase knee joint ROM, muscle strength, and

proprioception sense, along with balance during standing either on single or double leg.

Three studies were designed as RCTs (Fung et al. 2012; Baltaci et al. 2013; Sims et al. 2013),
and one was a case study (Puh et al. 2014). The sample size in the studies ranged between
28 and 50 participants, and only one study had a power calculation of the sample (Baltaci
et al. 2013). In each of the three RCT studies, the sample was divided randomly into two
groups of either Wii Fit or lower limb exercises (Fung et al. 2012), conventional
rehabilitation (Baltaci et al. 2013) and balance exercises (Sims et al. 2013). However, only
Sims et al. (2013) had a third control group of no training. The randomisation process has
been demonstrated in all the studies. Most studies had the assessments at baseline, mid
training and after training. However, only one study conducted an assessment after every
two weeks of training (Fung et al. 2012). Two studies ensured the assessor was blinded to
the group allocation (Fung et al. 2012; Sims et al. 2013), while one ensure blinding of both

the assessor and the researcher to avoid response bias (Baltaci et al. 2013).

The Wii Fit training involved balance in yoga and aerobics games (Fung et al. 2012; Sims et
al. 2013; Puh et al. 2014). Only Baltaci et al. (2013) mixed Wii Fit balance games with Wii
Sports games; however, there were no further details about the type of games used. The
training duration was four weeks (Sims et al. 2013; Puh et al. 2014), six weeks (Fung et al.
2012) and 12 weeks (Baltaci et al. 2013). The intensity of training was either as limited as
15 min a session twice a week (Fung et al. 2012) or three days a week (Sims et al. 2013) or
as much as 45 to 60 min a session three times a week (Baltaci et al. 2013) or six days per
week (Puh et al. 2014). These variances in the intensity of training depend on whether
there was additional conventional rehabilitation. For example, participants in the Fung et
al. (2012) study undertook an extra 60 min of physiotherapy; therefore, the Wii Fit training
was only for 15 min. In the study by Baltaci et al. (2013), the Wii Fit training was for one

hour as it was compared to the conventional rehabilitation, so there was no extra therapy.
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The outcome measures used in most of the studies focused on active ROM, muscle
strength, coordination, proprioception and lower limb circumferences. However, all
postural outcomes of COP were collected through laboratory systems, including force
platforms. These assessments were made while the participant was standing on a single leg
and on both legs, on a firm and a foam surface, with eyes open and eyes closed and while
standing and squatting. These tests were Time to Boundary [TTB] (Sims et al. 2013), the
SEBT (Baltaci et al. 2013; Sims et al. 2013) and the functional squat system (Baltaci et al.
2013). The functional squat system is a computer-generated system that includes tests of
coordination, proprioception and response time that focus on lower limbs squatting. This
was specifically used in the Baltaci et al. (2013) study because it focuses on rehabilitation
after hamstring anterior cruciate ligament reconstruction. However, the game Ski Jump,
which involves balance training during squatting and standing, was not part of the Wii
training. Other self-rating measures, such as the ABCS and the Lower Extremity Functional
Scale [LEFS], were used. However, none of the studies included specific functional balance

measures.

All studies focused mainly on regaining function after knee surgery, and balance was an
essential element of the rehabilitation. All studies demonstrated positive significant
balance improvements after Wii Fit training. The main balance improvements were
observed for 1) single-leg standing and reaching in anterior, postero-lateral and postero-
medial directions during the SEBT (Baltaci et al. 2013; Sims et al. 2013), 2) coordination and
proprioception tests of the functional squat system (Baltaci et al. 2013), 3) single-leg
standing AP with eyes open and ML with eyes closed of the TTB (Sims et al. 2013), 4) close
to symmetrical body weight distribution during double-leg standing and 5) decreased COP
sway during single-leg standing on a foam surface with eyes open and closed (Puh et al.
2014). The improvements seen in standing with eyes closed and on a foam surface points
to the effect of Wii Fit training on standing balance by increasing the joint proprioception
sensation. This is due to the standing and body weight shifting requirements of Wii Fit
games, which increase the sense of load on joints based on the visual feedback of the game
avatar. This highlighted the mechanical and sensory integration effects of Wii Fit training.
However, the results of the three RCT studies showed no significant differences between
groups. This means that the Wii Fit training has an equal effect to conventional
rehabilitation, lower limb exercises and balance exercises, even when it was conducted

alone or as an add-on therapy to traditional therapy.
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Chapter 3

Study Sample Groups Wii Fit training Assessment Results
Fung et al. n=50 2 groups; 15 min, 2/week until On 1*t day and every 2 weeks by No significant difference was found
2012 Adults following 1- Wii Fit n=27 discharge [about 6 blinded assessor with; ROM, 2MWT, between groups in any of the measures
TKR surgery weeks], 6 balance NPRS, LEFS, ABCS, LOR
2- Control [lower limb games & 3 yoga games
exercise] n=23 + 60 min regular PT
Baltacietal. | n=30 2 groups {n=15 each}; 1 h, 3/week for 12 On 1%t week, 8™ week & 12" week No significant differences between
2013 Adults following 1-  WiiFit weeks, 3 balance with; SEBT, functional squat system groups, but Significant improvements in
ACL reconstruction games & 2 Wii Sports {coordination, proprioception & both groups in anterior & PM SEBT,
2-  Rehab games response time}, knee muscle strength coordination and proprioception tests
Sims et al. n=28 3 groups; 15 min, 3/week for 4 Baseline, 2 weeks & 4 weeks by Both intervention groups improved in TTB
2013 Adults with history | 1- Wii Fit, n=9 weeks, 5 balance blinded assessor with; TTB, SEBT, LEFS | [EOAP & ECML directions] and SEBT [PM &
of LLI games, 4 strength PL] after 4 weeks, But No significant
2- Balance exercise n=10 | games, 3 aerobics differences between them
ames, 3 yoga games
3- Control n=9 8 yoga g
Puh et al. n=1 - 30-45 min, 6/week for | Before and after training with; joint Symmetrical weight bearing, decrease
2014 Adult following PCL 4 weeks, 5 balance ROM, limb circumferences, COP COP sway during one leg standing on

reconstruction

games, 3 yoga games

length, sway area, & velocity during
single or double leg standing

complaint surface, increase ROM and
decrease circumferences

2MWT= two minute walk test, ABCS= Activity-specific balance confidence scale, ACL= anterior cruciate ligament, COP= centre of pressure, EOAP= eyes open anterior to posterior direction, ECML= eyes
closed medial to lateral direction, LEFS= Lower extremity functional scale, LLI= lower limb injury, LOR= length of outpatient rehabilitation, NPRS= numeric pain rating scale, PCL= posterior cruciate
ligament, PL= posterolateral, PM= posteromedial, ROM= range of motion, SEBT= star excursion balance test, TKR= total knee replacement, TTB= time to boundary

69




Chapter 3

3.4.1.3 Stroke

The literature related to including Wii games in stroke rehabilitation started by studying the
efficacy of using Wii Sports in upper limb rehabilitation(Saposnik et al. 2010; Yong-Joo et al.
2010; Mouawad et al. 2011). Although Wii Sports games are not directly related to balance
training because they do not include balance games, they have been shown to be effective
in stroke rehabilitation. Existing studies have investigated the use of Wii Fit games for
balance training with chronic stroke patients (Deutsch et al. 2009; Cho et al. 2012; Barcala
et al. 2013; Ding et al. 2013; Hung et al. 2014; Omiyale et al. 2015; Yatar & Yildirim 2015)
and subacute stroke patients (Sugarman et al. 2009; Morone et al. 2014). Table 3.7 shows
details of the nine studies that have tested the effect of Wii Fit balance training on adults

who experienced stroke.

3.4.13.1 Study design

The level of research about the use of Wii Fit games for the stroke population is
considerably high. Four studies were designed as randomised controlled trials (Barcala et
al. 2013; Hung et al. 2014; Morone et al. 2014; Yatar & Yildirim 2015). The other five
studies varied between a randomised controlled pre- and post- test design (Cho et al.
2012), a group pre- and post- test design without controls (Omiyale et al. 2015), a
preliminary case study (Ding et al. 2013) and case studies (Deutsch et al. 2009; Sugarman et
al. 2009). Except for the three case studies, the sample size ranged between 10 and 50
participants. However, only Yatar & Yildirim (2015) demonstrated a power calculation for
the sample size. In addition, about three randomised controlled trials had a sample size of
30 participants or more (Hung et al. 2014; Morone et al. 2014; Yatar & Yildirim 2015),
which was the required sample based on the power calculation of Yatar and Yildirim (2015).
Five studies randomly allocated participants into two groups, a Wii Fit group and a control
group. The control group was either a conventional physiotherapy group with no add-on
training (Cho et al. 2012; Barcala et al. 2013) or a conventional physiotherapy group with
extra balance training (Hung et al. 2014; Morone et al. 2014; Yatar & Yildirim 2015), All
employed a rigours method of randomisation, and no significant differences were found

between groups at baseline.
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3.4.1.3.2 Wii Fit training

The Wii Fit balance training used in eight out of nine studies were based on a selection of
balance games only (Sugarman et al. 2009; Cho et al. 2012; Barcala et al. 2013; Ding et al.
2013; Hung et al. 2014; Morone et al. 2014; Omiyale et al. 2015; Yatar & Yildirim 2015).
Only one study used a mix of Wii Fit games and Wii Sports games in training (Deutsch et al.
2009). This means that the results of almost all studies presented reflect the effect of
specific Wii Fit balance games. In addition, most of the studies agreed on a Wii fit training
duration of four to six weeks (Deutsch et al. 2009; Cho et al. 2012; Barcala et al. 2013;
Morone et al. 2014; Omiyale et al. 2015; Yatar & Yildirim 2015). Only Hung et al. (2014) had
a long training duration of 12 weeks, and on the extreme other end, Ding et al. (2013)
studied the effect of one week of Wii Fit training. The timing of training sessions and the
number of sessions per week varied across studies, ranging from 20 min to one-hour
sessions and from two to three sessions a week. Although a one-hour session is considered
long and may not be practical for a rehabilitation clinic, Ding et al. (2013) asked two
participants to play one Wii Fit game for three hours. However, Ding et al. (2013)
conducted an experiment that included adjusting the level of pressure on the WBB while
playing Wii Fit games for stroke patients to test the efficiency of the WBB sensors’
modifications and not the effect of the games on balance over time. Therefore, the
intensity and duration of Wii Fit training was three hours daily for one week. Although this
intensive duration has shown favourable outcomes, it is not convenient in rehabilitation

settings.

3.4.1.33 Outcome measures

Assessment took place before and after training; however, four studies continued with
follow-up assessments after one month (Morone et al. 2014; Yatar & Yildirim 2015) or after
three months (Deutsch et al. 2009; Hung et al. 2014). This showed the long-term effects of
Wii Fit and whether the effect was maintained. All studies included a blinded assessor,
except those of Cho et al. (2012) and Yatar and Yildirim (2015). This excludes any

assessment bias and confirms the consistency of the results.

The outcome measures used were clinical functional measures of balance or balance
mobility, such as BBS, TUG and FRT. In addition, standing posturography outcomes, such as
body weight-bearing symmetry, COP sway area, COP length and COP velocity, were also

used as outcome measures. These laboratory outcomes were calculated while participant
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were standing on an force plate (Cho et al. 2012; Barcala et al. 2013), an interactive balance
system (Hung et al. 2014) and a WBB (Ding et al. 2013; Omiyale et al. 2015; Yatar & Yildirim
2015). Three studies used the WBB in balance assessments. The WBB is a reliable and valid
tool when it connects to calculating software to produce accurate outcomes. However,
only Yatar and Yildirim (2015) used the WBB to assess the percentage of weigh distribution
using a balance test within the Wii Fit game, which is neither reliable nor valid (Gras et al.
2009). In addition, Omiyale et al. (2015) used the score of one of the Wii Fit games ‘Soccer
Heading’ as an outcome measure. However, the Wii Fit game scores have been shown to

be unreliable assessments of balance (Wikstrom 2012).

Including both static and dynamic measures of balance is a strength in most studies that
shows the separate effects of each type of training. Other than balance outcomes, different
measures were used that assess other outcomes related to balance, such as walking ability
and speed {gait speed, gait dynamic index, EBMWT, 10MWT, functional ambulatory
category}, activities of daily living [ADL] measures {the Frenchay Activity Index, the Barthel
Index and the functional independence Measure [FIM]} and balance confidence scales {the
ABCS and Falls Efficacy Scale International [FESI]}. However, only Omiyale et al. (2015)
assessed corticomotor excitability with transcranial magnetic stimulation [TMS]. Such
different outcome measures give a broader idea of what aspects the Wii Fit training can
possibly benefit. In addition, they draw attention to the importance of the effect of Wii Fit

training not only on balance activities but on functional daily activities.

3.4.134 Results

Three case studies were found that gave an idea about the potential effect of Wii Fit
training on dynamic balance. Sugarman et al. (2009) showed a significant decrease in TUG
of 10 s after training with Wii Fit for an adult with subacute stroke. This significant
improvement could be due to intensive rehabilitation. Deutsch et al. (2009) trained two
adults with chronic stroke with either Wii Fit or conventional rehabilitation. The subject
trained with Wii Fit demonstrated greater improvement; however, it was not maintained
after three months. Ding et al. (2013) had a sample of three adults with chronic stroke, two
of which trained using Wii Fit games and one of which served as the control. The results
showed that using the Wii fit games increased weight bearing on the paretic limb.
However, this study was not designed to test the effect of training but to introduce a new

method of constraint-induced movement therapy to encourage weight shifting on the
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paretic limb. This was done by adjusting the weight on the sensors of two WBBs while
playing the Wii Fit games. This will encourage the patient to weight shift more onto the
paretic limb to win the game. Although this method has shown significant benefit by
increasing symmetrical weight bearing, it needs to be investigated further with a larger

sample.

Conventional rehabilitation is essential for stroke patients; thus, all studies include
physiotherapy as regular training for all participants. However, two studies added the Wii
Fit balance training to conventional physiotherapy for the intervention group only (Cho et
al. 2012; Barcala et al. 2013). The other three studies included add-on training, either Wii
Fit or balance training, for both groups (Hung et al. 2014; Morone et al. 2014; Yatar &
Yildirim 2015). However, they all agreed that there were no differences between balance
training with Wii Fit or conventional balance training, as both provide positive significant
improvements after dynamic balance training in terms of BBS, TUG and FRT, and in static
balance in terms of COP sway and the stability index. This supports the findings of previous
studies conducted with older adults, where Wii Fit was not found to be superior to any
other form of training. In contrast, Cho et al. (2012) and Morone et al. (2014) both claim
that significant changes were seen in the disability level assessed using the Barthel index
and in dynamic balance in terms of BBS and TUG in the Wii Fit group. However, Cho et al.
(2012) had the limitation of an assessor who was not blinded, and Morone et al. (2014) had

a smaller sample at the time of analysis due to a high dropout rate.

Omiyale et al. (2015) showed that Wii Fit training is effective in increasing inter-
hemispheric symmetry, which in turn increases corticomotor excitability in the paretic limb
and decreases it in the non-paretic limb. This was assessed by motor-evoked potentials of
the tibialis anterior muscle with TMS. This indicates the effect of training with Wii Fit games
on increasing symmetrical weight bearing for chronic stroke patients. In addition, when
patients were asked to perform dynamic weight shifting tasks on the WBB, they showed a
significant decrease in reaction time after training. However, other measures of the
percentage of weight bearing distribution were not significantly improved. This may be due

to the short training duration of three weeks.

Most studies agreed that the effect of Wii Fit training was significant in dynamic balance
tasks such as BBS, TUG and FRT. The most significant results were for the TUG test, showing

that the effect of Wii Fit may be related to walking measures due to the nature of the
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games’ training by weight shifting. Additionally, significant improvements were seen in the
performance of the TUG dual task, which shows the effect of training on improving
cognitive ability. In contrast, there were no significant changes in terms of static standing
balance measures, such as COP sway area or velocity. However, body weight bearing during
standing became more symmetrical, and more weight was applied on the paretic limb after
training with Wii Fit. Hung et al. (2014) showed significant changes in stability index scores
during standing in different sensory conditions, such as standing on a foam surface, with
eyes closed or with the head turned to left. This confirms the effect of Wii Fit training on

vestibular and somatosensory systems.

Although significant changes in dynamic balance after Wii Fit training were seen, the
maintenance of such improvements over time was not consistent after one month (Yatar &
Yildirim 2015) or three months (Deutsch et al. 2009; Hung et al. 2014). In fact, control
groups showed maintenance of improvement at follow-up assessments more than
participants trained with Wii Fit (Deutsch et al. 2009; Yatar & Yildirim 2015). This may be
because conventional rehabilitation is more adaptable to suite patients’ needs or because
the effect of Wii Fit is only for short period. On the contrary, Morone et al. (2014) showed
that participants in the Wii Fit group maintained a significant difference in BBS and BI after
training and at the one-month follow-up. However, this may not be considered because of
the high dropout rate by the one-month follow-up assessment. In addition, the sample was
composed of subacute stoke patients who may give different results than chronic stroke
patients. The level of enjoyment was high among most study participants and safety was
ensured as there was no adverse event. However, most studies agreed that Wii Fit training
is better conducted with supervision as patients may easily perform unwanted

compensation movements that do not address the training required.
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Study Sample Groups Wii Fit Assessment Results
Deutsch et | n=2 1 Wii Fit & Sport 1 h, 3/week for 4 Before, after training and 3 months Improvements were seen in both, greater
al 2009 chronic stroke [aged 1 Standard care weeks follow up with; 6MWT,DGI, ABC, TUG | improvement was for the Wii training but
48 & 34 y/o] 3 Wii Sport games, Wii | & Dual TUG retention of improvement was greater for the
Fit; 3 balance games, 1 stranded care
strength game & 1
aerobic game
Sugarman n=1 - 45 min, 4 days Before & after training with; BBS, Significant decrease in TUG [10 sec]. Modest
et al 2009 subacute Stroke aged 4 balance games FRT, TUG, stability index improvements in other measures
86 y/o
Cho et al n=22 2 groups {n=11 each}; 30 min, 3/week for 6 Before and after training with; COP Significant improvement in BBS & TUG after
2012 chronic stroke [mean |1- Rehab+ Wii Fit weeks[Rehab; 60 min, length & velocity [static] and BBS, training in the Wii Fit group. No significant
age 65 y/o] 5/week] TUG [dynamic] changes of COP measures after training
2-  Rehab [control] 6 balance games
Ding et al n=3 2; adjusted Wii fit 3 h, daily for 1 week Daily for 3 weeks[1 week before & 1 | Increased weight bearing on the paretic limb
2013 chronic stroke [55, games with 2 WBBs 1 balance game {Ski week after] with; COP tracking test & | during Wii Fit compared to conventional
71,78 y/o] 1; control [rehab only] | Slalom} weight distribution [standing on 2 rehabilitation
WBBs]
Barcala et n=20 2 groups {n=10 each}; 30 min, 2/week for 5 Before & after training with; BBS, Significant improvements in all outcomes in
al 2013 chronic stroke [mean | 1- Wii Fit + PT weeks TUG, FIM, COP sway & body both groups, no difference between them
age 65 y/o] 3 balance games symmetry

2- PT [control]
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Morone et | n=50 2 groups; 20 min, 3/week for 4 Before, after training & 1 month The Wii Fit group showed significant
al 2014 Subacute stroke 1-  Wii Fit {n=25} weeks follow up with; BBS, 10MWT, FAC & improvements in BBS & Bl more than controls,
[mean age 60 y/o] 3 balance games BI and maintained after 1 month
2- Balance therapy
{n=22}
Hungetal | n=30 2 groups {n=15 each}; 30 min, 2/week for 12 Before, after training and 3 months Significant time x group interaction in stability
2014 chronic stroke [mean | 1- WiiFit weeks follow up with; [static] stability index | index in HSEOF, H30LECS, HUECSS positions
age 55 y/o] 7 balance games & body weight bearing. [dynamic] after training. Significant improvements in TUG
2- Weight shifting FRT, TUG, FESI, PACES & FRT in both groups after training & after 3
months
Omiyale et | n=10 One group 60 min, 3/week for 3 Before & after training with; Significant findings after training in;
al 2015 chronic ischemic weeks
stroke 5 balance games 1- MEP recruitment curves {for TA | 1- Increase in inter-hemispheric symmetry &
with TMS} decrease in non-paretic limb recruitment
curves
2- Static & dynamic body weight
distribution {by COP with WBB} 2- Decrease in reaction time during dynamic
weight shifting
3- The Soccer Heading game score,
Clinical; TUG, Dual TUG, BBS, gait |3- Increase in Soccer Heading game score,
speed, & ABC Improvements in only Dual TUG & ABC
Yatar & n=30 2 groups {n=15 each}; 30 min, 3/week for 4 Before, after training & 1 month Significant improvements in both groups after
Yildirim chronic stroke 1- Wii Fit balance weeks follow up with; % of weight training & no significant difference between
2015 3 balance games distribution on WBB, BBS, TUG, DGI, | groups
2- balance training FRT, ABC, FAI

6MWT= six minute walk test, 10 MWT=Ten Meter Walk Test, ABC= Activity specific balance confidence, BBS= Berg Balance Scale, Bl= Barthel Index, COP= Centre of Pressure, DGI= Dynamic Gait Index,
FAC= Functional Ambulatory Category, FAl= Frenchay Activity Index, FES-I= Falls Efficacy Scale International, FIM= Functional Independence measure, FRT= Functional Reach test, HSEOF= Head Straight
with Eyes Open on Foam Surface, HUECS= Head Up with Eyes Closed on solid Surface, H30LECS= Head at 30 Left with Eyes closed on solid surface, MEP= Motor Evoked Potentials, PACES= Physical Activity
Enjoyment Scale, TA= Tibialis Anterior, TMS= transcranial magnetic stimulation, TUG= Timed Up and Go, WBB= Wii Balance Board
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3.4.1.4 Parkinson’s disease

Adults with PD experience loss of postural stability that can be improved through physical therapy
and balance exercises. There is growing interest in physical exercise through games as a promising
rehabilitation tool; however; the evidence is still limited. Seven studies were found that
investigated the effect of Wii Fit games on balance for adults with PD (Zettergren et al. 2011;
Esculier et al. 2012; Loureiro et al. 2012; Mendes et al. 2012; Pompeu et al. 2012; Mhatre et al.
2013; Holmes et al. 2013a). A summary of the study methods and results is presented in

Table 3.8.

34.14.1 Study design

Of the seven studies, only one study was designed as an RCT (Pompeu et al. 2012) and only one as
a case study (Zettergren et al. 2011). The other five studies were designed as clinical controlled
trials (Esculier et al. 2012; Loureiro et al. 2012; Mendes et al. 2012; Mhatre et al. 2013; Holmes et
al. 2013a). The sample size in all studies was relatively small at 6-16 adults with PD (Esculier et al.
2012; Loureiro et al. 2012; Mendes et al. 2012; Mhatre et al. 2013; Holmes et al. 2013a), except
for Pompeu et al. (2012), where the sample size was 32 adults with PD. However, a power
calculation of the sample was demonstrated in four studies (Esculier et al. 2012; Mendes et al.

2012; Pompeu et al. 2012; Mhatre et al. 2013).

Three studies included one group of adults with PD (Loureiro et al. 2012; Mhatre et al. 2013;
Holmes et al. 2013a). The other three studies included two groups; two studies compared adults
with PD to healthy controls (Esculier et al. 2012; Mendes et al. 2012) and one compared two
groups of adults with PD (Pompeu et al. 2012). Comparing the results of a randomised sample to
two groups with two different training methods is a strength in the study by Pompeu et al. (2012).
However, comparing between healthy adults and adults with PD, as in Esculier et al. (2012) and
Mendes et al. (2012), may not represent the true effect of Wii Fit training but instead shows the
effect of Wii Fit training in each group as a separate sample. However, Mendes and colleagues
(2012) evaluated the learning process of adults with and without PD when using the Wii Fit games
to compare the learning curve and identify learning deficits. This study mainly looked at the Wii
Fit games and their suitability for adults with PD. However, an effect of Wii Fit learning on FRT was
demonstrated in this study to show the transfer of learning from the games to motor task that

was not trained like the functional reach.
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3.4.14.2 Wii Fit training

The Wii Fit balance training used in these studies consisted of balance games only (Loureiro et al.
2012; Mhatre et al. 2013; Holmes et al. 2013a), balance games with aerobics games (Mendes et
al. 2012; Pompeu et al. 2012) or balance games with Wii Sports games (Esculier et al. 2012). The
training duration was between five and eight weeks in all studies except that by Holmes et al.
(2013a), which was 12 weeks. Although Holmes et al. (2013a) had the longest duration of training,
it was the only study that did not show any significant changes. This may indicate that longer

training duration may not be more effective than shorter duration.

Adults with PD undergo physiotherapy or occupational therapy sessions, but in most of the
studies, the sample was selected to avoid any participant who undertook such sessions. This
means that the effect of Wii Fit training in these studies was without the influence of extra

therapy sessions.

Two studies conducted Wii Fit training at in a home setting to explore the flexibility of Wii Fit as a
home exercise and its effects (Esculier et al. 2012; Holmes et al. 2013a). The results were
controversial; Esculier et al. (2012) reported significant improvements in dynamic functional
measures and static force plate measures for both healthy adults and adults with PD. Holmes et
al. (2013a) reported that Wii Fit training at home did not result in any significant differences in
COP length during static standing for adults with PD. Surprisingly, the Wii Fit training duration in
the study by Holmes et al. (2013a) was 12 weeks, which was doubled the training duration in the
study by Esculier et al. (2012). However, the participants in the study by Esculier et al. (2012) were
composed of adults with PD and their healthy partners; this may have motivated adults with PD to
train more. In addition, Holmes et al. (2013a) only looked at static measures of balance and did
not include other functional assessments of dynamic balance. Although both studies
demonstrated the convenience of Wii Fit training at home for adults with PD, neither considered
the safety of training at home. Additionally, calculating the time spent playing the games, which
was recorded in the game console, is not a rigorous method to show adherence to training,
especially when the games were played at home where it could be anyone playing the games and

not necessarily the study participants.

3.4.143 Outcome measures

The outcome measures used in these studies were either functional measures of dynamic balance
alone (Zettergren et al. 2011; Loureiro et al. 2012; Mendes et al. 2012; Pompeu et al. 2012),
laboratory measures of static balance alone (Holmes et al. 2013a) or both measures (Esculier et al.

2012; Mhatre et al. 2013). The main functional balance assessments used were the BBS, the TUG
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and the FRT. Other functional assessments related to balance were also used, such as the sit-to-
stand test, the 10 meter walk test and CBM (Esculier et al. 2012), the dynamic gait index (Mhatre
et al. 2013), the unipedal stance test (Pompeu et al. 2012) and the Borg scale (Loureiro et al.
2012). In addition, Pompeu et al. (2012) used Section Il of the Unified Parkinson’s Disease Rating
Scale [UPDRS-II], which is an activity of daily living functional performance assessment for adults
with PD. All functional measures listed showed significant improvements after Wii Fit training.
However, in the majority of the studies, the assessor was not blinded; the exception was the

study by Pompeu et al. (2012).

Standing COP parameters were also used as an outcome measured via force plate. These
parameters were the resultant RMS of COP velocity during single-leg standing (Esculier et al.
2012) and the COP total length (Holmes et al. 2013a). The results were not promising, as Esculier
et al. (2012) claim that a significant change in the RMS of COP velocity during single-leg standing
with eyes open has occurred after training. This may not indicate improvement in static balance.
Holmes et al. (2013a) did not find any significant differences in COP length during double
standing. The static balance assessed by quantitative COP parameters either via force plate or a
WBB showed a real measure of change; however, using the WBB with Wii Fit balance tests may
not allow quantifying movement but will just result in a test score. Therefore, using the Wii Fit
tests as a balance assessment is not recommended because the scores are not reliable (Wikstrom
2012). Thus, the significant changes found in standing balance with eyes open seen in the results

of Mhatre et al. (2013) is not an indication of improvement.

3.4.14.4 Results

Assessments were conducted before and after training in all studies; however, some included a
mid-point assessment (Esculier et al. 2012; Holmes et al. 2013a) and some included a two-month
follow-up assessment (Mendes et al. 2012; Pompeu et al. 2012). The results at the mid-point
assessments and follow-up assessment were consistent with the results after training. The results
from almost all studies showed significant improvements in balance outcome measures, except
for that by Holmes et al. (2013a). A significant increase in the BBS after Wii Fit training was seen in
four studies (Zettergren et al. 2011; Loureiro et al. 2012; Pompeu et al. 2012; Mhatre et al. 2013).
There was a significant decrease in the TUG in two studies (Zettergren et al. 2011; Esculier et al.
2012). There was a significant increase in time spent in single-leg standing (Esculier et al. 2012;
Pompeu et al. 2012), which is an indication of better postural control. In addition, significant
improvements were seen in gait measures (Zettergren et al. 2011; Esculier et al. 2012; Mhatre et
al. 2013), which shows the effect of Wii Fit training on gait performance. However, as discussed

earlier, there is a lack of significant results in terms of laboratory measures of static balance.

79



Chapter 3

Other effects of Wii Fit training were tested in some studies, such as the cognitive effect (Pompeu
et al. 2012) and the learning effect (Mendes et al. 2012). The effect on cognitive level as assessed
by the Montreal Cognitive Assessment significantly improved immediately after Wii Fit training
and was maintained for two months. In addition, Mendes et al. (2012) selected Wii Fit games that
include motor demands like weight shifting or alternating steps and cognitive demands like
focusing, planning and decision making. Adults with PD demonstrated improvements in the games
scores after training, and the learning curve was similar to healthy controls in seven of the 10
games selected. This shows the cognitive and motor effects of the Wii Fit games. However,
Mendes et al. (2012) showed that adults with PD had learning deficits and poorer performances
than healthy controls in three games that required fast decision making and movements to avoid

virtual obstacles. This shows the importance of selecting the proper games for each population.

The positive effect of Wii Fit training on balance for adults with PD, which was demonstrated in
the studies found, was mainly in terms of dynamic balance {not static}, gait, cognitive and
functional ADL improvements. Although most results showed a positive effect of Wii Fit training,
there is still limited evidence to support this, as there was only one RCT out of the seven studies
found. In addition, adults with PD who were included in these studies were carefully selected and
had relatively mild symptoms {Hoehn & Yahr stage | & lI}. Therefore, the results must be
interpreted with caution. A home setting was suggested as an option for Wii Fit training, but there

was no subjective or objective measures of safety reported in any of the studies.
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Study Sample Groups Wii Fit training Assessment Results
Zettergren et n=1 - 40-60 min, 2/week for 8 Before & after training with; TUG, BBS, Significant decrease of TUG [by 12 sec],
al 2011 male with PD weeks, 3 balance games, 1 gait speed [self-selected], fall history, GDS | significant increase in BBS [by 11 points], & gait
aged 69 y/o gait game, 5 stretching games speed increased [by 0.11 m/sec] after training
Mendes et al n=27 2 groups; 60 min, 2/week for 7 weeks, 5 | During 7 training sessions & 1 session at Significant improvement in FRT after training and
2012 PD & healthy 1- PD {n=16} balance games, 5 aerobic 60 days follow up with the learning curve at 60 days follow up. Only 3 games showed
elderly games of scores of 10 games. significant learning deficit for PD when compared
2- Healthy Before training & at 60 days follow up to controls
controls with FRT
{n=11}
Esculier et al n=20 2 groups; Home training Before, mid [week 3], & after training Significant improvements in the CBM, STST, TUG
2012 PD & healthy 1- PD {n=10} 40 min, 3/week for 6 weeks, with; & duration of single-leg stance at 3 & 6 weeks for
elderly 30 min; 5 balance games, 10 STST, TUG, 10MWT, CBM, ABCS, POMA both groups
[mean age 63.5+ |[2- Healthy min; 2 Wii Sports games and Single leg stance on force plate Significant improvements in the 10MWT, POMA
12.0] controls {duration & RMS COP velocity} & COP RMS velocity at 3 & 6 weeks for the PD
{n=8} only
Pompeu et al n=32 2 groups {n=16 30 min, 2/week for 7 weeks, 6 | Before, after training & at 60 days follow Both groups showed a significant improvement
2012 PD aged 60-85 each}; balance games, 4 gait games up by blinded assessor with; UPDRS-II, on the UPDRS-II, BBS, Uni-pedal Stance Test &
y/o 1-  Wiifit BBS, Uni-pedal Stance Test, MCA MCA after training & at follow-up. No difference
games between groups
2- balance
exercises
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Loureiro et al n=6 One group 20 min, 2/week for 5 weeks, 5 | Before and after training with; Borg’s Significant improvements were found in the
2012 PD with mean age balance games Scale, BBS, TUG, FRT and Nottingham's Borg’s Scale, BBS, FRT [lateral right & left] after
65+ 13y/o Scale training
Holmes et al n=11 One group Home training Before, mid [week 6] & after training with; | No significant improvements were found
2013a PD aged 58-75 30 min, 3/week for 12 weeks, | COP length & ABCS
y/o 7 balance games
Mhatre et al n=10 One group 30 min, 3/week for 8 weeks, 3 | Before & after training with; BBS, DGl, Significant improvements in BBS, DGI, COP
2013 PD aged 44-91 balance games SRT, COP [standing with eyes open & standing with eyes open & COP tracking after

y/o

closed] and tracking tasks using WBB,
ABCS & GDS

training

10MWT= ten minute walk test, ABCS= Activities-specific Balance and Confidence scale, BBS= Berg Balance Scale, CBM= Community Balance and Mobility assessment, COP= Centre of pressure, DGI= Dynamic
Gait Index, FRT= functional reach test, GDS= Geriatric Depression Scale, MCA= Montreal Cognitive Assessment, POMA= Tinetti Performance Oriented Mobility Assessment, SRT= Sharpened Romberg test,
STST= Sit-to-Stand test, TUG=Timed Up & Go, UPDRS-II= Section Il of the Unified Parkinson Disease Rating Scale, WBB= Wii Balance Board
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3.4.15 Brain injury

Adults who experience brain injury are entitled to intensive inpatient rehabilitation. Balance
training is part of the rehabilitation programme as it is essential for functional ADL. Including
virtual reality or gaming as a form of balance training is newly proposed to this population.
Therefore, the literature related to using the Wii Fit games for balance training for TBI survivors is
still limited. The studies found were conducted with adults and children with brain injuries.
However, the studies of children with brain injuries will be discussed in a different section. This
section will only focus on the studies of adults with brain injuries (Table 3.9), which consisted of

two feasibility studies (McClanachan et al. 2013; Cuthbert et al. 2014).

The studies have some similarities in terms of the sample, the settings and the training duration.
Both studies recruited 20 participants with TBI who are undertaking intensive rehabilitation in
inpatient settings. In addition, both studies used Wii Fit training for the same duration of four
weeks. The differences lie in the study design, type of games, outcome measures and findings.
The study by Cuthbert et al. (2014) is a feasibility single blind RCT, whereas that by McClanachan
et al. (2013) is a randomised cross-over trial. Although both had same sample size, it was not
powered and was relatively small. In addition, there was a dropout rate due to early discharge.
This means that the results were based on a smaller sample; however, both studies used the
intention to treat analysis to overcome this issue. In each study, there were two groups to
compare the effect of Wii Fit training as an add-on intervention (McClanachan et al. 2013) or to
compare it with another form of balance training (Cuthbert et al. 2014). While both claimed that

group allocation was randomised, the randomisation method was not mentioned.

The Wii Fit training duration was four weeks, but the intensity of training was different. It was
three 30 min sessions per week in the study by McClanachan et al. (2013) and four 15-min
sessions per week in that by Cuthbert et al. (2014). In addition, neither of the studies included
only Wii Fit balance games but mixed it with other Wii Fit aerobics games (McClanachan et al.
2013) or with Wii Sports games (Cuthbert et al. 2014). Both studies showed a good level of
enjoyment expressed by the participants; however, the Cuthbert et al. (2014) study showed no
difference between the enjoyment level when trained with Wii Fit or the usual care. This may be
due to the limited games selected, which was only two in each session and which may have

resulted in boredom.

The outcome measures used in both studies were mainly looking at feasibility aspects, such as
acceptability, adherence, safety and enjoyment. In addition, outcome measures related to

balance, gait and endurance were used. These outcome measures were mainly functional clinical
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assessments of balance, while only one laboratory measure of gait was used (McClanachan et al.
2013). Neither of the studies included the use of force plates to measure COP movement during
static standing balance. This is because the studies’ aims were mainly to test feasibility and overall
functional improvement and not balance specifically. Despite this, functional dynamic balance
assessments like the BBS (Cuthbert et al. 2014) and the Balance Outcome Measure for Elder
rehabilitation (McClanachan et al. 2013), which is an assessment tool that includes items similar
to the TUG and the FRT tests, were used. In addition, other outcome measures that assess gait,
such as functional gait assessment (Cuthbert et al. 2014) and gait speed (McClanachan et al.
2013), can show improvement in terms of balance during gait. Assessments were conducted by a
blinded assessor in both studies at mid training and after training (Cuthbert et al. 2014) or after
training and after four weeks without training (McClanachan et al. 2013). However, the results

were only significant after four weeks of training.

Cuthbert et al. (2014) found a significant positive correlation between the BBS score and the
scores of two Wii Fit games, the Table Tilt and the Penguin Slid. They also suggest using the game
scores as an indication of balance improvements, which is not acceptable for different reasons.
The rho correlations were 0.68 and 0.69, and the 95% Cls were 0.09-0.92 and 0.12-0.92 between
the BBS and Table Tilt and Penguin Slide games scores respectively. These results showed a high
range of Cl indicating a high variability and unreliability of the scores. In addition, the significant
correlations presented were only found at mid assessment {two weeks} for the Table Tilt and at
final assessment {four weeks} for the Penguin Slide. This means that this correlation was not
consistent. Furthermore, these games were the only two Wii Fit games used for training, and their

results cannot be generalised to all Wii Fit games as each game has a different scoring system.

The results of both studies showed a positive significant effect of Wii Fit training on dynamic
balance, gait and endurance. Significant changes were seen after the Wii Fit training block in the
6MWT and in gait speed (McClanachan et al. 2013). These changes exceeded the minimum clinical
importance difference threshold for each measure. There were significant improvements in the
BBS after training in the Wii Fit group only and significant changes in the functional gait
assessment after training in both groups (Cuthbert et al. 2014). Neither study found any
significant differences between groups. The effect of Wii Fit training on balance was not clearly
tested for adults with brain injury, as both studies were designed as feasibility studies with small
sample sizes, which may not show significance. Furthermore, the improvements observed could
be because participants were in inpatient settings and had undergone intensive rehabilitation.

Therefore, the results may not reflect the true effect of Wii Fit training.
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ABI [inpatient]

{n=11}
2- Usual care alone
{n=10}

games
cross-intervention between
groups every 4 weeks

Study Sample Groups Wii Fit Assessment Results
McClanachan et n=21 2 groups [cross-over]; 30 min, 3/week for 4 weeks Before & after each block of 4 Clinically significant Improvements in
al 2013 adults with 1-  Wii Fit + usual care 4 balance games & 3 aerobic weeks by blinded assessor with; | BMWT & gait speed following training

6MWT, BOOMER, gait lab
parameters, HiMat

but no significant differences between
interventions

Cuthbert et al
2014

n= 20
adults with
TBI [inpatient]

2 groups {n=10 each};
1-  Wii Fit & Wii Sport
2- Balance rehab

15 min, 4/week for 4 weeks
2 Wii fit balance games & 2 Wii
Sports games

Before, after 2 weeks & 4
weeks training by blinded
assessor with; PACES, BBS, FGA

Significant improvements in BBS for
Wii group only, and in FGA for both
groups with no significant difference
between them

6MWT= six minutes walk test, ABI= Acquired Brain Injury, BBS= Berg Balance Scale, BOOMER= Balance Outcome Measure for Elder Rehabilitation, FGA= Functional Gait Assessment, HiMat=

High level mobility assessment tool, PACES= Physical Activity Enjoyment Scale, TBI= Traumatic Brain Injury
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3.4.1.6 Vestibular disorder

Vestibular rehabilitation is an effective intervention for vestibular conditions, such as unilateral
peripheral vestibular loss [UVL] that causes vertigo, dizziness, and impaired balance and gait. The
Wii Fit games were suggested to be part of the vestibular rehabilitation as it includes motor
learning and provides visual and auditory feedback. However, only two studies were found that
investigated the feasibility and effectiveness of including Wii Fit games as part of vestibular
rehabilitation (Sparrer et al. 2013; Meldrum et al. 2015). Details about each study are presented
in Table 3.10.

The study design was different in each study; one is an RCT (Meldrum et al. 2015) and the other is
a cohort study (Sparrer et al. 2013). The sample size was powered in both studies and was
relatively similar—67 participants with acute vestibular neuritis [AVN] (Sparrer et al. 2013) and 71
participants with UVL (Meldrum et al. 2015). Six participants were missing in the study by
Meldrum et al. (2015) at the six-month follow-up assessment. However, the intention to treat
analysis applied has overcome these missing data. The study by Sparrer et al. (2013) had a higher
dropout rate of 20 participants at the 10-week follow-up assessment, and these participants were
excluded from the analysis. Both studies randomly allocated participants to two groups, but only
one demonstrated a rigours randomisation method (Meldrum et al. 2015). This random allocation
aimed to compare the effect of Wii Fit training to a placebo (Sparrer et al. 2013) or to vestibular
rehabilitation (Meldrum et al. 2015). Sparrer et al. (2013) presented a third group of healthy
controls, without any dizziness or vertigo, and compared their results to the two other groups.

However, the demographic characteristics and the number of people in the group were not given.

The Wii Fit games selected for both studies were similar; 15 games were used in each study,
including balance, yoga, and aerobics games. However, Sparrer et al. (2013) gave the participants
the option to choose different six out of 15 games for each session, while Meldrum et al. (2015)
pre-selected 10 out of 15 games for each session. Although training did not focus mainly on
balance games, there was a variety of games in order to avoid boredom. The training duration in
the study by Sparrer et al. (2013) was very short and intensive—45-min sessions twice a day for
five days—because it took place in at inpatient setting. However, such intensive training may not
be suitable for other rehabilitation populations like stroke patients. In contrast, the training
duration in the study by Meldrum et al. (2015) was more reasonable and acceptable at 15-min
sessions five times per week for six weeks. This training was conducted at patients’ homes, except
for one session per week in a clinical setting. This training duration and intensity was convenient,
and there was a high adherence rate (Meldrum et al. 2015). However, Meldrum et al. (2015)

reported that three adverse events occurred throughout the study, which brings into question the
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safety of Wii Fit home training. Participants in the Wii Fit group reported a significantly higher
enjoyment level than the other group (Meldrum et al. 2015); however, this was assessed with a

non-valid questionnaire.

The only balance measure used in both studies was the Sensory Organisation Test [SOT], which is
a system assessing stability in different sensory conditions. However, there were neither clinical
functional assessments of balance like the BBS used nor laboratory static standing COP measures.
The main outcome measures used in both studies were related to nystagmus, assessed using
Frenzel’s goggles, and gait, assessed using gait speed and DGI. This was because these studies did
not aim to improve motor impairment or increase daily functional activity like the case for adults
with stroke and PD. Although most outcome measures were either objective laboratory or self-
rating subjective questionnaires, Meldrum et al. (2015) ensured the assessor was blinded. Sparrer
et al. (2013) used the Wii Fit age test, which is a not a balance test, and the “one leg figure” score,

which is a yoga game score, as outcome measures that are not valid or reliable.

Sparrer et al. (2013) highlighted the effectiveness of Wii Fit training in terms of the absence of
nystagmus 2.1 days earlier in the Wii Fit group than in the placebo group. This means that adults
with UVL will require longer hospitalisation when not trained with Wii Fit. Both studies showed
balance improvements in the SOT after training; however, this improvement was only significant
in the Wii Fit group with other measures when compared to placebo (Sparrer et al. 2013). When
the Wii Fit training is compared to vestibular rehabilitation (Meldrum et al. 2015), differences
between groups were not significant across all outcome measures. This agrees with previous
studies that the Wii Fit training is not superior to any other form of balance or vestibular training.
The results of both studies were consistent in both assessments after training and at the 10-week
follow-up (Sparrer et al. 2013) and the six-month follow-up (Meldrum et al. 2015), showing the
long-term effect of Wii Fit training on the vestibular system. Both studies support the use of Wii
Fit training as part of vestibular rehabilitation due to the positive results after training. However,
these results were not clinically or statistically significant, as both studies used the median and
interquartile range for analysis and comparison between groups. This did not test the effect of
training in relation to time, where differences between pre-training and post-training were not
clearly tested for significance. Although functional dynamic balance was not tested,
improvements in gait speed and SOT shows positive changes in stability during walking and when
experiencing different sensory conditions. Thus, these studies have shown Wii Fit to be an
effective vestibular rehabilitation tool. This also agrees with previous studies that Wii Fit training

has positive effects in terms of cognitive, vestibular and motor training.
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Table 3.10: Studies that tested the effect of Wii Fit balance games on adults with vestibular loss

Study

Sample

Groups

Wii Fit

Assessment

Results

Sparrer et al
2013

n=67
adults with AVN

2 groups;
1-  Wii Fit {n=34}
2- Control {n=33}

45 min, 2/day for 5 days
4 balance games, 5 yoga
games & 3 strengthening
games

Before, after training & at 10 weeks
follow up with; SOT, Frenzel’s
goggles, DHI, VSS, Tinneti
questionnaire & Wii fit age

Absence of nystagmus 2.1 days earlier in Wii Fit
group

The Wii Fit group showed significantly better
results in the SOT, DHI, VSS, Wii Fit age & Tinneti
questionnaire

Meldrum et
al 2015

n=71
adults with UVL

2 groups;

1- Wii Fit {n=35}

2- Vestibular rehab
{n=36}

15 min, 5/week for 6 weeks
[home training with 4-7
clinical session], 7 balance
games, 6 yoga games & 3
aerobics games

Before training, after 8 weeks & at 6
months follow up by blinded
assessor with; self-gait speed, DGI,
SOT, DVA, VRBQ, ABCS, HADS

Improvements in both groups & no significant
difference between groups in any measure.

ABCS= Activities-Specific Balance Confidence Scale, AVN= Acute Vestibular Neuritis, DGl= Dynamic Gait Index, DHI= Dizziness Handicap Inventory, DVA= Dynamic Visual Acuity, HADS= Hospital Anxiety and
Depression scale, SOT= Sensory Organization Test, UVL= unilateral peripheral vestibular loss, VRBQ= Vestibular Rehabilitation Benefits Questionnaire, VSS= Vertigo Symptom scale
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3.4.2 Children population

34.2.1 Children with poor balance

There were limited studies in the literature that investigated the effect of Wii Fit balance training
on children with impaired balance. Table 3.11 provides a summary of the nine studies found
regarding the effect of Wii Fit games on balance for children with poor balance due to different
diagnoses. Two studies included children identified with poor balance performance at school
(Mombarg et al. 2013; Jelsma et al. 2014). Other studies were performed with children with a
range of diagnoses that affect their balance ability: DCD (Ferguson et al. 2013; Hammond et al.
2014); DS (Abdel-Rahman 2010); developmental delay (Salem et al. 2012); lower limb amputation
(Andrysek et al. 2012); TBI (Tatla et al. 2014) and MoA (Esposito et al. 2013). These studies will be
discussed based on 1) age of children, 2) sample size and study design, 3) settings and intensity of

training, 4) outcome measures used and 5) the main findings.

34.21.1 Age of children

Most of the studies have investigated children population between the ages of 6 and 14, except
two studies included younger or older range like; between the age of three and five years (Salem
et al. 2012), or up to the age of 18 (Andrysek et al. 2012). Age is a major factor in the
development of balance where all sensory systems are maturing at different rates. Therefore, it
could be argued that the balance improvements seen in the studies could be due to the
development of balance with age and not due to the Wii Fit training. However, the Wii Fit training
was mostly for six weeks, and maturation requires a longer period of time. In addition, some
studies tested balance after a control period of not playing Wii Fit and found that the balance
level had declined (Andrysek et al. 2012; Hammond et al. 2014; Jelsma et al. 2014). Therefore,

balance improvements are less likely to be due to the development of sensory systems.

3.4.2.1.2 Sample size and study design

Although each study investigated children with different diagnoses, all agree on the effectiveness
of Wii Fit in improving balance. However, their results’ dissemination to wider population is
limited to the sample size. Except for Esposito et al. (2013) who recruited 71 children with MoA,
the sample size ranged between 3 and 46 participants in eight studies. However, the number of
children who played Wii Fit in these studies was fewer than 28. The average sample size was
relatively small, which could be due to the difficulty of recruiting children with these diagnoses. In

addition, these sample sizes were not powered; a power calculation of the sample size was only
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demonstrated in one study (Ferguson et al. 2013). Therefore, there is a need for studies with

larger sample sizes that are statistically powered.

The study design used in most of the studies was a controlled pre- and post-test, which compares
between outcome measures before and after intervention within one group (Andrysek et al.
2012) or between two groups, an intervention group and a group of TD children (Andrysek et al.
2012; Esposito et al. 2013; Jelsma et al. 2014) or a control group without intervention (Abdel-
Rahman 2010; Salem et al. 2012; Mombarg et al. 2013). Comparing the outcomes with a control
group of TD children does not show the real effect of Wii Fit training. This is because children
without balance deficits will definitely have different results than children who experience
difficulty in balance performance. Therefore, this comparison is only to have reference data for TD
children and not to explore the effect of Wii Fit training. However, a control group from the same
diagnosis sample that does not undertake Wii Fit training would allow a fairer judgment of the

intervention.

Other studies compared between Wii Fit intervention and other forms of training, such as
traditional balance rehabilitation (Salem et al. 2012), neuromotor task training (Ferguson et al.
2013) and a local school programme called ‘Jump Ahead’ (Hammond et al. 2014). The intent of
such a comparison is to show the superiority of one intervention over another; however both
interventions have to have the same duration of training. This was only seen in the study by Salem
et al. (2012). The other two studies showed unequal training, where one was longer or more
intensive than the other (Ferguson et al. 2013; Hammond et al. 2014). In addition, only four
studies showed random allocation of groups (Salem et al. 2012; Mombarg et al. 2013; Hammond

et al. 2014; Jelsma et al. 2014).

Only one study was designed to be an RCT (Salem et al. 2012). Others used different study
designs, such as a multiple baseline single subject design (Tatla et al. 2014), due to a small sample
size of three children, and a cross-over A-B design (Hammond et al. 2014; Jelsma et al. 2014).
Although such designs do not give statistical significance, they do give an idea about potential
effects. However, in order to recommend the Wii Fit as an evidence-based intervention to
improve balance, more randomised control trials with larger powered sample sizes and control

groups are needed.

3.4.2.13 Wii Fit training and settings

The intensity and duration of Wii Fit training varied somewhat across the studies, but it seems
that most agreed on 30 min of training two to three times a week for a period of four to six weeks

(Abdel-Rahman 2010; Andrysek et al. 2012; Ferguson et al. 2013; Mombarg et al. 2013; Hammond
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et al. 2014; Jelsma et al. 2014; Tatla et al. 2014). Two studies extended Wii Fit training to 10
weeks (Salem et al. 2012) and 12 weeks (Esposito et al. 2013). Even though they had different
intensities of training, all showed significant improvement in balance following the Wii Fit
training. Although all studies included Wii Fit games, seven involved playing balance games only
(Abdel-Rahman 2010; Andrysek et al. 2012; Esposito et al. 2013; Mombarg et al. 2013; Hammond
et al. 2014; Jelsma et al. 2014; Tatla et al. 2014) and the rest involved other Wii Fit games in
addition to balance games (Ferguson et al. 2013) or Wii Sports games (Salem et al. 2012).
Although balance games focus on shifting weight and moving the COP in different directions to
improve balance, other Wii Fit games like aerobics or strengthening can improve balance too as
they also require weight shifting. Different games were used across the studies; however, the
positive effect of Wii Fit games on balance improvements was seen across all studies. However,
the intensity of training and game selection needs to be tested with larger samples to be able to
standardise the Wii Fit training programme in order to see a clinically and statistically significant

effect.

The settings in which these studies were performed had an important effect on the feasibility of
using Wii Fit. It can be seen from the literature that studies that recruited higher numbers of
children used school settings (Ferguson et al. 2013; Mombarg et al. 2013; Hammond et al. 2014;
Jelsma et al. 2014). However, these studies were performed on children with DCD, a condition
that affects one in every 56 children in the UK (Lingam et al. 2009). Three studies were performed
in clinical settings for children with DS (Abdel-Rahman 2010), developmental delay (Salem et al.
2012) and TBI (Tatla et al. 2014) where Wii Fit training was part of the regular therapy or as a
therapy in its own. Only two studies tested the effect of Wii Fit games when used as a home
therapy exercise for children with lower limb amputations and MoA (Andrysek et al. 2012;
Esposito et al. 2013). Home might be the most convenient setting for children and families, where
they have more freedom and flexibility in terms of the time and duration of training. However, it
is easy to cheat at and manipulate Wii Fit games, making it hard to distinguish if the child has
actually played the games or just run the games and make a record of it. Furthermore, a logbook
may not be the most appropriate way of assessing adherence to the training or the time spent on
each game. This lack of supervision is a study limitation. School and clinical settings are better
supervised and convenient for children and families. The fact that Wii Fit games have been used in

different settings increases the feasibility of using Wii Fit games at school, at home or at a clinic.

3.4.2.14 Outcome measures

Most studies assessed participants before intervention and after intervention. Only one included

a follow-up assessment after about six weeks of no training (Andrysek et al. 2012). Tatla et al.
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(2014) was the only study that included daily measurement assessments, which was because of
the small sample size of three participants. Assessment bias is usually avoided when the
investigator is blinded to group allocation or intervention. This was seen in only three studies

(Salem et al. 2012; Ferguson et al. 2013; Tatla et al. 2014).

The outcome measures used in these studies were based on functional outcome measures,
laboratory force plates and/or Wii Fit games and test scores. The most common functional
measures were the Movement Assessment Battery for Children [MABC-2] (Esposito et al. 2013;
Ferguson et al. 2013; Mombarg et al. 2013; Jelsma et al. 2014) and the Bruininks-Oseretsky test
[BOT-2] (Abdel-Rahman 2010; Mombarg et al. 2013; Hammond et al. 2014; Jelsma et al. 2014).
Both assess motor performance and coordination, including balance measures, which are both
valid and reliable (Bruininks & Bruininks 2005; Henderson et al. 2007). Other balance functional
measures like the TUG test (Salem et al. 2012; Tatla et al. 2014), the FRT (Tatla et al. 2014), the
SLST (Salem et al. 2012; Tatla et al. 2014) and the CB&M (Andrysek et al. 2012) were used in a few
studies. Although functional measures of balance provide valuable clinical information, other
laboratory objective measures are necessary to inform about Wii Fit effectiveness. However, only
one study used force platforms to measure COP sway area (Andrysek et al. 2012), and found a
decrease in the COP sway area in six children with lower limb amputations after Wii Fit training,
but it was not significant. Testing balance improvements with both laboratory and functional
measures is needed in further studies to help determine the effectiveness of Wii Fit training in

terms of static and dynamic balance.

Jelsma et al. (2014) used the scores from the Wii Fit balance game Ski Slalom as an outcome
measure of balance. Game scores are based on the learning effect of playing a game many times,
which does not represent balance improvement but game performance improvement. In
addition, performance in this game relies on fast decision making and attention while shifting
weight right and left, and the final score is calculated based on the number of gates missed as
speed increase. Therefore, it is not a measure of balance. Furthermore, Wii Fit game scores are
not reliable and are invalid outcome measures (Wikstrom 2012). Tatla et al. (2014) used the Wii
Fit balance test as an outcome measure, which is also not valid or reliable (Gras et al. 2009).
Therefore, using Wii Fit game scores or Wii Fit balance parameters is not recommended because

improvements based on such measures are not clinical improvements.

3.4.2.15 Results

The Wii Fit training resulted in significantly greater increases in the scores of the MABC-2 and
BOT-2 balance subtests when compared to no training for children with poor motor performance,

DCD and DS (Abdel-Rahman 2010; Mombarg et al. 2013; Jelsma et al. 2014). A significant increase
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in the total MABC-2 and BOT-2 scores was shown following Wii Fit training for children with DCD
(Ferguson et al. 2013; Hammond et al. 2014). However, this increase was seen in the total score
and not specifically in the balance part. In addition, the study by Ferguson et al. (2013) showed
greater improvements in the group that undertook neuromotor task training than in the Wii Fit
group. However, this could be because the Wii Fit group was trained for six weeks, while the
other group was trained for nine weeks. The study by Esposito et al. (2013) showed greater
significant improvements in both the total score of the MABC and the scores for the balance part
in children with MoA after Wii Fit training compared to TD children. However, this significant

difference between groups was seen at both baseline and after Wii Fit training.

There was a decrease in the TUG score in two children with Bl (Tatla et al. 2014) and in 20 children
with developmental delay (Salem et al. 2012) after Wii Fit training. In addition, significantly
greater improvements in SLST were seen in the Wii Fit group compared to the conventional
rehabilitation group of children with developmental delay (Salem et al. 2012). Children with lower
limb amputations demonstrated an increase in the CB&M score and a decrease in COP sway area
during standing after Wii Fit training (Andrysek et al. 2012). In addition, children with trans-
femoral amputations showed greater improvements than children with Van Ness amputations.
This was because children with Van Ness amputations showed similar COP parameters to TD
children. However, the sample consisted of six participants, which was too small to detect a

significant difference.

In conclusion, the literature relating to the effects of Wii Fit games on balance for children with
balance impairments is still limited. The studies found so far support the use of Wii Fit games and
have shown positive significant improvements in balance measures. Although there was a lack of
standardised training settings, intensity and game selection, it can be concluded that training with
Wii Fit games in clinics or schools for 30 min three times a week for a period of four to six weeks is
effective in improving dynamic balance among children aged between 6 and 16. Even though the
body of literature relating to the effectiveness of Wii Fit for balance is still growing, these studies

all inform about the potential effect of Wii Fit games on balance.
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Table 3.11: Studies tested the effect of Wii Fit balance games on children with limited balance

Study Sample Groups Wii Fit training Assessments Results

Mombarg et | n=29 2 groups; 30 min, 3/week for 6 weeks, | Before and after training Wii Fit group showed significant

al. 2013 Children with poor 1- Wii Fit n=15 18 balance games [3-5 with; MABC-2 [motor increase in only the balance part
motor performance 2- Control n=14 games/session], School coordination], and BOT-2 scores of both measures
aged 7-12 y/o setting [balance, speed and agility]

Jelsmaetal. | n=28 2 groups 30 min, 3/week for 6 weeks, | Before and after training Significant improvement in balance

2014 Children with P-DCD [n=14 each]; 18 balance games [child with; MABC-2, BOT-2 scores of MABC-2 and BOT-2 following
aged 6-12 y/o 1- Wii Fit choice], school setting [balance], Ski slalom game Wii Fit training phase for both groups,
n= 20 matching TD 2- No intervention score, Enjoyment scale which was significantly greater than
children then Wii Fit control phase

Ferguson et

n=46

2 groups {not

30 min, 3/week for 6 weeks,

Before and after training by

NTT group show significant grater

al. 2013 Children with DCD randomized, from 13 Wii Fit games, school blinded assessor with; improvement than Wii Fit group in
aged 6-10 y/o three schools}; setting MABC-2, FSM, HHD, MPST, motor performance, functional
1- NTT n=27 20mSRT strength and cardio-respiratory fitness.
2- Wii Fit n=19 NTT {out-doors}; Significant balance improvements
45-60 min, 2/week, 9 weeks after training in both groups
Hammond n=18 2 groups; 10 min, 3/week for 4 weeks, | Before and after training Significant improvements in BOT-2
etal. 2014 Children with DCD 1- Wii Fit-control 9 balance games, School phase 1 [week 4] then phase | totals scores following Wii fit phase
aged 7-10 y/o [jump ahead] n=10 | setting 2 [week 18] with; BOT-2 only for both groups
2- Control [jump [balance], CSQ, SDQ
ahead -Wii Fit n=8 Jump ahead; 1hour/week, 4
weeks
Abdel- n=30 2 groups {n=15 each}; 30 min, 2/week for 6 weeks | Before and after training Wii fit group showed higher significant
Rahman Children with Down 1- Wii Fit plus therapy, 3 Wii Fit with; The balance subtest of | difference in balance between pre- &
2010 syndrome aged 10-13 2- Control balance games, clinical BOT-2 post- training

y/o

settings
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Salem et al. n=40 2 groups {n=20 each}; 30 min, 2/week for 10 before and after training by | Significant improvements in all
2012 Children with develop- | 1- Wii weeks, 3 balance games, 3 blinded assessor with; outcomes after training for both
mental delay aged 3-5 2- Traditional aerobics games, 2 10MWT, TUG, SLST, 5 times | groups. But, Wii group showed
y/o rehabilitation strengthening games, 3 Wii STST, TUD, 2MWT, Grip significant grater improvement in grip
Sports games, clinical strength, GMFM-88 only D strength and single leg stand test,
settings & E compared to control
Andryseket | n=6 3TF 20 min, 4/week for 4 weeks, | Before, after training [week | Average decrease in COP sway area by
al. 2012 Children with unilateral | 3 VN 2 balance games, home 5] and follow up [week 13] 41%, and increase in CB&M scores of
lower limb amputation | 10 age match TD settings by blinded assessor with; 1.2 points after training with Wii Fit. TF
aged 8-18 y/o controls 1- COP area, maximum showed greater improvement than VN
excursion and RMS
2- CB&M
Tatla et al. n=3 - 30 min 5/week, [1:3 weeks, Daily assessment by blinded | Grater improvements for the two
2014 Children with TBI aged 2: 2days & 2 weeks, 3: 2 assessor with; TUG, FRT, Wii | participants with longer Wii Fit training
12-14y/o weeks], 9 balance games, Fit balance test, PMS, PEDI showed by a decrease in TUG, increase
Inpatients acute setting [only once a week] in FRT & PMS
Esposito et n=71 children with 2 group {different, not | 30 min, 3/week, 12 weeks Before and after training Significant differences between groups
al. 2013 MoA with mean age randomized}; for both groups, 18 Wii fit with; MABC, and Beery at baseline and after training. Only

[9.1+1.9]
n=93 TD children with
mean age [8.9%2]

1- MoA, n=71
2-  TD, n=93

games including 6 balance
games, 3- 5/session, home
settings

visual-motor integration test

MoA children group showed significant
improvements in all variables after Wii
Fit training

2MWT= 2 Minute Walk Test, 10MWT= 10 Meter Walk Test, 20mSRT= 20 meter Shuttle Run Test, ABC= Agility, Balance and Coordination, BOT-2= Bruininks-Oseretsky test, CB&M=
community balance and mobility scale, COP= Centre of Pressure, CSQ= Coordination Skills Questionnaire, DCD= Developmental Coordination Disorder, FSM= Functional Strength
Measure, GMFM= Gross Motor Function Measure, HHD= Hand-Held Dynamometer, MABC-2 =Movement Assessment Battery for Children, FRT= Functional Reach Test, MoA=
Migraine without Aura, MPST= Muscle Power Sprint Test, NTT= Neuromotor Task Training, P-DCD= Probable Developmental Coordination Disorder, PEDI= Paediatric Evaluation of
Disability Index, PMS= Paediatric Motivation Scale, RMS= Root Mean Square, SDQ= Strengths and Difficulties Questionnaire, SLST= Single Leg Stance Test, STST= sit to stand test,
TBI= Trumatic brain injury, TD= Typically Developed, TUD= Timed Up and Down stairs test, TF= Trans-Femoral amputation, TUG= Timed Up and Go, VN= Van-Ness amputation
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3.4.2.2 Children with CP

Deutsch et al. (2008) published the first case report describing the feasibility of using the
Wii in rehabilitation programmes. It showed positive outcomes in visual-perceptual
processing, postural control and walking distance when the rehabilitation of an adolescent
with CP was augmented with the Wii (Deutsch et al. 2008). The possibility of implementing
the Wii in a rehabilitation setting for children with CP was first tested by Gordon et al.
(2012), when the authors explored the potential impact of the Wii on the gross motor
function of children with CP. The results showed significant changes in the GMFM score
that exceeded the minimal clinically important difference [MCID] for the scale. However,
these changes were not statistically significant due to the small sample size of seven
children with CP. Both studies examined the use of Wii Sports with a CP population and
thus provide the basis for the feasibility and acceptability of using Wii games in the

rehabilitation of children with CP.

The literature related to using Wii games for children with CP is limited in general, and the
specific literature that includes Wii Fit games in balance rehabilitation for children with CP
is even more limited. Therefore, only four studies were found (Ramstrand & Lygnegard
2012; Sharan et al. 2012; Jelsma et al. 2013; Tarakci et al. 2013). These studies will be
discussed in relation to the study design and sample, the Wii Fit training, the outcome
measures used and the main results. Table 3.12 gives a brief summary of the studies’

details and main findings.

3.4.2.2.1 Study design and sample

Each of the four studies had a different research design: randomised cross-over (Ramstrand
& Lygnegard 2012), one group pre- and post-test (Tarakci et al. 2013), two groups pre- and
post-test, including a control group (Sharan et al. 2012) and multiple single-subject blinded
with multiple baselines (Jelsma et al. 2013). However, none of the studies included an RCT
due to the limited numbers in the targeted population and the exploratory nature of the

research.

The sample size in each study was less than 20 children, with no power calculation. In
addition, two studies reported a drop out rate of about 40% (Ramstrand & Lygnegard 2012;

Tarakci et al. 2013). Therefore, the results of these studies were based on a limited number
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of children with CP aged between 8 and 14. This affected the statistical significance and the

generalisability of the results.

Children in all studies were between the ages of 5 and 17. Three studies included children
with GMFCS level I-1ll (Ramstrand & Lygnegard 2012; Sharan et al. 2012; Jelsma et al. 2013;
Tarakci et al. 2013). However, there was only one participant in one study who was at
GMFCS level Il (Tarakci et al. 2013). This means that results are specific to children with CP
at GMFCS level I-Il only. Sharan et al. (2012) included children with CP who were
postoperative without any information about the type of operation or their functional
levels. In this case, the study results could not be interpretive or generalisable to children

with CP.

3.4.2.2.2 Wii Fit training and settings

The Wii Fit training intensity plays a major role in the differences between studies. As
mentioned earlier, most studies used Wii Fit games for 30 min per session 2—3 days per
week for a period of 4—6 weeks. Studies performed on children with CP had about the same
intensity, but two studies were for 3 weeks (Sharan et al. 2012; Jelsma et al. 2013) and one
study was for 12 weeks (Tarakci et al. 2013). All three studies demonstrated significant

dynamic balance improvements.

All studies used only Wii Fit balance games, except Sharan et al. (2012), who used Wii Fit
and Wii Sports games. This means that not only Wii Fit balance games can improve balance
but so can all Wii Fit games or Wii Sports and Wii Fit games together. This may be due to
the nature of the games that encourage the use of the whole body movement whether
standing on a board to shift weight or standing on the floor with freedom of movement.
The differences between Wii Fit balance games and Wii Sports games may need to be
tested as it could be that Wii Fit balance games train for static balance and Wii Sports

games train for dynamic balance.

Two studies used Wii Fit games in a therapy session (Jelsma et al. 2013; Tarakci et al. 2013),
while Ramstrand & Lygnegard (2012) used Wii Fit games as home exercise. As mentioned
earlier, school settings might be useful for children; however, the number of children with
CP in each school is limited. Therefore, clinical settings are more convenient for children
with CP and their families. Although the Wii Fit is portable and can be used in different

settings, no significant improvements were found when it was used at home (Ramstrand &
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Lygnegard 2012). This may be due to the lack of supervision of Wii Fit training, as games
may or may not have been played by the children with CP, and even if they were the WBB
may have been manipulated to get high scores. On the other hand, when children with CP
played Wii Fit games at therapy sessions with therapist supervision, significant clinical
improvements were seen. This may be because the therapist focuses on the quality of
movement instead of just monitoring the playing of a game or emphasising a high score.
Therefore, supervision by a therapist while playing Wii Fit games is recommended for

children with CP.

3.4.2.2.3 Outcome measures and results

Only in the study by Ramstrand and Lygnegard (2012) was a laboratory force platform used
to measure balance. This study found no significant difference in COP velocity between
before training with Wii Fit and after training with Wii Fit. Although other sophisticated
measures were used for reactive balance and weight shift, there were no other functional
measures of dynamic balance to test the clinical effect. This may suggest that the effect of
Wii Fit training on balance may not be detected with laboratory testing equipment that
shows significant differences. However, when testing balance activity using functional

measures, some improvement may be reflected.

Looking at the other three studies (Sharan et al. 2012; Jelsma et al. 2013; Tarakci et al.
2013), it can be seen that significant improvements were found because functional
outcome measures were used. However, each study used different measures. Some
functional measures, such as the BOT-2, the SLST, the TUG and the FRT, which were used
by Jelsma et al. (2013) and Tarakci et al. (2013), detected significant improvements in
balance. However, these measures are subject to assessor bias; only one study used a
blinded assessor (Jelsma et al. 2013). There were medium improvements in the BOT-2
balance scores after the Wii Fit training phase; assessments were conducted once a week
for nine weeks, which means that there was a practice and learning effect of the repeated
measures. In addition, Tarakci et al. (2013) used Wii Fit gaming scores and balance tests as
outcome measures, which are not reliable, (Gras et al. 2009; Wikstrom 2012) or

recommended and do not reflect the effect of games on functional balance.

Each of the four studies was conducted in a different country. While demographic and
cultural differences may not impact children with CP, each country’s health system may

impact their rehabilitation. For example, children with CP in a developed country like
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Sweden may have received more therapy training in the community and at school
compared to children with CP in a developing country like South Africa. This may be an
indirect factor in the effect of Wii Fit games, as children with CP in a developed country
may have a higher functional level where Wii Fit games did not show any improvement.
Therefore, this could be the reason Wii Fit games did not induce significant balance
improvements in the study by Ramstrand and Lygnegard (2012) conducted in Sweden but
did induce significant clinical improvements in three studies from the developing countries
of South Africa (Jelsma et al. 2013), India (Sharan et al. 2012) and Turkey (Tarakci et al.
2013).

In summary, using the Wii Fit balance games in paediatric rehabilitation was introduced
less than five years ago. Therefore, the literature relating to its effectiveness in terms of
balance for children with CP specifically is still limited. The literature far agrees on the
positive effect of Wii Fit balance games in clinical settings assessed using functional
measures. However, without a randomised control group it is hard to be sure that this
improvement is the effect of Wii Fit games. In addition, as expressed earlier, the small non-
power sample of all studies cannot provide statistically significant results. Furthermore, the
homogeneity of the sample makes the results limited to children with CP of a specific age
range and functional level. However, these studies highlighted the need for a larger sample

in a RCT to identify the effect of Wii Fit training on balance for children with CP.
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Table 3.12: Studies tested the effect of Wii Fit balance games on children with CP

Study Sample Groups Wii Fit training Outcome measures Results
Ramstrand | n=16 [4 drop out] 2 groups {n=8 each}; 30 min, 5/week for 5 Before, after phase 1[week 5] and No significant improvements in any of
& Children with CP, GMFCS |[1- Wii Fit- no training | weeks, 6 balance after phase 2 [week 10] with; the outcome measures after Wii Fit
Lygnegard | I-Il, aged 8-17 y/o 2- No training-Wii Fit | games, home settings 1- SOT for COP velocity training
2012 2- Reactive balance by muscular EMG
3- Rhythmic weight shift
Tarakci et n=19 [5 drop out] One group 40 min, 2/week for 12 Before and after training with; SLST, Significant improvement in all
al. 2013 Children with CP, GMFCS weeks, 4 balance TUG, 6MWT, FRT, Wii Fit test and outcome measures following Wii Fit
I-1ll, aged 5-17 y/o games, clinical settings | game scores balance training
Sharan et n=16 2 groups {n=8 each}; 3/week for 3 weeks, Before and after training with; MACS, Significant improvement in PBS and
al. 2012 postoperative children 1-  Wiitraining Wii Fit & Wii Sport PBS MACS for both groups. Grater
with CP with mean age 2- Control games improvements of PBS seen in Wii
8.8+3.2 group
Jelsma et n=14 children with CP, - 25 min, 4/week for 3 Once a week for 9 weeks by blinded Significant improvement in balance
al. 2013 GMFCS I-Il, aged 7-14 weeks, 6 balance assessor with; BOT-2 [Balance and RSA | scores after Wii Fit phase. However

y/o

games, clinical settings

subtests], TUDS

improvements in RSA & TUD were not
significant

6MWT= 6 Minute Walk Test, BOT-2= Bruininks—Oserestky test of Motor Performance 2, CP= cerebral palsy, COP= Centre of Pressure, FRT= Functional Reach, MACS= Manual Ability
Classification System, PBS= Paediatric Balance Scale, RSA= Running speed and agility, SLST= Single Leg Stance Test, SOT= Sensory Organisation Test, TUDS= Timed Up and Down
stairs, TUG= Timed Up and Go
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3.5 Summary of literature

The Nintendo Wii is an enjoyable active video game system that can be played by all family
members of different ages. The Wii Fit games with the WBB were specifically designed to
increase physical activity while playing. The Wii Fit games include games that aim to
improve balance and increase endurance and strength, and the WBB as a tool gives good
visual feedback about movements. In addition, this over the shelf game is cost effective,
portable, and contain high technology making it a convenient tool to be used in clinical
rehabilitation. Therefore, some researchers are interested in investigate the effect of Wii
Fit training, specifically balance, in rehabilitation. Other researchers have focused on the
accuracy of the WBB'’s data to detect changes in standing postural control to determine if it

is a suitable balance assessment tool.

Therefore, the literature relating to the use of Wii Fit games for balance training or the use
of the WBB for balance assessment has grown from 2010 until today. Following a
systematic database literature search and selection process based on inclusion and
exclusion criteria, a total of 74 studies were reviewed in this chapter. 22 studies
investigated the use of the WBB or Wii Fit in balance assessment, and 52 studies
investigated the effect of Wii Fit balance games in training to improve balance for different

rehabilitation populations.

3.5.1 Summary of the literature relating to the WBB as a balance assessment

tool

Twelve studies agreed that the WBB’s COP data are valid and comparable to data obtained
from laboratory force plates (Clark et al. 2010; Huurnink et al. 2013; Yamamoto &
Matsuzawa 2013; Holmes et al. 2013b; Larsen et al. 2014; Park & Lee 2014; Scaglioni-
Solano & Aragon-Vargas 2014; Abujaber et al. 2015; Pavan et al. 2015), the Smart Balance
Master (Chang et al. 2013) and the baropodometer platform (Sgro et al. 2014). In addition,
the COP data obtained from the WBB showed significant moderate correlation with the
performance of clinical functional balance tests, such as the FRT (Bower et al. 2014). Seven
of these studies showed excellent test re-test reliability of COP data from the WBB along
with the validity results (Clark et al. 2010; Chang et al. 2013; Bower et al. 2014; Larsen et al.
2014; Park & Lee 2014; Scaglioni-Solano & Aragon-Vargas 2014; Abujaber et al. 2015). The
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WBB'’s WBA data obtained while standing on two WBBs has been shown to be reliable with
or without visual feedback (Clark et al. 2011), and the WBB can reliably assess balance in

adults with impaired vision (Jeter et al. 2015).

The COP parameters calculated based on data obtained from the WBB were COP path
length, COP velocity and Max COP sway in the AP and ML directions. In addition, other
postural control outcomes were calculated, such as WBA (Clark et al. 2011; Bower et al.
2014) and the vGRF (Yamamoto & Matsuzawa 2013; Abujaber et al. 2015). These outcomes
were calculated using connecting software that was different in each study. However, the
calibration process used to extract the COP data from the WBB was that suggested by Clark
et al. (2010), who were the first to test the reliability and validity of the COP path length
obtained by the WBB.

Static double-leg or single-leg standing with eyes open and closed were the main four
balance tasks used in most of the studies. Other studies tested dynamic standing tasks,
such as sit-to-stand (Bower et al. 2014; Abujaber et al. 2015), squatting (Clark et al. 2011)
and jumping (Yamamoto & Matsuzawa 2013). This shows the sensitivity of the WBB to

quantify COP trajectory accurately during a variety of standing tasks.

Other researchers looked at different ways of using the WBB technology. Four studies used
the COP parameters detected by the WBB to address different therapeutic purposes, such
as predicting falls (Kwok et al. 2015), predicting a suitable walking aid (Pua et al. 2015),
assessing sleepiness (Tietdvainen et al. 2013) and detecting postural changes with different
visual tasks (Koslucher et al. 2012). Although these four studies did not aim to test the
reliability or validity of the WBB measures, they highlighted the extra benefits of WBB to

inform clinical practice in prescribing suitable walking aids and predicting falls.

There has been confusion between data obtained from the WBB for balance assessment
and using the WBB with the Wii Fit to measure balance either based on Wii Fit game scores
or balance test scores. The WBB, as a separate tool, can provide valid and reliable standing
postural control outcomes. However, when it is connected to the Wii Fit, it gives feedback
about movements during game play, which is useful for training purposes. In addition, the
WBB data is used to calculate Wii Fit game or test scores, which usually refer to the targets
met by the player in each game or test. Therefore, the Wii Fit game scores showed poor
reliability and concurrent validity (Wikstrom 2012), and improvements in Wii Fit game

scores are highly specific to the Wii gaming device (Naumann et al. 2015). In addition, the
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Wii Fit balance tests have been shown to be unreliable (Gras et al. 2009) and do not
correlate with clinical functional standardised tests of balance, mobility or fitness (Reed-
Jones et al. 2012b). Accordingly, when the Wii Fit games are used as intervention for
balance training, the Wii Fit game scores or test should not be used as an objective
outcome measure of balance. Instead, the WBB can be used an assessment tool on its own

and can provide valid and reliable data for standing postural control outcomes.

The literature relating to the use of the WBB as a balance assessment tool was limited to six
studies between the years 2010 and 2012. At that time, there was a gap in the literature in
terms of validity and reliability reports on WBB data. In addition, there has been limited
explanation of the WBB technology and how to calibrate the WBB. Therefore, the present
study aimed to first understand the WBB calibration process in order to use the WBB as a
balance measure later in the study. However, the number of published research papers
appearing between 2013 and 2015 has increased to 16 studies. It can be seen that with
time, more and more researchers have gained a better understanding of how the WBB
works, and the gap has been filled. However, most of these studies were based on testing
standing balance among young and old healthy adults; only a few tested patient
populations, such as adults with total joint arthroplasty (Abujaber et al. 2015), adults with
PD (Holmes et al. 2013b) and adults post stroke (Bower et al. 2014).

In addition, there is limited research regarding the use of the WBB to assess balance for the
child population. Only recently, Larsen et al. (2014) showed that the WBB is a valid and
reliable tool to assess balance in TD children. To the best of the author’s knowledge, thus
far, the effectiveness of the WBB to measure postural control and COP path length among
children with CP has not been verified. This means that there is a gap in the literature in
terms of using the WBB for children with CP and in terms of how feasible it is to use in
clinical practice. Therefore, this study aimed to test the reliability of the WBB’s COP data
for TD children and children with CP. This is for using the COP data from the WBB as an
outcome measure of balance to test the effect of Wii Fit balance games training for

children with CP.
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3.5.2 Summary of the literature relating to Wii Fit balance games as balance

intervention tools

3.5.2.1 Adult population

The literature relating to using the Wii Fit as a balance rehabilitation intervention was
spread across adults with balance disturbances affected by aging , musculoskeletal injury or
surgery, neurological deficits or injury or vestibular loss. The studies found in the literature
were conducted with older adults, post knee surgery patients, stroke survivors, adults with
PD, adults affected by TBI and adults experiencing vestibular loss. A summary of the main

findings for each population is listed below.

3.5.2.1.1 Older adults {balance reduced by age}

The highest number of studies conducted with older adults found in the literature was 15.
The findings showed significant increases in the BBS score after training (Williams et al.
2011; Chao et al. 2013). In addition, there were significant improvements in the TUG test
and the ABCS (Rendon et al. 2012), with a decrease in COP area (Cho et al. 2014) in the Wii
Fit group compared to a control group with no training. When comparing Wii Fit to any
other forms of balance training, the results were conflicting, as four studies showed no
significant differences between groups. However, significant improvements after training in
both groups was seen in terms of the TUG test, the Ten Step test and the postural sway
index (Singh et al. 2013), BBS and the Tinetti test (Padala et al. 2012), the ABCS (Singh et al.
2012) and dynamic balance reactions assessed using a dynamic motion analysis system
(Pluchino et al. 2012). This means that Wii Fit training is not superior to any other form of
balance training and that it showed effective results after training. In contrast, three
studies found significant balance improvements favouring the Wii Fit training group
compared to the other groups in terms of the BBS (Williams et al. 2010; Laver et al. 2012),
the TUG test (Laver et al. 2012) and the performance of obstacle course (Reed-Jones et al.
2012a). Two studies indicated that when the Wii Fit training is mixed with physical activity
or physiotherapy, it results in more significant changes in the BBS (Bateni 2012), the Tinetti
test and the Unipedal test (Toulotte et al. 2012).

104



Chapter 3

3.5.2.1.2 Post knee surgery patients {balance affected by musculoskeletal injury}

Four studies used Wii Fit games as a form of rehabilitation for adults following knee surgery
(Fung et al. 2012; Baltaci et al. 2013; Sims et al. 2013; Puh et al. 2014). Postural outcomes
of COP were collected through laboratory systems. The main positive significant balance
improvements were seen in terms of 1) increased reach while standing on a single leg
(Baltaci et al. 2013; Sims et al. 2013), 2) decreased COP sway during single-leg standing with
eyes open and closed (Sims et al. 2013) on firm and foam surfaces (Puh et al. 2014) and 3)
symmetrical body weight distribution during double-leg standing (Puh et al. 2014).

However, all studies showed no significant differences between groups.

3.5.2.1.3 Adults with stroke {balance affected by neurological deficits}

Nine studies used Wii Fit games in the rehabilitation of balance for stroke patients. The
results were contradictory. Three studies agreed that there were no differences between
groups, as both showed positive significant improvements after training in dynamic balance
in terms of the BBS, the TUG test and FRT and in static balance in terms of COP sway and
the stability index (Barcala et al. 2013; Hung et al. 2014; Yatar & Yildirim 2015). In contrast,
Cho et al. (2012) and Morone et al. (2014) both claim that significant changes were
observed in the Barthel index disability level, the BBS and the TUG test in the Wii Fit group.
In addition, the Wii Fit training increases corticomotor excitability in the paretic limb for
more inter-hemispheric symmetry (Omiyale et al. 2015). Balance improvements were not
maintained at any of the follow-up assessments (Deutsch et al. 2009; Hung et al. 2014;
Yatar & Yildirim 2015), except for one study that showed the maintenance of
improvements after one month of Wii Fit training (Morone et al. 2014). There was a high
level of enjoyment expressed, but the Wii Fit training is not recommended for home

exercise as it requires supervision for adults post stroke.

3.5.2.14 Adults with PD {balance affected by neurological deficits}

Seven studies investigated the effect of Wii Fit games on balance for adults with PD. The
studies included either one group of adults with PD or two groups comparing adults with
PD to healthy controls; only one compared between two groups of adults with PD. Results
from all studies showed significant improvements in functional balance outcome measures,
mainly in terms of the BBS (Zettergren et al. 2011; Loureiro et al. 2012; Pompeu et al. 2012;

Mhatre et al. 2013), the TUG test (Zettergren et al. 2011; Esculier et al. 2012), time spent
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during single-leg standing (Esculier et al. 2012; Pompeu et al. 2012) and in gait measures
(zettergren et al. 2011; Esculier et al. 2012; Mhatre et al. 2013) after Wii Fit training.
However, there were no significant improvements in static standing balance assessed by

COP length or velocity (Holmes et al. 2013a).

3.5.2.1.5 Adults with TBI {balance affected by neurological deficits}

The literature relating to Wii Fit games to train balance for Bl survivors is limited to two
feasibility studies. The results from both studies showed positive significant changes after
Wii Fit training in terms of the BBS (Cuthbert et al. 2014), the 6MWT (McClanachan et al.
2013) and gait speed (McClanachan et al. 2013; Cuthbert et al. 2014). These changes
exceeded the minimum clinical importance difference threshold for each measure.

However, neither study found any significant differences between groups.

3.5.2.1.6 Adults with vestibular disorder {balance affected by vestibular loss}

Two studies investigated the feasibility and effectiveness of including Wii Fit games as part
of vestibular rehabilitation. One was an RCT and the other was a cohort study. The sample
size was powered and similar in both studies. The main outcome measures used in both
studies were related to nystagmus, gait speed and Dynamic Gait Index. The only balance
measure used in both studies was the SOT, which is a system assessing stability in different
sensory conditions. However, there were neither clinical functional assessments of balance
like the BBS used nor laboratory static standing COP measures. Sparrer et al. (2013)
highlighted the effectiveness of Wii Fit training as the absence of nystagmus 2.1 days
earlier in the Wii Fit group compared to the placebo group. Both studies showed balance
improvements in the SOT after training; however, this improvement was only significant in
the Wii Fit group when compared to placebo group (Sparrer et al. 2013). When the Wii Fit
training was used in vestibular rehabilitation, the differences between groups were not
significant (Meldrum et al. 2015). Three adverse events were reported by Meldrum et al.

(2015), which calls into question the safety of Wii Fit home training.

Overall, more studies were conducted with adults experiencing limited balance ability due
to different factors. The results of most studies showed positive significant results. The
effect of the Wii Fit games was seen in significant improvements in clinical functional
balance tests such as the BBS, the TUG test and FRT. A smaller number of studies showed

significant changes in the COP parameters during static standing after the Wii Fit training.
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In addition, most studies agreed that the Wii Fit training has an effect equal to conventional
rehabilitation, lower limb exercises or balance exercises. It was shown to be more effective

when used together with other rehabilitation interventions.

These studies were reviewed and discussed because of the limited research on children. In
addition, they provided more information about the different types of effects of Wii Fit
games. These effects can explain how Wii Fit can improve balance. For example, older
adults with a high risk of falling showed greater performance in the obstacle course when
trained with the Wii Fit (Reed-Jones et al. 2012a). This was due to the nature of the Wii Fit

training, which involves weight shifting training with visual feedback.

The discussed studies point out the mechanical effect, sensory effect, neurological effect,
vestibular effect, learning effect and cognitive effect associated with Wii Fit. Adults post
anterior or posterior cruciate ligament reconstruction or with a history of lower limb injury
showed significant improvements in single-leg standing with eyes closed or on a foam
surface (Baltaci et al. 2013; Sims et al. 2013; Puh et al. 2014). This points to the effect of Wii
Fit training on standing balance by increasing the joint proprioception sensation, which is
due to the weight shifting requirements of Wii Fit games that increase the sense of load on

joints. This highlighted the mechanical and sensory effect of Wii Fit training.

The weight shifting training of the Wii Fit games has led to more symmetrical weight
bearing and more weight applied on the paretic limb in stroke patients. This was shown by
the increase in paretic limb corticomotor excitability, which increases the inter-hemispheric
symmetry in adults post stroke (Omiyale et al. 2015). This highlights the neurological effect
of the Wii Fit games. Wii Fit training decreases hospitalisation for adults with UVL by the
earlier absence of nystagmus (Sparrer et al. 2013) and improves stability when
experiencing different sensory conditions of SOT (Sparrer et al. 2013; Meldrum et al. 2015).

This shows the vestibular effect of Wii Fit games.

The learning curve and learning deficits were identified among adults with PD while playing
three Wii Fit games that required fast decision making and fast movements to avoid virtual
obstacles. However, adults with PD demonstrated a transfer of learning from the games to
a motor task that was not trained, specifically FRT (Mendes et al. 2012). This emphasises
the learning effect of training with Wii Fit games and how it can be transferred to motor
tasks other than those use in the games. Mendes et al. (2012) selected Wii Fit games that

include cognitive demands, such as attention, planning and decision making. Adults with PD
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have demonstrated improvements in game scores after training, similar to healthy controls.
Furthermore, the Montreal Cognitive Assessment showed significant improvements
immediately after Wii Fit training for adults with PD that were maintained for two months

(Pompeu et al. 2012). This shows the cognitive effect of the Wii Fit games training.

3.5.2.2 Children population

There were only 13 studies in the literature that investigated the effect of Wii Fit balance
training on children with impaired balance due to different diagnoses, such as DCD
(Ferguson et al. 2013; Mombarg et al. 2013; Hammond et al. 2014; Jelsma et al. 2014), DS
(Abdel-Rahman 2010), developmental delay (Salem et al. 2012), lower limb amputations
(Andrysek et al. 2012), TBI (Tatla et al. 2014), MoA (Esposito et al. 2013) and CP (Ramstrand
& Lygnegard 2012; Sharan et al. 2012; Jelsma et al. 2013; Tarakci et al. 2013).

The accumulated results from these studies showed significantly greater increases in the
balance subtests or the total scores of the MABC-2 and the BOT-2 when compared to no
training for children with DCD (Ferguson et al. 2013; Mombarg et al. 2013; Hammond et al.
2014; Jelsma et al. 2014), DS (Abdel-Rahman 2010) and MoA (Esposito et al. 2013). There
was a decrease in the TUG test results for two children with TBI (Tatla et al. 2014) and for
20 children with developmental delay (Salem et al. 2012) after Wii Fit training. In addition,
significantly greater improvements in SLST were seen in the Wii Fit group compared to the
conventional rehabilitation group of children with developmental delay (Salem et al. 2012).
Children with lower limb amputations demonstrated an increase in the CB&M score and a

decrease in COP sway area during standing after Wii Fit training (Andrysek et al. 2012).

Children with CP in specific showed no significant improvements in any of the laboratory
outcomes of balance, including COP velocity, muscular EMG or rhythmic weight shifting
after five weeks of home Wii Fit training (Ramstrand & Lygnegard 2012). However,
significant improvements were observed in functional balance assessments, such as SLST,
TUG, FRT and 6MWT following 12 weeks of Wii Fit training (Tarakci et al. 2013) in addition
to significant improvements in the Paediatric Balance Scale [PBS] and the Manual Ability
Classification System [MACS] after 3 weeks of Wii Sports with Wii Fit training (Sharan et al.
2012). Furthermore, the balance scores of the BOT-2 increased significantly after 3 weeks

of Wii Fit intervention (Jelsma et al. 2013).
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The Wii Fit balance games were used as balance training tools because they possess the
potential effectiveness of the virtual reality element and the games require players to shift
weight while playing. Jelsma et al. (2013) suggested that balance improvements shown in
children with CP could be attributed to the task-specific training of Wii Fit. Moreover,
Hornby et al. (2011) found that an adequate amount of task-specific training can facilitate
the plasticity of neuromuscular systems, which may lead to functional improvements.
When considering weight-shifting practice as a task-specific practice, standing balance can
be improved (Hartveld & Hegarty 1996). In addition, decreased COP sway area following
Wii Fit training for children with lower limb amputations (Andrysek et al. 2012) shows the
mechanical effect of Wii Fit games. Furthermore, because Wii Fit games are played in a
standing position, they stimulate different trunk muscles, thereby increasing standing

stability.

There is a gap between the research that demonstrated the effect of balance training for
children with CP and the research that showed the effect of Wii gaming as a virtual reality
in the rehabilitation of children with CP. However, some studies were found that closed this
gap but not completely, as none of had a randomised control group to show the pure effect
of the Wii Fit games. In addition, the small non-power sample size and the homogeneity of
the sample limits the generalisability of the results. Moreover, the effect of Wii Fit games
on static and dynamic balance for children with CP needs to be tested by both laboratory
outcome measures and functional clinical balance outcome measures together. To the
author’s knowledge, there is no study yet that has tested the effect of Wii Fit games on

both static and dynamic balance for children with CP.

Therefore, a larger powered sample for an RCT is needed to identify the effect of Wii Fit
training on balance for children with CP. This study was designed to be a methodological
feasibility study, which can inform about the suitability of the methods and procedures for
a future RCT. This study focuses on using both the WBB as a balance assessment tool and
the use of Wii Fit games as balance rehabilitation tools for children with CP. Therefore, this
study will investigate the WBB and its COP length reliability among children with and
without CP. This will be further discussed in Chapters 4, 5 and 6. The main feasibility study
will give preliminary findings about the effect of Wii Fit training on balance for children

with CP.
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Chapter 4: Developmental work on the validity of

software communication with WBB

4.1 Introduction

The ability of the WBB to detect changes in the weight distribution of a player while playing a
game indicates the potential of its sensors to assess the force distribution on the board and
detect the resultant COP parameters of the standing player. This indicates the similarity between
a WBB and a laboratory force plate and the possibility of using the WBB to assess standing
balance. However, force plates have been specifically designed to assess balance and they use
specific communicating software. In contrast, the WBB was initially designed to communicate
with the Wii console to play only games. Nevertheless, researchers are interested in determining
the effectiveness of the WBB as an assessment tool of balance that can be used both clinically and

for research purposes.

If WBB can communicate with the Wii console through Bluetooth, then it can communicate with
any computer that has the appropriate software and configuration to use the data. The chosen
software should be able to extract data from the WBB sensors in a chosen frequency [Hz] and
duration [seconds], and subsequently use that data for calculating the resultant COP [x, y]
coordinates. The COP parameters, which include both distance and time, such as mean velocity or
COP length, can then be calculated. In this manner, extant studies have used quantitative COP

parameters to assess balance.

Studies in literature have shown the WBB to be a valid and reliable outcome measure of balance
(section 3.3.1). Although software and outcomes were different across the studies, the calibration
protocol used by all of them was the one suggested by Clark et al. (2010). This is because Clark et
al. (2010) were the first to compare the validity and reliability of the COP path length obtained by
the WBB with the COP path length collected from a laboratory force plate. Details of the
calibration of the WBB and calculation of the COP are presented in Appendix 1. Therefore, before
using the WBB to measure balance, or test its reliability, a software application must be chosen,

designed and tested.

The communicating software of the WBB will need to have access to the WBB sensors through
Bluetooth and the open source library [WiimotelLib]. Subsequently, it should be programmed
using a calibration protocol (Appendix 1) to reset the calibration factors of each sensor. Moreover,

the software should be programmed with a list of mathematical calculations to provide the COP
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coordinates, which are used to further calculate the COP path length. To assess the accuracy of
the outcomes, known weights should be applied on the selected points of known coordinates.
Therefore, this developmental work aims to test the validity of COP outcomes from the WBB
using the chosen software. This is because the chosen software will also be used subsequently in
the project, that is, during the reliability study, to assess the reliability of the WBB in assessing
COP length with TD children and children with CP, then during the feasibility study where WBB

will be used to assess standing balance among children with CP.

4.2 Aim

The aim of this developmental work is to assess the validity of two software programs, Stance©

and MATLABS®, in providing accurate resultant COP [x, y] coordinates from the WBB.

4.3 Methods

This developmental work was to assess the validity of connecting software to the WBB to gain
accurate resultant COP [x, y] coordinates. This was accomplished by applying static certified
weights to marked points on the WBB and analysing the resultant data. It was a process in many
steps; the results from each step led to the plan for the next one. Figure 4.1 shows the order of
the seven steps with the question for each step. The setup, the procedures, and the analysis for
all steps will be described generally, and then the findings and discussion for each step will be

discussed separately.

4.3.1 Software

Clark et al. (2010) used LabVIEW as the connecting software to the WBB with a calibration
program (Appendix 1). However, our research group was not familiar with LabVIEW. Therefore,
different software were identified and Stance®© was initially selected because of the following
reasons: 1) it is a new software designed specially to communicate with the WBB, 2) it is user-

friendly and practical and 3) it does not require any programming.

However, after conducting six different steps, errors were found and it was decided that Stance©
would not be used. Following this, MATLAB® was chosen because it is a well-known software for

designing algorithms; this software was programmed to detect data from the WBB and calculate
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the COP length. MATLAB® was tested in step seven. Therefore, this developmental work used two
computer software programs to test the validity of the COP parameters from the WBB. To the
best of the author’s knowledge, no previously published study has used either of these software

programs to measure COP parameters.

_ Step 1 |__| Does the Stance provide the correct COP coordinates and
P weight when using light weights?
Does the Stance provide the correct COP coordinates and
— Step 2 — ; ; .
weight when using heavy weights?
: Step 3 || Can the calibration error be corrected by applying weights on
Q L™ P [0,0] point, and recalculating the measured points?
O
S h
+ Step 4 |__ | Will another WBB give the same results as the first one? and is
N i P there an instrument error in the WBB?
= Does the second WBB provide the same results on a different
Step 5 — day?
ay*
Step 6 |___ | Do the COP parameters from the Stance correlate with the COP
P parameters from the Kistler force plate?
(an) ” "
< Step 7 |___ | Does the MATLAB provide the correct COP coordinates when
~ P using heavy weights?
—
=

Figure 4.1: Diagram of the developmental work seven steps

43.1.1 Stance®©

Stance®© is a newly developed software designed by ETT s.r.l, which exploits the Nintendo WBB
hardware to provide a balance assessment system. The WBB is connected with Stance© through
Bluetooth. Once the subject’s details are input and the duration of the test is decided, the output
of COP movement is displayed in transverse and longitudinal planes according to time.
Furthermore, a summary of the COP parameters {including the COP path length, sway area, and
maximum laterolateral [LL] and AP oscillation} are displayed (Figure 4.2). These COP parameters
are calculated on the basis of the row data extracted from the WBB'’s sensors. This row data is

presented in a sheet of eight columns in the following manner: 1%t column: acquisition instant, 2"
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column: X value of COP, 3™ column: Y value of COP, 4™ column: the total weight, 5" to 8" column:

weight measured by each of the four sensors.

This software was designed to be user-friendly and practical for clinicians, therapists and
researchers when assessing balance. It was developed based on the protocol in Clark et al. (2010);
unlike the LabVIEW software used in Clark et al. (2010), Stance© does not need to be
programmed with a set of equations to calculate COP coordinates. The calibration process based
on the ETT Stance© manual was conducted by placing a known weight anywhere on the WBB and
clicking for calibration (Appendix 2). This process was performed without providing any

information about the amount or the location of weight placed.

To the author’s knowledge, no previously published study has used Stance®© in their
measurements; therefore, the accuracy of the COP parameters from the WBB using Stance©

needed to be tested before the software was used in the reliability study.

% G 0o - Sway Analisys
- [_sTART | curstion| 30 time remaining: - Cloe 9 (g
. D e s s b s prgrssorsmonscas PathLength 237.63
o MeanVelocity 15.86
) . y LL Oseiflation
-5 E—— = Maximum 25.21
; Mean =1.39
sj ‘ 37d 9.08
RN A R APOscillation
2 g Maximum 10.50
" | L A0 [ Mean -0.18
S 5td 2.38

Figure 4.2: The Stance output and COP parameters

43.1.2 Matlab

MATLAB® is customised software with a high-level language for numerical computation. It can be
used to analyse data, develop algorithms and create models. Its features enable it to be used for a
range of applications, including signal processing, communications and measurement. MATLAB®
can access data from files or other applications and can acquire data from external hardware

devices for analysis and visualization (Mathworks 2012).

Dr. Stefan Bleeck and Dr. Gary Farrell from the Institute of Sound and Vibration Research [ISVR] at

the Faculty of Engineering and Environment have programmed MATLAB® with math functions
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that calculate COP coordinates from each sensor of the WBB (Appendix 3). MATLAB® follows the
math functions employed by Clark et al. (2010) with LabVIEW.

Although communication among the devices, computer and WBB was conducted through a
Bluetooth dongle, an open source library [WiimoteLib] was required to enable MATLAB® to
acquire data from the WBB (Figure 4.3). This library has been designed to enable communication
between Wiimote and any computer software. Although the library has specifically been designed
for the Wiimote, it can nevertheless be used for the WBB. Once the connection is successful, the
calibration process starts. The calibration of WBB by MATLAB® comprises two steps. First,
‘calibration’ is clicked without applying any weight on the WBB. This is to identify the zero data of
the WBB's sensors before any weight is applied. Second, a specific weight [5 kg] is applied to the
centre point of WBB and then ‘calibration’ is clicked again. A correction factor for each sensor is
calculated, and these factors are added to the calculations of the COP coordinates. The frequency

and duration of the test can be adjusted

\ .;.-?-" 5 Bluetooth
—

Installed with

MATLAB’

Figure 4.3: Communication process between WBB and MATLAB

4.3.2 Setup

The WBB was connected to a laptop [Windows XPS] through Bluetooth using a Bluetooth dongle
(Figure 4.4). Stance®© [ETT, s.r.l, 2010] and MATLAB® [R2011a] were installed on the laptop. An A3
grid sheet was placed and fixed on the WBB. Two fine lines that split the WBB into four quarters
were highlighted on the grid sheet to represent the X and Y axes. Eight points were marked on the
grid sheet: [9,6], [9,-6], [-9,6], [-9,-6], [16,9], [16,-9], [-16,9] and [-16,-9]. All the points were used

as true COP points with known [X, Y] coordinates where known weights would be placed.
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A tripod frame was designed especially for this testing to ensure that the weight applied to each
known point would act on that specific point (Figure 4.5). The certified weights used varied from 2
kg to 40kg. The weight of the metal cylinder attached to the wooden plate, which was used to
carry the weights, was measured; it weighed 439g. This weight was added to each of the known

weights applied and was considered during comparison.

Figure 4.4 : Bluetooth dongle

Figure 4.5: Tripod frame carrying weights to be applied on marked points

433 Procedures

The general procedure of all the steps following the setup was that a certified weight was placed
on each of the eight points independently at each test and was recorded for one second.
According to the software’s frequency [100 Hz], each recording has 100 data points in one second.

The procedures modified in each step will be explained with the findings of the respective step.

4.3.4 Analysis

Raw data captured by the software from the WBB was used for analysis. This data included weight
on each sensor, total weight and resultant X and Y values, which are COP coordinates measured
by the WBB. This raw data was copied to Microsoft Excel 2010; in the excel sheet, the mean

weight and mean X and Y values were calculated for each recording. Subsequently, the measured

116



Chapter 4

data was compared to the true ‘known’ data. Both the measured and true data was plotted in

tables and graphs with trend lines to determine the correlation between them.

In addition, grid graphs with marked true and measured points with each weight were used for
visual compassion. To determine the distance between true point [x, y] and measured point

[x1,y1], the following Pythagoras calculation equation was used:

Distance between points = \/{(x — x1) + (y — y1)}?

4.4 Findings and discussion of each step

44.1 Step one

A comparison of the weights measured with the certified weight applied (Graph 4.1) reveals that
the weights measured were inaccurate; this may be because light weights {less than 10 kg} are
not measured accurately by the WBB. Table A4.1 shows the values of COP coordinates separately
for each point with each of the light weights (Appendix 4). The table clearly indicates that the
measured values are not similar to true values. Graph A4.1 and Graph A4. 2 show the measured

values of X and Y with each weight (Appendix 4).

It is evident that when the lightest weights [2 kg] were applied, the measured values were the
farthest away from the true values. In addition, a trend relationship was seen between the
weights and accurate measurements. For example, the higher the weight [10 kg] applied, the
closer the measured value was to the true value of either X or Y. The WBB cannot accurately
measure weights lighter than 10 kg. This means that the movements of children who weigh less
than 10 kg will not be measured correctly by the WBB. This information is important when
measuring children, who weigh lesser than adults, because although the WBB has a known upper
limit of 150 kg (Nintendo 2008 ), the lower limit is unknown. Therefore, weights heavier than 10

kg need to be tested in the following step.
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Graph 4.1: Step 1 weights and measured weights
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4.4.2 Step two

A comparison of the measured weights with the certified weights applied (Graph 4.2) shows that
the measured weights were highly correlated with the true weights. This means that the WBB
does measure heavy weights accurately. Table A4.2 shows the values of COP coordinates [x,y]
separately for each point with each of the weights (Appendix 4). It can be seen that some values
were the same as the true values, some were slightly different and others were significantly
different from the true values. Graph A4. 3 and Graph A4. 4 show the measured values of X and Y

with each weight (Appendix 4).

It is evident that the measured values were closer to the true values. This may be because heavy
weights are measured more accurately than light weights by the WBB; therefore, the measured
values of X and Y are close to their true values. However, the measured values with heavy weights
{e.g., 40 kg} are not always closer to the true values. Furthermore, positive measured values were
different from negative measured values in terms of their closeness to true values. This may be
because the values of X and Y were displayed separately and not as coordinates of a measured
point. Therefore, a grid graph was used for plotting the true points and measured points with
each weight. Graph 4.4 shows that the measured points were never the same or closer to true

points. Measurements were fairly consistent with different weights.
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Using the Pythagoras calculation (Table 4.1 and Graph 4.3), the distance between measured

points and true points ranged between 0.6 cm to 2.8 cm. These distances were not related to how

heavy the weight was or how far the true point was from zero. Graph 4.4 shows that the right side

is different from the left side with respect to the position of the measured points to one true

point. This may be a calibration error due to the poor calibration process of Stance© where

weight is applied at any location without providing any details about the location or amount of

weight. No information was provided about the calibration factors included in the calculation. To

correct this error, weights were applied at the [0,0] point in the following step to adjust for the

differences between X and Y.

Table 4.1: Step 2 the distance between measured and true points with each weight

Distance from true points with each point
True points

10 20 30 40
19,6] 2.19 1.57 1.05 1.11
2 [16,9] 2.86 1.46 1.22 1.11
3[-9,6] 1.69 1.72 1.86 1.89
4[-16,9] 2.63 231 2.39 2.22
51[9,-6] 1.496 0.60 0.79 0.98
6 [16,-9] 2.08 0.65 0.64 0.76
7 [-9,-6] 1.17 1.74 1.96 1.89
8 [-16,-9] 2.03 2.09 2.19 2.24
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Graph 4.3: Step 2 the distance between the true and measured points

distance away from the true point
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Graph 4.4: Step 2 main points and measured points
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4.4.3 Step three

4.43.1 Modified Procedure

Weights from 10kg to 40 kg were applied on the centre point [0,0] only.

44.3.2 Modified Analysis

Besides the analysis mentioned in section (4.3.4), the measured point with each weight was
used to re-calculate X and Y values of all measured points. This was based on the

differences found in the findings of step 2.

4433 Findings and discussion

After applying weights to point [0,0], all the weights were measured as [2, 0.5]. Graph A4.5
shows the difference between the measured X values and true X values from step two; it is
evident from this graph that there is a difference of 2 cm between most measured values.
Therefore, by subtracting 2 cm from all measured X values, we obtained different results,
which can be seen in Graph A4.6 (Appendix 4). Graph A4.7 shows the difference between
the measured Y values and true Y values from step two; it is evident from this graph that
there is a difference of 1 cm between most measured values. Therefore, by adding 1 cm to
all the measured Y values, we obtained different results, which can be seen in Graph A4.8

(Appendix 4).

After adjusting the X and Y values, all true points and corrected measured points were
scattered on a grid graph (Graph 4.5). The graph shows that some measured points were
the same as true points and some points were close to the true points, with minimum
differences. However, there were other points that were far away from the true points.
Graph 4.5 shows that the points on the left side were closer to the true points after
correction than the points on the right side. This means that it may not only be an offset
error but also a scaling error of the WBB. In addition, this adjustment is not practical when
calculating the COP parameters because the software, Stance©, detects the COP point and
calculates the COP parameters immediately. It is difficult to adjust the values of X and Y
before the COP parameters has been calculated. The results do show a possibility of
instrument error in the manufacturing of the WBB. To eliminate these kinds of errors,

another WBB was tested with weights and a grid sheet in Step 4.
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Graph 4.5: Step 3 true and corrected measured points
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4.4.4 Step four

4441 Modified procedure

In this step, weights were applied on another WBB [WBB2] to find out if there were any

consistent instrument errors.

4.4.4.2 Findings and discussion

Table A4.3 shows the values of COP coordinates [x,y] separately for each point with each of
the weights (Appendix 4). Graph A4.9 and Graph A4.10 shows the measured values of X
and Y with each weight (Appendix 4). Graph 4.7 shows the true and measured points on
the grid sheet. It is clear from Graph 4.7 that the values measured with WBB2 were
significantly different from the true values; these values were also different from the values
measured with the first WBB. Some of the measured values exceeded the actual size of the
WBB, implying that they could be outliers. The distance between the measured and true
points was calculated using Pythagoras theorem (Table 4.2 and Graph 4.6). The distance
between the measured and true points ranged between 7 cm and 10 cm, which is obviously

a calibration error.

This step shows how two WBBs can yield different data output. This means that the results
of extant studies that used WBB data must be interpreted with caution, especially if the
study was testing the validity or reliability of WBB measurements. This step shows that a
manufacturing error is not responsible for the difference in the output data of the WBBs. In
fact, the major differences in the data output of the two WBBs has emphasized the
importance of the calibration process. The data of the two WBBs may not be comparable
or correlated unless a standard calibration formula is employed. This could be
recommended as an input for future research. Although another WBB also provided
measured points that were different from the true ones {approximate difference of 7-10
cm}, all the measurements were consistent, implying that even if the WBBs did not yield
the same results, they provided a consistent measure. To ensure that these results are

consistent, the same procedures were repeated on another day.
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Table 4.2 : Step 4 the distance between true and measured points with each weight on

another WBB2
Distance from true points with each weight
True Points

10 20 30 40

11[9,6] 9.47 9.87 8.80 8.3
2[9,-6] 9.90 8.96 8.74 8.14
3[-9,6] 7.92 7.799 7.76 7.61

4 [-9,-6] 8.40 8.043 7.83 7.73
5[16,9] 10.47 9.39 9.16 8.51
6 [16,-9] 10.197 9.27 9.04 8.38
7 [-16,9] 7.35 7.75 7.596 7.55
8 [-16,-9] 7.85 7.70 7.67 7.47

Graph 4.6: Step 4 the distance between the true and measured points with each weight

on WBB2
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Graph 4.7: Step 4 true and measured points with WBB2
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4.4.5 Step five

445.1 Modified procedure

This step was the same as previous step, but performed on another day to test the

consistency of the results.

4.4.5.2 Findings and discussion

Table A4.4 shows that the measured X and Y values were not the same as the true values
(Appendix 4). The measured values in this step were also slightly different from those in
step 4. However, the distance between true and measured points was approximately the
same as the distance found in step 4. To quantify this, the exact distance between the
measured points and the true points was calculated using Pythagoras theorem (Table 4.3
and Graph 4.8). The distance between the true and measured points is approximately 7 cm
to 10 cm. This means that the measurements were consistent but not accurate. This
consistency means that the WBB can be used to test reliability when using the same WBB.
However, the results of one WBB cannot be generalized to other boards. Furthermore, this

error is mainly a calibration ‘offset’ error.

As mentioned above, although the results are reliable and consistent, they are not
accurate. This means that the COP parameters that have been obtained using Stance© also
need to be tested. To test the validity of the Stance© outcome measures, they have to be
tested for correlation with the outcomes of a standardized validated measure, such as a
laboratory-based force plate (Haas & Burden 2000). In all the previous steps, the Stance©
outcome measures were compared to static certified weights and were given a
measurement error related to calibration. However, the validity of the Stance®© software
and WBB outcomes can be tested by investigating their correlation with the outcomes from
the laboratory-based Kistler force platform. Therefore, the Stance© COP parameters were
compared to the laboratory force plate COP parameters and tested for correlation in the

step six.
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Table 4.3: Step 5 the distance between true and measured points with each weight on

WBB2 on another day
True Points Distance from the true points with each weight
10 20 30 40

1[9,6] 9.21 8.51 8.33 8.30
2 [9,-6] 8.99 8.26 8.05 8.14
3[-9,6] 8.24 7.73 7.56 7.60
4 [-9,-6] 8.19 7.78 7.67 7.73
5[16,9] 9.46 8.65 8.47 8.53
6 [16,-9] 9.72 8.83 8.57 8.38
7 [-16,9] 7.799 7.64 7.57 7.54
8 [-16,-9] 7.84 7.45 7.29 7.46

Graph 4.8: Step 5 the distance between true and measured points with each weight on

WBB2 on another day
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4.4.6 Step six

4.4.6.1 Modified Procedure

The WBB was placed on top of the Kistler force plate which was placed under the floor. A
person was standing on the WBB during recording. A person was standing on the WBB
when the recording was conducted. The WBB was connected to a laptop installed with
Stance© through Bluetooth. The force plate was connected to a PC using a configuration
software. Recordings for both Stance®© and the Kistler force plate were performed

simultaneously for 30 seconds.

4.4.6.2 Modified Analysis

Data recorded from both the Stance®© and the force plate were plotted on an Excel sheet
and then scattered on a graph to show the similarities. The COP outcomes between the
force plate and the Stance© were compared and the right outcomes were chosen to be

tested for correlation.

4.4.6.3 Findings and discussion

The force plate reads the WBB movement and the WBB reads the standing person’s
movement. Graph 4.9 shows that the WBB and the force plate returned a similar shape of
data. Differences were found in the calculation of the COP sway between the Stance®© and
the force plate COP outcomes. The Stance®© tends to locate the COP from Y and X axes and
give a range of COP movement with maximum AP oscillation {Y axis}, mean and standard
deviation [SD] and maximum LL oscillation {X axis}, mean and SD. This means that Stance©
does not measure sway in two directions, as the force plate does; it only gives the mean of
COP coordinates along the X and Y axis. Therefore, the mean COP sway measurements of
Stance®© cannot be compared to the force plate COP sway measurements. The COP path

length was selected as the main measure to be compared.

A repetition error was detected in the time acquisition {the first column of the Stance row
data}. The first 20 data samples of 0.2 seconds were copied in Table 4.4 with all the
repetition rows highlighted, and the time acquisition was scattered on Graph 4.10. This
error has been affecting the calculation of COP length and velocity because when the data
was missing the values were repeated, which gave zeros with the calculations and led to

confusing, inaccurate outcomes. This type of error cannot be resampled because it could
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lose an amount of data that cannot be ignored. Stance software needs to be processed

again to avoid this repetition error.

Graph 4.9: Step 6 recordings of a person standing on WBB which is on top of force plate
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Although some researchers have used this method to analyse players’ movements while
playing, it does not provide accurate data because the force plate reads the WBB
movement and the WBB reads the standing person’s movement. Although these readings
may look similar, they are not. Additionally, differences were found between Stance®© and
the force plate in the calculation of COP sway. This may be owing to the sensitivity of the
WBB, which is not as sensitive as the force plate; however, both the WBB and the force
plate calculate the COP path length in the same way. This may explain why previous
research used the COP length as the main outcome measure. The results of this step
revealed a repetition error in the time acquisition of data within the Stance®©. This error

may explain the confusing results obtained in the previous steps.
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Chapter 4

highlighted
Time Total
acquisition X Y weight Weight from the 4 sensors of the WBB
0.007 4.343643 6.425481 76.40619 71.44789 83.25969 76.96956 73.94763
0.016001 4.343643 6.425481 76.40619 71.44789 83.25969 76.96956 73.94763
0.030002 4.328448 6.395304 76.44788 71.56282 83.61365 77.04623 73.5688
0.036002 4.349367 6.401281 76.40787 71.56282 83.45633 76.81624 73.7961
0.050003 4.349367 6.401281 76.40787 71.56282 83.45633 76.81624 73.7961
0.057003 4.338594 6.374262 76.52528 71.83099 83.77097 76.85457 73.64457
0.071004 4.338594 6.374262 76.52528 71.83099 83.77097 76.85457 73.64457
0.076004 4.352444 6.348506 76.53777 71.83099 84.12492 76.7779 73.41727
0.094005 4.326514 6.34554 76.44052 71.94592 83.84962 76.66291 73.30362
0.096006 4.326514 6.34554 76.44052 71.94592 83.84962 76.66291 73.30362
0.111006 4.338265 6.330158 76.3465 71.79268 84.00694 76.54791 73.03844
0.155009 4.311571 6.300365 76.52247 72.09915 84.43956 76.7779 72.77326
0.157009 4.311571 6.300365 76.52247 72.09915 84.43956 76.7779 72.77326
0.157009 4.311571 6.300365 76.52247 72.09915 84.43956 76.7779 72.77326
0.157009 4.311571 6.300365 76.52247 72.09915 84.43956 76.7779 72.77326
0.158009 4.315653 6.265272 76.34066 72.2524 84.3609 76.24126 72.50808
0.17101 4.307077 6.267129 76.4859 72.2907 84.59688 76.54791 72.50808
0.17701 4.307077 6.267129 76.4859 72.2907 84.59688 76.54791 72.50808
0.189011 4.317425 6.276115 76.46554 72.2524 84.47889 76.47125 72.65961
0.197011 4.318244 6.251808 76.40945 72.32901 84.59688 76.27959 72.43231

These previous steps were very useful because they enabled an early detection of the

problem before the software was used. Even though Stance®© is user-friendly, it is not valid

and not ready to be used with the WBB for research. MATLAB® may be a better software to

use with the WBB for measuring standing balance. MATLAB® was tested in the following

step.
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Graph 4.10: Step 6 the first 20 data sample of Stance and 0.2 sec time acquisition

0.2

0.18 / /
0.16 p—————
0.14

0.12

0.1 /
0.08 /l
0.06 /
0.04 /

0.02
P

0 T T T T T T T T T T T T T T T T T T T 1

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
First 20 data sample

Time acquisition

4.4.7 Step seven

44.7.1 Modified Procedure

The WBB was connected to a Laptop [Windows XPS] installed with MATLAB® [R2011a]
using a Bluetooth dongle (Figure 4.4) and WiimotelLib (Figure 4.3). The procedure followed

in step 2 was repeated in this step.

4.4.7.2 Findings and discussion

Table 4.5 shows the true and measured values of X and Y. This table shows that X values
are closer to true values than Y values. All these values were plotted in Graph 4.11 to
compare the main points to the measured points. The difference between the true and
measured values are lesser than that seen with Stance®© in step 2. Pythagoras theorem was
used to quantify the distance between the true point and the measured point (Table 4.6
and Graph 4.12). In this step, the difference between the true and measured values ranged
from 0.5 cm to 1.3 cm, whereas in step 2 with Stance©, the difference ranged from 0.6 cm

to 2.8 cm.
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Chapter 4

Point Weight + 0. X Measured X Y Measured Y Point Weight + 0. X Measured X Y Measured Y
439 kg 439 kg

1 10 9 8.8946 6 6.4952 5 10 16 15.883 9 9.6647
20 8.5366 6.8911 20 15.4323 9.8866
30 8.5151 6.7052 30 15.7228 9.6436
40 8.4744 6.7951 40 15.7771 9.8377

2 10 9 9.5972 -6 -5.2487 6 10 16 16.4855 -9 -8.4295
20 9.5008 -5.1285 20 16.6401 -8.0345
30 9.6469 -5.1808 30 16.6478 -8.1099
40 9.3978 -5.0340 40 16.4375 -8.0472

3 10 -9 -9.8002 6 6.9445 7 10 -16 -16.8043 9 9.91196
20 -9.3533 6.9999 20 -16.3479 10.0120
30 -9.4838 6.9829 30 -16.2701 9.7966
40 -9.4801 7.0693 40 -16.4073 10.1029

4 10 -9 -8.6730 -6 -5.0740 8 10 -16 -15.7593 -9 -7.7138
20 -8.7027 -4.9601 20 -15.8516 -7.9439
30 -8.8336 -4.8769 30 -15.6765 -7.8431
40 -8.7044 -4.8260 40 -15.6998 -7.7740
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Graph 4.11: Step 7 main and measured points by MATLA
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When comparing Graph 4.11 with Graph 4.4, all the measured points were found to be the
same, with a weight applied on each true point. This means that the MATLAB®
measurements were consistent, with a distance difference of approximately 1 cm. In
addition, Graph 4.11 shows that with MATLAB®, there was no difference between the right
and left sides, whereas in Graph 4.4, with Stance©, there were obvious differences
between the two sides. This may be because the calibration process of MATLAB® was more
rigorous than the calibration process of Stance®©. Neither MATLAB® nor Stance© yielded
measured points that were equal to the true points; however, MATLAB® provided more
consistent results with fewer differences. The difference may be a set error of the WBB
that is instrumental in manufacturing, which may not be corrected with calibration.
However, the calculation of the COP length is unlikely to be affected by this difference
because the length is calculated by the distance and not by the X and Y values. Therefore,
the software program MATLAB® (Appendix 3) will be used as the communicating software
with WBB for balance assessment and the COP path length will be used as the outcome

measure.

Table 4.6: Step 7 the distance between true and measured points by MATLAB®

Main point Distance between main point and measured point with each
weight
10 20 30 40
1 [9,6] 0.51 1.00 0.86 0.95
2 [9,-6] 0.96 1.00 1.04 1.04
3 [-9,6] 1.24 1.06 1.095 1.17
4 [-9,-6] 0.98 1.08 1.14 1.21
5 [16,9] 0.67 1.05 0.70 0.87
6 [16,-9] 0.75 1.16 1.10 1.05
7 [-16,9] 1.22 1.07 0.84 1.16
8 [-16,-9] 1.31 1.07 1.20 1.26
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Graph 4.12: Step 7 the difference between main and measured points by MATLAB®
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4.5 General discussion of the developmental work

Since the WBB can communicate with the Wii console through Bluetooth, it can also
communicate with other hardware devices. Researchers have shown keen interest in the high
technology of this game tool to either design games for a specific population or using it as an
assessment tool in rehabilitation. However, because the WBB was originally designed as a tool to
play Wii games and not for research or clinical purposes, researchers could not comprehend how
its data could be used for research purposes. Designing a software program that can
communicate with the WBB, capture its data and calculate a quantitative outcome measure is a
challenging task. However, Clark et al. (2010) were the first who conducted some experiments on
the WBB to calibrate it and test its concurrent validity with the force plate. The calibration process
and calculation equations of COP length, which was published by Clark et al. (2010), has been
followed by other researchers owing to a lack of clarification and understanding of the functioning
of the WBB. Although this calibration process has been programmed using LabVIEW software, it
can be used with other software programs. Since the research team was unfamiliar with LabVIEW,
Stance© and MATLAB® software programs were selected. The validity of both the software
outcomes was tested before being selected for use with the WBB in standing balance

assessments.

Results from the steps of this developmental work have generated useful insights, which were not
found in the literature. For example, the first step revealed that the minimum weight that the
WBB can measure is 10 kg. This is an important consideration when assessing children.
Furthermore, steps four and five revealed that the measurements of two WBBs will be different
unless they are calibrated in the same way. Therefore, the results of the studies that have used
WBB data must be interpreted with caution. Further research needs to be conducted to test the

reliability across different WBBs to formulate a standard calibration process.

Using a fixed calibration process, MATLAB® yielded data outcomes where the true and the
measured points were slightly different; however, the differences between the points were
smaller than those seen with Stance© and the results were more consistent. These differences
may be a set error of the WBB that is instrumental in manufacturing and cannot be corrected with
calibration. Communication disruption between the WBB and the laptop may be another reason
for these differences. However, the calculation of COP length is unlikely to be affected by this

difference because the length is calculated by the distance and not by the X and Y values.

The advantages of using the WBB is summed up by its portability and cost effectiveness, which

makes it a useful assessment tool in clinical settings to close the gap between functional balance
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assessments and laboratory force plates. However, communicating with the WBB is a major
obstacle, especially for clinicians. A user-friendly software like Stance© needs to be made
available for clinician use, with a better programmed algorithm like that of other math software
programs, such as LabVIEW or MATLAB®. The results of the six steps show that Stance© is not
ready to be used with WBB, even though it follows the protocol of Clark et al. (2010). It has shown
a calibration error and a data acquisition error, which leads to inaccurate calculations of COP
parameters. Recently, with the development in the WBB literature, Park & Lee (2014) introduced
a new user-friendly software called Balancia that can be used with the WBB. This software with
the WBB showed high concurrent validity and good reliability results suggesting it to be used in
clinical practice. However, this study results were not available while this developmental work

was conducted.

The main limitation of this work is that MATLAB® was only tested once, whereas Stance© was
tested six times. This is because Stance© outcomes were confusing and unacceptable, which led
to further testing until the true error was found. As mentioned above, although the measurement
points yielded by MATLAB® are different from true points, the differences were acceptable and
consistent. Instead of using stable weights, MATLAB® needs to be tested with individuals standing
on the WBB and the COP length should be calculated to ensure that this measure remains

unaffected by the differences in COP coordinates (Chapter 5).

4.6 Conclusion

This developmental work has highlighted the potential problems in using raw data from a
commercially available game tool, the WBB, for research. One main problem was finding a
software program that would effectively communicate with the WBB. Testing the validity of
software outcomes was very useful in detecting possible errors before using the software. It was
found that some problems could be resolved with proper connection and calibration of the WBB.
Every step of the developmental work revealed more information, including the minimum weight
limit that the WBB can measure is 10 kg, difference between the two WBBs, consistency in the
WBB'’s readings, difference between the Kistler force plate and the WBB in measuring COP sway,
and importance of data acquisition in calculating COP parameters. This chapter provided an
overview of the practicality of using the WBB in clinical and research settings and the potential
errors that could be found with the software communicating with the WBB. The next chapter

contains a reliability study of the WBB with children using the MATLAB® software program.
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Chapter 5: Intra-session and Inter-session reliability of

the WBB when assessing standing balance in children

5.1 Introduction

As the WBB was a new tool in the market, up until the year 2012, only few studies investigated its
applicability for balance assessment (Clark et al. 2010; Clark et al. 2011). However, within the last
three years, more researchers have investigated the reliability and validity of WBB outcomes to
assess standing balance (Chang et al. 2013; Huurnink et al. 2013; Yamamoto & Matsuzawa 2013;
Holmes et al. 2013b; Bower et al. 2014; Larsen et al. 2014; Park & Lee 2014; Scaglioni-Solano &
Aragon-Vargas 2014; Sgro et al. 2014; Abujaber et al. 2015; Jeter et al. 2015; Pavan et al. 2015). As
discussed earlier in Chapter 3 (section 3.3.1), All studies agreed that the WBB’s data of COP are
valid and comparable to data from laboratory force plates, and showed excellent test re-test
reliability. However, these studies were conducted with adult population not children. Whereas
very limited studies have been conducted among TD children. This gap in literature needs to be
filled because once a reliable measure of standing balance is established using the WBB with TD
children, reference data for TD children can be obtained. Subsequently, the WBB can be used to
examine children with balance impairments, such as children with CP. Therefore, this chapter will
include a study that will aim to test the reliability of the WBB assessment of standing balance in

TD children.

Ruhe et al. (2010) conducted a systematic review of literature concerning the reliability of COP
parameters measured by different force plates. This study made some recommendations for
maximising the reliability of COP parameters when measuring static standing balance. These
recommendations included the most reliable parameters, number of repetitions and duration of
testing. Ruhe et al. (2010) concluded that a minimum testing duration of 90 seconds with 3
repetitions is required to achieve an acceptable reliability. This result was based on testing
bilateral standing among an adult population. However, this testing duration may not be practical
for children because their postural stability is still maturing. This means that these

recommendations may not be applicable when investigating standing balance ability in children.

The standing balance of children, both healthy and disabled, has been tested in the literature. The
majority of studies have tested bilateral standing and only a few studies considered unilateral
standing. Moreover, only a few studies have explored the reliability of COP parameters among

children. Thus far, it is not clear which testing duration is most reliable for use with children. Rival

139



Chapter 5

et al. (2005) tested the reliability of COP parameters of unilateral standing in school-age children.
Theses researchers have concluded that children between the ages of six and ten years were able
to stand on one leg and maintain a postural stability for ten seconds. To the best of our

knowledge, no further research has been conducted to investigate whether children can maintain

balance on one leg for more than ten seconds.

Additionally, the studies which showed the reliability and validity of WBB's data were based on a
testing duration of 30 seconds with bilateral standing and ten seconds with unilateral standing.
However, thus far, a longer duration, such as 60 seconds, has not been tested for reliability with
the WBB. In general, standing for 60 seconds on both legs and for 30 seconds on one leg may not
be feasible for children. Therefore, a pilot study will be conducted to determine the feasibility of
testing children for longer durations. Following the pilot’s results, a few modifications to the

testing procedure were applied to the reliability study.

5.2 Aim

The aim of the study was to test the intra-session and inter-session reliability of the WBB when

assessing COP path length in school-age TD children.

5.3 Methodology

5.3.1 Sample & recruitment

Atkinson & Nevill (2001) recommended a sample size between 15 and 20 participants for a
reliability study. Therefore, 17 children were recruited for the study. The first four children were

involved only in the pilot study and the other 13 children participated in the reliability study.

Children who attended a primary school in Southampton were sent an invitation letter to
participate in the study; these letters were distributed to them by their schoolteachers. Saudi
families who lived in Southampton and whose children studied in Southampton were also sent
invitation emails by the Saudi Students’ Club. Invitation letters and emails included parents’
information sheet (Appendix 5), children information sheet (Appendix 6) and the contact details

of the researcher.
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5.3.1.1 Inclusion /exclusion criteria

Inclusion criteria: Children between the ages of 6 to 12 years old

Exclusion criteria: Those children whose parents reported that they were suffering from any of

the following medical conditions were excluded from the study:

1. Musculoskeletal pathology or pain that would influence balance
2. Neurological impairments, such as CP
3. Blind or visual impairments that cannot be corrected by prescribed glasses or lenses

Children were also excluded from the study if their parents reported any of following events:
4. Recent injuries that would prevent them from standing for 10 minutes or more
5. Any involvement in balance training exercises

5.3.1.2 Consents

Before the testing session was initiated, parents were asked to sign the parents’ consent form
(Appendix 7) and children were asked to complete the children’s assent form (Appendix 8) with
the help of researcher, if required. The parents were subsequently asked to complete the child
screening sheet (Appendix 9), which provided each child with an ID code so that he/she could be
identified by the researcher. Ethical approval was obtained from the ethics committee of the

Faculty of Health Sciences at University of Southampton (Appendix 10).

5.3.2 Settings

5.3.2.1 Equipment setting

The WBB was connected to a laptop through a Bluetooth dongle. Data from the WBB was
recorded and saved using MATLAB® software. The manner in which the WBB and MATLAB® are
connected and the calculation of COP length has already been described in Chapter 4. The WBB
was calibrated in two steps at the beginning of the session before testing: 1) calibration with no
weight applied to the WBB and 2) calibration with a certified 5 kg weight placed at the centre of
the WBB.

5.3.2.2 Lab setting

The study was performed in a gait lab at Southampton General Hospital. The lab is equipped with

a bathroom scale and a one-meter ruler attached to the wall at a height of one meter from the
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floor. These were used to record the weight and height measurements of each child. The WBB
was placed on the floor, in the middle of the lab, and surrounded by mat sheets. Subsequently,
the WBB was covered with a rubber cover to prevent children from slipping and this cover had
foot marks to standardise the feet position of the children. A chair was placed one meter behind
the WBB and the mats for children to sit on and rest. An image poster was placed on the wall in

front of the WBB for the children to look at during the eyes-open trials.

5.3.2.3 Safety

To ensure the children’s safety, the researcher closely monitored their movements to check for
signs of potential falls and stopped the test for rest periods whenever necessary. The researcher
stood behind the children during the eyes-open trials and in front of the children during the eyes-
closed trials. Furthermore, the lab experimental officer, who recorded the testing trials, was a first

aid officer, who was equipped to take immediate action in the event of a fall.

5.4 Pilot study

5.4.1 Aim

The aim of the pilot study was to determine a feasible testing duration by assessing whether

children can maintain standing balance on both legs for 60 seconds and on one leg for 30 seconds.

5.4.2 Methods
5.4.2.1 Sample

The first four children who participated in the reliability study were recruited for this pilot study.

5.4.2.2 Procedures

Children only attended one session. They were asked to remove their shoes for height and weight
measurements. The children were asked to stand on the WBB and perform four tasks, repeating
each task thrice. The children were given the option to rest on a chair between repetitions and
tasks until they were ready for the next task. The tasks were as follows:

1. Stand on both legs with eyes open [EO2L] for 60 seconds.

2. Stand on both legs with eyes closed [EC2L] for 60 seconds.
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3. Stand on one leg with eyes open [EO1L] for 30 seconds.
4, Stand on one leg with eyes closed [EC1L] for 30 seconds.

The children were not given any further instructions, and they were observed during testing. Any

comments or feedbacks from the children were recorded.

5.4.3 Data analysis

The feedback from the children and the observations of their behaviour with long duration testing
were the main sources of data for this pilot study. In addition, each child had twelve recordings,
which comprised four tasks, each of which was repeated thrice. The recorded row data from
MATLAB® included six columns of data: the weights on each of the four sensors and the X and Y
coordinates of COP. These data files were copied to an Excel worksheet for the calculation of total
COP path length. The total COP path length, which was calculated using Pythagoras theorem,
provides the distance between each COP point and the previous point and the sum of these

distances provides the total length of COP movement.

5.4.4 Results

Four children, three males and one female, with a mean age of 8.75 + 1.7 were included in this
pilot study (Table 5.1). The COP length was not calculated for the pilot study because children
were unable to stand for 30 sec on one leg. Furthermore, some errors were found in the raw data,
which needed to be corrected to obtain the correct COP length. Other observations are discussed

in the following section.

Table 5.1: Demographic characteristics of children in the pilot study

ID Gender Age Height [cm] Weight [kg] | BMI
01 M 11 139 31 16
02 M 9 128 22 13.5
03 F 7 117 22 16.2
04 M 8 137 35 18.6
Mean - 8.75 130.25 27.5 16.075
SD

- 1.71 10.05 6.56 2.08
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5.4.5 Discussion of pilot

5.4.5.1 Observations

In the first two tasks, which required children to stand on both legs with eyes open or eyes closed,
the testing duration was 60 seconds. Children reported that the duration of the test was long and
boring. Some children stated that they felt dizzy and tired, especially in the eyes-closed trials.
Children were asked to stand as still as possible but were given no further instructions while they
were standing. It was observed that different children behave differently while standing. For
example, some children placed their hands behind their back, some put their hands in their
pockets and others scratched their nose or head. These movements are likely to affect their COP

data.

The children found the third and fourth tasks, which required them to stand on one leg with their
eyes open or closed for 30 seconds, very challenging. The children were asked to stand on their
dominant leg, which is identified by which leg that they would use to kick a ball. Some children
could not balance on their dominant leg and chose to stand on the non-dominant leg. This implies
that the dominant leg may not be the more stable leg because children use the non-dominant leg
to support themselves while kicking a ball. Most of the children put down the raised leg and then
lifted it up again during the recording. It was noticed that most children could balance for 10
seconds; however, they subsequently lost their balance and became susceptible to falling.
Although the researcher stood next to children, the children avoided leaning on her; in fact, they
leaned in the opposite direction, which increased their balance disturbance and their risk of
falling. The children’s inability to maintain balance on one leg encouraged them to continue
trying. They were excited about repeating the task and proving that they could do it, especially

when they had failed to do it the first time.

5.4.5.2 COP path length

As MATLAB® was capturing data from the WBB through Bluetooth, other Bluetooth devices
affected the data stream and caused repetitions in time acquisition. This has resulted in data
transmission glitches, which is missing data points by drop-outs and spurious outliers, which is
single data points that are far away from the COP path, in the recordings. This error may have
occurred because of a slow or disrupted connection between the WBB and MATLAB® or slow
processing power of the computer. It led to some recordings with small number of data points,
reducing the quality of the total COP path length calculation. To compensate for this error, data
was pre-processed with a MATLAB® algorithm (Appendix 11) to remove spurious outliers or

repeated data points. Figure 5.1 illustrates an example of how COP data points were processed.
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This provided an outcome of COP path length per time unit [cm/sec], which was calculated
according to the time unit ‘seconds’ based on the average COP path length with the average time

recorded.
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Figure 5.1: Example of the COP length after the removal of spurious outliers and repeated data
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5.5

Summary of decisions after pilot

In light of the previous observations, the following decisions were made:

1-

5.6

The testing duration for the reliability study will be limited to 30 sec for trials standing on
both legs and 10 sec for trials standing on one leg to avoid children from falling, feeling

dizzy or getting bored.

Children will be instructed to stand as still as possible and to avoid moving their heads or
arms during testing. Any recording that includes unwanted movement of the head or

upper limb will be deleted and repeated.

Children will be instructed to sit on the chair and count to 20 between repetitions and

tasks to ensure that all children get a consistent amount of rest.

In tasks that require children to stand on one leg, they will be permitted to choose the leg
that they would like to stand on, and any recording that includes putting the raised foot

down will be deleted and repeated.

The researcher will stand behind the child during the eyes-open tasks and in front of the
child during the eyes-closed tasks. This will ensure safety and permit the child to move

his/her arms freely to maintain balance.

After recording, the data will be processed with a MATLAB® algorithm (Appendix 11) to
remove any outliers or repeated data points for calculating the COP path length per time

unit ‘cm/sec’.

Modified methodology

Once the pilot study was complete, a few modifications were applied to the testing procedures

and data analysis

5.6.1

Testing procedures

Children attended two sessions in one week. The duration of each session was 20-30 minutes.

Children were asked to remove their shoes and step onto a weighing scale so that their weight

and height could be recorded. Subsequently, they were asked to step on the WBB to perform four

tasks. Each task was repeated thrice with a rest period of 30 seconds between each repetition:
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1- Stand on both legs with eyes open [EO2L] for 30 seconds
2- Stand on both legs with eyes closed [EC2L] for 30 seconds
3- Stand on one leg with eyes open [EO1L] for 10 seconds
4- Stand on one leg with eyes closed [EC1L] for 10 seconds

Children were instructed to stand as still as possible, without moving their arms while testing
during tasks 1 and 2. They were asked to stand on their preferred leg during tasks 3 and 4 and to
choose the same leg when repeating the tasks. In task 4, when the child opened his/her eyes or
put the raised foot down, the recording was deleted and the task was repeated up to five times to
achieve three complete recordings. Some children found it difficult to perform task 4.

Furthermore, recommendations from the pilot study were applied (please refer to Section 5.5).

5.6.2 Data analysis

All the recorded data was processed using a MATLAB® algorithm (Appendix 11) to remove any
outliers, zeros or repeated data points. Subsequently, the COP path length per time unit ‘cm/sec’

was calculated. This was the main outcome measure, which was tested for reliability.

Data was downloaded into Excel and analysed using IBM SPSS 20. The Shapiro-Wilk test was used
to test the normal distribution of the data. Descriptive statistics were used to describe the mean
and SD of the data. Repeated measures of Analysis of Variance [ANOVA] F-test were used to test
the significant variability between the three repetitions of each task in each session. The one-way
ANOVA was used to test the intra- and inter-session reliability. The [ICC 1,1] with 95% confidence
interval [CI] and the standard errors of measurements were used to test intra-session reliability
{within each session}. The standard errors of measurements [SEM] was calculated using the

following equation (Portney & Watkins 2000):

SEM = SD x (V1 — ICC)

To test inter-session reliability {between sessions}, the ICC 13 with 95% ClI, SME, and the MDC
were used. The MDC was calculated using the following equation (Beckerman et al. 2001; de Vet

et al. 2006):
MDC = 1.96 x V2 X SEM

To interpret reliability from ICCs, the following scale, which has been proposed by Portney and
Watkins (2000), was followed: <0.50: poor; 0.5-0.75: moderate; >0.75: good reliability and >0.90:

excellent reliability and clinically accepted.
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5.7 Results

The study was conducted from October to December 2012. Twelve children completed the study;
one child withdrew from the study. The participant group comprised six boys and six girls, with a

mean age of 8.5 + 1.9 years. Their other demographic characteristics are presented in Table 5.2.

Table 5.2: Demographic characteristics of children in the reliability study

ID Age Gender Weight [kg] Height [cm] BMI
1 6 F 22 118 15.8
2 9 M 36 138 18.9
3 12 M 70 153.5 29.9
4 7 F 23 119 16.2
5 8 F 18 118 12.9
6 8 F 22 123 14.5
7 6 M 20 118 14.4
8 8 F 22 119 15.5
9 11 M 35 148 16

10 11 M 31 149 14

11 8 M 26 126 16.4
12 8 F 18 108 15.4
Mean 8.5 - 28.5 128.1 16.7
sD 1.9 - 14.4 15 4.4

Each child completed two testing sessions. Each session included 12 recordings {4 tasks repeated
thrice each}. Each recording was initially saved in a notepad data file and subsequently
downloaded to a MATLAB® algorithm, which calculated the COP length [cm/sec] for each
recording. Three COP length recordings for each child were grouped for each task (Appendix 12).
Following the Shapiro-Wilk test, the data for each task was found to be normally distributed.
Moreover, the repeated measures of the ANOVA [F-test] showed no significant variability among

the three COP length recordings, except for the data in task 4 [EC1L] from session two.

5.7.1 Intra-session reliability

Data from the first and second sessions were tested for intra-session reliability separately
(Table 5.3 and Table 5.4). Some children could not perform task 4 [EC1L for 10 sec] in either
session, some could perform only one or two repetitions and others could not perform it in the

first session, but succeeded in the second session.
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The results of both the sessions indicate that task 1 [EO2L] provided excellent reliability [session
1: ICC =0.915; session 2: ICC = 0.953] with a range of 95% Cl [session 1: Cl = 0.79-0.97; session 2:
Cl = 0.88-0.98] and a SEM of 0.2. The mean COP length for all children was 2.7 cm/sec. Task 2
[EC2L] also provided excellent reliability and the results for this task were similar to that of task 1
(Table 5.3 and Table 5.4). This implies that standing on both legs for 30 sec with eyes open or

closed provides a reliable measure of COP length per sec.

Table 5.3: Intra-session reliability of session one

Task Trials [n] Mean SD ICC1,1 lower CI upper Cl SEM
1 | EO2L 3[12] 2.79 0.72 0.915 0.799 0.972 0.21
2 EC2L 3[12] 2.89 0.82 0.889 0.744 0.963 0.27
3 | EOlLL 3[10] 6.67 1.98 0.770 0.491 0.929 0.95
4 EC1L 2 [7] 9.23 2.61 0.866 0.462 0.975 0.96

EO2L= standing on both legs with eyes open, EC2L= standing on both legs with eyes closed, EO1L= standing on one
leg with eyes open, EC1L= standing on one leg with eyes closed, SD= Standard deviation, ICC= interclass correlation

coefficient, Cl= confidence interval, SEM= standard errors of measurements

Table 5.4: Intra-session reliability for session two

Task Trials [n] Mean SD ICC1,1 lower CI upper CI SEM

1 | EO2L 3[12] 2.73 0.78 0.953 0.884 0.985 0.169
2 | EC2L 3[12] 2.96 0.75 0.918 0.805 0.973 0.215
3 | EO1L 3[12] 6.91 2.3 0.708 0.423 0.894 1.243
4 | EC1L 2 [10] 10.39 2.87 0.426 -0.207 0.815 2.174

EO2L= standing on both legs with eyes open, EC2L= standing on both legs with eyes closed, EO1L= standing on one
leg with eyes open, EC1L= standing on one leg with eyes closed, SD= Standard deviation, ICC= interclass correlation
coefficient, Cl= confidence interval, SEM= standard errors of measurements

The mean COP length for task 3 [EO1L] was longer [6.6—6.9 cm/sec] than that of tasks 1 and 2.
Task 3 provided moderate to good reliability [session1: ICC = 0.77; session2: ICC = 0.708].
Although the ICC values were >0.75, task 3 was not considered to have a good reliability because

the range of 95% Cl was wide [session 1: Cl = 0.49-0.93; session 2: Cl = 0.423-0.894] and SEM was
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high [0.95—1]. Portney and Watkins (2000) recommended that the ICC values for clinical

measurement should be 20.90, implying that this task does not provide a reliable measure.

Although task 4 [EC1L] was performed by seven children in the first session and by ten children in
the second session, only two recordings were included in the analysis. The ICC value of task 4 in
session 1 was 0.866, which reflects good reliability; however, the range of Cl was wide [0.462—
0.975]. The ICC value of task 4 [EC1L] in session 2 was 0.426, which reflects poor reliability with a
poor range of Cl [-0.2-0.82]. Moreover, the SEM in both sessions was different [session 1: 0.96;
session 2: 2.17]. This may be owing to the significant variability noticed with the repeated
measures of the ANOVA F-test. It can be concluded that standing on one leg for 10 sec is not a
practical test of balance for children between the ages of 6 and 12 years because it does not

provide good reliable data.

5.7.2 Inter-session reliability

Data from both the sessions were tested for inter-session reliability (Table 5.5) and an analysis of
the MDC between the sessions was conducted. The reliability of the WBB between sessions was
found to be excellent during double stance both with eyes open and eyes closed [Task 1: ICC =
0.961; Task 2: ICC = 0.958]. These reliability values were with 95% CI [0.868—0.988] and an MDG of
0.4. This means that a double stance on the WBB provides excellent reliability with high
confidence and minimum change across sessions. During the single stance, the reliability values
were [Task 3: ICC=0.65; Task 4: ICC= 0.794], which reflects good reliability between sessions;
however, the confidence interval was wide for both tasks, that is, with eyes open and eyes closed
[Task 3: Cl=0.17-0.88; Task 4: Cl = 0.26- 0.96]. A change of 3.2 was detected across days, implying
a high variability in measurements. This result is consistent with the results of inter-session

reliability, which shows that a single stance is not appropriate for children.

Table 5.5: Inter-session [between sessions] reliability

Task Trails [n] Mean SD ICC1,3 Lower CI Upper CI SME MDC

1 | EO2L 3[12] 2.76 0.75 0.961 0.875 0.988 0.15 0.41
2 | EC2L 3[12] 2.92 0.78 0.958 0.868 0.988 0.16 0.44
3 | EO1L 3[10] 6.68 1.88 0.651 0.174 0.884 1.11 3.08
4 | ECI1L 2[7] 9.71 2.56 0.794 0.260 0.960 1.16 3.22

EO2L= standing on both legs with eyes open, EC2L= standing on both legs with eyes closed, EO1L= standing on one leg

with eyes open, EC1L= standing on one leg with eyes closed, SD= Standard deviation, ICC= interclass correlation
coefficient, Cl= confidence interval, SEM= standard errors of measurements, MDC= minimum detectable change.
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5.8 Discussion

The present study aimed to check the reliability of the WBB measurements with a child
population. The results of this study show that among school-age children, double stance on the
WBB provides more rigorous reliability values than single stance. These results were consistent
with previous studies (Clark et al. 2010; Chang et al. 2013; Larsen et al. 2014; Park & Lee 2014),
which showed the WBB provides reliable COP length but the correlation values during single leg
standing tasks which were lower than double-leg standing tasks. However, differences were
observed between the reliability results of this study (Table 5.5) and previous studies (Table 3.2)
across the testing tasks. This may be owing to the differences between the study’s procedures in
terms of age group {adults or children}, the software connection, the statistical analysis and the

COP length calculations {length per time or total length}.

There has been a high variability during the single leg standing data, which agrees with Park & Lee
(2014) who showed that double stance tasks have shown a strong correlations reliability whereas
single leg stance tasks have shown moderate correlations. Although this variability in data could
be attributed to the fact that the WBB lacks the potential to detect postural changes during single
leg stance. However, the COP length and velocity calculated from the WBB data was highly
correlated with the COP length and velocity calculated from the force plate during single-leg
standing (Huurnink et al. 2013). This means that the variable data during single leg stance was due
to intra-subject variability and the WBB quantify COP trajectory accurately during single-leg
stance balance tasks. However, the results of this study showed poor inter-session reliability

during the single leg standing tasks, owing to the difficulty of the task for children.

To the author’s Knowledge during conducting the present study, it was the first to test the
reliability of the WBB in assessing the standing balance of children, however at the present new
study by (Larsen et al. 2014) was found in literature. Larsen et al. (2014) has tested children aged
between 10 and 14 years whereas this study tested children aged between 6 and 12 years.
Although both were conducted with children, older children may behave differently than younger
children due to the development of balance. In addition, this study tested the reliability of WBB
data within the same day and between different days, unlike the Larsen et al. (2014) which only
tested the validity and reliability of WBB data within one session only. Furthermore, standing in
one leg with eyes closed was not tested by Larsen et al. (2014) which indicates the difficulty of
such task. Even though, Larsen and colleagues (2014) found larger variations in the single leg

stance tests, which is consistence with the results of the present study.

This study has a few limitations that will affect the generalization of its results. The first limitation

is the disrupted connection between the WBB and MATLAB®, which led to some variability
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between the recordings and yielded different COP length calculations based on time unit. The
second limitation is the sample size. This study had only 12 participants and the results of task 4
were based on the recordings of the 7 children who could successfully perform all tasks on both
the test days. This resulted in missing data. Nevertheless, Bonett (2002) has proposed a formula
to calculate future sample size requirements for an estimation of intra class correlations with
desired width (Bonett 2002). By using this formula with the ICC values results in this study, the
sample size required to test reliability of COP length during standing on both legs with eyes open
or closed is 12 participants. However, with the variable data during standing on one leg, the
sample size required to test the reliability of COP length with a desired width of 0.3 is 25

participants.

5.9 Conclusion

The WBB is a high technology, portable, low-cost, commercially available tool that has a valid use
in assessing standing balance. This study shows that the WBB provides reliable outcomes of COP
length when assessing double stance in TD children. It is a valid and reliable tool for assessing
balance and tracking progression. However, the WBB is not recommended for single stance
assessment with children because of the poor reliability results obtained in such cases. Before
using the WBB in clinical settings to assess the standing balance of children with balance
impairments, further research needs to be conducted to investigate the reliability of different

standing tasks among such children.

This chapter included details of the reliability study which was conducted on the WBB’s COP
length with TD children. This study also included a pilot work to test the methods and procedures
suitability for participants. Then a reliability testing of the WBB’s data during different standing
tasks for TD children. Findings from this study was discussed in relation to literature and gave
reference data of COP length collected from WBB for TD children. The next chapter will include

another reliability study was conducted with children with CP.
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Chapter 6: Intra-session and Inter-session reliability of
the WBB when assessing standing balance in children

with Cerebral palsy

6.1 Introduction

The use of the WBB to measure standing balance with COP parameters has been a valid and
comparable measure to laboratory based measures such as force plate analysis among healthy
adults (Clark et al. 2010; Chang et al. 2013; Huurnink et al. 2013; Yamamoto & Matsuzawa 2013;
Park & Lee 2014; Pavan et al. 2014; Scaglioni-Solano & Aragon-Vargas 2014; Pavan et al. 2015),
older adults with total joint arthroplasty (Abujaber et al. 2015), adults with PD (Holmes et al.
2013b), and adults post stroke (Bower et al. 2014). Additionally, the WBB has demonstrated
excellent reliability to measure parameters of standing balance, such as COP length, with adult
population (Clark et al. 2010; Clark et al. 2011; Chang et al. 2013; Bower et al. 2014; Park & Lee
2014; Scaglioni-Solano & Aragon-Vargas 2014; Abujaber et al. 2015).

The reliability of WBB’s COP data was tested with TD children in the previous chapter (Chapter 5),
and showed that the WBB provides a reliable measure of standing balance in TD children. In
addition, recently, Larsen et al. (2014) reported that the WBB is a valid and reliable tool for
assessing standing balance in children. These reliability findings may however not be applicable to
children with CP due to differences in standing balance postures. However they provided a
reference data of COP length for TD children, which are essentials for using the WBB in examining
children with CP. However, to the author knowledge there is no studies that have investigated the
reliability of WBB for assessing COP length during standing for children with CP. Therefore, it is
important to fill this gap in literature and have reference data of COP length for children with CP.
In addition, the WBB's calculated COP length will be used for standing balance assessment,
following Wii Fit training for children with CP in the following feasibility study (Chapter 7).
Therefore, the reliability of the WBB for measuring COP length in children with CP had to be

investigated first.

This chapter includes a report of findings from assessing reliability of the WBB when used to
measure COP path length in children with CP. However, owing to time limitations, this study was
conducted in the same time with the feasibility study (Chapter 7), as children with CP undertook

two baseline measurements before the training with Wii Fit balance games.
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6.2 Aims

1- To test the intra-session {within session} and inter-session {between sessions} reliability

of the WBB to measure COP path length in children with CP.

2- To compare results of COP length measured by the WBB between children with CP and TD

children.

6.3 Methodology

6.3.1 Sample and recruitments

The sample size was composed of twelve children with CP, who were included based on the
inclusion criteria (section6.3.2). The recruitment process took a place between July 2013 and Sep

2014 through different sites in both countries the United Kingdom and Saudi Arabia (Figure 6.1).

From Southampton, United Kingdom, six children with CP were recruited through two sites; 1)
the Rose Road Association [RRA], which is a charity providing activities for children with
disabilities in Hampshire, and 2) the Buzz network, which is a network funded by the

Southampton city council for all parents of children with disabilities in Southampton.

Following the faculty of health sciences ethical approval (Appendix 13) and agreements with both
RRA and the Buzz network, paid postage invitation packs were sent to families with children with
physical disabilities through the RRA and the Buzz network. Each invitation pack included a letter
of invitation (Appendix 14), parents’ information sheet (Appendix 15), children’s information
sheet (Appendix 16), GMFCS Family Report Questionnaire (Appendix 17), reply slip (Appendix 18)
and FREEPOST envelope. Both the information sheets clearly indicated that only children with a
diagnosis of CP could participate in the study. The GMFCS Family Report is a valid and reliable
report for the families to identify the gross motor functional level of a child with CP. Moreover, an
electronic advert, including information about the study with the researcher’s contact details, was
posted in the electronic newsletters issued by the RRA and Buzz network (Appendix 19). The same
advert was also posted in a public newspaper in Southampton ‘the Daily Echo newspaper’. This

process took a place between July 2013 and March 2014.
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Southampton, UK Riyadh, Saudi Arabia
July 2013- June 2014 June-Sep 2013
| |
Buzz Network & Rose Advertising | |Solent NHS Trust King Fahqd
Road (450 invetations)| in newspaper| | (20 invetations) Medical City
10 returns 2 returns L no returns
— 5 not intrestedl
4 not elm.rlablel :
£ 1 not intrested .
1 not intrested, _I_ 6 intrested
- 5 include = 1 included — 6 included

Figure 6.1: Recruitment process diagram

In addition, recruitment was continued through the National Health Services [NHS] in UK, in
particularly the Solent NHS trust, which is the NHS community physiotherapy service for children
in Southampton. Following the NHS ethical approval (Appendix 20 and Appendix 21) and
agreements with Solent NHS trust, paid postage invitation packs were sent to families with
children with CP, who were identified as receiving community physiotherapy service in
Southampton. Each invitation pack included a letter of invitation (Appendix 14), parents’
information sheet (Appendix 15), children’s information sheet (Appendix 16), GMFCS Family
Report Questionnaire (Appendix 17), reply slip (Appendix 18) and FREEPOST envelope. This
process took a place between March 2014 and June 2014. However, no participants were

recruited from Solent NHS trust.

Due to the limited number of participants recruited from the centres mentioned above, plans
were made to commence recruitment in Riyadh, Saudi Arabia. Six children with CP were recruited
from the paediatric out-patient physiotherapy clinic at King Fahad Medical City [KFMC] in Riyadh,
Saudi Arabia.

Following ethics approval (Appendix 22) and agreements with the paediatric physiotherapists who
work in paediatric out-patient clinic at KFMC, invitation packs were distributed to families with
children with CP, who are attending the clinic and identified by the physiotherapists as candidates

to the study. Each pack has included a letter of invitation (Appendix 23), parents’ information
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sheet (Appendix 24), children’s information sheet (Appendix 25), and the contact details of the
researcher. There was no GMFCS Family Report Questionnaire or reply slip because children were
identified by the paediatric physiotherapist. All the sheets in the pack were translated to Arabic

language. Recruitment in Riyadh took a place between June 2014 and Sep 2014.

6.3.2 Inclusion/exclusion criteria

Inclusion criteria:
1. Children who have been diagnosed with hemiplegia or diplegia CP.
2. Children aged between 6 and 12 years.
3. Children who are classified at levels |, Il or Il on the GMFCS.
4. Children who can stand independently for 3 min without any support.

5. Children who have not undergone any spinal or lower extremity surgery during the last

three months.
6. Children who do not have hearing impairment.
7. Children who have normal vision or whose vision has been corrected to normal vision.
8. Children who can understand and follow verbal commands.
Exclusion criteria:
1. Children who have a diagnosis of quadriplegia or athetoid CP.
2. Children who are classified at levels IV and V on GMFCS.
3. Children who experience uncontrolled seizures.
4. Children who have had an ear infection during the last six weeks.
5. Children who have taken botulinum toxin injections [type A] during the last six months.

6. Children who are currently participating in another research involving balance training.

6.3.3 Consents

Based on the reply slip and the agreement to be contacted, children and families were contacted

to arrange date and time for the first initial assessment session. During the first session, the
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researcher has discussed and explained the study procedures to parents and children. When the
parents have agreed for their child to participate they were asked to sign a consent form
(Appendix 26 and Appendix 28). After that the children filled in the assent form for children
(Appendix 27 and Appendix 29) if they are happy to participate. Both parents’ and children’s
consents forms were translated to Arabic language (Appendix 28 and Appendix 29) for
participants from Saudi Arabia. Ethical approval was obtained from the ethics committee of the
Faculty of Health Sciences at University of Southampton (Appendix 13), National Research Ethics
Service [NRES] Committee North West (Appendix 20) with the research and development
department at Solent NHS trust (Appendix 21), and Institutional Review Board at KFMC (Appendix
22).

6.3.4 Settings

6.3.4.1 Equipment setting

The WBB and the laptop were connected through a Bluetooth dongle. The WBB was calibrated
first with no weight applied then with five kg weight placed at the centre of the WBB. The
extracted data from the WBB'’s sensors were recorded using MATLAB® software. Further details
about the WBB and MATLAB® connection and the calculation of COP length was mentioned in

section 5.4.5.2.

6.3.4.2 Lab setting

Data collection sessions were held at a room in building 45 at the University of Southampton
[Southampton, UK] or at a room in paediatric out-patient physiotherapy clinic at KFMC [Riyadh,
Saudi Arabia]. The rooms for data collection were equipped with a bathroom scale and a meter
tape measurement attached to the wall from the floor. These were used to record the weight and

height measurements of each child.

The WBB was placed on the floor, in the middle of the room, and surrounded by mat sheets
(Figure 6.2). Then, the WBB was covered with a rubber cover to prevent children from slipping
and this cover had foot marks to standardise the feet position of the children. A chair was placed
one meter behind the WBB and the mats for children to sit on and rest. In addition, children were
wearing a safety-handling belt around their waist for the physiotherapist to be able to handle

them in the event of loss of balance or fall.
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Figure 6.2: Lab setting

6.3.5 Procedures

The participants attended two assessment sessions in one week. The first session was the initial
child’s assessment with first set of measurements ‘day one measurements’. The child’s
assessment was carried out by a trained and qualified physiotherapist and documented with the
child assessment form (Appendix 30 and Appendix 31). The assessment form has two parts; the
first part includes the child demographic information, weight, height, medical history filled by the
parents, and the second part includes muscle tone of lower limbs, posture description, and the
ability of the child to perform few functional tasks, like walking or standing filled by the

physiotherapist.

Based on results from the reliability study presented in Chapter 5, single leg stance was not a
practical test for children and it produces poor reliability results of low ICCs. Therefore, children
with CP were asked to remove their shoes or any foot orthoses and step onto the WBB to perform
two tasks; standing on both legs with their eyes open [EO2L] and eyes closed [EC2L] for 30
seconds. Each task was repeated thrice with a rest period of 30 seconds between each repetition.
Children were instructed to stand as still as possible. The same procedure was repeated in the
second session, day two measurements’, as well as the other outcome measures [the PBS and the

TUG] for the feasibility study in Chapter 7 (section 7.4.5).

6.3.6 Data analysis

All the recorded data was processed using a MATLAB® algorithm (Appendix 11) to calculate the
COP path length per time unit ‘cm/sec’. Data was analysed using IBM SPSS 20. The Shapiro-Wilk

test was used to test the normal distribution of the data. Descriptive statistics were used to
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describe the mean and SD of the data. ANOVA F-test was used to test the significant variability
between the three repetitions of each task in each session. The [ICC 11] with 95% Cl and the SEM
were used to test intra-session reliability {within each session}. The same tests were used for the
inter-session reliability {between sessions} in addition to the MDC. Further details was mentioned
in section 5.6.2. Statistical differences between TD children and children with CP during double —
leg standing with eyes open and closed tasks were tested using two-sample t-test (two tail,

unequal variances).

6.4 Results

The study was conducted from Aug 2013 to Sep 2014. Twelve children with CP completed the
study. Participants included five boys and seven girls, with a mean age of 8.7+2.2 years, mean
weight of 31.9£14.2 kg, mean height of 127+16.8 cm, and mean BMI of 18.8 £4.1. Six children
were recruited from Southampton, UK and six children were recruited from Riyadh, Saudi Arabia.
The GMFCS levels (Figure 2.1) were between level | and level lll; six children were at level |, three
children were at level I, and three children were at level Ill. Their other demographic
characteristics and the number of therapy sessions they receive each week are presented in

Table 6.1.

Each child completed two testing sessions. Each session included six recordings {two tasks
repeated thrice each}. Each recording was initially saved in a notepad data file and subsequently
downloaded to a MATLAB® algorithm, which calculated the COP length [cm/sec] for each
recording (Appendix 11). Three COP length recordings for each child were grouped for each task.
The row data of COP length recordings is presented in table A37.1 (Appendix 37). Following the
Shapiro-Wilk test, the data for each task was found to be normally distributed and the repeated
measures of the ANOVA F-test showed no significant variability between the three COP length

recordings.

6.4.1 Intra-session reliability

Data from the first and second sessions were tested for intra-session reliability together
(Table 6.2). Only one child had two repetitions of task [EC2L], therefore the results from eleven

children with a complete set of data is presented.
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Table 6.1 : Demographic characteristics of children with CP [Chapter 5 and 6]

D Age Weight Height BMI Gender GMFCS level CP description PT sessions/week Other therapies

1 6 19.5 110 16.1 F Il Diplegic 2 HR

2 7 20.3 117 14.8 M | Hemiplegic - -

3 10 319 140.5 16.2 F | Diplegic - OT & swimming

4 8 45.5 144.5 21.8 F | Hemiplegic 3 OT, HR & dancing

5 12 51.8 155 21.6 M 11 Hemiplegic 2 BT

6 6 20 112.5 15.8 M I Hemiplegic 3 oT

7 7 17 107 14.8 F | Diplegic 1 -

8 7 18 113 14.1 F Il Diplegic 2 -

9 8 30.9 118 22.2 F [ Diplegic 1 -

10 11 60 150 26.7 M I Diplegic 1 -

11 12 354 124 23 F i Diplegic - -

12 10 32 133 18.1 M 11 Hemiplegic 1 OT & ST
Mean 8.7 31.9 127 18.8 - - - - -

SD 2.2 14.2 16.8 4.1 - - - - -

BMI=Body Mass index, F= Female, M=Male, GMFCS= Gross Motor function classification system, PT= Physiotherapy, OT= Occupational therapy, HR= Horse riding, BT= Behavioural therapy, ST= Speech

therapy
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The results from both sessions indicated that standing with eyes open showed good to excellent

reliability [ICC=0.879-0.897] with a good 95% Cl [0.75-0.95] and a low SEM [0.28-0.36]. The mean

Cop length measured for children with CP during double stance with eyes open was 3.3 to 3.5 +1

cm/sec. Nevertheless, standing on both legs with eyes closed has shown moderate reliability [ICC=

0.63-0.58] with a wide range of 95% Cl [0.29-0.86] and a higher SEM [0.6-0.8] than standing with

eyes open. However, it did not reach the clinically accepted reliability [ICC=0.75]. Though, the

mean COP length measured during double stance with eyes closed was 3.7 - 4 £1 cm/sec, which

was quite similar to mean COP length during double standing with eyes open 3.3 - 3.5+1.

Table 6.2: Intra-session reliability for children with CP

Session | Task Trials [n] Mean SD ICC1,1 lower CI upper Cl SEM
EO2L | 3[11] 3.34 0.90 0.897 0.751 0.968 0.289
Day 1
EC2L 3[11] 3.67 1.01 0.632 0.299 0.869 0.610
EO2L | 3[11] 3.49 1.06 0.879 0.722 0.959 0.368
Day 2
EC2L 3 [11] 4.04 1.32 0.582 0.234 0.846 0.853

EO2L= standing on both legs with eyes open, EC2L= standing on both legs with eyes closed, SD= Standard deviation, ICC= interclass
correlation coefficient, Cl= confidence interval, SEM= standard errors of measurements

6.4.2 Inter-session reliability

Data from both the sessions were tested for inter-session reliability (Table 6.3) and an analysis of
the MDC between the sessions was performed. The reliability of COP length from WBB for
children with CP between sessions was found to be excellent during double stance both with eyes
open [ICC=0.92] with a narrow range of 95% Cl [0.75-0.98], low SEM [0.27] and low MDC [0.74].
However, during double stance both with eyes closed the reliability was shown to be moderate
[1ICC=0.58] with a wide range of 95% CI [0.05-0.85], higher SEM [0.69] and MDC [1.9]. This high
variability between measurements across days has provided unacceptable level of reliability.
Portney and Watkins (2000) recommended that the ICC values for clinical measurement should be

20.90, implying that this task does not provide a reliable measure.

161



Chapter 6

Table 6.3: Inter-session reliability for children with CP

Task Trials [n] Mean SD ICC1,3 lower ClI upper Cl SME MDC
EO2L 3[12] 3.4 0.94 0.919 0.754 0.976 0.268 0.744
EC2L 3[12] 3.88 1.07 0.575 0.054 0.854 0.695 1.927

EO2L= standing on both legs with eyes open, EC2L= standing on both legs with eyes closed, SD= Standard deviation, ICC=
interclass correlation coefficient, Cl= confidence interval, SEM= standard errors of measurements, MDC= minimum
detectable change.

6.4.3 Difference between TD children and children with CP

The children with CP in this study were aged matched with the TD children in the study of Chapter
5, as both had similar mean of age 8.7 +2.2 years and 8.5 +1.9 years, respectively. This allow for a
comparison of the COP length between the two groups. The COP data recordings and COP length
[cm/sec] calculations from the WBB during double stance with eyes open and eyes closed on the

first session, were used for comparison between TD children and children with CP (Table 6.4).

The mean COP length measured for children with CP during double stance with eyes open and
eyes closed was 3.31 + 0.87cm/sec and 3.66 + 0.88 cm/sec, respectively. Whereas, the mean COP
length measured for TD children during double stance with eyes open and eyes closed was 2.79
+0.72 cm/sec and 2.89 *+ 0.81 cm/sec, respectively. It can be seen that the difference in COP
length between TD children and children with CP during standing with eyes open and eyes closed

[0.52 cm/sec and 0.77 cm/sec, respectively] was less than one cm/sec.

However, the statistical test, two-sample t-test (two tail, unequal variances), showed a significant
difference between children with CP and TD children during double —leg stand with eyes closed
[p=0.036]. whereas, during double —leg stand with eyes open the difference was not significant
[p=0.123]. This finding means that those children with CP in the present study at GMFCS level |, Il

and lll have a similar COP length during double stance with eyes open to TD children.
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COP length [cm/sec] EO2L EC2L

ID TD children Children with CP TD children Children with CP
1 2.83 3.53 271 4.68
2 2.63 3.33 231 4.18
3 1.35 2.61 141 2.97
4 2.95 2.11 3.24 2.87
5 3.64 3.02 3.77 3.51
6 2.75 4.34 2.93 4.5
7 3.29 4.19 3.39 4.15
8 2.78 3.68 2.86 3.96
9 1.87 2.37 2.18 2.68
10 2.27 2.06 2.17 1.92
11 3.19 4.18 3.28 3.91
12 3.94 4.35 4.44 4.64

Mean 2.79 331 2.89 3.66
SD 0.72 0.87 0.81 0.88

P value 0.123 0.036*

EO2L= standing on both legs with eyes open, EC2L= standing on both legs with eyes closed, SD= Standard deviation

*Significant difference of <0.05
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6.5 Discussion

The aim of the present study was to assess the reliability of the WBB measurements in children
with CP. The results showed that among children with CP, double-leg standing on the WBB with
eyes open provides more rigorous reliability values than with eyes closed. To the author’s
knowledge, no study has investigated the reliability of WBB in measuring COP length during
standing for children with CP so these findings are novel and the discussion of present findings

with published work is limited.

These results were in agreement with the results from Chapter 5 (section 5.7). Both studies found
that double leg standing on WBB with eyes open provides an excellent reliability of COP length.
This might be due to the staidness of the task where it does not require further control to
maintain balance. In contrast, tasks like standing with eyes closed or standing on one leg requires
higher levels of postural control to maintain balance during standing. In that sense children with
CP may not behave the same during each recording and eventually the COP lengths, recorded
each time, were not consistence causing high variability and wide range of confidence interval. In
addition, children with CP rely on their visual sensation to compensate the lack of proprioception
sensation (Wingert et al. 2009) in order to maintain balance during standing, which means that

standing with eyes closed is a challenging task to perform.

Furthermore, the high variability of COP length during standing with eyes closed for children with
CP is similar to the variability seen during single leg standing for TD children. As discussed earlier
(section 5.8), single leg standing variability was also seen in different studies conducted with
adults (Clark et al. 2010; Huurnink et al. 2013; Park & Lee 2014) and children (Larsen et al. 2014).
Even though, this COP parameter variability from the WBB was highly correlated to the ones
calculated from the force plate during single-leg standing (Clark et al. 2010; Huurnink et al. 2013;
Larsen et al. 2014; Park & Lee 2014). This means that the WBB quantify COP trajectory during
different standing tasks accurately and the variable data was due to the difficulty of the task.
However, standing with eyes closed for children with CP has not yet been tested for validity and
the variability in the recordings during this task might be due to the limited technology of the
WBB to capture COP with more sway of children with CP. Though, this explanation was not

evident in the present study and needs to be investigated in further studies.

The present study had only twelve participants and the results of intra-session were based on the
recordings of the eleven children who could successfully perform each task three times.
Nevertheless, Bonett (2002) has proposed a formula to calculate future sample size requirements

for an estimation of interclass correlations with desired width(Bonett 2002). By using this formula
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with the ICC values results in the present study, the sample size required to test reliability of COP
length during standing on both legs with eyes open is eleven participants. However, the sample
size required to test reliability of COP length during standing on both legs with eyes closed with a
desired width of 0.3 is 78 participants. Therefore, the results of this study confirms that the WBB
can provide reliable data of COP length for children with CP during standing with eyes open,
though during standing with eyes closed it did not show acceptable reliability level. However,
more studies with larger sample will be required to provide more information on the reliability of

the WBB for assessing COP length in children with CP.

A limitation of the present study were; first, the disrupted connection between the WBB and
MATLAB®, which led to some variability between the recordings and yielded different COP length
calculations based on time unit. In addition, it was not clear if the variability seen between
recordings was a combination of the child’s lack of balance and difficulty to perform tasks or due
to the limited technology of the WBB to capture COP capture COP when the child sway more.
Another limitation was the small number of participants which would limit the generalisability of

the findings.

6.6 Conclusion

The WBB is a high technology, portable, low-cost, commercially available tool that has a valid use
in assessing standing balance. This study shows that the WBB provides reliable outcomes of COP
length when assessing double stance with eyes open in children with CP. However, the WBB
provided unacceptable level of reliability of COP length during standing with eyes closed. More
developmental work is needed on the technology to improve reliability for assessing standing
tasks with eyes closed. Further testing in larger samples and other clinical groups would provide

more information on the clinical utility of the WBB.

This chapter included details of the reliability study which was conducted on the WBB'’s COP
length with children with CP. This study was a repetition of the study in Chapter 5, with few
changes. Novel findings from assessing reliability of the WBB when used to measure COP path
length in children with CP was reported. This study was conducted alongside the feasibility study
of the next chapter (Chapter 7), as children with CP undertook two baseline measurements before
the training with Wii Fit balance games. The next chapter will include the feasibility study
conducted with children with CP to test the effect of Wii Fit balance games on improving standing

postural control and functional balance activity.
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Chapter 7: The feasibility of evaluating the effect of
Wii Fit balance games on standing postural control

among children with cerebral palsy

7.1 Introduction

Balance training is one of the main goals of rehabilitation programmes for children with CP.
This is because children with CP present with postural control deficits due to muscle tone
impairments, musculoskeletal imbalances and conflicting sensations. These impairments
make children with CP experience daily challenges in maintaining their balance, and this

feeling of instability could lead to a preference for more sedentary activities.

Computerised balance training, particularly weight shifting, has been found to be clinically
effective for children with CP (Hartveld & Hegarty 1996; Shumway-Cook et al. 2003; Ledebt
et al. 2005; Woollacott et al. 2005). Other studies have shown that the use of virtual reality
with balance training is effective in improving the functional balance mobility and walking
ability of children with CP (Brien & Sveistrup 2011). Active gaming, such as Nintendo Wii Fit
balance games, is a virtual reality tool that can be considered a balance training tool
because the games require players to shift weight while playing. Existing studies conducted
using the Wii Fit balance games have demonstrated the effectiveness of the games for
balance training for adults and children with impaired balance. However, thus far, only four
studies have been conducted to test the effect of Wii Fit balance games on balance in
children with CP (Ramstrand & Lygnegard 2012; Sharan et al. 2012; Jelsma et al. 2013;
Tarakci et al. 2013).

It was suggested that balance improvements shown in children with CP could be attributed
to the task-specific training of Wii Fit. Moreover, Hornby et al. (2011) found that an
adequate amount of task-specific training can facilitate the plasticity of neuromuscular
systems, which may lead to functional improvements. When considering weight-shifting
practice as a task-specific practice, standing balance can be improved (Hartveld & Hegarty
1996). However, additional research needs to be conducted to test this theory using Wii Fit
games. In addition, following Wii Fit training, improvements were seen in children with

lower limb amputations in terms of decreased COP sway area (Andrysek et al. 2012). This
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means that playing Wii Fit may have the mechanical effect of increasing postural control
awareness. Furthermore, because Wii Fit games are played in a standing position, they
stimulate different trunk muscles, thereby increasing standing stability. Therefore, Wii Fit

can potentially improve both static and dynamic postural control in children with CP.

The training offered by Wii Fit games is highlighted in the repetitive weight shifting with
visual and auditory feedback from an interactive environment. In addition, the Wii Fit
games require cognitive demand, such as attention, planning, memory and decision
making, to win games. This means that Wii Fit games are complex dual tasks, which involve
cognitive and motor functioning, which could improve cognitive-motor learning.
Furthermore, Wii Fit games provide augmented feedback of player movement that is
represented either by character movement or by character surrounding environment. This
feedback enhances motor learning during task training (which is weight shifting, and
cognitive skill training such as learning how to weight shift to win the game). The ability to
learn from Wii Fit games and to transfer learning to perform untrained motor task has
been studied among adults with PD (Mendes et al. 2012). Mendes et al. (2012) identified a
learning curve and learning deficits among adults with PD while playing Wii Fit games that
required cognitive demand. In addition, adults with PD have demonstrated improvements
in game scores after training, similar to healthy controls (Mendes et al. 2012). Furthermore,
the Montreal Cognitive Assessment showed significant improvements immediately after
Wii Fit training for adults with PD that were maintained for two months (Pompeu et al.
2012). This emphasises the potential cognitive-motor learning theory of training with Wii

Fit games.

Despite the reported findings from the limited studies found in the literature, further
research needs to be conducted to test the theory of using Wii Fit games as task-specific
training for children with CP. In addition, due to the small size, homogeneity and lack of
power of the sample in each of the studies conducted with children with CP, their results
cannot be generalised. Three studies measured functional mobility in general and only one
measured standing postural control in particular, which is usually measured by the COP
parameters that reflect an individual’s stability and standing balance control. This highlights
the need to assess the usability and feasibility of implementing the Wii Fit balance games in
rehabilitation as training tools for standing postural control and functional balance in
children with CP. Furthermore, none of these studies had a randomised control group to

show the pure effect of the Wii Fit balance games on static and dynamic balance. Due to
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the gap in the literature regarding the use of Wii Fit games as balance training

rehabilitation tools for children with CP, an RCT is needed.

Therefore, this chapter will discuss the methodological feasibility study conducted to
inform about the suitability of the methods and procedures for a future RCT with a larger
powered sample. In addition, this study has tested the effectiveness of the virtual reality
gaming system of Wii Fit and its balance games as a postural control training intervention
for children with CP. This chapter will also report findings regarding implementing the Wii
Fit balance games in the rehabilitation programme in terms of enjoyment, adherence and

applicability of Wii Fit balance games for children with CP.

7.2 Aim and objectives

Test the methodological feasibility for conducting future RCT which will investigate the
effect of the Wii Fit balance games training on standing postural control and functional

mobility in children with CP.

Objectives:

1. Provide the preliminary results of the effect of the Wii Fit balance games on the
standing stability, by using the WBB, and functional balance mobility, by using the
PBS and TUG, in children with CP.

2. Estimate recruitment rate to help in planning recruitment for the future RCT.

3. Test the methodology in terms of the delivery of the Wii Fit games, including the

duration and intensity of the Wii Fit training and the convenient research settings.

4. Record the adherence rate including frequency and duration of each game, in

addition to monitoring of adverse events.

5. Gather feedback from children regarding enjoyment level, using the Physical
Activity Enjoyment Scale [PACES], and the most games played to identify the

suitable suggested games.
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6. Refine the selection of outcome measures for the ultimate RCT which will test the

effectiveness of the Wii Fit balance games.

7. Calculate sample size for a larger RCT based on the standard deviation of potential

primary outcome measure.

8. Assess the feasibility of implementing the Wii Fit games as a rehabilitation tool and
the WBB as an assessment tool for children with CP in clinical and research

settings.

7.3 Study design

This feasibility study included one group of participants and the quasi-experiment pre- and
post-test design, was used. This design was selected because quasi-experimental studies
usually aim to evaluate interventions because they demonstrate causality between an
intervention and an outcome. In addition due to the small sample size participants will act
as their own controls. Furthermore, this design has the statistical advantage of being able

to detect changes in the mean values as a result of any intervention.

7.4 Methods

7.4.1 Sample and recruitments

Due to the limited research conducted in this felid, a power calculation of sample size was
inappropriate (Julious 2005). Therefore this feasibility study was conducted with a sample
of 12 children with CP. The recruitment process was the same as described in Chapter 6,

section 6.3.1.

7.4.2 Inclusion/exclusion criteria

The same inclusion & exclusion criteria mentioned in Chapter 6, section 6.3.2. In addition,
children whose safety was questionable while they played games {e.g., had a high risk of

falling} or stated discomfort during the assessment session will be excluded.
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7.4.3 Consents

Procedure for giving written consent has been described earlier in Chapter 6, section 6.3.3.

7.4.4 Procedures

7.4.4.1 Initial assessment

On the first session, following consents, the child’s initial assessment was carried out by a
trained and qualified physiotherapist and documented on the child assessment form
(Appendix 30 and Appendix 31). The assessment form has two parts; the first part includes
the child’s demographic information, weight, height, medical history {filled by the parents},
and the second part focusses on the muscle tone of lower limbs, posture description, and
the ability of the child to perform functional tasks such as walking or standing {filled in by
the physiotherapist}. This assessment was carried out to ensure the child’s safety and

ability to carry on the training sessions.

During the assessment session, children were asked to play the Wii balance games once to
familiarize themselves with the games and to enable the researcher to evaluate their
comfort levels with the games. At the end of the assessment, the children were asked if
they have enjoyed plying the games or not and asked to provide reasons for their choices.
These reasons may be physical pain, emotional discomfort from the games feedback, or the
loss of interest in all games or one of them. These reasons were considered before

including or excluding the child from the study.

7.4.4.2 Settings

744.2.1 Equipment settings

Following the guidelines of Nintendo Wii operation manual (Nintendo 2008 ), the Wii
console was connected to the TV with video-audio cable and connected to the sensor bar
placed on top of the TV (Figure 3.1). The console has the Wii Fit game disc on the DVD
drive. The Wiimote and the WBB both synchronised with Wii console wirelessly via
Bluetooth. The WBB was placed in front of the TV with a distance of one meter away

(Figure 7.1).
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Figure 7.1: Nintendo Wii operation manual guidelines for set up (Nintendo 2008 )

7.4.4.2.2 Lab settings

All assessment and training sessions were held at a room in building 45 at the University of
Southampton {Southampton, UK} or at a room in paediatric out-patient physiotherapy
clinic at KFMC {Riyadh, Saudi Arabia}. The room was equipped with a Nintendo Wii console,

Wii Fit game, Wii balance board, TV screen and protective rubber mats around the WBB.

For the children’s safety, the WBB was covered with a protective rubber cover to avoid
slipping, and protective mats were placed around the WBB in a space cleared from any
objectives. A chair with arm support was placed behind the WBB for the child to sit on
during rest. In addition, children wore a safety-handling belt around their waist for the
physiotherapist to support them in the event of loss of balance or fall (Figure 7.2). Parents
were asked kindly to attend all sessions with their children without the other siblings to
avoid the child’s distraction. Children were giving the option of stopping the session at any

time they feel fatigued, distressed, or uncomfortable.
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Figure 7.2: Lab settings for the child’s safety during playing Wii Fit

7.4.4.3 Intervention

The intervention was playing selected games of Wii Fit balance games. Games were played
in randomised order according to the child’s preference. Each game was played three times
with a rest of 30 sec in between, and a rest of one min between games. Rest periods were
extended if needed. The total time of each training session was 30 min. The Wii Fit balance
games were selected because they require children to either shift their weight side to side
or in multiple directions. Children were instructed to stand on the WBB without any shoes
or foot outhouses. Children were given the instructions for each game how it is played and
how to get the score of the game. Each child was asked to attend either 12 training
sessions {three sessions per week} or eight training sessions {two sessions per week} for
duration of four weeks. This option was provided parents and children in order for them to

choose which option was more feasible to them to adhere to.

The main four selected games were the following;

1- Soccer heading; the player in this game tries to hit the footballs and avoid other
objects like shoes or panda heads. The number of balls the player hits is the score
of the game. This game requires shifting weight side to side while standing on WBB.

The time duration for this game was 1-2 min (Figure 7.3 A).

2- Penguin slide; the player in this game tries to slid the iceberg for the penguin to
capture the flying fish. The number of fishes the penguin gets within 60 seconds is
the score of the game. It requires shifting weight side to side while standing on

WBB. The time duration for this game was <1 min (Figure 7.3 B).
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3-

Ski Slalom; the player in this game ski between marked gates, with a red dot in blue
circle to indicate speed needed. The games requires shifting weight side to side and
in front to maintain the red dot, which represents COP, in the blue circle. This game
has the benefit of visual feedback. The number of times the skier skipped a flag is
multiplied by the speed of the skier to give a total score of performance. The time

duration for this game was 1-2 min (Figure 7.3 C).

Table tilt; the player in this game tries to move the table platform in order to drop
the balls in the table hols. It requires shifting weight in all planes as table will tilt
along with player’s movement. This game has levels starting with level one, one
ball in one hole, the challenge increase by increasing the number of balls. With
each level there is a timer, starting at 60 seconds for level one, and the time
decrease with each level as a challenge. The number of levels achieved with the
time is calculated to provide a score of this game. The time duration for this game

was 2-3 min (Figure 7.3 D).

In addition to these four games described above, children were given the option of

playing two other games if they do not prefer any two of the previous games. The

following games were selected to be optional because they have the same training

technique of weight shifting;

5-

Tightrope Walk; the player in this game walks across a tightrope between two
buildings and jumps over obstacles. It requires shifting weight side to side while
standing on WBB to mimic walking, however during jumping the player needs to
flex and extend knees quickly. Time is displayed with count down as the score of
this game is how fast the player completed the activity. There was a lot of
instructions displayed while playing such as informing the player of where to shift

weight to regain balance. The time duration for this game was2 min (Figure 7.3 E).

Balance Bubble; the player in this game is inside a bubble and tries to navigate
down the river carefully to avoid being popped by obstacles such as the walls, rocks
and bee. It requires shifting weight in all planes as bubble will move in all directions
with player’s movement until the bubble reach a rainbow. This game is scored by
calculating the time determined to complete the activity. The time duration for this

game is about 1 min (Figure 7.3 F).
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Figure 7.3: The Wii fit balance games selected for intervention

The Wii Fit training sessions were used in this study to train balance and postural control.
However, this did not in any way replace the regular rehabilitation program that children
with CP were receiving. As a precaution, children who had Wii Fit games at home were
asked not to play the games during their training period of four weeks. Attendance to
sessions were recorded by the researcher on the participant attendance sheet (Appendix
32), after every session to ensure consistency. The information recorded on the attendance
sheet included date, time, games that the child played and the repetitions. By the end of
each session, each child was given a sticker to place it on the child’s attendance sheet
(Appendix 33). In addition, at the last day each child was given a certificate as an

appreciation for taking part in the study (Appendix 34).
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7.4.5 Outcome measures

Outcome measurements were performed by the researcher in the presence of the
physiotherapist in two sessions; pre- training and post-training. These measurement
sessions were video recorded for a second assessor, who was blinded to dates on which
measurements were taken. This was to avoid any bias from the researcher during outcome
measurements. The second assessor was rating the child’s performance in the PBS, and
also assessed the consistency of the researcher’s verbal commands during TUG and COP

path length measurement by WBB.

7.4.5.1 Main outcome measurements

7.45.1.1 COP path length measured by WBB

The use of the WBB to measure standing balance with COP parameters has reported good
validity and reliability when compared to the laboratory force plate in adults (Clark et al.
2010; Clark et al. 2011; Chang et al. 2013; Huurnink et al. 2013; Yamamoto & Matsuzawa
2013; Holmes et al. 2013b; Bower et al. 2014; Park & Lee 2014; Sgro et al. 2014; Pavan et
al. 2015) and children (Larsen et al. 2014). The previous developmental work (Chapter 4)
found appropriate software [MATLAB®] to communicate with the WBB in order to capture
real-time data and calculate COP path length per time unit [cm/sec]. Reliability testing of
the WBB (Chapter 5) showed that the WBB can provide reliable measure of COP length
[cm/sec] during standing for TD children. Therefore, the WBB was used in this study to
measure balance pre- and post- Wii Fit balance training for children with CP. The reliability
of the WBB when assessing COP path length in children with CP was tested (Chapter 6) in
line with this study, as children with CP undertook two baseline measurements pre- Wii Fit

balance training, due to time limitations.

Children were asked to stand on the WBB with both legs {without shoes or any foot
outhouses} three times with eyes open and three times with eyes closed. Each recording
was for 30 sec. The average of three repetitions was calculated for each task {eyes open

and eyes closed}.

7.4.5.1.2 Pediatric Balance Scale

Berg Balance Scale has been shown to have high validity and reliability among adult

population (Berg et al. 1989). As a result of the difficulties of using the BBS in children, the
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Pediatric Balance Scale was published as a modification of the Berg Balance Scale
(Franjoine et al. 2003). The PBS has the potential to discriminate between TD children
(Franjoine et al. 2010) and children with mild to moderate motor impairments (Franjoine et
al. 2003). The PBS is a 14-item rating scale which examines functional balance when
performing activities of daily living tasks (Appendix 35). It takes 20 minutes to be
administered and the highest score is 56. It has excellent test-retest [ICC ;1= 0.92],
interrater reliability [ICC,1 = 0.97], and intrarater reliability [ICC ;= 0.89-0.99] (Franjoine et
al. 2010). The PBS total score is strongly correlated with GMFM-88 and GMFM-66 with a
correlation coefficient [rs=0.9] and moderately [rs=0.7] correlated with the Paediatric
Evaluation of Disability Index [PEDI] (Yi et al. 2012). It was reported that school-aged TD
children aged six years and above had a PBS total score between 46 and 56 (Franjoine et al.
2010). Children with CP at GMFCS level |, Il and Il recorded a PBS total score range of 43-
56, 20-54, and 12-35 respectively (Yi et al. 2012). A change in the total PBS score of 5.8 is
considered the MCID (Chen et al. 2013).

7.45.1.3 Timed Up and Go

The TUG test is an assessment of functional dynamic balance that can be used for a
population aged three years or older (Williams et al. 2005). During the TUG test, the child
will be asked stand up from a chair, walk three meters with the use of assistive devices if
needed {three meters are measured from the chair and marked by adhesive tape on the
floor}, and return to the chair and sit on it. This was timed, the shorter the time spent to do
the task, the better functional balance mobility. The TUG has an excellent interrater
reliability with [ICC=0.99] in children with CP aged between 3 and 12 years (Dhote et al.
2012). The MCID in TUG performance timing are 1.7, 1.2, 1.9 seconds for children with CP
at GMFCS levels |, Il and Ill respectively (Hassani et al. 2014).

7.4.5.2 Secondary outcome measures

7.45.2.1 Adherence

The adherence of children with CP to the training sessions was assessed by calculating the
percentage of sessions attended over the four-week period and the number of sessions
attended by each child as recorded in their respective attendance sheets (Appendix 32).

The child’s adherence to the programme indicates his/her motivation. The number of times
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each game was played was recorded to indicate the child preference to which particular

game.

7.4.5.2.2 Enjoyment

The PACES was used to assess the level of enjoyment experienced by children with CP
while playing the Wii-fit balance games. The PACES is a valid measure of enjoyment of
physical activity in children (Moore et al. 2009). It comprises16 items and a 5-point Likert-
type scale {1 = ‘Disagree a lot’ to 5 = ‘Agree a lot’}. Each item of PACES is a statement that
begins with ‘When | am physically active, .....". In this study, the PACES was modified by
changing the beginning of the statements to ‘When | am playing the Wii Fit games, ....".
Children were asked to fill the PACES form at the end of their training program; if required,
parents were allowed to assist their children in filling the form (Appendix 36). A score was

calculated by averaging the scores of all the children for each individual item.

7.4.6 Data analysis

All statistical analyses were performed using SPSS [statistics 20]. Data from the pre- and
post- training measurement sessions was examined for normality using the Shapiro-Wilk
test. When data was normally distributed, a paired t-test was used for the ratio data from
the WBB {the mean COP path length of three repetitions of two tasks}, TUG {time scale}
and ordinal data from the PBS. When data was not normally distributed, then a
nonparametric test, the Wilcoxon signed-rank test, was used. In addition, the PBS data
from the researcher rating and from the blinded assessor rating was analysed for absolute

agreement using Bland-Altman plots, the ICC 3, [two-way mixed] with 95% Cl and SEM.

Both adherence and enjoyment are considered to be descriptive information. Participants’
adherence was assessed by calculating the percentage of sessions attended over the four-
week period. Enjoyment of the game was assessed by using the average PACES score of all

children for each individual item.
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7.5 Results

The study was conducted from Aug 2013 to Sep 2014. Eleven children with CP completed
the study; only one child withdrew from the study when he could not attend for one week
due to illness. Participants included five boys and seven girls, with a mean age of 8.7+2.2
years, mean weight of 31.9+14.2 kg, mean height of 127+£16.8 cm, and mean BMI of 18.8
+4.1. Six children were recruited from Southampton, UK and six children were recruited
from Riyadh, Saudi Arabia. The GMFCS levels were between level | and level llI; six children
were at level |, three children were at level I, and three children were at level Ill. Their
other demographic characteristics and the number of therapy sessions they receive each
week are presented in Table 6.1. Table A37.1 is a detailed table of the row data used for

analysis can be found in Appendix 37.

7.5.1 COP length by WBB

Based on the results of chapter 6, the COP length calculated during standing on WBB with
eyes closed for children with CP did not show acceptable reliability level, and more studies
with a larger sample of 78 participants is required. However, the WBB provides reliable
outcomes of COP length when assessing double stance with eyes open in children with CP.
Therefore, this section will only report the COP length during double stance with eyes

open.

The COP length [cm/sec] calculated from the WBB at the second session was used for
analysis and shown to be not normally distributed; therefore, a nonparametric test,
Wilcoxon signed-rank test, was used (Table 7.1). The difference between pre- and post-
training of COP length during standing on WBB with eyes open was not statistically
significant [p=0.21] . Despite the lack of significance, the mean COP length at post-training
was slightly higher than pre-training with a mean differences of [-0.75 + 1.5] during eyes
open. Additionally, there has been some improvements highlighted by a decreased COP
length post-training in five participants [ID; 5,6,8,10,12] however, none has reached the

MDC of 0.74 as reported in chapter 6.

Box plots were created to visually display the differences in COP length across the sample
(Figure 7.4). There was an outlier [ID 11] who recorded a significantly longer COP length

during standing with eyes open at post training in comparison to pre-training.
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Table 7.1: Wilcoxon signed-rank test for COP length {pre- and post-training}

ID Pre- training Post- training Differences
1 3.68 5.39 -1.71
2 4.22 - -
3 2.46 3.63 -1.17
4 1.99 2.376 -0.39
5 2.8 276 * 0.04
6 4.46 4,12 % 0.34
7 3.89 3.95 -0.06
8 4.01 3.93* 0.08
9 2.66 3.49 -0.83
10 2.07 1.96 * 0.11
11 4.76 9.6 -4.84
12 4.87 4.65* 0.22
Mean 3.42 4.17 -0.75
SD 1.07 2.05 1.5
95% Cl of differences 0.27-(-1.76)
P 0.21

Cl= confidence interval, SD= standard deviation, P= significant value of <0.05

* A decrease in the COP length per second at post-training shows improvement
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Figure 7.4: Comparison of pre-and post-training COP length during standing with eyes
open

7.5.2 PBS

Data from the PBS was collected by two ratters; the researcher and the second assessor,
who was blinded to dates on which measurements were taken. This was to avoid any bias
from the researcher during outcome measurements. The agreement between the two
ratters was tested with two-way mixed effect [ICC 3, =0.892 and 0.857] for pre- and post-
training respectively (Appendix 37, Table A37.2). In addition, Bland —Altman plots showed
the mean difference between ratters at pre-and post-training measures were [0.18 and -1]
respectively, which were very close to zero and within the limits of agreement [4.38 and -4,
4.2 and -6.2] respectively (Appendix 37, Graph A37.1). which is considered good ratter-
reliability according to Portney and Watkins (2000). Therefore, the PBS data collected by

the second assessor was used for the analysis.

The data from the PBS has shown to be normally distributed, therefore, paired t-test was
used to analyse the difference between pre- and post-training of PBS scores (Table 7.2) and
a box plot was used to show the difference across the sample (Figure 7.5). The mean

difference between pre- and post-training of PBS scores was -0.18 + 2.86 with a 95% ClI [-
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1.74-2.1]. It can be concluded that the total PBS scores of pre- and post-training were
similar and the difference between them was not statistically significant [p=0.84]. Only four
participants have shown improvements as an increase in the PBS score [ID; 3,4,5,8].
However, the minimum clinical importance difference in total PBS sores is 5.8 (Chen et al.

2013), which was not found in these results.
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Figure 7.5: Comparison of the PBS scores pre-and post-training
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Table 7.2: Paired t-test for PBS [Pre- and Post-training]

Chapter 7

ID Pre-training Post-training Difference
1 45 41 -4
2 50 X X
3 49 54 * 5
4 49 53 * 4
5 35 36 * 1
6 53 49 -4
7 48 46 -2
8 44 45 * 1
9 55 54 1
10 47 46 -1
11 39 38 -1
12 44 44 0
Mean 46.18 46 -0.18
SD 5.76 6.16 2.86
95% ClI of difference (-1.74)-2.1
P 0.84

SD= standard deviation, Cl= confidence interval, P= significant value of <0.05

* An increase in the PBS total score at post-training shows improvement

7.5.3

The data from TUG has shown to be normally distributed, therefore, paired t-test and a box

plot was used to analyse the difference between pre- and post-training (Table 7.3 and

Figure 7.6). The mean difference between pre- and post-training of TUG was 0.73+2.45

with a 95% Cl [-0.92-2.38], which was not statistically significant [p=0.35]. There was a

decrease in the TUG post training in seven participants [ID; 1,5,6,7,9,10,11], however only

two exceeded the MCID threshold of 1.7, 1.2, 1.9 seconds for children with CP at GMFCS

levels |, Il and Ill respectively (Hassani et al. 2014).
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Table 7.3: Paired t-test for TUG [Pre- and Post-training]

ID Pre-training Post-training Difference
1 12 8 * 4
2 8 X X
3 7 7 0
4 9 9 0
5 8 7* 1
6 8 7* 1
7 9 8* 1
8 8 12 -4
9 9 8* 1
10 13 12 * 1
11 18 13 * 5
12 13 15 -2
Mean 10.36 9.64 0.73
SD 3.3 2.84 2.45
95% ClI of differences (-0.92)-2.38
P 0.35

SD= standard deviation, Cl= confidence interval, P= significant value of <0.05

* A decrease in the timing of TUG at post-training shows improvement
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Figure 7.6: Comparison of the TUG score pre-and post-training

7.5.4 Results of secondary outcome measures

7.5.4.1 Adherence

The number of sessions attended by each child was recorded in their respective attendance
sheets (Appendix 32). Two children only chose to attend {three sessions per week} a total
of 12 Wii Fit sessions. One of them has attended all sessions with 100% adherence while
the other has attended nine sessions of 12 with 75% adherence. On the other hand, the
majority of the sample, nine children, chose to attend {two sessions per week} a total of
eight sessions during four weeks. Six children have attended all eight sessions with 100%
adherence, while two children has attended seven sessions with 87.5% adherence and only
one child has attended six sessions only with 75% adherence. In general the percentage of
attendance was not less than 75% and the majority of children showed 100% adherence to
Wii Fit sessions, indicating a high level of motivation. In addition, the number of times each
game has been played during each session was recorded for each child (Table 7.4 and
Graph 7.1). Between the four main selected games, the ‘Table Tilt’ was the most played
game by all children with a total of 289 times. Though, the ‘Soccer Heading’ was the least

played game by all children with a total of 170 times, as six children did not prefer to play
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this game. Furthermore, as children were given the option of playing optional two games, it

can be seen that children chose to play with ‘Tightrope Walk’ game [138 times] than

‘Balance Bubble’ game [93 times]. This variation in preference might be due to the visual

characteristics of each game from colours, number of items displayed, and the main

character feedback.

Graph 7.1: The number of times each game was played
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Table 7.4: The number of times each game was played by each child

The main selected games The optional games
ID Soccer Heading | Penguin Slide | Ski Slalom | Table Tilt | Tightrope Walk | Balance Bubble
1 35 35 35 32 10 3
2 12 13 10 12 2 0
3 24 24 24 24 4 2
4 24 24 24 24 2 7
5 0 19 0 25 16 10
6 16 17 40 23 0 21
7 10 15 15 20 12 0
8 3 21 16 28 25 18
9 5 18 3 24 21 18
10 18 5 12 26 24 14
11 11 20 24 24 18 0
12 12 28 27 27 4 0
Total 170 239 230 289 138 93
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7.5.4.2 Enjoyment

The PACES was used to identify the level of enjoyment experienced by children with CP
while playing the Wii-fit balance games (Appendix 36). It comprises16 items and a 5-point
Likert-type scale {1 = ‘Disagree a lot’ to 5 = ‘Agree a lot’}. A score was calculated by

averaging the scores of all the children for each individual item (Graph 7.2).

It was observed that items numbered; 1, 4, 6, 8,9, 10, 11, 14 and 15 have shown high
rating of above 3.5/5 across children. These items were positive statements of enjoyment

Y s

which were; “l enjoy it”, “I find it pleasurable”, “It gives me energy”, “It's very pleasant”,
“My body feels good”, “I get something out of it”, ”It’s very exciting”, “It gives me a strong
feeling of success”, and “It feels good” respectively. The highest rating was 4.9/5 in item 4

which include the statement “I find it pleasurable”.

The items numbered; 2, 3, 5, 7, 12, 13 and 16 have shown low rating of less than 2.5/5
across children. These items were negative statements of enjoyment which were; “| feel
bored”, “I dislike it”, “It’s no fun at all”, “It makes me sad”, “It frustrates me”, “It’s not at all
interesting” and “I feel as though | would rather be doing something else”. The lowest
rating was 1/5 in item 7 which include the statement “It makes me sad”. This means that all

children with CP agreed that playing Wii Fit balance games were enjoyable.
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Graph 7.2: The average score for each item of PACES

7.6 Discussion

The main aim of this study is to test the methodological feasibility for conducting a future
RCT that will investigate the effect of the Wii Fit balance games on the balance of children
with CP. In addition, this study investigated the preliminary effect of the Wii Fit balance
games on standing stability by using the COP length from the WBB and on functional
balance mobility by using the PBS and TUG for children with CP. The main results showed
no significant differences in either the static balance through the COP length or the
dynamic balance through PBS and TUG between before and after the Wii Fit balance games
training. The lack of significance was expected due to the small sample size and the short
training duration. Although the aim was to train children with CP using 12 sessions, the
majority of children chose to attend eight sessions only. This shows that attending two
sessions is more feasible and convenient; however the duration of four weeks was not

enough.

The results of this study are consistent with the results of Ramstrand and Lygnegard (2012),
which showed no significant difference in the COP velocity measured by an force plate
following Wii Fit balance games. The sample size and the children’s functional level were

similar to those in this study; however, the number of sessions was 25 and the setting was
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at home. In contrast, three other studies (Sharan et al. 2012; Jelsma et al. 2013; Tarakci et
al. 2013) were not in agreement with the results of this study. These studies stated that
children with CP showed significant improvements in different functional dynamic balance

measures.

The TUG was a common outcome measure between this study and the study by Tarakci et
al. (2013); however, children in the Tarakci et al. (2013) study were trained with Wii Fit
balance games for 24 sessions, whereas children in this study were only trained for eight
sessions. The PBS was also a common outcome measure between this study and the Sharan
et al. (2012) study; however, the games played in the Sharan et al. (2012) study were a mix
of Wii Fit and Wii Sports games, whereas in this study only Wii Fit balance games were
played. In addition, children in this study were identified by their functional level of GMFCS,
unlike the sample of children in the Sharan et al. (2012) study, which was post-operative
without any details about the children’s gross motor functional level. Furthermore, there
were only eight children with CP who were trained with Wii for nine sessions only and who
showed significant improvement in PBS after training in comparison to the control group.
However, the testing of between group significant differences was not reported properly,
and the sample size was too small to reach a conclusion. On the other hand, this study
included 11 children with CP who were trained for eight sessions and who did not show a

PBS improvement.

Jelsma et al. (2013) used different outcome measures than this study; however, they found
a significant medium improvement effect in balance scores only after the Wii Fit training
phase. The sample included 14 children with hemiplegic CP with GMFCS levels | and Il and a
mean age of 11.4 + 1.8 years. However, this study sample included 11 children with CP
{hemiplegic and diaplegic} with GMFCS levels |, Il, Il and a mean age of 8.7 + 2.2 years. In
addition, there were 12 Wii Fit training sessions in three weeks, in contrast to this study in
which there were eight sessions in four weeks. This shows that intense regular training in a
short period of time can result in a short-term effect. However, regular daily training might

not be practical in clinical settings.

Regardless of significance, this study is a feasibility study, and individual findings for each
participant are more valuable. The individual results showed improvements in one or more
of the outcome measures by each participant, and some reached the MCID. The majority of

participants, seven out of eleven, showed improvement in the TUG while only two
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exceeded the MCID threshold. This agrees with the previous studies presented in literature,
which found significant improvements in TUG after Wii Fit training for older adults (Laver et
al. 2012; Rendon et al. 2012; Singh et al. 2013), stroke patients (Cho et al. 2012; Barcala et
al. 2013; Hung et al. 2014; Morone et al. 2014; Yatar & Yildirim 2015), adults with PD
(Zettergren et al. 2011; Esculier et al. 2012), children with TBI (Tatla et al. 2014) children
with developmental delay (Salem et al. 2012), and children with CP (Tarakci et al. 2013).

There has been an improvements in the PBS presented in four participants, where the
highest improvement was an increase in the PBS score by five points. However, it did not
reach the MCID of 5.8. The PBS is a modified version of the BBS; improvements in the BBS
in the previous research confirm the individual improvements seen in the PBS in this study.
There was a significant improvement in the BBS after Wii Fit training for older adults
(Williams et al. 2010; Williams et al. 2011; Bateni 2012; Laver et al. 2012; Padala et al. 2012;
Chao et al. 2013), stroke patients (Cho et al. 2012; Barcala et al. 2013; Hung et al. 2014;
Morone et al. 2014; Yatar & Yildirim 2015), adults with PD (Zettergren et al. 2011; Loureiro
et al. 2012; Pompeu et al. 2012; Mhatre et al. 2013), adults with TBI (Cuthbert et al. 2014)
and children with CP (Sharan et al. 2012).

The COP length calculated from the WBB data, which was collected from children with CP
before and after training, did not show any significant differences. In general, there was an
increase in the COP length after Wii Fit training. However, there was a decrease in the COP
length post-training in five participants during eyes open. Although the differences was not
significant, it agrees with previous studies that showed decreases in the COP sway area
following Wii Fit training for older adults (Cho et al. 2014), adults after knee surgery (Sims
et al. 2013), stroke patients (Cho et al. 2012; Barcala et al. 2013) and children with lower

limb amputations (Andrysek et al. 2012).

The individual improvements seen in the outcome measures are not significant and are not
considered as the main findings of this study. However, these findings highlight the
potential effect of the Wii Fit balance games on standing stability and functional balance
mobility, which can be investigated further with a larger sample size. The feasibility aspects
of using Wii fit games in clinical and research settings for children with CP was also
considered. These aspects were mainly related to the feedback from children with CP about
their enjoyment in the games, their adherence rate and their preference to some Wii fit

gams over the other. The results of this study showed high adherence rate of 75% to 100%
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percentage of attendance to Wii fit sessions, which indicates a high level of motivation. The
enjoyment level was assessed with participants’ rating of the PACES. The results showed
high rating of above 3.5/5 across participants in nine positive statements of enjoyment. In
addition, children’s preference to some games over the other is not just an individual
preference but it highlights aspects of the game that might affect the suitability of these
games to children with CP. Furthermore, the scoring system of the games are based on
timing where some children could not react fast to the game and end up having a low
score. Although scores are not considered in this study, children are highly affected by
these scores. Wii Fit games will be further discussed in Chapter 8 with recommendations to

games that can be used for children with CP.

7.7 Conclusion

The Wii Fit balance games are enjoyable games to be used in rehabilitation by children with
CP. The present study found that Wii Fit balance games, when played for twice a week for 4
weeks, may not affect their standing postural control or functional balance level
significantly. This was due to the small sample size to find a significant effect. However
further research with larger sample is needed to confirm this conclusion. Though, the main
aim of this study is to investigate the methodological feasibility for conducting future RCT.
Therefore, further feasibility aspects including recruitment rate, duration of training,
research settings, selection of outcome measures, and which games are more suitable for

children with CP and assure the therapeutic purpose, all are discussed further in Chapter 8.
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Chapter 8: Discussion and conclusions

This chapter includes an overall discussion of the research findings with respect to the feasibility
aspects of using the WBB as an assessment tool and using Wii Fit games as an intervention tool
for children with CP, either in clinical practice or future studies. Then a list of recommendations
for a future RCT is provided. The limitations of this research are highlighted, and the final general

conclusions are listed.

8.1 General discussion

The main purpose of the present research is to investigate the usability and potential effect of
commercially available technology, the Wii Fit games, as a postural control training tool and of the
WBB as a postural control assessment tool in clinical rehabilitation for children with CP. This
research study comprised three stages (Figure 1.1). The first stage was an experimental study to
select the appropriate software to communicate with the WBB (Chapter 4). This stage showed
that MATLAB® gave more rigorous data than Stance®, due to several errors in calibration and
programming. However, the results from this stage generated useful insights that were not
evident in existing literature. For example, the minimum weight that the WBB can measure
accurately is 10 kg, which is an important consideration when assessing children. Furthermore,

the measurements of two WBBs are different unless they are calibrated in the same way.

The second stage comprised two studies to investigate the reliability with respect to within- and
between-session COP length data provided by the WBB among children with and without CP. Data
from the first study (Chapter 5), collected from 12 children, found that among school-age
children, the double-leg stance on the WBB provided more rigorous reliability values than the
single-leg stance. This finding is in agreement with Park and Lee (2014), who showed that double-
leg stance tasks have stronger correlation reliability values than single-leg stance tasks. In
addition, Larsen and colleagues (2014) found larger variations in single-leg stance tests, indicating

intra-subject variability and a high level of difficulty for children.

The second study (Chapter 6) investigated the reliability of the WBB when assessing COP path
length in children with CP. Because children with CP may behave differently while standing and
may thus provide different reliability values. However, the single-leg stance was not tested in
children with CP due to the difficulty of the task and the variable results found in Chapter 5. The
results of the second study showed that among children with CP, the double-leg stance with eyes

open provides more rigorous reliability values than with eyes closed. These results were in
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agreement with the first study’s results (Chapter 5), which reject the Ho hypothesis and accept the
H1 hypothesis of “The WBB will provide a reliable COP length measure of staning balance among

children with or without CP” during the double-leg stance with eyes open.

These findings may be due to the steadiness of the task involved, as balance can easily be
maintained in the double-leg stance with eyes open.In addition, children with CP rely on their
visual sensation to compensate for the lack of proprioception sensation (Wingert et al. 2009) to
maintain balance during standing, which means that without visual sensation, standing with eyes
closed is a challenging task to perform. It was unclear whether this was because of the child’s lack
of balance and difficulty when performing tasks or because of the limited technology of the WBB
to capture COP with higher levels of sway. However, the variability in COP length calculated from
the WBB data was highly correlated with the COP length variability calculated from the force plate
during the single-leg standing task (Huurnink et al. 2013). Therefore, the variable data during the
single-leg stance was caused by intra-subject variability, while the WBB quantified the COP
trajectory accurately. Nevertheless, the reliability of the WBB measurement was acceptable with
a small sample size; thus, further studies with larger samples are recommended, especially for

double stance with eyes closed for children with CP and single stance for TD children.

The third stage was a methodological feasibility study, to determine the possibility of conducting
an RCT with a larger sample to confirm the effectiveness of Wii Fit games on children with CP
(Chapter 7). The results of this study showed no significant differences in the COP length of the
static balance or the PBS and TUG of the dynamic balance between before and after the Wii Fit
balance games training. This result accept the null hypothesis “Ho: children with CP will show no
balance improvments highlighted in a decrease in the COP length during double stance, increase
in the total score of the PBS, and deacrease in the time to complete the TUG following four weeks
of the Wii Fit balance games training intervention”. However, this was because of the small

sample size and the short training period of four weeks.

While these results were consistent with Ramstrand and Lygnegard’s (2012) results, which
showed no significant difference in the COP velocity following Wii Fit balance games, they failed
to agree with the results of other studies (Sharan et al. 2012; Jelsma et al. 2013; Tarakci et al.
2013), which stated that children with CP showed significant improvements in different functional
dynamic balance measures. Regardless of the lack of significance, individual findings from each
participant showed improvements; seven participants decreased the TUG, two participants
exceeded the MCID of 1.9 sec, four participants increased the PBS but did not reach the MCID of

5.8 and five participants decreased the COP length.
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These individual improvements agree with previous studies, which showed improvements in the
same outcome measures following Wii Fit training. Although these improvements were not
significant, they highlighted the potential effect of the Wii Fit balance games. In this study,
children with CP were at GMFCS levels I-1ll, meaning they were able to stand independently on
the WBB to play the Wii Fit games. The difference between the levels refers to how long they can
stand without support. For example, children at level Ill require some support while walking,
which means some might also need support when standing for long periods, unlike children at
levels I-1l who are able to stand and walk independently. In this case, children of different levels
may show different levels of improvement, and thus, taking the average improvement in the
group might not represent the significant improvement of the minority at level Ill. In addition,
children at level | possess the highest level of functioning, which makes significant improvements

hard to find in a short training period.

8.1.1 The feasibility of using WBB balance assessment tool in research and clinical

settings

Clinicians may benefit from using the WBB to bridge the gap between laboratory quantitative
objective measures of standing and the subjective rating measures of functional movement.
However, several feasibility points need to be considered before recommending the WBB for
clinical use, as researchers agree that WBB cannot replace the gold standard laboratory force
platforms. This is because force plates have been specifically designed to assess balance with
various parameters and they use specific communicating software. By contrast, the WBB is

designed for the purpose of playing games by communicating with the Wii console.

Using the WBB as a balance assessment tool is not a straightforward procedure. In order to use
the data from the WBB's sensors, the WBB needs to communicate with a computer using
appropriate software. This software needs to access the WBB sensors through Bluetooth and the
open source library [WiimoteLib]. Subsequently, a calibration protocol (Appendix 1) is required to
reset the calibration factors of each sensor before extracting data from the WBB’s sensors at a
chosen frequency and duration. Moreover, the software should be programmed with a list of
mathematical calculations to calculate the resultant COP coordinates from the extracted data.
Then the COP parameters such as mean velocity or COP length, which include distance and time,
can be calculated. In this manner, quantitative COP parameters can be used to assess standing

balance.

Therefore, to use the WBB in a clinical setting, specific programmed software must be designed

and connected to the WBB via Bluetooth. Clark and colleagues (2010) were the first to test the
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reliability and validity of the WBB as a measure for COP parameters using custom designed
software [LabVIEW 8.5] and a calibration protocol (Appendix 1); other researchers have followed
this protocol using a variety of software. However, much of the software used was neither user
friendly nor easy to apply and understand. The process of obtaining information from the WBB
requires people with experience in software coding, which could be inconvenient for clinicians.
However, user-friendly software can be designed and programmed to connect with the WBB
through a proper calibration process for clinical usage. Park and Lee (2014) designed user-friendly
software called “Balancia” for use by clinicians and showed the validity and reliability of the data
obtained from the WBB. However, until this software becomes commercially available, the WBB

may not be feasible for clinical use.

To calibrate the WBB, data are first collected from the sensors when no weight is applied, and
then when a standardised weight is applied. The location of the applied weight also needs to be
made known to the software programme to calculate the calibration factors. The developmental
work to assess the software (Chapter 4) found calibration errors with Stance® because it was
unable to measure the weight. As poor calibration will lead to errors and poor outcomes, the
calibration process is mandatory when working with force platforms and the WBB. However,
while force platforms, especially those belted to the floor, only need to be calibrated occasionally,
the WBB needs to be calibrated every time it has been moved, due to its portability. This means

that when using the WBB in clinics, frequent calibration with a known weight is necessary.

Existing research has shown that the WBB is feasible for use as a balance assessment tool in
research. However, few feasibility considerations were highlighted for future researchers. Such
feasibility aspects to consider include the time taken to set up the connection between WBB and
the software, the calibration process, the equipment required such as a certified weight of 5 kg, a
Bluetooth dongle and a laptop installed with the custom software. In addition, Bluetooth
disconnection or connection disturbances cuased by other Bluetooth devices are possible
problems that could affect the data transfer between the WBB and the laptop, thus leading to
errors in recordings. This study used the COP length as the main outcome measure collected from
the WBB, whereas previous studies calculated different COP parameters. Although the different
outcomes highlight the flexibility of the WBB’s data for different calculations according to the
research purpose, these outcomes are still primitive and unsophisticated, unlike those of force
plates. Nevertheless, the portability of the WBB makes it favourable for conducting research in

different settings, and it is a cost effective tool for researchers with limited funds.

In summary, as a game tool, the WBB was not designed for clinical use. However, its technology

has proved to be a feasible, reliable and valid tool for use in balance assessment. This research
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showed the reliability of the WBB data, when assessing balance for children with and without CP,
and showed the feasibility of using the WBB as a balance assessment tool for children with CP in

clinical settings.

8.1.2 The feasibility outcomes for conducting future RCT to test the effect of Wii Fit

games as balance intervention tool on children with CP

The main aim of the feasibility study is to answer the question, “How feasible is it to conduct an
RCT study on the effectiveness of Wii Fit games on balance for children with CP?” The outcomes
of this study are to provide information about the recruitment process and to estimate the
recruitment rate, the delivery of intervention including the convenient research settings and
duration of training, the selection of outcome measures, the adherence rate and enjoyment level,
and the suitability of the games for children with CP. Each outcome is discussed separately,

accompanied by a list of recommendations for future studies.

8.1.2.1 Recruitment process

One of the major challenges of this study was the recruitment process of children with CP. IT took
about a year to recruit six children with CP from three sites in Southampton, UK (Figure 6.1) and a
further three months to recruit six children with CP in Riyadh, Saudi Arabia. The differences in
recruitment periods may be caused by the prevalence rate of CP, the limited inclusion criteria

such as age and functional level and the sites from which children with CP were recruited.

The prevalence rate of CP among children around the world is about 2.11 per 1,000 live births
with a 95% confidence interval range of 1.98-2.25 (Oskoui et al. 2013). In the UK, the prevalence
of children born with CP is about 2.5 per 1,000 births (Blair & Stanley 1997), whereas the
prevalence rate of CP among children born in Saudi Arabia is about 4.1 per 1,000 live births (Al-
Asmari et al. 2006). These differences explain the different recruitment rates between the UK and
Saudi Arabia. These country rates decrease more when considering a specific city such as

Southampton.

The main inclusion criteria are children with CP aged 6—12 years old at GMFCS levels I-1ll. Children
with these criteria in the UK attend mainstream schools, which narrowed the possibilities of
screening for them through public charities and networks for children with special needs within
the Southampton area. Nevertheless, about eight children were eligible for recruitment, of whom
six were included. The Solent NHS community services were also approached to help identify

children with CP within Southampton. Although invitations were sent through the Solent NHS, no
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replies were received. However, the research coordinator from the Solent NHS community
services reported that according to their records, only 20 children with CP met the inclusion
criteria in Southampton. As it took about a year to screen for and recruit six children with CP from

Southampton, UK, the estimated recruitment rate is 30% from the city of Southampton.

By contrast, most children with CP in Saudi Arabia attend special schools and only a limited
number attend mainstream schools. In addition, the health care system in Saudi Arabia does not
provide community physiotherapy services, and children with CP are treated at public
physiotherapy clinics, special schools or private clinics. Therefore, screening for children with CP
took only three months through one physiotherapy clinic in Riyadh. Eleven children with CP were
identified as eligible for the study, of whom six were included. Therefore, the estimated

recruitment rate is 54.5% from one physiotherapy clinic in Riyadh, Saudi Arabia.

To conduct a similar study in the UK in future, setting up a multi-centred RCT with a Wii Fit
training station in each city is recommended to obtain a larger sample, as the recruitment rate is
expected to be low. However, this may not be feasible and will require a higher budget.
Conversely, when conducting a similar study in Riyadh, Saudi Arabia, the recruitment rate is
higher; however, it is recommended to recruit from more than one physiotherapy clinic or from
special schools, where children with CP can be easily identified, to speed up the process of

recruitment and to negate the need for a multi-centred RCT.

8.1.2.2 Research settings

The portability and availability of Wii Fit games makes it feasible to use this tool in various settings
such as at home or school, or in a clinic or laboratory. However, the effect of each setting on the
research results needs to be considered. For example, conducting a study of the Wii Fit training as
home therapy will reveal the long-term effects of the Wii Fit training on maintaining the
functional level and the feasibility of its use as home-based exercise. However, because of the lack
of supervision, the children could easily cheat on the games and they may not perform the right
movements for therapeutic purposes while focusing on winning. By contrast, school and clinical
settings ensure greater supervision and control over the child’s performance while playing the
games. In addition, these settings are convenient for children because they can have Wii Fit
training sessions within a physical activity class at school or as part of their rehabilitation session
at a clinic. In this case, the children and their families are likely to exhibit greater adherence to the

training programme regardless of its duration.

The laboratory setting in the present study was less convenient and feasible for conducting a

study for children than were other settings, because the children were required to travel to the
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laboratory after school, which placed a burden on the participants’ families {parents and siblings},
especially when they were involved in extra-curricular activities. While school and clinical settings
place less of a burden on the parents in terms of travel time and arrangements, and the child is
familiar with the locations, there may be space limitations in school settings or time limitations in
clinical settings. This study did not examine the feasibility of the different settings and their

effects on balance outcomes; however, future studies should consider this point.

Regardless of the laboratory setting in the present study, the adherence rate of the sample
ranged from 75% to 100%. However, the training programme only lasted for four weeks; thus, a
longer training period could have affected the children’s adherence. In addition, the majority of
participants attended training twice a week instead of three times, thus confirming the lack of
convenience of the laboratory settings. Therefore, laboratory settings are less feasible for future
RCTs than school or clinical settings. If future RCTs are conducted in Riyadh, Saudi Arabia, special

schools can be approached for the recruitment and data collection.

8.1.2.3 Duration of training

The present study chose a training intensity of 30 min, two times a week for four weeks. The
findings from the present study indicate that eight sessions were insufficient for observing
improvements in balance, especially for highly functioning children with CP, and that a longer
duration of training may have shown some improvements. This short duration of training was
selected due to the limited published studies at the time this study was conducted, thus making it
impossible to follow the recommended duration of training for children presented in the
literature, which was three 30 min sessions per week for a period of six to eight weeks (Abdel-
Rahman 2010; Andrysek et al. 2012; Ferguson et al. 2013; Mombarg et al. 2013; Hammond et al.
2014; Jelsma et al. 2014; Tatla et al. 2014).

However, the initial selected duration of training in this study, which equated to 12 sessions, was
similar to the minimum duration used in the literature to show the effect of Wii Fit games training
(Abdel-Rahman 2010; Jelsma et al. 2013; Hammond et al. 2014). For this feasibility study, the
participants were given the option of attending training sessions either two times or three times a
week. The majority of the participants chose to attend twice a week for four weeks for a total of
eight sessions.Although this duration of training was feasible, it was lower than the intensity

recommended in the literature to show the effect of training with Wii Fit games.

To prevent the children from experiencing boredom and fatigue, sessions should not be held
more than three times a week. The training period should be balanced between six and eight

weeks to maintain the participants’ adherence and enjoyment levels. This means that between 12
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and 24 sessions of Wii Fit games training might be sufficient for showing balance improvements in
children with CP. If it seems impracticable to assess a long training period in future studies, a

more convenient research setting, at schools or clinics, could improve adherence to the training.

8.1.24 Outcome measures

The three main outcome measures used to show the effect of Wii Fit games on balance were the
COP length measured using the WBB for static standing balance and the PBS and the TUG for
dynamic functional balance. Previous studies conducted with adults or children with limited
balance have shown improvements in the TUG and BBS, which is similar to PBS. Each measure will
be discussed in relation to whether it was a feasible measure to be used in research, and whether
it was the appropriate measure to show the effect of the Wii Fit games for this sample of children

with CP.

The COP length is an outcome of standing static stability. The results of this study showed no
significant decrease in the COP length, which might have been because this selected outcome
measure could not reflect the dynamic effect of the game. In addition, other COP parameters such
as COP velocity, maximum sway in AP or ML directions and COP sway area were not used. These
parameters might have allowed a better assessment of standing COP trajectory and led to a
better judgment on the effect of the games on postural control. However, these laboratory

parameters would have been assessed rigorously through laboratory force plates.

As an outcome of standing postural control, WBA could also be used; this might be a better
measure of the effect of Wii Fit games than COP parameters, because of the multidirectional
weight shifting required during playing the Wii Fit games. Therefore, when children with CP are
playing these games, their weight shifting ability tends to improve more than their static stability
while standing. In this sense, an improvement of symmetrical weight bearing while standing and
walking, especially for children with hemiplegic CP, can be seen as a positive effect of Wii Fit
games, whereas a decrease in the COP length during static standing may not be seen.
Additionally, the results of the COP length per sec slightly increased after training, thus supporting
the argument that games encourage dynamic balance control rather than static stability.
Therefore, it might be more practical to measure the outcome of WBA when assessing the effect
of Wii Fit games in future studies, which can be measured using the WBB (Clark et al. 2011; Clark
et al. 2014). Future studies therefore have the flexibility to measure WBA with a laboratory force

plate or with the WBB.

The PBS and TUG were used in the present study to assess dynamic functional balance. These

measures are usually used by physiotherapists in clinics to track the progression of the child’s
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improvement. These measures are feasible and convenient for children and physiotherapists, as
they are time-saving to use in clinical settings. The PBS and TUG were considered feasible
measures to use in the present study. However, the results of this study showed no overall
significant improvement in the PBS or TUG after four weeks of Wii Fit training. The lack of
significant changes is due to the small sample size and the short period of training. A larger

sample size and longer training period could result in significant changes in the TUG and PBS.

Nevertheless, individual findings from each child showed a decrease in the TUG for seven
children, two of which were clinically significant, and an increase of PBS in four children, but they
did not reach the MCID. Although the Wii Fit games rely mainly on weight shifting, they score the
player’s performance according to the player’s speed. This may have influenced the children’s
performance in the TUG and PBS, because most of the games rely on how quickly the child can
perform the task. For example, the TUG measures how quickly you walk without falling. In
addition, the PBS items like sitting, standing, picking up an object from the floor, turning, stepping

and reaching are mostly assessed according to the time taken to complete the task.

The results of PBS presented in the study were based on blinded assessors who rated the
children’s performance through video recordings. This method was used to avoid researcher bias.
However, on-site rating is different to video rating, as video clips might lack clarity or have a poor
recording angle, making it difficult for the assessor to assign proper ratings. To test the reliability
agreement of the rates, the researcher’s rating of PBS were compared with the blinded assessor’s
rating (Appendix 37). However, this was not a feasible process, and the blinded assessor should

be located on site to rate PBS in the future RCT.

8.1.2.5 Adherence, safety and enjoyment rate

Children with CP usually lack interest in therapy at a certain point in their rehabilitation, especially
when their condition plateaus and improvement is no longer evident (Hanna et al. 2009).
Introducing a new intervention tool to the rehabilitation programme that involves virtual reality
video games such as the Wii Fit games will possibly break the cycle of boredom from regular
exercises and increase motivation. Therefore, this study measured adherence and enjoyment
level to explore the impact of Wii Fit games on motivation for training and exercise in children

with CP.

Adherence was measured by the percentage of sessions attended; however, the results were
affected by limitations of time and transport. As the present study required the children to attend
training sessions at a research laboratory, parents had to make the necessary arrangements to

bring their children to the laboratory after school. Commitments to extracurricular after school
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activities sometimes made it difficult for the children to commit to the programme. Nevertheless,
the results of this study showed a 75%—100% adherence rate, which indicates a high level of
motivation, which could be linked to the enjoyment level the children experienced while playing

the Wii Fit games.

The PACES showed a high rating of above 3.5 out of 5 for positive statements of enjoyment. The
participants found the games encouraged functional movements and exercise in a highly
interactive and enjoyable way. This was represented by the high ratings for statements such as, “I
enjoy it”, “l find it pleasurable” and “It’s very pleasant”. Other views were that the games
stimulated sensory input of vision, auditory, and proprioception, which increased the child’s
participation in the game. This was represented by the high rating for statements such as, “My
body feels good” and “It gives me energy”. The participants also reported a sense of achievement,
which was reflected in the high scores for statements such as, “I get something out of it”, “It gives
me a strong feeling of success” and “It feels good”. Children with CP often lack motivation
towards conventional rehabilitation training, especially when their functional levels have
plateaued. However, the Wii Fit games are a new modality that the children consider as fun

games rather than training tools; this might be another reason for the high enjoyment level.

8.1.2.6 Suitability of the games for children with CP

The Wii Fit balance games were designed to be played by the healthy population; therefore,
several points need to be considered when using these games for rehabilitation. The scoring
systems of the games mostly rely on the time taken to complete a task and the number of items
collected during the game, which is not a good indicator of the child’s functional improvement
and cannot be used for assessment. For assessment purposes, how the child moves to play the
game is more important than the score. Therefore, physiotherapists may need to attend the
gaming sessions to direct the child to perform the required therapeutic movement. However,
children are highly driven by the total score, which may be equally important for motivating the

children and improving their participation.

At the end of each game, the player was rated against other players, which was intimidating for
some of the children. Furthermore, some games provided negative feedback in the form of
characters crying or showing a disappointed face when lower scores were recorded. These
aspects had a negative effect on the child’s motivation to continue training which would not occur
in conventional physiotherapy rehabilitation sessions, where the child would be motivated by the

therapist.
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The visual graphics, colours and additional characters of the games had a visible effect on the
children’s concentration levels, a fact which needs to be considered when selecting the most
suitable games to use for training. Games such as Soccer Heading where balls, pandas and shoes
are thrown at the player by other characters were distractive and affected some players’ ability to
identify appropriate ways to achieve maximum scores. Most of the children preferred the games
with minimal distractions, and six participants refused to play Soccer Heading. By contrast, the
Table Tilt game was the most played game due to its simplicity and use of fewer graphics in the
game {colourful balls on a table} and the absence of a crying character for lower scores at the end

of the game.

To ascertain which Wii Fit balance games are most recommended for balance rehabilitation of
children with CP, each game will be discussed separately based on the participants’ feedback and

the postural requirements when playing the games.

1- Soccer Heading

The aim of this game is to hit the footballs and avoid other objects such as shoes or panda heads.
The game is scored according to the number of balls the player hits minus the number of pandas
or shoes that were not avoided. As stated above, this game was distractive for the children and
thus affected their ability to make decisions about the appropriate weight shifting direction by
which to achieve maximum scores. Six children refused to play this game because they felt that it

was difficult to play or that it was scary having balls and other objects thrown at them.

The children with CP who agreed to play the game showed lower muscular strength than the TD
children at the hip, knee and ankle extensors, which led to primarily use of trunk for the ML sway
(Ballaz et al. 2014). This was also observed in children with CP in this study despite the
physiotherapists encouraging the use of the lower limbs to play rather than the adapted trunk
movement. Michalski et al. (2012) found that while playing Soccer Heading, young adults
displayed an increase in the ML-COP sway, a decrease in shoulder rotation and tilt and no
reduction in pelvic rotation and tilt (Michalski et al. 2012). This means that the weight shifting
practice while playing this game mainly involves trunk movement because while the player’s
attention is drawn to focus on the balls being thrown they forget to use their lower limbs. As a
result, children with CP may not improve their postural control by playing this game. Additionally,
this game forces players to react quickly, which may not be suitable for children with CP, as this

will increase their levels of spasticity and may cause injuries.

2- Ski Slalom
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In this game, the player is required to move from side to side to make the skier ski between two
flags that are located alternately on each side of the slope. The players score a point, based on
their speed, each time they pass between the two flags. This game provides visual feedback in the
form of a red dot, which represents the COP movement, on a simple diagram of the WBB on the
top right of the screen. There is a blue area in the front half of the WBB diagram toward which the
player needs to move the red dot by leaning forward. Moving the red dot to the blue area

increases the player’s speed.

This game requires the player to retain his or her balance while leaning forward and weight
shifting from side to side. However, children with CP have a decreased ROM of their hips, knee
extension and ankle dorsiflexion (Lowes et al. 2004), which makes them adopt a crouched posture
(Burtner et al. 1998). This posture places their COG anteriorly, because of the lack of balance
between the ankle plantar flexors and dorsiflexors to control the body’s COG, and their COP will
move posteriorly (Winter 1995). As this game asks the players to move their COP anteriorly, they
are likely to lose their balance. Therefore, children with CP in this study were instructed not to
move forward, as the total score is not as important as their ability to shift their weight to pass
between the flags. However, the children were affected by the negative feedback at the end of
the game when the character cried because of the low score, and thus three out of the eleven

children with CP in this study preferred not to play this game.

Michalski et al. (2012) analysed the postural changes in young adults while playing the Wii Fit
games. Young adults showed decreased ML-COP sway, shoulder rotation, shoulder tilt, pelvic
rotation and pelvic tilt while playing the Ski Slalom game. Greater coupling of the upper trunk and
pelvic movement was evident, indicating a higher focus on the lower limb movement. This game
contains feedforward strategy training where weight shifting can be planned ahead, thus allowing
the children to initiate a lower limb balance strategy (Michalski et al. 2012). Therefore, this game
is recommended for children with CP; however, care must be taken to avoid forward sway
because it might lead to falls or injuries. In addition, the children’s preferences should be

considered, as the scoring and feedback might affect the child’s motivation.
3- Penguin Slide

This game requires the player to slide a penguin from side to side on an iceberg so it can catch the
flying fish. The score reflects the number of fish the penguin catches within 60 seconds. The
player’s character is the penguin but the player’s movement of weight shifting tilts the iceberg.
The player must shift their weight from side to side to keep the penguin on the iceberg and

prevent it from falling in the water. Sudden weight shifting is sometimes required to catch the
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flying red fish, each of which is worth 10 points. As the iceberg is a movable platform, the child

trains their reactive postural adjustments by reacting to the movement of the iceberg.

This game combines cognitive and physical demands, as the child needs to decide in which
direction to lean to catch the fish while keeping the penguin on the iceberg. All eleven children
with CP enjoyed this game because the score of the game relies only on the number of fish
collected, which was manageable. At the end of the game, the avatar penguin character cheered
and danced with other characters. This was a pleasant motivation for children with CP, which

contributed to recommending this game for balance training.
4- Table Tilt

The movement of the player in this game is represented by the movement of different shaped
platforms. The player has to tilt the platforms to roll the balls across each platform and drop them
through the holes. This game requires multi-directional weight shifting while leaning in a specific
direction to move each ball toward the holes. The player is sometimes required to maintain a
posture to stabilise the platform and prevent the balls from dropping off the edge of the platform.
The game has nine levels and each level is timed. Level one, which lasts 60 seconds, starts with
one ball and one hole. The number of balls or holes increases with each level, the shape of the
table platform changes and the time limit decreases to increase the challenge. The number of

levels achieved within the allotted time is calculated to provide the final score of the game.

In this game, children were weight shifting in different directions, meaning they were able to
move their COG outside their base of support; this trained their postural control. As the visual
feedback of the child’s COP was reflected by the platform, the player could see the effects of their
movement on the surrounding environment rather than the effect on the avatar character. This
game contains simple visual graphics — colourful balls on a table —and no characters. The score is
displayed in numbers without any sad characters responding to a low score. Therefore, the
children with CP in this study showed a high preference for this game, as it was the most played
game among the whole sample. In addition, as there were few distracting items in the game, the
child was able to focus on weight shifting and maintaining their posture. This game is highly
recommended for children with CP, as it increases the sense of achievement and most of the

children were able to achieve level nine.
5- Tightrope Walk

In this game, the player is presented as a character that walks on a tightrope between two
buildings and jumps over obstacles to each the other side. This game requires weight shifting

from side to side while standing on the WBB to mimic walking; however, to make the character
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jump, the player needs to flex and extend their knees quickly without actually jumping. This could
be good for training balance while walking, as it makes the child balance the weight between their

lower limbs, and flexing and extending the knee is good for training knee control.

The visual feedback of this game is given in the instructions displayed on the screen to inform the
player of where to shift weight to regain their balance, which was helpful for children to focus on
the direction. The visual graphics of this game give the player a real sense of tension and fear of
falling, which was beneficial for teaching the children how to bear weight in a balanced manner to
avoid falling in real life. Additionally, this game does not present a crying character if the score is
not achieved; the character cheers and dances with other characters when he reaches the next

building within the time limit.

The player has two minutes to cross the tightrope. The time is displayed and counts down to show
how fast the player completes the activity. Although speed is not enforced in this game, the game
ends once the time runs out. Some children were able to perform the game but they needed
more time to reach the other building. The game also automatically finishes when the character
falls, which is a practical limitation, as the player needs to restart the game, which consumes time
in the session. Most of the children enjoyed the challenge of the game and had a sense of
achievement when they won. This game is recommended for balance training; however, two
participants preferred not to play this game because of their fear of heights; this needs to be

considered when choosing this game.

6- Balance Bubble

The player in this game is presented as a character locked inside a bubble. The player has to
navigate the character down a river and prevent the bubble being popped by obstacles such as
walls, rocks and bees. This game requires the player to shift their weight in all planes, as the
bubble follows the player’s movement in all directions until the bubble reaches the rainbow.
However, the main weight shifting for this game is in a forward direction, to move the bubble
forward, with very limited side-to-side sway to keep the bubble away from things that might pop
it. If the bubble is popped, the game ends automatically. This game requires much attention and
decision making with few instructions. In addition, the forward weight shifting may not be
recommended for children with CP due to their crouched posture (Burtner et al. 1998) and their
anterior COG position moving their COP posteriorly (Winter 1995). As this game asks them to
move their COP anteriorly, they are likely to lose their balance. Additionally, because their COP is
positioned posteriorly, the bubble in the game tends to go backward and pop, thus ending the

game.
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This game is scored according to the time taken to complete the activity. This game does not
provide negative feedback, as it ends with an error or a win. Although this is beneficial for the
children, it is time-consuming to restart the game often. Six children favoured this game and
enjoyed playing it; however, the other children did not like the visual graphics, which included too
many items such as the trees, bees and rocks, which they found distracting. In addition, when the
game ends regularly, the children begin to lose interest. We therefore recommend using this

game with caution.

8.2 Recommendations for future RCT

The Wii Fit games are enjoyable for children with CP and are a cost-effective virtual reality
modality available for clinicians, especially in developing countries. Studies that design new virtual
reality games require considerable time and effort by engineers and graphic designers to design
and assess these games’ effectiveness as training tools. Therefore, conducting a study using

available games is less time-consuming, taking previously raised points into consideration.

Following the feasibility outcomes of the present research, a RCT is feasible to conduct with the
recommendations provided below, indicating the power calculation for RCT sample size, the
participants’ inclusion criteria, the recommended settings and training duration and the selection
of Wii Fit games, and also including other forms of games, using other outcome measures to
assess different effects of the Wii Fit games that were not tested in this research and which may

be considered in future studies.

8.2.1 Sample size and recruitment

One of the main objectives of this feasibility study is to calculate a larger sample size using power
analysis for the future RCT based on the standard deviation of one of the potential primary
outcome measures. Following the discussion on the outcome measures used in this study, the PBS
was selected as the primary outcome measure for the future RCT because the PBS data collected
in this study was normally distributed and was analysed with a t-test. In addition, the MCID
threshold for the PBS is known to be an increase of 5.8 points (Chen et al. 2013), which is essential
for the sample calculation. The sample calculation method used was based on data with normal
distribution and a t-test between two means of two groups (Machin et al. 2009). Therefore, to
calculate a sample size with 80% power, the 5.8 difference between groups will be identified as a
significant difference at the p = .05 significance level. The mean and standard deviation of the

sample in this feasibility study at baseline was 46.18 + 5.76 for the PBS. This was included in the
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sample calculation with the expected significant difference of 5.8. The sample calculation showed
that in order to find significant differences between groups, 17 participants are required in each

group with a total sample size of 34 participants, which is a feasible sample size.

Based on the recruitment rate discussed earlier, it is suggested that the future RCT should be
conducted in Riyadh, Saudi Arabia. The estimated recruitment rate is 54.5% when recruiting from
one physiotherapy clinic, and this rate is expected to be higher when participants are recruited
from one of the schools for children with special needs. These recruitment sites are suggested
due to the accessibility of identifying children with CP who might be eligible for the study. In
addition, based on the earlier discussion, clinical and school settings are recommended instead of

laboratory settings for a future RCT.

8.2.2 Inclusion criteria

The same inclusion and exclusion criteria used in the present feasibility study could be applied to
a future RCT. However, this section discusses the possibility of including different ages and

functional levels of children with CP for other future studies.

The present feasibility study included children with CP at GMFCS levels I-Ill due to their ability to
stand and play the Wii Fit games. However, children with CP at GMFCS levels IV-V could be
included in future studies when the training programme includes Wii Sports, which can be played
while sitting, to assess sitting postural control. Children with CP who were described as
postoperative and who were under intensive inpatient rehabilitation programmes were not
included in this study because of the misleading effect of the surgery and the intensive rehab over
the effect of the games themselves. However, it would be worth separately studying the effect of

the games as part of the rehabilitation programme for this population.

In addition, the children’s age in this study was limited to 6—12 years, an age range which was
selected based on the development of postural control in TD children across different sensory
systems. In addition, no studies have examined the milestone development of postural control in
children with CP. This means that children who are younger than 6 or older than 12 might show
different results based on their postural control development. Furthermore, children who are
younger than 6 usually undertake regular clinic physiotherapy to reach a good functional level
before the level plateaus, and children who are older than 12 usually do not continue a
rehabilitation programme in which they might deteriorate (Hanna et al. 2009). Therefore, we
recommend including children with CP between the ages of 3 and 18 in future studies by grouping

them according to age, as it will give an insight into the effect of the games across different ages.
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8.2.3 Intervention

The feasibility study included six Wii Fit balance games. Based on the earlier discussion of each
game’s suitability and acceptability for children with CP, the careful selection of games is
important. The games recommended for future studies need to include simple visual graphics,
minimal characters and positive feedback with respect to the score {no crying or disappointed
characters}, and they should not be dependent on speed. Therefore, out of the six games
presented in this study, the following three games are recommended for the future RCT: Table
Tilt, Penguin Slide and Tightrope Walk. Two other games could be offered as options if the child is

comfortable with playing them: Ski Slalom and Balance Bubble.

Therefore, four games were selected for this study, with two additional games included as
options. This gave the children more options to enjoy and try different games, and having extra
options was helpful when children preferred not to play the main games selected. In addition,
randomising the games by including new games in different sessions might increase the children’s

motivation and enjoyment level and prevent the boredom of playing the same games repeatedly.

While this study only included Wii Fit balance games, other Wii Fit games are available that can be
useful for training balance. Wii Sports has been shown to have an impact on balance, even though
it is played with the Wii Mote, as it encourages midline turning and core stability (Deutsch et al.
2008). Therefore, we recommend selecting a mixture of Wii Fit games and Wii Sports games for

future research.

Based on the findings from this study and existing literature (Abdel-Rahman 2010; Andrysek et al.
2012; Ferguson et al. 2013; Mombarg et al. 2013; Hammond et al. 2014; Jelsma et al. 2014; Tatla
et al. 2014), a training period lasting between six and eight weeks is recommended. However, the
children should participate in no more than three sessions per week to prevent boredom and
fatigue and to maintain the participants’ adherence and enjoyment levels. This means that
balance improvements in children with CP should be evident within 12 — 24 sessions of Wii Fit
games training. If this seems an impracticable length of training for future studies, we recommend

using a convenient research setting, such as the school or clinic, to ensure a good adherence rate.

8.2.4 Outcome measures

In summary, all outcome measures used in this study were feasible for use in a future RCT.
However, the COP length alone may not reflect the effect of the Wii Fit games. Other laboratory
outcomes such as WBA, COP velocity and area, and walking trajectory might be more appropriate

and realistic in terms of showing the differences in balance levels before and after playing the
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games. The PBS and TUG can be used as the primary outcomes in future studies. A combination of
laboratory and functional measures in assessment is recommended in future studies for a more

holistic functional assessment.

Laboratory outcomes such as the COP velocity, maximum sway in AP or ML directions and COP
sway area would give a better assessment of the standing COP trajectory for a better judgment of
the effect of the games on postural control. The WBA could also be used as an outcome of
standing postural control, and it might be more suitable and practical for assessing the effect of
Wii Fit games in future studies. However, these laboratory parameters would have been assessed

rigorously through laboratory force plates instead of the WBB.

The functional balance outcome measures used in this study, the PBS and the TUG, were found to
be feasible measures and are thus recommended for use in the future RCT. The PBS was selected
as the primary outcome measure on which the sample size was calculated. However, as
mentioned earlier, the PBS should be assessed by a blinded assessor of randomised groups to
avoid bias, and the assessor should assess the children directly rather than through video

recordings.

8.24.1 Recommended outcome mesures

Other outcome measures which could address different effects of the Wii Fit games on children
with CP that were not used in this research will be discussed as suggestions for future studies.
These outcome measures could assess the effect of Wii Fit games on overall GMFM or on sensory

integration in children with CP. Each one will be discussed separately.

8.24.1.1 The gross motor function [GMFM]

Limited studies have investigated the effect of Wii gaming {Wii Sports or Wii Fit} on GMFM in
children with CP (Gordon et al. 2012) and children with developmental delays (Salem et al. 2012).
Gordon et al. (2012) showed clinically significant changes in mean pre- and post- training scores
for all GMFM dimensions in six children with CP. Salem et al. (2012) showed significant
improvements in the GMFM dimensions D and E from pre- to post- intervention for 20 children
with developmental delays. Although both studies used small samples of children, they both
showed the potential effects of Wii gaming {Wii Sports and Wii Fit games} on GMFM. However,

more studies are needed to investigate the effect of Wii Fit games on GMFM for children with CP.

The present study looked at the effect of Wii Fit balance games on standing postural control,
functional balance and mobility. The effect of Wii Fit balance games on GMFM was not tested in

this study, although balance games that include training for standing, weight shifting, strength
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and balance might contribute to improvement of the overall GMFM in children with CP.
Therefore, including the GMFM-88, GMFM-66, or even part of it such as dimensions D and E, as
an outcome measure in future studies will give insight into the effect of these games on overall

functional level as well as just on balance.

In addition, when using the GMFM-66 the MCID threshold increases the overall score by 1.3. An
increase of 1.8 of the total score of dimension D {standing}, or an increase of 2.6 of the total score
of dimension E {walking, running and jumping} of the GMFM is considered a significant
improvement for children with CP (Oeffinger et al. 2008). Therefore, the MCID threshold of the
GMFM-66 or dimensions D and E are not high and are thus considered reasonable and realistic to
achieve significant changes in children with CP. This is another convenient reason to recommend

the use of the GMFM-66 in future studies.

8.24.1.2 Sensory integration

Sensory integration dysfunction is one of the most important problems seen in children with CP.
Children with CP experience some sensory perceptual problems, such as impairment of body
image, right-left discrimination, position in space and visual perception problems and apraxia
(Goldcamp 1984). Sensory integration therapy has been shown to be effective therapy for
children with CP (Bumin & Kayihan 2001; Shamsoddini & Hollisaz 2009).

The Wii Sports games have been shown to improve motor proficiency, visual-integrative abilities
and sensory integrative functioning in children with DS (Wuang et al. 2011). Wii Sports games
encourage children to actively explore and organise various sensory inputs, which may
subsequently enhance motor planning and increase visual motor integration and coordination
between limbs (Wuang et al. 2011). This may also be true for Wii Fit games; however, this theory
has yet to be investigated in children with CP. Nevertheless, Wii Fit games are not only a motor
learning technique by which to weight shift in a task-specific way; they can also possibly
constitute a sensory integration tool that encourages motor learning. The present study has only
focused on the motor effect of balance training while playing the Wii Fit games. Therefore, it is
worth investigating the effect of the games on sensory integration as a neuromotor learning

process to maintain postural control.

The Southern California Sensory Integration Tests [SCSIT] (Ayres 1972) are the clinical assessment
tools of sensory integration. Although they have not been tested for validity and reliability for
children with CP, they have been shown to correlate highly with the BOT-2, and can thus be used

to evaluate the effectiveness of sensory integrative procedures in relation to motor function
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(Ziviani et al. 1982). This means that the BOT test is recommended as an outcome measure for

future studies to reflect the effect of Wii Fit games on sensory integration for children with CP.

8.2.4.2 The ICF model

The World Health Organization has formed a conceptual framework, which is the ICF, to classify
health and health-related domains (WHO). The ICF model covers three main levels; body structure
and function level, activity level, and participation level. This universal model provides a useful
way of designing proper treatment interventions and selecting outcome measures. It is good
practice to select outcome measures which cover the main three levels of ICF. However, due to
the diversity of outcome measures, it is hard to find an outcome measure which covers all ICF
levels. This is mainly due to the variety of aspects which each measure was designed for.

Therefore, the three levels of ICF could be covered by selecting more than one outcome measure.

This study used three outcome measures which were, the COP length via WBB, to assess standing
stability, the PBS and the TUG, to asses functional balance and mobility. The COP parameters,
either collected from WBB or force plate, are a laboratory measures which assesses postural
control. These measures cover the body structure and function level of the ICF model. The PBS is a
clinical functional measure of balance, which includes items testing the ability of maintain
balanced position, and the ability to perform balanced activity. Therefore, this measure covers
two levels of the ICF model; the body structure and function level and the activity level. The TUG

is a single item measure of walking balance which only covers the activity level of ICF model.

In addition, this study suggested including the GMFM-66 , to assess overall gross motor function,
and the BOT-2, to assess sensory integrative procedures in relation to motor function. Both
measures are multidomain measures were most items covers the activity level of ICF model. In
order for a future RCT to include outcome measures that cover all levels of ICF model, there
should be an outcome measure that covers the participation level of ICF. The Children’s
Assessment of Participation and Enjoyment [CAPE] (King et al. 2007) and the Pediatric evaluation
of disability inventory [PEDI] (Haley S et al. 1992) are both examples of outcome measures that
covers the activity and participation levels of ICF. Therefore, it is recommended for future RCT to
use either the CAPE or the PEDI to assess the effect of playing Wii fit games on the child’s

participation and social interaction.
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8.3 Novel contribution

The novelty and originality of this research is highlighted from the three studies, including two
reliability studies of WBB with children with and without CP and a feasibility study using Wii Fit
games for balance rehabilitation for children with CP. The novelty of the results from each study is
presented in relation to the time when the study was conducted and the new publications of

similar studies.

8.3.1 Reliability studies

This research started in 2012, when only a few studies investigated the applicability for WBB for
balance assessment (Clark et al. 2010; Clark et al. 2011). Owing to a lack of clarification of the
functioning of the WBB, more work needed to be done regarding interpreting the WBB data using
other programmes (Chapter 4). This has highlighted reference data, which were not available in
existing literature at the time, indicating the minimum weight limit the WBB can measure [10 kg],
the difference between two WBB measurements, the importance of calibration and the
difference between the Kistler force plate and the WBB in measuring COP sway. These original
findings were valuable for addressing the reliability and usability of the WBB in assessing balance

for research or clinical purposes.

The few studies found in the literature were conducted with adult populations and not with
children. This gap in the literature was filled with the reliability study (Chapter 5), conducted in
2012, which investigated the reliability of WBB’s COP data when assessing TD children. This study
provided original reference data for the reliability of WBB COP length for TD children, which were
essential before using the WBB to examine children with CP. However, within the last three years,
more researchers have investigated the reliability and validity of WBB outcomes to assess
standing balance (Chang et al. 2013; Huurnink et al. 2013; Yamamoto & Matsuzawa 2013; Holmes
et al. 2013b; Bower et al. 2014; Larsen et al. 2014; Park & Lee 2014; Scaglioni-Solano & Aragon-
Vargas 2014; Sgro et al. 2014; Abujaber et al. 2015; Jeter et al. 2015; Pavan et al. 2015). Among
these, the Larsen et al. (2014) study was the one which reported the reliability and validity of
using the WBB to assess balance in TD children. This means that the originality and novelty of the
reliability results of Chapter 5, have been eradicated with the publication of Larsen et al. (2014),
even though the results presented in chapter 5 confirmed these researchers’ results despite the
age range being larger than in their study. By contrast, the second reliability study (Chapter 6),
which was performed on children with CP, was, to the author’s knowledge, the first to investigate
the reliability of the WBB in providing the COP length of children with CP during standing.

Therefore, the results of the second study are considered original and novel.
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A unique feature of both reliability studies is that each standing task was assessed separately
{EO2L, EC2L, EO1L, EC1L}, whereas other studies reported an average of all the standing tasks
performed (Clark et al. 2010; Clark et al. 2011; Chang et al. 2013; Huurnink et al. 2013; Yamamoto
& Matsuzawa 2013; Holmes et al. 2013b; Park & Lee 2014; Pavan et al. 2014; Pavan et al. 2015).
This is valuable information in distinguishing the difference in the reliability results of each task

and identifying the practicality of each task for children.

Lower ICC values were recorded for the single-leg standing tasks for TD children and for the task
of the children with CP standing with eyes closed. However, by using Bonett’s (2002) formula with
the ICC values results in these studies, the sample size required in order to test the reliability of
COP length during single-leg standing for TD children with a desired width of 0.3 is 25 participants,
and 78 participants are required for the test of double-leg standing with eyes closed for children
with CP. This research provided the recommended sample size for future studies to further

investigate the reliability of WBB COP length during these tasks.

Although researchers in the literature and the results of the reliability studies agree that the WBB
has been shown to be reliable and valid when assessing balance, the WBB cannot replace the gold
standard laboratory force platforms. This is because the WBB was not designed for this purpose.
Therefore, this research not only included original work starting with investigating the WBB data
extracted to test the reliability of the calculated COP length when assessing children’s balance, it
also highlighted several feasibility points which need to be considered before recommending the
WBB for clinical use. These feasibility aspects, including the time of connection, calibration and
coding of programming for COP parameter calculations, were discussed earlier in section 8.2.1.
This feasibility discussion was not highlighted in previous literature, as this research was the first
to actually use the WBB in clinical settings and to use the WBB COP length as an outcome

measure to investigate the effect of an intervention.

8.3.2 Feasibility study

The feasibility study was designed when only limited research was found in the literature
regarding the effect of Wii Fit games on balance for children with CP (Ramstrand & Lygnegard
2012; Sharan et al. 2012). None of these studies had a randomised control group to show the
pure effect of the Wii Fit games as balance rehabilitation tools for children with CP, therefore an
RCT was needed. However, this study was not intended to be RCT to show the effectiveness of the
Wii Fit games but rather to assess the feasibility of designing and conducting a future RCT based
on the present study’s findings. At that time, it was the first study to consider Wii Fit balance

games as a balance rehabilitation tool in clinical settings, unlike the home settings presented in
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Ramstrand & Lygnegard (2012), and for a sample of children with CP {GMFCS I,11,111} from the
community, unlike the sample of post-operative children with CP in the Sharan et al. (2012) study.
These differences were highlighted as an original area of research that has not yet been covered.
However, when this study was conducted in 2013, new research had been published which
included clinical settings and a sample of community children with CP with GMFCS |, Il and llI
(Jelsma et al. 2013; Tarakci et al. 2013). These studies, which were conducted with small sample
sizes of around 14 participants, cannot be disseminated with confidence and need more power to

be considered as evidence.

This study feeds into the literature with original findings showing that playing Wii Fit balance
games twice a week for four weeks does not improve or affect the standing postural control or
functional balance mobility of children with CP. Although these results failed to show any
significant effect of the Wii Fit games due to sample limitation, various feasibility points were
observed and discussed for consideration when conducting the future RCT (section8.1.2). These
points have led to novel recommendations for future studies that were not mentioned in previous
studies (section8.2). This study calculated the sample size required with an 80% power to identify
the true effect of Wii Fit games on functional balance measured with PBS; this sample size is 34

participants with 17 participants in each group.

This study was the first to use the WBB, which is a required tool for Wii Fit games, as a balance
assessment tool; it has also demonstrated the feasibility and potential use of the WBB for
assessments in clinical rehabilitation settings for children with CP. Furthermore, to the author’s
knowledge, the present study is the first to mix clinically functional measures {PBS and TUG} with
laboratory outcome measures {COP length} to assess the effect of Wii Fit balance games on
children with CP. However, studies found in the literature have used either laboratory outcome
measures (Ramstrand & Lygnegard 2012)or clinical balance measures (Sharan et al. 2012; Jelsma

et al. 2013; Tarakci et al. 2013).

The present study also assessed the levels of enjoyment experienced by children with CP by filling
out the PACES, which is a valid measure of enjoyment for children (Moore et al. 2009). High
levels of enjoyment were recorded, as the children perceived the games as fun activities rather
than as training exercises. Although existing literature has reported that Wii Fit games are
enjoyable for children with CP (Ramstrand & Lygnegard 2012; Sharan et al. 2012; Jelsma et al.

2013; Tarakci et al. 2013), none study tested the level of enjoyment with a valid measure.

Feedback from children with CP in this study was considered for each of the Wii Fit games used,
and an in-depth discussion was conducted based on the acceptability for children with CP and the

postural technique used while playing each game (section 8.1.2.6). This is a novel and original
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game review for children with CP, which provides important information to know before

introducing Wii Fit games to the rehabilitation programme as a new intervention tool.

8.4 Limitations

Regardless of the original findings, caution must be taken when disseminating these results due to

the limitations acknowledged for each study of the present research.

8.4.1 Reliability studies

The disrupted connection between the WBB and MATLAB® caused by other Bluetooth devices
caused repetitions in time acquisition and missing data points in the recordings. Subsequently,
some recordings had a smaller amount of data points, reducing the quality of the total COP path
length calculation. To compensate for this error, data were pre-processed to remove spurious
outliers or repeated data points. This provided an outcome of COP path length per time unit

[cm/sec], which cannot be represented as the total COP length or the COP velocity.

The COP length per sec was the only measure calculated from the WBB'’s data and tested for
reliability among children. Other COP parameters, such as COP velocity, maximum sway in the AP
or ML directions or COP sway area, were not calculated or tested for reliability in the present

study.

None of the reliability studies compared the WBB's recordings to the force plate recordings for
children. Even though previous studies have shown valid COP outcomes using the WBB to assess
balance in adults and children, this research did not test the validity of the COP length with the
WBB to assess children with CP.

Another major limitation of the present study was the small sample size of 12 participants in both
studies, and not all participants performed the tasks successfully. For example, in Chapter 5, the
results for task 4 [EC1L] were based on recordings of seven TD children who could perform the
task on both the test days, whereas 25 TD children is the required number of participants to
perform this task. In Chapter 6, the results for task 2 [EC2L] were based on recordings of eleven
children with CP who could successfully perform each task three times, whereas the required
number of participants to perform this task is 78. Therefore, the missing data in the small sample

size for the study limits the ability to draw general conclusions from the findings.
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8.4.2 Feasibility study

The absence of a control group or randomisation, as seen in an RCT, limits the ability to assess the
true effect of the Wii Fit games compared to an RCT. However, this feasibility study aimed to
show the feasibility of designing and conducting an RCT to test the true effect of Wii Fit games

rather than their effectiveness.

This feasibility study contained a sample of 11 children with CP, with age range between 6 and 12
years and GMFCS levels I-lll only. Therefore, the results were limited by the low power of the
small sample size, as this sample was too small to show a significant difference. In addition, the
sample did not include children who were younger than 6 years or older than 12 years of age,
and it did not include children with CP at GMFCS levels IV-V. Therefore, the sample was not
representative of children with CP at all GMFCS levels. These results should therefore be

disseminated with caution.

The setting in the present study was a laboratory room at the university, which was inconvenient
for children and their parents to attend. The need to travel to the laboratory after school placed
an extra burden on the participants’ families {parents and siblings}, especially when the children
were involved in extracurricular activities. As a result, the participants were only able to attend
twice a week instead of three times a week, which decreased their training intensity. However,
the feasibility of other settings, such as schools or clinics, and the impact that these settings

would have on the results were not investigated.

The intensity and duration of the training chosen for this study was 30 minutes, twice a week for
four weeks, giving a total of eight sessions. This was shorter than the training period of six to eight
weeks used in the literature (Abdel-Rahman 2010; Andrysek et al. 2012; Ferguson et al. 2013;
Mombarg et al. 2013; Hammond et al. 2014; Jelsma et al. 2014; Tatla et al. 2014) to show the
effect of training with Wii Fit games. As these studies were published when the present study was
in progress, it was impossible to follow the recommended durations. Therefore, the short

duration and intensity of the training was a limitation in this study.

The Wii Fit games used in this study included only six selected balance games, however other Wii
Fit games like aerobics, strengthening or yoga games and Wii Sports games were not used in this
study. This means that the results are limited to six Wii Fit balance games while other forms of
games may have shown different outcomes. In addition, the in-depth game review for children
with CP was based on verbal feedback from participants, which was not provided through any

qualitative methods, it was also limited to the six games played in this study.
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The outcome measure used to assess the effect of Wii Fit games on standing balance was the COP
length per sec measured via the WBB rather than via a laboratory force platform, the first time
the WBB was used for children with CP. This calculated COP length per time from the WBB has not
been tested for validity, as it was only tested for reliability with children with CP, who were the
same sample used for the feasibility study. In addition, the Wii Fit games require swaying or
weight shifting in multiple directions, which could improve symmetrical weight-bearing while
standing and walking. By contrast, the COP length is an outcome of standing static stability;
therefore, the selected outcome measure did not reflect the desired effect of the game. However,
the WBA could have been a more suitable and practical outcome measure for assessing the effect
of Wii Fit games. Furthermore, other COP parameters, such as COP velocity, maximum sway in the
AP or ML directions or COP sway area, were not used to assess static standing postural control in
the present study. These parameters may have provided a better assessment of the standing COP

trajectory and thus allowed a better judgment of postural control.

The present study was limited to assessing the potential effect of Wii Fit games on postural
control and functional balance mobility. However, other effects such as the effect on overall
GMFM or the effect on sensory integration for children with CP were not assessed. In addition,
the absence of qualitative research methods, such as interviews or focus group discussions, was a
further source of limitation in the present study. These methods could have provided an insight
into user perceptions regarding the feasibility of using the Wii Fit games in rehabilitation
programmes. Such information is crucial and would influence the choice of Wii Fit games as a

clinical rehabilitation tool.

8.5 Clinical relevance

Clinicians may benefit from using the WBB to bridge the gap between laboratory quantitative
objective measures of standing and the subjective rating measures of functional movement.
However, the WBB cannot replace the gold standard laboratory force platforms because it was
designed for the purpose of playing games by communicating with the Wii console. Therefore,
using the WBB as a balance assessment tool in clinical settings is not a straightforward procedure
and few feasibility considerations were highlighted. First, the connection procedure between the
WBB and communicating software through Bluetooth and the open source library [WiimotelLib].
In addition, Bluetooth disconnection or connection disturbances caused by other Bluetooth
devices are possible problems that could affect the data transfer between the WBB and the

laptop, thus leading to errors in recordings. Subsequently, a calibration protocol is required to
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reset the calibration factors of each sensor before extracting data from the WBB’s sensors. This
will require collecting data from the WBB when no weight is applied, and then when a
standardised weight is applied. The location of the applied weight also needs to be made known
to the software programme to calculate the calibration factors. Regular calibration process is
mandatory when working with the WBB as it needs to be calibrated every time it has been
moved, due to its portability. Moreover, the software should be programmed with a list of
mathematical calculations to calculate the resultant COP coordinates then the COP parameters
such as mean velocity or COP length, which include distance and time, can be further calculated.
However, such software requires people with experience in software coding, which could be
inconvenient for clinicians. Therefore, a commercially available user-friendly software for clinical

usage is needed.

The Wii Fit games are enjoyable for children with CP and are a cost-effective virtual reality
modality available for clinicians, however, the evidence behind its effectiveness in balance
training is still limited. Therefore, a larger powered sample for an RCT is needed to identify the
effect of Wii Fit training on balance for children with CP. However, this study was not intended to
be RCT to show the effectiveness of the Wii Fit games but rather to assess the feasibility of
designing and conducting a future RCT based on the present study’s findings. Even though, this
study highlighted some feasibility aspects of using the Wii Fit games in clinical settings. First, the
time consuming during the set up of the Wii Fit including connection with WBB and the initial
measures of the child’s weight and balance before starting with the games. Although this process
may be as short as five minutes, it may not be feasible for clinicians who provide 30 min session.
In addition, as the Wii Fit games requires movement while standing on the WBB, it is essential to
ensure the safety arrangements to protect children from falling including the WBB protective
rubber, protective floor mats, and the use of the safety-handling belt. These arrangements are
also time and space consuming which may not be feasible for come clinicians. Furthermore, as
these games were not designed for a rehabilitation purpose, clinicians must be careful when using
them for rehabilitation of children with CP. For example, when selecting a game, which will train a
movement for a therapeutic purpose, care must be taken to select a suitable game with simple
visual graphics, minimal characters and positive feedback with respect to the score {no crying or
disappointed characters}. Supervision and observation of the child movement during playing is
also important to ensure that the child benefit from playing the game by giving instructions about
how to properly weight shift to win the game. With considerations of all points discussed, the Wii
Fit games can be one of the rehabilitation intervention tool, which can benefit in training weight
shifting with visual feedback for children with CP. The Wii Fit is an optional intervention in balance

rehabilitation depending on the evidence of its effectiveness from the future RCT/ studies.
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8.6.1

1)

2)

3)

4)

5)

6)

8.6.2

1)

Chapter 8

Final conclusions

WBB as balance assessment tool

The WBB provides reliable outcomes in terms of COP length when assessing the double-
leg stance with eyes open or closed in TD children; however, poor reliability results were

recorded during the single-leg stance assessments in TD children.

The WBB provides reliable outcomes in terms of COP length when assessing a double-leg
stance with eyes open only in children with CP, while poor reliability results were

achieved when assessing the double-leg stance with eyes closed in children with CP.

The high technology, portability, cost-effectiveness and commercial-availability of the
WABB can benefit clinicians in bridging the gap between laboratory quantitative objective

measures of standing and the subjective rating measures of functional movement.

The WBB cannot replace the laboratory force plates, because the WBB was mainly

designed for the purpose of playing games through communicating with the Wii console.

The process of connecting the WBB to software and the calibration of WBB is time-
consuming in clinical and research settings. More user-friendly software is required to
programme and connect with the WBB via a proper calibration process to enhance the

use of the WBB in a clinical setting.

Excellent reliability of the WBB readings was reported despite the small sample size.
Further studies with larger samples are recommended, especially for the challenging tasks

which recorded poor reliability.

Wii Fit games as balance intervention tool

The use of the Wii Fit balance games twice a week for four weeks did not significantly
improve standing postural control or functional balance mobility in children with CP.
However, the small sample size limitations along with the research setting and short
training period limits the generalisability of the feasibility study findings and suggests

caution in the dissemination of the findings.
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2) The sample size required with an 80% power to identify the true effect of Wii Fit games

on functional balance by PBS is 34 participants with 17 participants in each group.

3) This study explored the following feasibility consideration points for designing an RCT to

test the true effect of Wii Fit games:
A) The estimated recruitment rate in Riyadh, Saudi Arabia, is 54.5%.

B) School or clinical settings are recommended more than a laboratory setting, which

was not convenient or feasible for children and their parents.

C) The WBA could reflect the effect of Wii Fit games more than the COP length, which
assesses static stability. Other COP parameters assessed with laboratory force
plates could provide a better assessment of the standing COP trajectory to show

the effect of the games on postural control.

D) Alonger duration and a higher intensity of training, ranging from 12 to 24 sessions,

is recommended.

E) Based on the children’s feedback from the Wii Fit games, games with fewer visual
graphics, fewer characters, no crying or disappointed characters and game scores
that do not depend on speed are considered the most suitable games for children

with CP.

F) Children with CP expressed 75%—100% adherence to the Wii Fit training, which
showed high motivation levels. The enjoyment level was represented by a rating of

3.5 out of 5 for the PACES of positive statements of enjoyment.

4) An RCT with a control group and randomisation of a larger sample is feasible, doable,
applicable and worth conducting with different circumstances such as a longer training
period, convenient research settings, more outcome measures and the proper selection

of the games used for training.
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Appendix 1: Clark et al. (2010) calibration and calculation appendix

Calibration Steps

The steps taken in the calibration of the BB are based on those outlined by Bobbert et al. [1], with
specific modifications made due to the limitations inherent in the Wii Balance Board (WBB). These

steps are as follows:

1. Convert the data from each of the four sensors into a true force value. The basic calibration
information provided in the data stream from the WBB was used to determine force in each
sensor, however to ensure the precision of these values a calibration protocol was implemented.
This was performed by recording the raw data while applying six different known loads (49.1N,
74.6N, 102.0N, 113.8N, 215.8N, 313.9N) to each of the sensors individually. Regression performed
on the calibrated force data showed that for each sensor the relationship between increased load
and the absolute value recorded for that sensor was linear, with the linear regression equation for
every sensor exceeding R2 = 0.999. This shows that, once calibrated, each individual sensor has a
linear response to applied load, which allows for accurate assessment of forces which are not

identical to the calibration loads used.

2. Calculate the Z force. Force in the vertical plane (Fz) was determined by summing the
values for each of the four sensors then multiplying this value by a scale factor. This scale factor
was derived by placing the known loads mentioned previously on the balance board and dividing
the known load by the sum of the four transducers. Similar to the results for the individual sensor

calibration, this showed excellent linearity.

3. Determine the COP coordinates. The COP positional data was then determined for the X
(Xcop) and Y (Ycop) axes using the equations:
0—7L—BL+1R+BR

Xeop = x CALx
P Fz

O—BL—BR+TL+TRX

Yeop =
P Fz

CALy
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Where BL, BR, TL and TR are the calibrated force values from the bottom left, bottom right, top
left and top right sensors respectively and CALy and CALx are the calibration factors specific to
each axis. These calibration factors were necessary to correct for the different distance between
the sensors and the true center position for each axis, and were determined by placing a variety
of known loads at a number of known positions on the board. Given that the true central position

of each sensor was not known, the individual axes calibration factors were derived using the

equations:
X
CALx = - s
MCOP (uncalibragd)
AF
Ypos
CALy =
) QYCOP (uncalibragd)
AF

Where Xpos and Ypos are the known axis positions of the applied load, F is the force applied and
Xcop(uncalibrated) and Ycop(uncalibrated) are the results of Equation 1 if the calibration factor is

set at a value of 1.

Assessment of the COP coordinate calibration values

To assess the COP coordinate calibration a range of known loads were placed at a number of
different positions on the Balance Board. This was performed by placing a calibration grid on the
Balance Board, which was created by marking eight points on the board which formed a grid
around the centre of the balance board. Four points corresponded to a diagonal position in each
direction 40mm from the centre of the board, with the remaining four points located at a
diagonal position 60mm from the centre of the board. A variety of different loads were
intermittently placed on each of these points. The average percentage difference between the
calculated COP coordinates and the known position of the applied load were 2.3 + 2.0% and 2.9 +
1.9% for the X and Y axes respectively. This close approximation of the calculated COP coordinates

with the known loading position suggests that the BB provides an accurate measure of static COP.

Limitations

Given the low-cost nature of the device there are a number of limitations inherent in using the
WBB as a force platform to assess COP coordinates. These include the eight byte signal and

sampling frequency restrictions. When compared with a force platform, the primary limitation is
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the inability to correct for forces in the X and Y axes. The importance of this is evident when the

COP axis equations of Bobbert et al. (1990) are examined, for example:

_ Z*Fy+b((IL+TR) —(BL+ BR))

Yeo
P Fz

Where Z = the vertical distance between the working plane of the forces and the surface of the
testing device, Fy =y axis force and b = half the distance between the transducers along the y-

axis.

The lack of X and Y axes force values therefore removes a component of the true COP equation,
and consequently it was important to determine how much of an effect this had on the results.
Analysis of the results of the force plate data revealed that, as expected, the magnitude of the X
and Y axes force during the standing balance tasks was minor. For the double leg tasks it was rare
for the force values in either of these axes to exceed +5N, and therefore this would have only a
negligible influence on the results of the primary outcome measure of the present study (COP
path length). Additionally, the X and Y axes force data during the most difficult standing balance
task performed in this study, the single leg, eyes closed trial, rarely exceeded a threshold of +10N
with short duration peaks of =+30N. Given that this was a small percentage of the Z axis force
(<5%), and that the vertical displacement multiplier (which represents the vertical distance
between the working plane of the forces and the surface of the testing device (Bobbert &
Schamhardt 1990)) which would be used in the equation is relatively small (for the WBB,
approximately 33mm), we feel that the processed WBB COP data is a reasonable representation
of standing balance during tasks which do not have a large horizontal plane momentum
component. To verify this assumption we performed a series of tests on a Kistler force platform
(model 9286AA) incorporating each of the balance tests performed during the present study. The
COP data for each axis was then compared between the manufacturer’s software (Bioware 3.0)
and the Bobbert equation performed with a static Fy value of 1. Even during the trial with the
highest observed X and Y axes forces (single leg, eyes closed) the correlation between the
different COP coordinate values exceeded R=0.95. While this supports the use of the WBB for
assessing COP during trials with low horizontal plane forces, due caution must be taken when
comparing the absolute results of the balance board COP data with those obtained from a force

plate

[1] Bobbert MF, Schamhardt HC. Accuracy of determining the point of force application with

piezoelectric force plates. Journal of Biomechanics 1990; 23(7):705-710
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Appendix 2: ETT Stance Manual guide
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WII Balance Board Connection

2. WIl Balance Board Connection

To correctly use WIl Balance Board with Stance software you need to connect the board to the com-
puter on which Stance is installed, using a bluetooth connection.

To establish this connection you have to follow these steps:

1. Activate the bluetooth service installed on your pc (using a dongle key or the integrated con-
nection);

2. Switch on the WIl Balance Board;

3. Search for new bluetooth peripherals, (from “Bluetooth -> Search for new devices™”) and, at the
same, press the “SYNK” button of the Balance Board (placed in the batteries box).

4. When the pc finds the WII Balance Board, click with the right button of the mouse on the board

icon, select the option “Update Services” and connect the PC with the service “Human Inter-
face”

After all these actions, the WII Balance Board is properly connected and can be used with Stance.

N.B.:the user must do all the actions described every time he switch on the pc to use Stance

m reo- 818
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Stance Software

3. Stance Software

3.1 Run Stance

Stance can be run from your computer by clicking the Application icon in project directory.
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E] RecentPathsList txt 1KE Documentodi testo 26/04/2010 14 .49
LﬂWi imoteLib.dll 33 KE Estensione dell'applica... 25/01/2010 17.27
L?]WPFl'uoll»cit.dll 449 KB Estensione dell'gpplica... 2570172010 17.27
‘HWDFI'nulkif.pdb 1176 KB Program Debug Database 25/01/2010 17.27
%) ZedGraph.dil 300 KB Estensione dell'applica... 25/01/201017.27 (v |
<] | @
Oggetti: 15 5.17 MB d Risorse del computer

Figure 1: Run Stance

3.2 Chose directory

[

You can choose in which directory store the collected data. To do this, you have to select the i
icon in the main window, that opens the following panel:

Sfoplia per cartelle

[E]
& [} Document
# W Bisoron del compn fer
# % Bicoron dirabe
& Censtinog
150 BalerceBicerd_PO0CE0S.
# L MhyBR
# |2 Picerca

[crearomacwtsla] [ e [ awus |

Figure 2: choose directory
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Here you have to select the desidered folder. To view the data already saved in the selected directory,

press the L’l button.

3.3 Patients module

The Patient Module permit to create a new patient or to modify or delete the data related to any stored
patient.

Create a new patient.

To create a new patient use the button . in the Menu Bar in the main panel as in Figure:

=) Balance Board

W,

[«

Figure 3: new patient creation

After this selection the Subject panel is loaded:

1 Subject [M)]=]X]
First Name
Last Name
Birth Date | Show Calendar 5]
File Name
Motes
[ sae | [ conce |

Figure 4: Subject panel

Compile the textbox in the creation patient panel and click the “Save” button to save the new patient.

You can find the saved data in Stace main window, as a list of patients:
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C:\Documents ana Settings\michelobusinDeskiop\WIIZ2

« Prova Subject START duration |

open eyes

Figure 5: Subject’s data

Delete a patient.

To delete patients’ data, you have to right click on patient's name in patients’ list and to chose “Delete
Subject”

® . Prova Prova
—., Do acquisition
& Delete subject

Figure 6: delete patient’s data

3.4 Protocol module

The Protocol Module permit to create a new protocol.
Mg

To create a new patient use the button ﬂ in the Menu Bar in the main panel as in Figure:

"§ Balance Board

L v

Figure 7: new protocol creation

After this selection the Protocol panel is loaded:

- Configuration Parameters (™| =1%)

buration |15 |

Eyes open False |

[ sae J [ cowe ]

Figure 8: Protocol Panel

Patients will perform the inserted protocol until i twill not be changed following the same procedure.

m Paglsjg
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3.5 System Calibration and Data Acquisition

Before starting the data collection, you must verify if the Wl Balance Board is correctly connected and
calibrated. To verify these conditions, you have to right click on patient's name and chose the option

“Do Acquisition™:
—
. Do acquisition
w Cdit subject
% Delete subject

Figure 9: Acquisition

If the board is properly connected, on the window top right corner you can see the icon, other-

wise you will se the icon.

4.3.1 System Calibration

To correctly calibrate the WIl Balance Board you have to perform the following actions:

1. Clickon  iconto open the calibration panel

2. Select the Wl Balance Board in the panel
3. Put a known weight on the WII Balace Board and push the “Calibrate” button
4. Wait until you see the calibration is done (until a software pop-up)
Prima di utilizzare il software per acquisire i dati & necessario calibrare la balance board.

4.3.1 Data Acquisition
To start a new acquisition you have to right click on patient’'s name and chose the option "Do Acquisi-

tion”. When the patient is on the WIl Balance Board, click on the “START” button to start the acquisi-
tion.

duration

Figure 10: start the data Acquisition

During the acquisition you can see in real time the graphs which describe the Centre of Gravity (COG)
position and it x and y coordinates:

m Pag‘?jg
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v Q ADocuments o Settings\icarca) Desktoo\Miy R 7| \’);
= ;"""!_‘ ; durat‘xml 30 ‘ time remaining: - Save Cose V]
D/

openeyesl] o, C:\Documents and SettingsyricercalDeskiop! MikyB2\Subject._DAngaloPaclo19730425 \Acquisit

Y Axis
o

SN
a1
3

A0 -40 a0 20 -10 0 1n

Figure 11: Acquisition Graphs
To stop the acquisition you have to push the “STOP” button.

All the data are saved in the chosen directory, in a folder dedicated to the patient. You can manage
those data by clicking on the “+” near patient’s. Doing this you can see all the performed acquisition:

= & Prova Prova
13/04/2010 13:28:05
13/04/2010 13:28:33
13/04/2010 13:259:02
13/04/2010 13:29:28

Figure 12: Acquisitions list

To manage the collected data you have to right click on the desidered acquisition:

= & Prova Prova | 20 ‘1:
13/04/2010 12:23:05
13/04/2010|  Open Data » | Open acquisition INI
:gjgggig Plot Data Open acquisition data
Compute Sway Analysis |
|

Figure 13: data management
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You can:
1. open the collected data, both the raw data and their ini file
2. Plot Data, redrawing the related graphs
3. Compute sway analysis, to calculate the specific parameters related to sway analysis:

Sway Analisys

PathLength 237.83
MeanVelocity 15.86

LL Osciliation
Maximum 25.21
Mean -1.39
5id 9.08
APOsciffation
Maximum 10.50
Meon =0.135
Sid 2.38

Figure 14: sway analysis

m Fae.9re
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Appendix 3: MATLAB coding for COP calculation

function varargout = BalanceTest (varargin)
gui_ Singleton = 1;
gui State = struct('gui Name', mfilename,
'gui Singleton', gui Singleton,
'gui OpeningFcn', @BalanceTest OpeningFcn,
'gui OutputFecn', @BalanceTest OutputFcn,
'gui LayoutFecn', 1,
'gui Callback', (1)
if nargin && ischar (varargin{l})
guil State.gui Callback = str2func(varargin{l});

end
if nargout
[varargout{l:nargout}] = gui mainfcn(gui_ State, varargin{:});
else
gui mainfcn(gui State, varargin{:});
end
% End initialization code - DO NOT EDIT
return
% —--—- Executes just before BalanceTest is made visible.

function BalanceTest OpeningFcn (hObject, eventdata, handles, varargin)
global data

% connect to the Wiimote

data.wml = Wiimote () ;

data.wml.Connect () ; % wiimote

data.wml.GetBatteryState;

disp (sprintf ('Battery Status of Wiimote: %3.2f%%',data.wml.Battery));
% connect to the Balance Board
data.bb = Wiimote () ;
data.bb.Connect (); % balance board
data.bb.GetBatteryState;

disp (sprintf ('Battery of Balance Board: %3.2f%%',data.bb.Battery));

data.WiiWwidth=21.7;
data.WiiHeight=11.7;
data.sr=50;

% data.editl=data.sr;
data.duration=20;

% data.edit2=data.duration;

data.isrunning=0;

set (handles.editl, 'string',num2str (data.sr));
set (handles.edit?2, 'string',num2str (data.duration));

set (handles.editll, 'string', "enter name here');
set (handles.editl2, 'string', '185");

[

% Choose default command line output for BalanceTest
handles.output = hObject;

data.correction factors.rl.zero=-2.43;
data.correction factors.rl.fac=1.034;
data.correction factors.rr.zero=-1.126;
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data.correction factors.rr.fac=1.045;
data.correction factors.fl.zero=1.328;
data.correction factors.fl.fac=0.941;
data.correction factors.fr.zero=-3.526;
data.correction factors.fr.fac=0.98;
data.correction factors.weight fac=1;

set (handles.edit3, 'string', num2str

set
set
set

set
set

handles.edit4, 'string', num2str
handles.editb, "string', num2str
handles.edit6, "string', num2str

handles.edit8, 'string', num2str
handles.edit9, 'string', num2str (data.

data

o~ o~~~ o~ —

data.
data.
data.

data.

data.correction factors.
correction_ factors.
correction factors.
correction factors.
.correction_ factors.
correction_ factors.
correction_ factors.

(
(
(
(
set (handles.edit7, 'string',num2str
(
(
(

set

set (handles.figurel, 'CloseRequestFcn', @closefiqg)

o)

% Update data structure
guidata (hObject, handles);

fl.
fl.
fr.
fr.
rl.
rl.
rr.
handles.editl0, 'string',num2str (data.correction factors.rr.fac

% UIWAIT makes BalanceTest wait for user response (see UIRESUME)

% uiwait (handles.figurel);

% close
function closefig(varargin)
global data

try
stop(data.t);
delete(data.t);
end
try
set (data.fig, 'CloseRequestFcn', 'delete(gcf) ') ;
close (figure (1)) ;
end

data.bb.Disconnect;
data.wml.Disconnect;
delete (varargin{l});

function varargout = BalanceTest OutputFcn (hObject, eventdata,

varargout{l} = handles.output;

o)

% sample rate
function editl Callback (hObject, eventdata, handles)
data.sr=str2double (get (hObject, 'String'));
function editl CreateFcn (hObject, eventdata, handles)
if ispc && isequal (get (hObject, 'BackgroundColor'),
get (0, 'defaultUicontrolBackgroundColor'))

set (hObject, 'BackgroundColor', 'white') ;
end

o)

% duration
function edit2 Callback (hObject, eventdata, handles)
data.duration=str2double (get (hObject, "'String'));
function edit2 CreateFcn (hObject, eventdata, handles)
if ispc && isequal (get (hObject, 'BackgroundColor'),
get (0, 'defaultUicontrolBackgroundColor'))

set (hObject, 'BackgroundColor', 'white");
end
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$Quit
function pushbutton2 Callback (hObject, eventdata, handles)
close (handles.figurel);

% run test

function pushbuttonl Callback (hObject, eventdata, handles)
global data

data.bufferlen=10;
data.xx=zeros (data.bufferlen,l);
data.yy=zeros (data.bufferlen,l)
data.ms=ones (data.bufferlen,l);
data.bufcount=1;
data.sr=str2num(get (handles.editl, 'string'));
len=str2num(get (handles.edit2, 'string'));
data.height=str2num(get (handles.editl2, 'string'));
data.interval=1/data.sr;

data.length=len;

data.grafic=0;

data.save data=1;

data.data_ save=zeros(len*data.sr, 6);

% data.time save=zeros(len*data.sr,1);
data.max save count=len*data.sr;

data.save count=1;
data.globaltime=0;data.next full second=1l;

’

data.t=timer ('TimerFcn',@run update graph, 'ExecutionMode', 'fixedRate', 'Pe
riod',data.interval) ;
if data.grafic
data.fig=figure;clf;hold on;
set (data.fig, 'CloseRequestFcn','");
data.fig2=handles.figurel;
end
enable all (handles, 'off'");

start (data.t);
pause;

pause (len);
stop(data.t);

subjname=get (handles.editll, 'string');
filename=get new filename (subjname, 'txt');
for i=1l:len*data.sr;

o

o

s{i}=sprintf ('$ENLSENLSENLSENLSENLSE\LSE' ,data.time save (i),data.data sav
e(i,1),data.data _save(i,2),data.data save(i,3),data.data save(i,4),data.d
ata save(i,5),data.data save (i, 6));

s{i}=sprintf ('SE\LSENLSENLSENLSE\LSE",data.data save (i, 1) ,data.data save(
i,2),data.data_save(i,3),data.data save (i, 4),data.data save(i,5),data.dat
a_save(i,6));

end
savetofile (s, filename, '")

analyse results (handles);

disp (sprintf ('experiment successufully saved as %s',filename))
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if data.grafic
set (data.fig, 'CloseRequestFcn', 'delete(gct) ') ;
close (figure(1l));

end

enable all (handles, 'on'");
dos (sprintf ('notepad %$s &', filename)) ;

function pushbutton3 Callback (hObject, eventdata, handles)
global data
if data.isrunning==1;
data.isrunning=0; % stop
set (hObject, 'string', "run demo')
stop(data.t);
delete (data.t);
set (data.fig, 'CloseRequestFcn', 'delete(gcf) ') ;
enable all (handles, 'on'");
else
data.isrunning=1; % start
set (hObject, 'string', 'stop demo');
data.sr=8;
% sr=str2num(get (handles.editl, 'string'));

data.bufferlen=16;
data.xx=zeros (data.bufferlen,l);
data.yy=zeros (data.bufferlen,l)
data.ms=ones (data.bufferlen,l1l);
data.bufcount=1;

’

data.interval=1/data.sr;

data.grafic=1;

data.save data=0;
data.globaltime=0;data.next full second=1;

data.t=timer ('TimerFcn',@run update graph, 'ExecutionMode', 'fixedRate', 'Pe
riod',data.interval);

data.fig=figure;clf;hold on;

set (data.fig, 'CloseRequestFcn','");

data.fig2=handles.figurel;

enable all (handles, 'off'");
data.height=str2num(get (handles.editl2, 'string'));
set (handles.pushbutton3, 'enable', 'on'")

start (data.t);
end

[)

% calibrate
function pushbutton4 Callback (hObject, eventdata, handles)
global data
enable all (handles, "off');
handles=wii calibrate (handles,5); %calibrate with 5 kg
set (handles.edit3, 'string',num2str (handles.correction factors.fl.zero));
set (handles.edit4, 'string',num2str (handles.correction factors.fl.fac));
set (handles.editb, 'string',num2str (handles.correction factors.fr.zero));
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set (handles.edit6, 'string',num2str (handles.correction factors.fr.fac));
set (handles.edit7, 'string',num2str (handles.correction factors.rl.zero));
set (handles.edit8, 'string',num2str (handles.correction factors.rl.fac))
set (handles.edit9, 'string',num2str (handles.correction factors.rr.zero)
set (handles.editl0, 'string', num2str (handles.correction factors.rr.fac)

data.correction factors=handles.correction factors;
enable all (handles, 'on');
guidata (hObject, handles);

function edit3 Callback (hObject, eventdata, handles)
function edit3 CreateFcn (hObject, eventdata, handles)
if ispc && isequal (get (hObject, 'BackgroundColor'),
get (0, '"defaultUicontrolBackgroundColor'))

set (hObject, 'BackgroundColor', 'white'") ;
end
function edit4 Callback (hObject, eventdata, handles)
function edit4 CreateFcn (hObject, eventdata, handles)
if ispc && isequal (get (hObject, 'BackgroundColor'),
get (0, '"defaultUicontrolBackgroundColor'))

set (hObject, 'BackgroundColor', 'white');
end
function edit5 Callback (hObject, eventdata, handles)
function edit5 CreateFcn (hObject, eventdata, handles)
if ispc && isequal (get (hObject, 'BackgroundColor'),
get (0, '"defaultUicontrolBackgroundColor'))

set (hObject, 'BackgroundColor', 'white');
end
function edit6 Callback (hObject, eventdata, handles)
function edit6 CreateFcn (hObject, eventdata, handles)
if ispc && isequal (get (hObject, 'BackgroundColor'"),
get (0, 'defaultUicontrolBackgroundColor'))

set (hObject, 'BackgroundColor', 'white');
end
function edit7 Callback (hObject, eventdata, handles)
function edit7 CreateFcn (hObject, eventdata, handles)
if ispc && isequal (get (hObject, 'BackgroundColor'),
get (0, 'defaultUicontrolBackgroundColor'))

set (hObject, 'BackgroundColor', 'white'") ;
end
function edit8 Callback (hObject, eventdata, handles)
function edit8 CreateFcn (hObject, eventdata, handles)
if ispc && isequal (get (hObject, 'BackgroundColor'),
get (0, 'defaultUicontrolBackgroundColor'))

set (hObject, 'BackgroundColor', 'white');
end
function edit9 Callback (hObject, eventdata, handles)
function edit9 CreateFcn (hObject, eventdata, handles)
if ispc && isequal (get (hObject, 'BackgroundColor'),
get (0, 'defaultUicontrolBackgroundColor'))

set (hObject, 'BackgroundColor', 'white') ;
end
function editl0_Callback (hObject, eventdata, handles)
function editl0_CreateFcn (hObject, eventdata, handles)
if ispc && isequal (get (hObject, 'BackgroundColor'),
get (0, 'defaultUicontrolBackgroundColor'))

set (hObject, 'BackgroundColor', 'white") ;
end
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function enable all (handles, state)
set (handles.pushbuttonl, 'enable', state)
set (handles.pushbutton?2, 'enable', state)
set (handles.pushbutton3, 'enable', state)
set (handles.pushbutton4, 'enable', state)
set (handles.editl, 'enable', state)
set (handles.edit2, '"enable', state)
set (handles.edit3, 'enable', state)
set (handles.edit4, 'enable', state)
set (handles.edit5, 'enable', state)
set (handles.edit6, 'enable', state)
set (handles.edit7, 'enable', state)
set (handles.edit8, 'enable', state)
set (handles.edit9, 'enable', state)
set (handles.editl0, '"enable', state)
set (handles.editll, '"enable', state)
set (handles.editl2, "enable', state)

function editll Callback (hObject, eventdata, handles)
function editll CreateFcn (hObject, eventdata, handles)
if ispc && isequal (get (hObject, 'BackgroundColor'),
get (0, 'defaultUicontrolBackgroundColor'))

set (hObject, 'BackgroundColor', 'white');
end
function editl2 Callback (hObject, eventdata, handles)
function editl2 CreateFcn (hObject, eventdata, handles)
if ispc && isequal (get (hObject, 'BackgroundColor'"),
get (0, 'defaultUicontrolBackgroundColor'))

set (hObject, 'BackgroundColor', 'white'");
end
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Appendix 4: Tables and graphs of the development work (chapter 3)

Table A4.1: Step 1 comparison between true and measured values of X ,Y and weight

Weight Measured X Measured X Y Measured Y
weight
1 |2kg 3.6924 9 0.0600 6 3.7063
5 kg 6.6540 3.9494 4.8808
10 kg 11.5949 5.8488 5.6491
2 2 kg 3.6327 9 -0.1738 -6 -3.3631
5 kg 6.6480 3.8783 -4.6151
10 kg 11.7082 5.7922 -5.0560
3 2 kg 3.6965 -9 -10.6053 6 3.8473
5 kg 6.7197 -9.5642 4.8359
10 kg 11.6325 -9.5613 5.5885
4 2 kg 3.6728 -9 -10.7866 -6 -3.6894
5 kg 6.6707 -9.7438 -4.7117
10 kg 11.4166 -9.1693 -5.1191
5 2 kg 3.6996 16 4.1493 9 5.7213
5 kg 6.7410 9.5572 7.4579
10 kg 11.4838 11.6667 8.2921
6 2 kg 3.6889 16 4.0356 -9 -5.3737
5 kg 6.6596 9.3552 -6.8856
10 kg 11.7353 11.8712 -7.9827
7 2 kg 3.6434 -16 -15.0224 9 6.0297
5 kg 6.7126 -15.2734 7.1999
10 kg 11.5497 -15.7243 8.1122
8 2 kg 3.6965 -16 -14.8595 -9 -5.7542
5 kg 6.6834 -14.9212 -7.3561
10 kg 11.5870 -15.3796 -7.8224
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Graph A4.1: Step 1 true and measured X
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Graph A4.2: Step 1 true and measured Y
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Table A4.2: Step 2 comparison between true and measured values of X, Y and weight
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True Measured | X Measured | Y Measured | True Measured | X Measured | Y Measured
weight weight X Y weight weight X Y
10.439 kg 11.6993 9 6.2032 6 5.4543 10.439kg | 9.6098 9 7.5028 -6 -6.2044
20.439 kg 20.236 7.3725 5.7342 20.439 kg 21.9099 9.016 -6.6061
30.439kg | 28.1093 7.9957 5.8566 30.439 kg 29.67 9.3351 -6.7139
40.439 kg 38.7073 9.7235 5.1568 40.439 kg 37.8271 9.579 -6.7829
10.439 kg 10.9806 16 13.639 9 7.5004 10.439 kg 10.5391 16 13.9113 -9 -8.8859
20.439kg | 22.0888 15.3945 7.6541 20.439 kg 19.9575 15.5813 -9.4543
30.439kg | 29.536 15.8554 7.7932 30.439 kg 29.2309 16.0915 -9.6384
40.439 kg 39.1351 16.1322 7.9033 40.439 kg 39.9707 16.1629 -9.7435
10.439 kg 11.6555 -9 -7.9154 6 4.6978 10.439 kg 11.4893 -9 -7.8706 -6 -6.3392
20.439 kg | 21.9473 -7.691 4.9006 20.439 kg 20.8402 -7.3304 -6.5368
30.439 kg | 30.6681 -7.3598 5.1272 30.439 kg 26.5458 -7.1484 -6.6304
40.439 kg | 39.2404 -7.2849 5.1996 40.439 kg 36.7253 -6.9837 -6.7312
10.439 kg 11.6427 -16 -13.929 9 7.3821 10.439 kg 11.0934 -16 -13.9715 -9 -8.9861
20.439kg | 21.5709 -14.1044 7.6679 20.439 kg 20.9345 -13.9519 -9.4708
30.439 kg | 30.1963 -13.8995 7.9013 30.439 kg 29.9413 -13.9163 -9.6714
40.439 kg | 40.2955 -14.0355 7.985 40.439 kg | 40.7725 -13.8854 -9.7524
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Graph A4.3: Step 2 true and measured values of X
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Graph A4.5: Step 3 the difference between true and measured X values from Step 2
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Graph A4.7: Step 3 the difference between true and measured Y values
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Table A4.3: Step 4 comparison between true and measured values of X, Y and weight with another WBB
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True Measured True X Measured X TrueY Measured Y True | Measured True X | Measured X TrueY | Measured Y
weight weight weight weight

10.439 kg 11.1032 9 0.183241 6 9.46987 | 10.439kg | 10.30748 16 5.953594 9 11.96207
20.439 kg 17.38912 0.003365 10.0666 | 20.439kg | 21.00096 7.48606 12.96084
30.439 kg 31.11289 1.411619 10.47183 | 30.439kg | 30.54966 7.911763 13.29355
40.439 kg 40.58558 1.474224 9.499807 | 40.439kg | 38.72102 8.237559 12.49686
10.439 kg 11.01423 9 -0.14482 -6 -2.20149 10.439 kg | 10.76309 16 6.523494 -9 -5.23247
20.439 kg 21.1125 1.184407 -1.61215 20.439 kg | 21.91441 7.841303 -4.59826
30.439 kg 30.22943 1.54743 -1.42874 | 30.439kg | 31.38557 8.1761 -4.47376
40.439 kg 40.66356 1.591243 -2.62797 | 40.439kg | 41.42514 8.329396 -5.61914
10.439 kg 11.73461 -9 -16.1906 6 9.324997 10.439kg | 11.76535 -16 -22.6488 9 12.12665
20.439 kg 21.74757 -15.6051 10.148 20.439 kg | 18.46931 -22.7525 12.81334
30.439 kg 30.2367 -15.4043 10.38574 | 30.439kg | 30.60029 -22.277 13.27808
40.439 kg 41.71906 -15.7162 9.578797 | 40.439kg | 38.85336 -22.7159 12.45848
10.439 kg 11.43205 -9 -16.4079 -6 -2.03594 | 10.439kg | 11.50866 -16 -22.7888 -9 -5.05946
20.439 kg 21.50215 -15.6787 -1.51909 | 20.439 kg 21.646 -22.3998 -4.71632
30.439 kg 29.09718 -15.364 -1.44347 | 30.439kg | 30.61095 -22.245 -4.55482
40.439 kg 38.45566 -15.8831 -2.48109 | 40.439kg | 38.82939 -22.6615 -5.61996
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Graph A4.9: Step 4 true and measured X values
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Graph A4.10: Step 4 true and measured Y

1
Measured Y z

10 - g

Xz

[e»]

-8 -

-10 -

¢ 10kg B 20kg A 30kg X 40kg ——Y=MeasuredY

246




Table A4.4: Step 5 comparison between true and measured values of X, Y and weight with WBB2 on another day

Appendices

True Measured True X Measured True Y Measured True Measured True X Measured True Y Measured
weight weight X Y weight weight X Y
10.439kg | 9.554759 9 -0.01552 6 7.882076 10.439 kg 10.07303 16 6.783809 9 11.11724
20.439 kg 21.42576 1.077647 9.105374 20.439 kg 21.03984 7.924029 12.11193
30.439 kg 30.22944 1.373928 9.342287 30.439 kg 30.65916 8.247172 12.40302
40.439 kg 40.09842 1.469513 9.495302 40.439 kg 38.01871 8.210162 12.46838
10.439kg | 11.20387 9 0.365442 -6 -3.50431 10.439 kg 10.68745 16 6.620537 -9 -6.46435
20.439kg | 21.75071 1.214266 -3.23482 20.439 kg 21.12596 7.813339 -5.68515
30.439 kg | 30.6575 1.518603 -3.0267 30.439 kg 31.33349 8.189812 -5.4741
40.439 kg | 40.42332 1.584466 -2.63289 40.439 kg 41.15555 8.325836 -5.61839
10.439 kg | 10.49627 -9 -16.9185 6 8.269449 10.439 kg 10.41979 -16 -23.5004 9 11.14068
20.439 kg | 20.43088 -16.0997 9.048079 20.439 kg 19.21814 -22.9402 12.18923
30.439 kg | 30.30081 -15.7831 9.3344 30.439 kg 29.12949 -22.7134 12.49653
40.439 kg | 41.55832 -15.7148 9.577996 40.439 kg 38.88979 -22.6994 12.46279
10.439 kg | 10.86033 -9 -16.8097 -6 -3.50313 10.439 kg 10.68762 -16 -23.4156 -9 -6.44905
20.439kg | 21.27007 -16.0779 -2.76935 20.439 kg 21.23837 -22.6929 -5.73593
30.439 kg | 31.74744 -15.8575 -2.56651 30.439 kg 27.88307 -22.4547 -5.59319
40.439 kg | 38.20601 -15.8904 -2.489 40.439 kg 38.66788 -22.6613 -5.63198
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Appendix 5: Parents’ Information Sheet (chapter 4)

Study Title: Reliability of the Wii Balance Board in
measuring balance

Researcher: Afrah Almuwais Ethics number:988

Your child is being invited to take part in a research study. Before you decide if you
would like him or her to participate, it is essential that you understand the purpose
of the research and what it will involve. Please take time to read the following
information and discuss it with others if you wish. It is important that you
understand all of the information before you decide whether or not you would like
your child to take part in the research. If you are happy for your child to participate,
you will be asked to sign a consent form. Please contact us if there is any more
information that you require, or if anything is unclear.

What is the research about?

Good balance control is needed for everyday activities. Sometimes people do not have
adequate balance control, and to identify if there are problems we can take
measurements using laboratory equipment. In this study we are going to use the Wii
Balance Board to test balance, but first we need to ensure the recordings are accurate and
consistent. To do this we plan to measure the balance of thirty children.

Why has my child been chosen?
Your child has been chosen because we would like to measure the balance of thirty
children between the ages of 6 and 12 years old.

Does my child have to take part?

It is entirely your decision as to whether or not you allow your child to participate in this
study. If you do decide to let your child take part, you will be asked to sign a consent
form. Your child will be given an information sheet too, and will be given the chance to
decide to take part in this study or not. In addition, your child will be free to withdraw
from the study at any point during the procedure without having to give a reason.

What will happen to my child if he or she takes part?

If you agree for your child to participate in this study, you should contact the researcher
(Afrah Almuwais) to inform her of your decision. She will arrange a convenient time and
date for you and your child to attend two balance measurement sessions. Sessions will be
held in a gait lab at Southampton General Hospital. Travel expenses to and from
Southampton General Hospital will be offered for you and your child. We ask you kindly to
remain with your child during the sessions.

The researcher will meet you at the entrance of the hospital and take you the gait lab
where we will discuss the procedures, and if you are happy for your child to participate
you will be asked to sign a consent form. After that the researcher will explain the
research procedure to your child, and if he or she is happy to participate the researcher
will help him or her to fill in the consent form for children. We will ask you to answer few
qguestions about your child’s age, gender and general health.

Each session will take approximately 20-30 minutes. Your child will be asked to remove
his or her shoes and step onto a weighing scale to take their weight. A height
measurement will also be taken. They will then step onto the Wii Balance Board and
perform four tasks. Each task will be performed three times with a rest of 30 thirty
seconds in between:

1. Stand on both legs with eyes open for 60 seconds

2. Stand on both legs with eyes closed for 60 seconds

3. Stand on one leg with eyes open for 30 seconds
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4. Stand on one leg with eyes closed for 30 seconds

The procedure will be painless, and your child will not feel any discomfort while they are
performing the tasks. The second session will be held the following week, when your
child will be asked to perform the same tasks again, doing each task three times as
before.

Are there any benefits in my taking part?

There are no direct benefits to your child of taking part in this study. It is hoped that the
information gained from this study may help us to use the WBB in rehabilitation clinics to
measure balance in children with limited stability.

What are the side effects of any treatment received when taking part in this study?
There are no treatments and no known side effects involved with taking part in this study.

What are the possible disadvantages of taking part in this study?
There are no known serious disadvantages or risks associated with taking part in this
study.

Will my child’s participation in this study be kept confidential?

All information collected during the research process will remain confidential. Any data
that is collected from you or your child will not have your child’s name attached, and will
be allocated with an individual code so that your child will not be identifiable. The
information will be saved on a password-protected laptop that will be stored in a locked
cupboard at the University.

What will happen to the results of the research study?

The information recorded from the WBB will be converted into figures for analysis. Some
of the information may be used to develop future research ideas. The findings may also
be written up in the form of reports or research articles and published at conferences or
in academic journals. If this happens, your child will not be identifiable.

Who has reviewed the study?
The study has been reviewed by the Ethics Committee of the Faculty of Health Sciences.
Ethics number: 988

What to do if you want to complain.

If you have a concern or a complaint about this study you can contact Dr. Martina Prude,
Head of Research Governance, Room 4055 /Building 37 (Address: University of
Southampton, Building 37, Highfield, Southampton, SO17 1BJ ; Tel:

Fax: C__ _.__ _. _1; Email ). If you remain unhappy and wish to
complain formally Martina Prude can provide you with details of the University of
Southampton Complaints Procedure.

Thank you for taking the time to read this information sheet
If you would like any further information please contact:

Researcher: Afrah Almuwais, MPhil/PhD student,
Faculty of Health Sciences, University of Southampton, SO17 1BJ. Email:
<, Tel:

Supervisor: Ann Ashburn, Professor of Rehabilitation,
Faculty of Health Sciences, University of Southampton, Mail Point 886 Southampton
General Hospital. Email: _...._ ____...__._.. . Tel:

Date: 28 May 2012 [V.3]
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Appendix 6: Children information sheet (chapter 4)

Ethics Number: 988 Date: 28 May 2012

Thank you very much for reading
this information and thinking about
taking part in our study. If you
want to join the study, tell your
parents and they will let us know.

(™)

THANK )/ YOV
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Ethics number: 988 Date: 28 May 2012

Participant Information Sheet
for children between 6 - 12 years

ﬂi]@]![r

It's about:
LR ] L J
Can the Wii-Balance W" F , t
Board measure

standing balance?




Ethics Number: 988 Date: 28 May 2012 V2

What iz research? Why iz this research being done?
Research is a way to find out the answers to questions.
We want to see if the Wii-Balance Board can tell us if
you are balanced when you stand or net?
This is because there is not much information on this
topic.

Why have I been azked to take part?

We are contacting you because you are between the ages of 6 and 12

years old .

Did anyone elze check the study iz OK to de?

Before any research is allowed to happen, it has to

be checked by a group of people called an Ethics

Committee. They make sure the research is OK to

do. Your study has been checked by the Ethics

Committee of the Faculty of Health Sciences, Uni-
" versity of Southampten.

De I have to do thiz study?

Mo, it's up to you. If you want to do the study you
should keep this sheet of paper. If you decide to join
but change your mind later, that's fine too. You are al-
lowed to leave the study whenever you want without

telling us why.

What will happen if I take part?
If you join the study we will contact your parents
to bring you to the balance measurement sessions.

On bay 1 we will explain what you have to do and
you can ask us any questions, and then you will fill in
a form. You will be asked to remove your shoes and
step on a weight scale to take weight and height
measurements.
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Ethics Number: 988 Dhate: 28 May 2012

Then you will stand on te the Wii-Balance Board 4 times:

1 Stand still on two legs with eyes open for 60 sec.
Stand still on twe legs with eyes closed for €0 sec.

Stand still on ene leg with eyes open for 30 seec.

Stand still on one leg with eyes closed for 30 sec.

2.
3.
4.

Then you will repeat them 3 times. On Day 2 you will do
the same and it will only take 20 minutes.

Is there anything about the research that would up-
set me?

Ne, you will not feel anything. Nething will upset you,
but if you feel bored or don't want to do it you can stop at any time
without saying why.

How could this study help me?
We cannot promise the study will help you, but we hope your results will

help us to use the Wii-Balance Beard to measure balance in children.

Will anyone knew I'm doing this?
Only the researchers will know. We will enly use
information after removing your name and replac-

ing it with a code number, so no one else will know
that you are doing this study.

What if there iz a preblem?

If you have any questions or are unhappy about any-
thing, tell your parents. They have been told who to
call.
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Appendix 7: Parents’ consent form (chapter 4)

Study title: Reliability of the Wii Balance Board in measuring balance

Researcher’s name: Afrah Almuwais
Ethics reference: 988

If you would like your child to participate in the above study, please fill in this form
and sign below.

Please initial the box(es) if you agree with the statement(s):

| have read and understood the information sheet (v.3, date: 28 May 2012) and have

had the opportunity to ask questions about the study.

| agree to allow my child to take part in this research project, and for my child’s data

to be used for the purposes of this study.

| understand that my child’s participation is voluntary, and my child may withdraw

at any time without my legal rights being affected.

I am happy to be contacted regarding other research projects. | therefore

consent to the University retaining my personal details on a database, kept
separately from the research data detailed above. My consent is conditional

upon the University complying with the Data Protection Act, and | understand

| agree to allow my child {child’s name} to participate in
the above study.

Data Protection
| understand that information collected about my child during their participation in this
study will be stored on a password-protected computer, and that this information will only

be used for the purposes of this study. All files containing any personal data will be
anonymous.

Name of parent (print name)

Date: 28 May 2012 [V.2]
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Appendix 8: Child assent form (chapter 4)

Assent Form for Children

(Completed by the child with their parent or with the researcher after parental consent)

Title of Project: Reliability of the Wii Balance Board in measuring balance
Name of researcher: Afrah Almuwais Ethics Number: 988

Please circle the child’s answers:

Has somebody explained this project to you? Yes/ No
Do you understand what this project is about? Yes/ No
Have you asked all the questions you want? Yes/ No
Have you had your questions answered in a way you understand? Yes/ No

Do you understand that it’s OK to say no and stop taking part at any time? Yes/No

Are you happy to take part? Yes / No

If any of the answers are ‘No’ or you don’t want to take part, don’t sign your name below.
If you do want to take part, you can sign your name below.

Your name:

Date:

The person who explained this project to you needs to sign too:

Name Date Signature

Date: 30 April 2012 [V.1]
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Appendix 9: Child screening sheet SOthh

UNIVERSITY OF

ampton

Date: (dd/mmlyy)

ID Number

Please fill in the following information for your child.

1. Gender (M/F)

2. Date of birth (dd/mmlyy), Age
3. Height cm

4. Weight kg

5. BMI

6. Consent: please tick as appropriate:

years

6.1 Have your queries about the study been answered and consent been gained to your

satisfaction?

6.2 Have you signed the consent form?

7. Please answer the following questions by circling Yes or No.

7.1 Has your child being diagnosed with any of the following:

Neurological condition such as cerebral palsy Yes No
Musculoskeletal disorder Yes No
Visual impairments Yes No
If yes, please give details.

7.2 Has your child had any recent injury that might affect his or Yes No
her ability to stand for over ten minutes?

If yes, please give details.

7.3 Is your child currently participating in any other research Yes No
studies?

If yes, please give details.

7.4 1s your child currently involved in any balance training Yes No

exercises?

If yes, please give details.

Date: 30 April 2012
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Appendix 10: Faculty of health sciences ethical approval (chapter 4)
UNIVERSITY OF
Southampton

Miss Afrah Almuwais RGO Ref: 8665
School of Health Sciences

University of Southampton

University Road

Highfield

Southampton

SO17 18)

23 July 2012

Dear Miss Almuwais

Project Title Intra- and Inter- Session Reliability of COP Parameters measured by Wii-
Balance Board

This is to confirm the University of Southampton Is prepared to act as Research Sponsor for this
study, and the work detailed in the protocol/study outline will be covered by the University of
Southampton insurance programme.

As the sponsor's representative for the University this office is tasked with:

1. Ensuring the researcher has obtained the necessary approvals for the study
2. Monitoring the conduct of the study
3. Registering and resolving any complaints arising from the study

As the researcher you are responsible for the conduct of the study and you are expected to:

1. Ensure the study is conducted as described in the protocol/study outline approved by this

office
2. Advise this office of any change to the protocol, methodology, study documents, research

team, participant numbers or start/end date of the study
3. Report to this office as soon as possible any concern, complaint or adverse event arising

from the study

Failure to do any of the above may invalidate the insurance agreement and/or affect
sponsorship of your study i.e. suspension or even withdrawal.

On receipt of this letter you may commence your research but please be aware other

Is may be required by the host organisation if your research takes place outside
the University. It is your responsibility to check with the host organisation and obtain
the appropriate approvals before recruitment is underway in that location.

May | take this opportunity to wish you every success for your research.
Yours sincerely

Dr Martina Prude
Head of Research Governance

Tel: 023 8059 5058
email: rgoinfo@soton.ac.uk

Corporate Services, University of Southampton, Highfield Campus, Southampton S017 1) United Kingdom
Tel: +44 (0) 23 8059 4684 Fax: +44 (0) 23 8089 5781 www.southampton.ac.uk
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My Research

Submissions to review

Downloads

Adverse Incident

..wcma

Submission 10:988

¥ Southampton

Loggedin as:aa38g10 | Logout

Intra- and Inter- session reliability of COP parameters measured by Wii-Balance

Submission Overview| IRGA Form | Attachments| History | Adverse Incident

Appraved by the Ethics Committee in 85 day(s) on 11/07/2012
Approved by RGO in 11 day(s) on 23/07/2012

Attached

Comments
Documents

230712012253 pm
230712012 2:25 pm

110712012 3:18 pm

2510612012 12:38 pm

260512012 12:49 pm

Note added Please find attached your letter of insurance and sponsorship. )~/ Note attachment
RGO reviewed and approved Noissues, your letter willoe forwarded shortly

Reviewed and approved by the
ethics committee

Submitted to Ethics Committee

Revision requested by the ethics
committee
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Appendix 11: MATLAB coding algorithm to process data

clear all

o)

% global variables

Wiiwidth=21.7; % width of Wii Board

WiiHeight=11.7; % Height of Wii Board

samplerate=1/30; % sr=30 points per second

block length zeros=3; % the number of zeros that must follow each other
in order for it to be counted as block (otherwise they are just
eliminated)

block length data minimum=3; % the number of points minimum in order to
count them as data

weigh samplefactor=0.039882; % this value is the minimum difference
between data points

% only use data before=0;

mode="hand';

o)

% mode="'auto'

switch mode
case 'hand'
% subject number
snr=input ('enter ID number ');
$week one/two
disp('Hit enter to select default in [brackets] ")

week=input ('enter week [1],2 ");
if isempty (week)
week=1;
end
if week==
weekstr="";
else
weekstr='d2"';
end

$Eyes open or closed
twhile isempty (Weck et al.)
eye=input ('Eyes Open or Closed [O]/C ' ,'s'");
if isempty (Weck et al.)
eye='0";
end

%end
% one or two legs
legs=input ('enter number of legs [1]/2) ");
if isempty(legs)
legs=1;
end
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%experiment number
exnr=input ('enter experiment number (1,2,3) ');

snrstr=sprintf ('0%d"', snr);
snrstr=snrstr (end-1:end);

filename=sprintf ('%$s%sE%s%dL%1d.txt', snrstr,weekstr,eye, legs,exnr) ;
clc
disp (sprintf ('subject number: %d',snr));
disp(sprintf ('Eyes: %s',eye));
disp (sprintf('legs: %d',legs));
disp (sprintf ('experiment nr: %$d',exnr));
disp(sprintf('filename: %s',filename));
disp(' ");

% cd('C:\locallafrah\Data'):;

sens=load (filename); %

case 'auto'

sens=load ('05EC2L2.txt"); % the one with 2 outliers
sens=load ('06EOILl.txt"); & 67% of data missing

sens=load ('06EO2L2.txt"); 38% of data missing

sens=load ('06EC2L2.txt");

o° o°
o° o

o

o°
o°

sens=load ('05EC1L2.txt");
sens=load ('10EC1Ll.txt");

o
o

o°
o°

lr=sens(:,1
rr=sens(:,2
lf=sens(:,3
rf=sens(:,4

% calculation of COP:
x0=((rf+rr)-(1f+1lr)) ./ ((rf+rr+lf+lr)) *Wiiwidth;
yO0=((lf+rf) - (lr+rr)) ./ ((rf+rr+lf+lr))*WiiHeight;
z0=1:1length (x0) ;

figure

clf

hold on

plot3(x0,y0,z0,".-")

title(sprintf ('original data: %d', length(x0))):;

o\

this is to find out what the samplerate is
d=diff (1lr);
a=[];c=1;
for i=1l:1length (d)

if d(i)>0

a(c)=d(i);c=c+1l;

end
end
min(a) % this is the smallest difference of all that is not zero

o° 0 o o o o o°

o\°
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%% error checking:

% these data points are exact repeats of the previous one
full zeros=find(diff (x0)==0 & diff(y0)==0);
% but only the ones that occur isolated, within a block length

% find out which zeros are isolated (smaller then the block length), and
if so, elimiate them.

indivual zeros=[];

icc=1;

diffz=diff (full zeros); % the differences between the list numbers. If
1, then neighbour

o oe

o\

cl=1;
indivual zeros=[];
while cl<length (x0)-1
dx1=x0 (cl+1)-x0(cl);
if dx1==0 % begin of a set of zeros
cz2=1;
while c2<length(x0)-cl % count how many zeros in a row
dx2=x0(cl+c2)-x0(cl+c2-1);
if dx2==0 % begin of a set of zeros
c2=c2+1;
else
break
end
end
if c2<=block length zeros % below threshold, throw them all out
but one
indivual zeros=[indivual zeros cl:cl+c2-2];
else

oe

it's a block and we care for it later!
x1=[x1;x0(cl:cl+c2-1)];
yl=[yl;y0(cl:cl+c2-1)1];

o

o

end
cl=cl+c2-1;

Q

else % no zeros, just copy

cl=cl+1l;
o x1l=[x1;x0(cl)];
o yl=[yl;y0(cl)];

end

o©

and set the difference between the original one and the found zeros as
% the new one

indx=setdiff (1:length(x0),indivual zeros);

x1=x0 (indx) ;

y1l=y0 (indx) ;

z1l=1:1length(x1l);
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disp (sprintf ('%d total zeros found (out

of %d): %2.2f%%',length(full zeros),length(x0),length(full zeros)*100/len
gth (x0)));

disp(sprintf ('%d isolated zeros (of short streches of zeros) elimiated,
leaving %d data points',length(indivual zeros),length(xl)));

o)

% check

figure

clf

hold on

plot3(x1l,yl,zl,"'.-")

title(sprintf ('after elimination of individual zeros: %d', length(xl)));

000000000000000000000000

% preamble: calculate the cutoff point as a threshold of three times the
sd
% of all other differences
dv=[];
for i=l:1length(xl)-1
dx=x1(1i+1)-x1(1);
dy=y1 (i+1)-y1(i);
dv (i) =sqgrt (dx*dx+dy*dy) ;
end
cut off optionl=mean (dv)+5*std(dv);
% absolute maximum: it should never be more than 5
cut off option2=15;
cut off=min(cut off optionl,cut off option2);

[

% disp (sprintf ('cut off for outliers is %3.2f',cut off));

o°

figure;clf;hold on
hist (dv,10000) ;
[a,b]=hist (dv,10000) ;

o°

o\

cerr=l;err=[];
% first: identify points where the pathlength is impossibly high
% > cutoff

for i=l:length(x1l)-1
dx=x1(i+1)-x1(1i);
dy=yl (i+1)-yl(i);
dv (i) =sqgrt (dx*dx+dy*dy) ;
if dv(i)>cut off
err (cerr)=i;cerr=cerr+l;
end
end
% an outlier is only a point that differs to both sides!
real_err=[];cc=1;
for i=l:length(err)-1
if err(i)==err (i+l)-1
real err(cc)=err (i
end
end

% this is a double!
)+1;cc=cc+l;

Q

% secondly: create a new set of data without the errornous points
start=1;

for i=l:length(real err)

x2=[x2;x1 (start:real err(i)-1)];
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y2=[y2;yl(start:real err(i)-1)1;
start=real err(i)+1;
end
x2=[x2;x1 (start:end)];
y2=[y2;yl (start:end)];
z2=1:1length (x2) ;
disp(sprintf ('%d points eliminated as outliers with a criterion of %3.2f
leaving %d datapoints', length(real err),cut off,length(x2)))

Q

% check

figure (3)

clf

hold on

plot3(x2,y2,z2,'.-")

title(sprintf('after outlier elimination: %d', length(x2)));

o\
o\

o\

third: blocks of zeroes

this is the most difficult, because we need to split the data (now in
2

and y2 into an array of parts of the track.

o°

o° X

$let's first find out if there are any blocks of zeros
full zeros=find(diff (x2)==0 & diff(y2)==0);
zeroblock count=1;
datablock count=1;
datablocks=[];
zeroblocks=[];
datablockrejectcount=0;
data too_ short count=0;
total block zero count=0;
if ~isempty (full zeros)
cl=1;
indivual zeros2=[];
while cl<length(x2)-1
dx1=x2 (cl+1l)-x2(cl);
if dx1==0 % begin of a set of zeros
c2=1;
while c2<length(x2)-cl % count how many zeros in a row
dx2=x2 (cl+c2)-x2 (cl+c2-1);
if dx2==0 % begin of a set of zeros
c2=c2+1;
else
break
end
end
if c2<=block length zeros % below threshold, throw them all
out but one
% should not happen any more!
else
%it's a block and we need to split the data file before
and
safter
zeroblocks (zeroblock count,1)=cl;
zeroblocks (zeroblock count,2)=cl+c2-1;
zeroblock count=zeroblock count+1;
total block zero count=total block zero count+c2;
end
cl=cl+c2-1;
else % no zeros
cl=cl+1;
end
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end

% split the data into datablocks (unless no zeroblocks)
if isempty(zeroblocks)
disp('no zero blocks in the data')
datablocks (1,1)=1;
datablocks (1,2)=1length (x2);
else
start=1;
for i=l:zeroblock count-1
if zeroblocks(i,1)>1 % this happens when the first few
numbers are zeros
if i==
datablocks (datablock count,1)=1;
datablocks (datablock count, 2)=zeroblocks (i, 1)-1;
else
datablocks (datablock count,1l)=zeroblocks (i-1,2)+1;
datablocks (datablock count, 2)=zeroblocks (i, 1)-1;
end
% data block is only good if long enough:
start=datablocks (datablock count,1);
stop=datablocks (datablock count, 2);
if stop-start<block length data minimum
datablock count=datablock count-1;
datablockrejectcount=datablockrejectcount+1;
data_ too short count=data too short count+stop-start;
end
datablock count=datablock count+1;
end
% and at the end also the last block of data
datablocks (datablock count,l)=zeroblocks (i,2)+1;
datablocks (datablock count, 2)=length (x2) ;
s datablock count=datablock count+1;
end
% datablock count=datablock count-1;
end
else
disp('no zeros in the data')
datablocks (1,1)=1;
datablocks (1, 2)=1length(x2);
end

o\°

if only use data before>0
datablocks (1,2)=only use data before;
end

o\

o\

[

% final analysis
calculate the path length
COlS:['b','I','g','C','y','k','m','b','q','r'],‘
figure (4);clf;hold on
datacount=0;
for i=l:datablock count
start=datablocks (i, 1) ;
stop=datablocks (i, 2);
pls=sprintf('.-%s',cols(mod(i,10)+1));
plot3 (x2 (start:stop),y2(start:stop),z2(start:stop),pls);
datacount=datacount+ (stop-start);
end
title(sprintf ('sd blocks of data, total %d
datapoints',datablock count,datacount));
set(gca, 'xlim', [-WiiWidth WiiWwidth], 'ylim', [-WiiHeight WiiHeight]);

o\

o\
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disp(sprintf ('%d blocks of data identified, total %d data
points',datablock count,datacount));

disp(sprintf ('%d blocks of zeros identified, total %d data
points',datablock count,total block zero count));

disp(sprintf ('%d blocks of data rejected with %d points (because each
shorter than %d

points) ',datablockrejectcount,data too short count,block length data mini
mum) ) ;

disp(' ");

disp('final analysis of data');

datacount=0;

pl=[1;

cogx=[];cogy=I[1;

for i=l:datablock count
start=datablocks (i, 1) ;
stop=datablocks (i, 2);

dx=diff (x2 (start:stop));
dy=diff (y2 (start:stop));

pl (i)=sum(sgrt (dx.*dx+dy.*dy) ) ;
datacount=datacount+ (stop-start);

cogx=[cogx;x2 (start:stop)];cogy=[cogy;y2 (start:stop)];
stdcogx (1) =std (dx) ;
stdcogy (1) =std (dy) ;

o oe

o°

end

pathlength=sum (Santos et al.)/(datacount*samplerate) ;
disp(sprintf ('$d data points measured at a sample rate of %2.1f
Hz',datacount, 1l/samplerate)) ;

disp(sprintf ('equivalent time measured: %$2.1f
sec',datacount*samplerate))

disp (sprintf ('pathlength: %2.2f cm/sec',pathlength));

disp (sprintf ('mean cog x: %2.1f cm, y: %2.1f cm',mean (cogx),mean (cogy)));
disp(sprintf ('Standard deviation cog x: %2.1f cm, y: %$2.1f
cm',std(cogx),std(cogy)));

disp(sprintf ('Skewedness cog x: %2.3f,

yv: %$2.3f',skewness (cogx), skewness (cogy))) ;

disp (sprintf ('Kurtosis cog x: %$2.3f, y: %2.3f',kurtosis(cogx) -
3,kurtosis (cogy)-3));

disp(sprintf('range in x: %$2.1f cm, range in y: $2.1f cm',max(cogx)-
min (cogx),max (cogy)-min (cogy))) ;

figure (5)

subplot (2,1,1)

hist (cogx,100)

title('histogram distribution around x')
subplot (2,1,2)

hist (cogy,100)

title('histogram distribution around y')
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Appendix 12: Table of the row results data for analysis in chapter 4

EO2L EC2L
ID Day 1 Day 2 Day 1 Day 2
CoP1 COoP2 COP3 MCOP COoP1 CcoP2 COP3 MCOP CoP1 CoP2 cor3 MCOP cor1 CoP2 CoP3 MCOP

5 2.75 2.88 2.86 2.83 2.86 2.9 3.12 2.96 2.79 2.62 2.72 2.71 3.09 3.04 3.17 31
6 3.11 2.5 2.28 2.63 2 2.1 1.96 2.02 2.34 2.24 2.35 2.31 2.25 291 2.47 2.54
7 1.51 1.19 1.34 1.35 1.37 1.35 1.21 1.31 1.46 1.38 1.38 141 1.58 1.43 1.41 1.47
8 2.75 2.85 3.26 2.95 2.97 2.71 2.6 2.76 3.35 3.17 3.2 3.24 2.89 3.02 3.17 3.03
9 3.69 3.54 3.7 3.64 3.77 3.68 3.61 3.69 3.64 3.87 3.79 3.77 3.63 3.72 3.6 3.65
10 2.76 2.7 2.79 2.75 2.59 2.55 2.86 2.67 2.67 2.78 3.34 2.93 3.22 2.72 2.59 2.84
11 3.06 3.22 3.6 3.29 3.92 3.18 3.13 341 3 3.69 3.49 3.39 3.45 3.44 3.81 3.57
12 2.69 2.74 2.92 2.78 2.73 2.65 2.69 2.69 3.23 2.7 2.64 2.86 291 2.99 2.74 2.88
13 1.83 2.03 1.76 1.87 1.99 1.91 1.77 1.89 2.05 2.36 2.12 2.18 2.68 2.15 2.26 2.36
14 2.4 2.06 2.36 2.27 2.15 2.02 2.03 2.07 2.21 2.2 2.09 2.17 2.07 2.22 2.25 2.18
15 3.03 3.08 3.47 3.19 3.35 33 3.49 3.38 3.35 3.12 3.36 3.28 4.16 3.56 3.39 37
17 4.21 3.75 3.87 3.94 3.72 4.1 3.86 3.89 3.88 5.24 4.2 4.44 4.24 4.16 4.02 4.14
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EO1L ECIL

ID Day 1 Day 2 Day 1 Day 2

COP1 | COP2 | COP3 | MCOP | COP1 | COP2 | COP3 | MCOP COP1 COP2 CcoP3 MCOP COP1 COP2 COP3 MCOP
5 4.56 6.01 5.29 5.03 4.33 5.63 5 8.53 6.29 7.41 6.49 7.77 6.6 6.95
6 7.71 7.86 9.23 8.27 6.69 5.7 7.23 6.54 12.56 13.38 12.97 11.73 16.22 12.54 13.5
7 4.48 4.07 4.88 4.48 5.9 6.27 5.24 5.8 5.57 6.91 6.3 6.26 6.6 7.41 7.01
8 6.95 6.78 10.33 8.02 5.47 5.92 6.75 6.05 8.93 10.19 9.71 9.61 9.68 10.03 9.86
9 6.6 6.54 6.57 9.57 8.73 8.1 8.8 7.92
10 4.96 4.61 5.04 4.87 4.84 5.49 4.96 5.1 9.11 9.35 9.23 7.58 11.53 10.26 9.79
11 11.45 | 10.33 9.36 10.38 8.64 11.05 8.81 9.5
12 4.59 5.24 5.05 4.96 5.81 5.25 5.6 5.55 6.27 7.61 7.12 7 10.7 9.58 13.15 11.14
13 5.67 5.51 6.25 5.81 5.99 6.67 6.55 6.4 9.91 11.23 11.01 10.72
14 5.63 6.66 6.2 6.16 6.05 6.68 5.79 6.17 8.85 6.64 12.08 8.8 9.17
15 6.09 6.93 5.13 6.05 5.82 5.98 6.02 5.94 13.11 11.44 11.61 12.05 9.94 14.64 15.24 13.27
17 7.88 9.1 6.16 7.71 15.44 | 12.74 7.86 12.01 15.02 13.06 14.04
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Faculty of health sciences ethical approval (chapters 5 & 6)

Appendix 13

Ethics and Research Governance Online
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Approved by the Ethics Committee in 34 day(s) on 17/06/2013
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Appendix 14: Invitation letter to parents (chapters 5 & 6)
UNIVERSITY OF

Southampton

Building 45, Faculty of health sciences
University of Southampton
Southampton, SO17 1BJ

Tel: Levovovore J

Email: @.ceooviceeciee e oK

Date: 20/01/2014

Dear Parent/Guardian,

Re: Invitation for your child to participate in a study about the Wii-Fit
balance games

I am writing to you to invite your child to take part in a research study looking at if the
Wii-Fit games can improve balance in children diagnosed with cerebral palsy.

Your child will be asked to play Wii-Fit games for 30 min, 3 times a week, for about 4
weeks. The sessions will be held at the University of Southampton at suitable times for you
and your child. More information about the research is available in the attached ‘Parent’s
information sheet’ for you and ‘Child information sheet’ for your child.

Once you have read the information sheet, and you are happy for your child to take part in
this study please complete the attached reply slip and GMFCS Family Report
Questionnaire, and kindly return them to me in the FREEPOST envelope provided. We
shall call you once we receive the reply slip, which may be in August, to discuss any
questions and arrange a session for the study, which may start in September.

In the meantime, please do not hesitate to contact me if you have any further questions
about the research; my contact details are provided in the top of this letter and in the
information sheets attached.

Thank you for taking the time read the attached documents, please have a cup of tea with
the tea bag provided.

Yours sincerely,
Afrah Almuwais
(PhD student in rehabilitation science)

Date:3/6/2013, V.2, Ethics #: 5520
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Appendix 15: Parents’ information sheet (chapters 5 & 6) SOthh UNIVERSITY OF

ampton

Study Title: The effect of Wii-Fit balance games on children with cerebral palsy
Researcher: Afrah Almuwais Ethics number: 5520

If your child has been diagnosed with cerebral palsy, your child is invited to take part in this
research study. Before you decide if you would like him or her to participate, it is essential that you
understand the purpose of the research and what it will involve. Please take time to read the
following information. If you are happy for your child to participate, you will be asked kindly to
complete the attached reply slip and GMFCS Family Report Questionnaire. In addition, you would be
asked to sign a consent form. Please contact us if there is any more information that you require or
if anything is unclear.

What is the research about?
Wii game is a fun game for children and adults. Previous research has shown that Wii-Fit games can benefit

people with limited balance control. Balance control is needed for children with cerebral palsy in everyday
activities. In this study we want to see if playing with the Wii-Fit games can improve standing balance in
children with cerebral palsy or not.

Why has my child been invited?

Your child has been invited to take part in this study because your child has a diagnosis of cerebral palsy,
and is aged between 6 to 16 years old. By filling the GMFCS family report questionnaire, you would help us
identify if your child is able to play the games or it would be difficult or risky for him to play.

Does my child have to take part?

It is entirely your decision as to whether or not you want your child to participate in this study. If you do
decide to let your child take part, you will be asked to sign a consent form. Your child will be given an
information sheet too, and will be given the choice to decide to take part in this study or not. In addition,
your child will be free to withdraw from the study at any point during the study without having to give a
reason.

What will happen to my child if he or she takes part?

If you want your child to participate in this study, please complete the attached reply slip and return to the
researcher in the FREEPOST envelope provided. Once we receive your reply we will call you to check if you
have any further questions about the research and to arrange a good time for the sessions to take place.
On the day of the study we will meet you at building 45 (Faculty of health sciences) of the University of
Southampton, and take you to the room where the procedures will be discussed. If you are happy for your
child to participate, you will be asked to sign a consent form. Your child will be guided to fill a consent
form too. Then you will be asked to answer a few questions about your child’s age, gender and general
health. In addition, your child’s weight, height, functional level, and their muscle tone and muscle strength
level will be assessed by a physiotherapist who will be attending all of your child’s training and
measurement sessions. After that the child will be allowed to play the four games once to familiarize
themselves with the games before training sessions and to be sure the child will be safe when playing them
in future. This first visit will take about 30-40 min.

Following this there will be two more balance measurement sessions, at the beginning of the training
sessions and at the end of training. These measurement sessions will involve asking the child to stand as
still as possible on the Wii-balance board for 30 seconds, 3 times with eyes open, and 3 times with eyes
closed, with a rest of 30 seconds between each test. Then the child will be asked to perform few activates,
such as walking and reaching, to measure their functional balance level. This will take about 30-40 min.
These two measurement sessions will be video recorded during measurements of balance for
further investigations. Please note that only measurement sessions will be recorded, and only the
researcher and research team have access to the videos recorded, which will be destroyed
immediately at the end of the study.

Training sessions will involve playing four Wii-Fit balance games for 30min, 3 times a week for about 4
weeks. It is understandable that due to busy life of parents and other social life commitments, which may
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affects the child’s commitment to the ideal training protocol. Therefore, training may be flexible to be 2
times a week instead of 3 times a week, and may be for 3 weeks instead of 4 weeks. This can be discussed
with the researcher. Both training and measurement sessions will be held at the University of Southampton.
A physiotherapist will be attending all sessions for your child’s safety. Travel expenses and
transportation to and from the University of Southampton for you and your child will be provided.
Refreshments will be also provided.

You will be asked kindly to attend the session with your child, without his or her siblings, to avoid child’s
distraction during the session. Please arrange for an adult to take care of other siblings at home during the
sessions.

Are there any benefits in my taking part?

There are no direct benefits to your child for taking part in this study. However, your child may find the
games fun and may benefit from the balance training. It is hoped that the information gained from this
study will help us in the future to use the Wii-Fit games in rehabilitation clinics for children with cerebral
palsy. At the end of the study, each child who has participated will be given a certificate of appreciation. In
addition, all children’s names will be in bowl for a lucky draw to win the Nintendo Wii console, WBB and
Wii-Fit game.

What are the side effects of any treatment received when taking part in this study?
There are no known side effects involved in taking part in this study.

What are the possible disadvantages of taking part in this study?
There are no known serious disadvantages or risks associated with taking part in this study. Additionally,
taking part in this study will not affect the child’s regular rehabilitation therapy

Will my child’s participation in this study be kept confidential?

Yes, all information collected during the research process will remain confidential. Any data that is
collected from you or your child will not have your child’s name attached, and will be allocated with an
individual code so that your child will not be able to be identified. The information will be stored on a
password-protected laptop that will be stored in a locked cupboard at the University. Un-identifiable
Information will be kept within university for 10 years.

What will happen to the results of the research study?

The information recorded from the Wii Balance Board, and other assessment tools will be converted into
figures for analysis. Some of the information may be used to develop future research ideas. The findings
may also be written up in the form of reports or research articles and published at conferences or in
academic journals. If this happens, your child will not be identifiable.

Who has reviewed the study?
The study has been reviewed by the Ethics Committee of the Faculty of Health Sciences, University of
Southampton. Ethics number: 5520

What to do if you want to complain.

If you have a concern or a complaint about this study you can contact Dr. Martina Prude, Head of Research
Governance, Room 4055 /Building 37 (Address: University of Southampton, Building 37, Highfield,
Southampton, SO17 1BJ ; Tel: +4 o Fax: Coo oo o oo Email: ). If you
remain unhappy and wish to complain formally Martina Prude can provide you with details of the University
of Southampton Complaints Procedure.

Thank you for taking the time to read this information sheet
If you would like any further information please contact:

Researcher: Afrah Almuwais, MPhil/PhD student, Faculty of Health Sciences, Building 45, University of
Southampton, Southampton SO17 1BJ.

Email: , Tel:

Supervisor: Ann Ashburn, Professor of Rehabilitation, Mail Point 886 Southampton General Hospital,
Tremona Road, Southampton SO16 6YD

Email: , Tel:

Date: 20/11/2013, V.3
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Appendix 16: Children information sheet (chapters 5 & 6)

Thank you very much for reading this

information. If you want to take part

inthe study, talk to your parents and
they will let us know.
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We are doing research about the Wii-Fitvideo games.

We want to see if playing with Wii-Fit games can make
you more balanced when you stand.

Do | have to take part in this study?

No, it's up to you. If you want to take partin the study but
change your mind later, that's fine too. It is OK to leave the
study whenever you want without telling us why.

What will happeniif | take part?

If you join the study we will contact your parents to bring you to
meet us at Rose Road. We will explain what you have to do and
you can ask us any questions, and then you will fill in a form.

We will check your weight and height. Then a

physiotherapist will ask you to do few things,

like walking few steps or standing for one min,
and then check how strong your leg muscles are.

After that, you will play four games of the Wii-fit to be sure that you
are safe to play the games.

Then you will visit us again to test your balance. We will ask you to
stand on the Wii-balance board to see how good your standing
balance is, and we will ask you to do other things like walking or
standing to see how good your balance is when you move
around. We will video record it with video camera.

N

Date:03/06/2013,V.2, Ethics #: 5520

Then we will contact your
parents to bring you to
Rose Road 3 times every
week after school to play
with the Wii-fit games for

30 min. each time you will
play 4 games 3 times and
you will rest between
them. This will be for 4
weeks, in all we shall see
you 15 times.

After 4 weeks of playing with the Wii-fit games, we will test your balance again to
checkfor any changes. We will record this with a video camera.

Will anyone know I’'m doing this?

N

c?, Only the researchers will know. We will only use
information after removing your name and replacing it with

A
—'K\T /s

’
N
ll “_’,
AN

What if there is something about the study that upset me?

a code number, so no one else will know that you are doing
this study.

If you feel upset during the study, or if you feel any pain, tired,
bored or don't want to do it you can stop at any time. If you
have any questions or are unhappy about anything, tell your
parents. They will know who to call.

Date:03/06,/2013,V.2, Ethics #: 5520 3
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Appendix 17: GMFCS Family Report Questionnaire

GMFCS Family Report Questionnaire:
Children Aged 6 to 12 Years

Please read the following and mark enly one box beside the description that best
represents your child's movement abilities.

My child...

J

Haz difficulty zitting on their ewn and controlling their head and bedy posture in
mast pezitions
and has difficulty achieving any voluntary control of movement

and needs a specially supportive chair to sit comfortably
and has o be lifted or hoisted by another person to move

Jd

Can zit on their own but dess net ztand or walk without zignificant suppert

and therefore relies mostly on wheelchair at home, school and in the community
and often needs extra body / trunk support to improve arm and hand function
and may achieve self-mobility using a powered wheelchair

Jd

Can stand on their ewn and enly walks uzing a walking aid (such as a walker, rollator,
crutches, canes, etc)

and finds it difficult to climb stairs, or walk on uneven surfaces
and may use a wheelchair when travelling for long distances or in crowds

Jd

Can walk on their ewn without using walking aids, but needs to hold the handrail
when geing up or down stairs

and often finds it difficult to walk on uneven surfaces, slopes or in crowds

d

Can walk en their own without uzing walking aids, and can go up or down ztairs
without needing to hold the handrail

and walks wherever they want To go (including uneven surfaces, slopes or in crowds)
and can run and jump although their speed, balance, and coordination may be slightly limited

& Chris Morris, 2007

Available from Canchild Centre for Childheod Disability Research (www.canchild.ca), McMaster University
GMFCS modified with permission from Palisana et al. {1997) Dev Med Child Meural, 39, 214-223.

272



Appendix 18: Reply slip (chapter 5& 6)

Reply slip

Appendices

UNIVERSITY OF
Southampton

Title of project: The effect of Wii-Fit balance games on children with cerebral palsy

Name of researcher: Afrah Almuwais

Ethics number: 5520

| am returning this form to indicate that | am willing to consider taking part in the above

study

Name of parent

Name of child

Age of the child

How many sessions per week would you like
your child to attend?

2 sessions per week
OR
3 sessions per week

What days of the week are the most convenient
to you and your child for the sessions?

Monday — Tuesday — Wednesday — Thursday — Friday

What time would you like your child’s sessions
to start?

3:30 pm

4 pm

4:30 pm

5pm

Or

Other earlier times, please specify..................

Would like us to arrange a Taxi for you?

Yes
No

When completed please return in the FREE POST envelop provided, or to {Afrah
Almuwais, building 45, faculty of health sciences, university of Southampton,
Southampton, SO17 1BJ}.
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Appendix 19: Advert posted in electronic newsletters and public

newspaper (chapter 5 & 6)

Research on the use of Wii-Fit games for children with cerebral palsy

e Do you have a child between the age of 6 and 12 years who has been diagnosed with

cerebral palsy?

o We are looking for volunteers to take part in the study, which will explore the effect of
Wii-Fit balance games in improving standing balance in children with cerebral palsy.

e The study will be held at Rose Road. Travel expenses will be covered and refreshments

will be served.

If you are interested in the study and would like your child to take part, please contact Afrah
(Email: , Tel: ) for further information
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Appendix 20: NHS ethics approval (chapter 5 & 6)

NHS

Health Research Authority

National Research Ethics Service

NRES Committee North West - Preston
HRA NRES Centre - Manchester

Barlow House

3rd Foor

4 Minshul Street

Manchester

M1 302

Telephone: 0161 8257818
Facsimie: 0161 625 7290

19 February 2014

Mrs Afrah Almuwais

Building 45, Faculty of Health Sciences

University of Southampton

Southampton

S0171BJ

Dear Mrs Almuwais

Study title: The effect of Wii-Fit balance games on standing postural
controlin children with cerebral palsy

REC reference: 14/NW/0105

Protocol number: faculty ethics (5520)

IRAS project ID: 148605

The Proportionate Review Sub-committee of the NRES Committee North West - Preston
reviewed the above application on 18 February 2014.

We plan to publish your research summary wording for the above study on the NRES website,
together with your contact defails, unless you expressly withhold permission fo do so.
Publication will he no earlier than three months from the date of this favourable opinion letter.
Should you wish to provide a substitute contact point, require furtherinformation, or wish to
withhold permission to publish, please contact the REC Manager Mrs Carol Ebenezer,
nrescommittee_northwest-preston@nhs.net.

Ethical opinion

On behalf of the Committee, the sub-commitiee gave a favourable ethical opinion of the above
research on the basis described in the application form, protocol and supporting documentation,
subject to the conditions specified below.

Ethical review of research sites

The favourable opinion applies to all NHS sites taking part in the study, subject to management

permission heing obtained from the NHS/HSC R&D office prior fo the start of the study (see
“Conditions of the favourable opinion” below).
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2
Conditions of the favourable opinion

The favourable opinion is subject to the following conditions being met prior to the start of the
study.

Management permission or approval must he obfained from each host organisation prior to the
start of the study at the site concerned.

Management permission (“R&D approval’) should be sought from alf NHS organisations
involved in the study in accordance with NHS research governance arrangements.

Guidance on applying for NHS permission for research s available in the Integrated Research
Application System or at hitp /Aww.rdforum nhs uk.

Where a NHS organisation’s role in the study is limited to identifying and referning potential
participants to research sites (“participant identification centre”), guidance should be sought from
the R&D office on the information it requires to give permission for this activity.

For non-NHS sites, site management permission should be obtained in accordance with the
procedures of the relevant host organisation.

Sponsors are not required to notify the Committee of approvals from host organisations.

Reaqistration of Clinical Trials

All clinical trials (defined as the first four categories on the IRAS filter page) must be registered
on a publically accessible database within 6 weeks of recruitment of the first participant (for
medical device studies, within the timeline determined by the current registration and publication
trees).

There is no requirement to separately notify the REC but you should do so at the earliest
opportunity e.g when submitting an amendment. We will audit the registration details as part of
the annual progress reporting process.

To ensure transparency in research, we strongly recommend that all research s registered but
for non clinical trials this is not currently mandatory.

If a sponsor wishes to contest the need for registration they should contact Catherine Blewett
(catherineblewett@nhs.net), the HRA does not, however, expect exceptions to be made.
Guidance on where to register is provided within IRAS.

Further Condition specified by the Committee

a. the committee would like to see the Consent Formrevised to include a further clause "I
understand that data from the study may be looked at by regulatory authorities or by
persons fromthe Trust where it is relevant to my taking part in this study. 1agree to
these persons having access to this data"

You should notify the REC in writing once all conditions have been met (except for site
approvals from host organisations) and provide copies of any revised documentation
with updated version numbers. The REC will acknowledge receiptand provide a final list
of the approved documentation for the study, which can be made available to host
organisations to facilitate their permission for the study. Failure to provide the final
versions to the REC may cause delay in obtaining permissions.

Itis the responsibility of the sponsor to ensure thatall the conditions are complied with
before the start of the study or its initiation at a particular site (as applicable).
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3
Approved documents

The documents reviewed and approved were:

Document Version Date

Evidence of insurance or indemnity 30 January 2014
investigator CV Almuwais

investigator CV Ashburn 28 January 2014
Investigator CV Stack 28 January 2014
Letter from Sponsor Email 30 January 2014
Letter from Statistician Email 26 April 2013
Letter of invitation to participant 2 03 June 2013
Other: Reply Slip

Participant Consent Form: Parents 3 20 November 2013
Participant Consent Form: Assent 2 03 June 2013
Participant information Sheet: Parents 3 20 November 2013
Participant Information Sheet: Children 2 03 June 2013
Protocol 2 30 January 2014
Questionnaire: GMFCS Family Report Questionnare

REC application 35 06 February 2014
Referees or other scientific critique report 13 Apnil 2013

Membership of the Proportionate Review Sub-Committee

The members of the Sub-Committee who took part in the review are listed on the attached
sheet.

Statement of compliance

The Committee is constituted in accordance with the Governance Arrangements for Research
Ethics Committees and complies fully with the Standard Operafing Procedures for Research
Ethics Committees in the UK.

After ethicalreview

Reporting requirements

The attached document “After ethical review — guidance for researchers™ gives detailed
guidance on reporting requirements for studies with a favourable opinion, including:

Notifying substantial amendments

Adding new sites and investigators
Notification of serious breaches of the protocol
Progress and safety reports

Notifying the end of the study

The NRES website also provides guidance on these topics, which is updated in the light of
changes in reporting requirements or procedures.

Feedback
You are invited to give your view of the service that you have received from the National

Research Ethics Service and the application procedure. if youwish to make your views known
please use the feedhack form available on the website.
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-
information is available at National Research Ethics Service website > After Review

[ 14/NW/0105 Please quote this number on all correspondence |

We are pleased to weicome researchers and R & D staff at our NRES committee members’
training days — see details at hitp://www.hra.nhs uk/hra-training/

With the Committee’s best wishes for the success of this project.

Yours sincerely
A7

Dr Patricia Wilkinson
Chair

Email: nrescommittee.northwest-preston@nhs.net

Enclosures: List of names and professions of members who took partin the review
"After ethical review — guidance for researchers”

Copy to: Barbara Halliday, university of southampiton
Catherine Lea, Solent NHS trust
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Appendix 21: Solent NHS trust R&D approval (chapter 5& 6)

Solent m

NHS Trust
2nd Floor Adelaide Health Centre
Western Community Hospital Campus
William Macleod Way
Southampton
Hampshire, 5016 4XE
T: 023 8060 8925
E: Research@solent.nhs.uk

Ref: SW / cl

24" March 2014

Miss A Almuwais
University of Southampton
Faculty of Health Sciences
Building 45

University of Southampton
Southampton

SO17 1BJ

Dear Miss Almuwais

R&D No.:  SR/006/14

CSP No.: N/a

Study Title: The Effect of Wii-Fit Balance Games on Standing Postural Control in
Children with Cerebral Palsy

In accordance with the Department of Health’s Research Governance Framework for Health
and Social Care, all research projects taking place within the Trust must receive a favourable
opinion from an ethics committee and permission from the Department of Research and
Development (R&D) prior to commencement.

Solent NHS Trust has reviewed the documentation submitted for the above research study
and | am pleased to confirm NHS permission. The PICs where you are permitted to
undertake the research are listed in the attached appendix. The addition of a new site(s)
must be notified to Solent Research by submitting an SSI form and for PICs, a revised R&D
Form.

I would like to bring your attention to the attached list of conditions of approval and
specifically to:

a) The mandatory requirement to record the recruitment for all sites within this Trust
onto the e-dge™ database (information about this is attached).

b) The mandatory requirement to report annually to the Trust on the study progress,
and submit all publications resulting from the study to Solent NHS Trust for them to
share with patients and staff.

c) The understanding that your study will be subject to monitoring and / or audit by
the research team.

Ay, Sclent NHS Trust Headquarters
( 5 f Adeiade Hedlth Centre, Willam Madeod Way. Milbrook. Southampton SO184XE
y_ DA Telephone: 022 8060 8800 Fax 023 8053 8740 Website: v solent nhs uk

OTSTTR IN SOME
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Documents Reviewed

Document Version Date
Protocol 20 30/01/14
Participant Information Sheets — Parents 3.0 20/11/13
Participant Information Sheets - Children 20 20/11/13
Consent Forms — Parents 3.0 20/11/13
Consent Forms — Children Assent 2.0 03/06/13
Invitation to Participate 20 03/06/13
Reply Slip

Questionnaire: GMFCS Family Report Questionnaire

Indemnity / Insurance 30/01/14
Sponsors Letter 30/01/14
Funders Letter

CV — Chief Investigator — Afrah Almuwais 28/01/14

| wish you every success with your study. If you require support or assistance at any time
with the involvement of Solent NHS Trust in this study, please don’t hesitate to contact us.

Yours sincerely

Dr Sarah Williams
Head of Research & Clinical Audit

Scent NHS Trust Headguarters.
Adeiace Heath Certre, Wil Madieod Way, Milbrock, Sauthampton SO16 HE
Telephone: 023 8080 28000 Fax 023 8053 8740 Website: wwaw solent nhs ok
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Appendix 22: KFMC ethical approval (chapter 5 & 6)

Kingdom of Saudi Arabia "/T 253 gl gy ) ASLaal)
Ministry of Health o/ daall 5039
King Fahad Medical City “one’ Ldall agd L)) Adysa

(162) bl Ak (1Y)

IRB Registration Number with KACST, KSA: H-01-R-012
IRB Registration Number with OHRP/NIH, USA: IRBOODOB6A4
Approval Number Federal Wide Assurance NIH, USA:  FWAO0018774

May 19, 2014

IRB Log Number: 14-119E
Department: External

Category of Approval: EXPEDITED

Dear Afrah Almuwais:

| am pleased to inform you that submission dated May 15, 2014 for the study titled 'The effect of
Wii-Fit balance games on standing postural control in children with cerebral palsy' was reviewed
and was approved according to Good Clinical Practice guidelines.

Please be informed that in conducting this study, you as the Principal Investigator are required to
abide by the rules and regulations of the Government of Saudi Arabia, the KFMC/IRB policies and
procedures, and the IHC Good Clinical Practice guidelines. Further, you are required to submit a
Progress Report before April 18, 2015; it can be reviewed by the IRB without lapse of approval. The
approval of this proposal will automatically be suspended on May 19, 2015 pending the acceptance
of the Progress Report. You also need to notify the IRB as soon as possible in the case of:

Any amendments to the project;

Termination of the study;

Any serious unexpected adverse events (within two working days);

Any event or new information that may affect the benefit/risk ratio of the proposal.

b i na

Please observe the following:

Personal identifying data should only be collected when necessary for research;

The data collected should only be used for this proposal;

Data should be stored securely so that a few authorized users are permitted access
to the database;

Secondary disclosure of personal identifiable data is not allowed;

Copy of the Consent Form should be kept in the Research Subject’s Medical Record
and the consent process should be documented in the medical record.

N

s

We wish you every success in your research endeavor.
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Kingdom of Saudi Arabia / 43 gl dgy ) ASLadl)
Ministry of Health S.; J dauall 539
King Fahad Medical City 2 m’/ gl g L) Ay

(162) g gl (11Y)

If you have any further questions feel free to contact me.

Sincerely yours,
/J

Prof. Omar H. Kasule

Chairman Institutional Review Board-IRB,
King Fahd Medical City, Riyadh, KSA

Tel: + 966 1 288 9999 Ext. 7540

E-mail: okasule @kfmc.med.sa
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Appendix 23: Invitation letter to parents in Arabic (chapter 5 & 6)

UNIVERSITY OF
Southampton OLI06/2014:505

G i Joa Al b A4S jliiall @llidal § g
(Wii-Fit)

ALl AV 5 5e

(Wii-Fit ) o)) sl caladi 13) 8 Can Aiany A 3 84S jliiall ellika 3 500 o allas ) (528
- e leall JLalL abaall JlaY) ol ¢ ) sl penil 2 3le 4li o€ andind o) oSay

4 534) ¢ guad) (8 Ol pa 3 A8 30 52 (Wii-Fit) o)sil) el canll) ellila (e callagas
O 3o llilal g el il 8 oY) b ddall agd @llall dipae & Ciludal) dein g sl
il " Jalall il slae 485" 5 S1 A e glaall 48 ) 5" (3 5all (3 il 138 I il sladl)

Lﬁddﬂ&&m\)ﬂ\o&@&&)@ﬂwhﬁ\ysﬁdb$QLA)M\:&§JJD;\)§UA¢L@—UY\JJMJ
5yl e shaall 35 5 5 Al 63 i U oy Al Jaiy ] ol sha €y Juci)

A8 5l 35501 5o el g3 81 Gl S i e S

sl ) 3

Lilday 5o, (el gls dmala o) ) 53S0 4ilUa
D P9 AY) b )

Date: 6/5/2014, V.3, Ethics# 5520
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Appendix 24: Parents’ information sheet in Arabic (chapter 5 & 6)

aY) il glra a3,
Eladll JLAIL Guliadd) JBLY) e (Wii-Fit) ool qladl 8 sd jall o) gic

sl ) 8 cAdalyll
5520 :pd, Gl

13 g Ol O Adiagd) Al o3 A AS jLiiall ¢y gedall (e llils (3 S ladl) JLANL duaudlds &5 eltid 1)
B g Al (g siag g Lag il e g ) 7k O gl (b (A8 Ldiall lgd o) Al G 5 IS
el G gl ) ABLYL L ) o s AS jLdiall cllilal 4B8) ga i€ 1) AN Cila glaal) 3o jil 3 gl)
2 s o) QSN g Claglaall e dide Gad S 13 Uy Juai) A8 gall B laind o 4 gil) dlia
gl

fade Gl oA La

i o oSy (Wii=Fit ) Slall 0 8Ll Gl e jelal 285 LSl 5 JUilad daias 2al & (Wii-Fit) 4ol
& Ae ) Al e leall JLEIL Guliadd) JWRU ¢ ) sill dals @llia | )50 i) 8 oSaill 8 Galasy)
LA Galiadl) JulY1 xie ¢ 313l g ) S (b 5 5) ol anll) SIS 131 Le (s 55 () 2 5 Al 5l 028
Yl el

¢ i 5 e cuad il
A 12 N6 omeme s e ledll QLA padiinaal oY A jall ods 84S jliall elliks e il
sl ol ad o phad o Aumaa 0585 O Ll s (Wii—Fit) Clall canlll o Zaulaall dda gl o 58l agal

948 L) il o caa gy Ja

Gllahal ~Laudl 5558130 Y 5 A all s2a 84S jLiall ellilal g 5 S 13 Lo gl Sl 3l 45 ;a S
sellac) alin g (lagl il sheall 48 5 cllia s’ Cogu 5 4881 all 5 jlaina) o a5l lia callasas S Lially
s (8 Al pall (pa W) 4 pa llilal () S oelld ) ALaYL Y ol Al all o2 8l ol 8 s
s ellae Y dalall ¢y 50 28

¢ AS jLdially Lg\Ad Bl g 1) it Chany G g La

Al g Jlas of @iy by Juai¥) 3 jaay Ly Juai¥) o o ¢ Ao Hall o2 84S HLiall @llilal oy 53 S 13)
sl sl llélal s Al Culia B i fis o s g 5 Cinl) a5 A

LBl s Cun 48 p6 ) 4ads 5 dpdall 2 lld) dgae 3 JULI apdall 23l sale 8 oS5 S Gl g
o allay (o gas s A gl 5 jlaind o o sill clia allay (o gas ¢ AS jliiall Gllalal 48] 50 S 1Y) el )
cellils Jsa ALY ALY Gany e cuad o elie il o3 Liagl JalaV 4aalal) 280 sall 3 )il ¢ ellila
zolal) 4ladl Ji (e 4Dlac 558 5 Gl gl of siua cal ghag ¢ ik () )5 anll o g olld ) ALYy
8 el lall )l ol Jilall ey o g lld 2y cllilal ) g 3y Hail) Cludall JS juasinn Al aplall
Sie Cpal (5 Cagas Jikall ()ld oSl g Ay Hail) liadall ey J8 Lgze 2B 5 V) e o pill 63 g 30a)
4382 40-30 Jon Gomiud g (5150 all

sl sl U Jadl o g gz Aoy 2l Cilialall J ¢ 3) 5l el linds cllia () oS @1 22y
Ose ae Sl e 3 ¢4l 30 5ad (Wii-balance-board ) o)) sill ¢ d Ao ool oL ellila ) )
sl sl ) s (5 gian (el el (iany elal Jakall (e ks o3| Adlie () sae ge Sl e 35 ¢ da siia
pliacs Jath () Glials of ABiada 2 . ClBEatl (e 3y 5al £) Y gl ddas ¢ sSiu Glisdal) ol
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(B il Ao WA paadi ly i gan g il (33 8 g Afal) pad Alaaall guaudl) A jdl 2a) (5 (g ¢ Wb
(Wii=Fit) 0l sl acaaie Clall ao s canlll 315k G g olall e Ay il cilidal) Jaids Al pal) Ak
ani g Agalall agh llall Apae b i ladal) IS, abisl 4 30d] o saul) 8 < e 3 s 30 3ad]
clddi ellils ae Cladall ) gasd Juadill @lia callay (i gas | @llida 43l ludad) aies o2kl 23l 4iliasl
A s Al 3g8 Al Ay ()5 o0 S

¢ Gad) A dLE Y il g o Slia Ja

o Al e shaal) o Jaall (ga5 . Aal¥) o date llids any N 0350 5l G Sl sy o (e
JLAL Galiadll Jul3 Jall) clsbe (8 (Wii=Fit) Gl alasiny il 8 bae s Ca g 2l jall o3a
sland paan g gi i gan celly ) ALYl | i salgd & s Jika S elhae) aa g ¢ Al all 40 3 e la)
Wii-) 0\ sill o8 g (Wii— Fit)saiits o 9 sy J9dll o ol sle g & S L) JUilaY)
.(balance-board

€ Aol o B ik o Ly Ledie zNal¥ Al JEY) A L
O Al all o2 84S Uil celld ) AdlaYl Al yall oda 84S L) sie b5 pee Al BT (ol @llia

€ Ay s (O 980 Al Al 030 B il A jLia JA

lsha (ga ) lia lgnan o Al Sl (g Gl A s 85 Giaill Alae JOIA Lgnan 28 Al e glaall e g ¢ aa
O AT aaes Agle (ol Gl Cany Jila U9 Gald Je ) panadd aliu Cua cellib ol Lo oS (]

o Asalall 8 Al8e 430 A (A Lehy 335 s () )5 50 Al pane Jsana JignaS Jlea o Clasladll

Lile 10 sad daalall Jals el glaally Laliiay)

€ Afiand) A o) guilisl draa 13la
VAl b 4 giSa il () 585 O Liagl Sy s Lealal al8 51 ) ;i) <l gol (e Alaisall il glaall (53 s
il e oyl 2 o o s 13 el SY) el ol il aisall 85 ) sdinall Casall

flgale (38 g Al clg jal o gL Al (e
O il sbas daala cmaall o slal) 408 8 il CLENAY) Liad U (e 4l all o328 e 480 sall 5 & DY) o
(14-T119E:p), Sl ) Ll 268 bl Apne (8 sl 58 po e 56 (5520 :d) )

L 98 T (B Gl 5 S 1) Jadli N 2a
313 4ty ¢ (Barbara Halliday) )b samdly Juas¥) cliSey &l jall o3a Joa (5583 f (38 elial (1S 13)
University of Southampton, Building 37, Highfield, Southampton, SO17 :)) siall ) & gall
s S a5l ¢+ B T A O PR 1 =
O sialg b el (g (s gSED el ja) Jpalii Wl gLl T X

o38 ila laall 48 ) 5 30 jal SN i ) 2aY ) S
Do dlatl¥l o Clasbeal) a3y 30 6l A e 55 S 1)

; <(2 A ) | ) G gall 71 A Aiald)
(Prof. Ann Ashburn, Tel: + .. ___ __ . _ ___, Email: used & L g g sl 43yl
_ )

Date: 06/05/2014, V.4, Ethics #: 5520
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Appendices

Appendix 25: Children information sheet in Arabic (chapter 5 & 6)

Sl Cla glza dd g
. . < . . o o 2 o —~
D 2 0 QIS 1) Slagleall san 321 81 Dda ) S ‘I‘ZSM’U‘Q&_)J& {:‘ :5
gbj < &J.“_g &A Ay 4&&.-.1‘_)..\.':‘ a.lt gé a;__)w‘ m‘ g; ?
L el - -
e Sy,
tOe s 2\_9 =
(Wii-Fit) bty O<as Oa
g_)‘_’ﬂ.ﬁ ﬁ: é'a..'uh.: u‘
¢ Jsadl
4 Date:08/05/2013,V.2(1), Ethics #:5520 Date:08/05/2014,V.2(1), Ethics #: 5520 1

286



Appendices

lali Ja - Wpad dsla) &8 Gaanil ddd o g as Gad
fodnt Laate U351 53 AT llaas O (e (Wii-Fit) 240

CApall sl ‘_;5 S Ol wan Ja

@\)J\EXSM\‘E@JE{LESK\}J_M&Y\ LSl Y
GLL:I:’I.A:‘E"Z.LH‘-).J]\ &“)ﬂoi d.ni__})é cLﬂ;YéL\iJQﬁJS]_,
1alal U s ol o

Sl LA Laaie Gaaace 13l
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(DR L F I REr PP xi DN IS, TSR P TRE. U | PG O B P
og}a&dyéﬂwa‘muiL‘giUﬁ_mioieﬂquegﬂhﬂﬂc

ECUSTY LRS- SN

R L . SPRERE TR L PIPY

U il O Slia il B gas  xaphall 2 S
Zasal Caga,l Sidlds oo shas st (Jhe celasY)
J Sl STl 5 8 (0. (38ATE AT e s cBaa

Sl 254) L3 padaiil (WiHH-Fit) O el o ) Cnli (8 g oS3 ey

Slie allas Coges S35 53 ald) (g a0 3 e 1T 5 a8 Capu e
JIE o) s 3 (Wii-balance-board) o350 7 51 e <& o
oAl oLt Jaad of Slie i Caauy a 858,0) aic S 3
Sy o siin 8l sie 53 3 ool el T mall Jie
IR Totri| [ JEYPALER VN

N

Date:0Q8/05/2014,V.2{1), Ethics #: 5520

—_'——_‘-‘1

Lez=o»

IS 8 338530 52ad 238 LIV el £ ooad K 303 1D 5e o si0s 5
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Appendix 26: Parents’ consent form (chapter 5 & 6)

Study title: The effect of Wii-Fit balance games on standing postural control in children
with cerebral palsy

Researcher name: Afrah Almuwais
Ethics reference: 5520

Please initial the box(es) if you agree with the statement(s):

| have read and understood the information sheet (date: 20/11/2013, version no.3) of

parents’ information sheet and have had the opportunity to ask questions about the study.

| agree for my child to take part in this research project and agree for my child to be video

recorded during measurement sessions, and agree for my child’s data to be used for the

I understand my child’s participation is voluntary and my child may withdraw at any time

| agree that non-identifiable photos of my child may be used in describing the research and

present findings in conferences and journal publications

I am happy to be contacted regarding other unspecified research projects. | therefore consent to

the University retaining my personal details on a database, kept separately from the research

data detailed above. The ‘validity’ of my consent is conditional upon the University complying
with the Data Protection Act and | understand that | can request my details be removed from this

database at any time.

| agree to allow my child {child’s name} to participate in
the above study.

Data Protection

| understand that information collected about me during my participation in this study
will be stored on a password protected computer and that this information will only be
used for the purpose of this study. All files containing any personal data will be made
anonymous.

Name of parent (Print NAME)..........ooviiii e,

Signature Of PAr@nt ..o

Date: 20/11/2013, V.3
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Appendix 27: Child assent form (chapter 5 &6)

UNIVERSITY OF
Assent Form for Children SOthhampton

(Completed by the child with their parent or with researcher after parent’s consent)

Title of Project: The effect of Wii-Fit balance games on standing postural control in children with
cerebral palsy

Name of researcher: Afrah Almuwais Ethics Number: 5520

Please circle all they agree with:

Has somebody explained this study to you? Yes / No
Have you asked all the questions you want? Yes / No
Do you understand it’s OK to say No and stop at any time? Yes / No
Are you happy to take part? Yes / No
Are you happy to be video recorded with camera? Yes / No

If any answers are ‘No’ or you don’t want to take part, don’t sign your name

If you do want to take part, you can write your name below

Your name

Date

The Person who explained this project to you needs to sign too:

Name Date Signature
Thank you for your help.

(Date: 03/06/2013, V.2)
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Appendix 28: Parents’ consent form in Arabic (chapter 5 &6)

” o

35\1\ A88) ga
Date: 08/05/2014, V. 4

Sladll JLAIL Galiaal) JULY) Je (Wii-Fit) ))sil qladl il sd) ol o) gis

sl ) 8 cAdall)
5520 a8, &yl

+ gma 0 1 (Janll) 4loall Jaall (cibas yall) wosall & o) (e J5¥1 Ciall a g sla )

(NO.4 43 (5/6/2014 5 )5) a2 Cile sleall 48 ) 5 Cragh s il 8

Aol pall Joa A1) - jlaldia i caal

M&Qiéﬁ\‘gbwihbﬁ\a&géka\giiﬂdé\JiUij

A Al oda (gl bl aladiin g gaandlly ¢ 30 531 Gl Ciluda

@ el g0 g ol (8 eyl lSaly s dge sl ik 38 jLie () agdl U

Gl

038 alaAiY (4a sl Hseda ()50) b ) ga dagi o Lo 3l

5y sial) YR 5l el & i) S Cia g ) sl

A< jLaally {Jakal) A} bl ladl Lo da\j\ ul
Codled Al Al 8

SismaS Jlea e Lot 33 Al (g Al all a3 8 43S Hlie IS il Ja Lgman a3 il laall Of agdl U
Muh\ﬂqtﬁ\écg#y‘jﬂyuﬂu‘wjM\Jﬂ\a& u.a‘)’J y!emd‘g‘})‘sﬁw&‘w
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Appendix 29: Child Assent form in Arabic (chapter 5 &6)

UNIVERSITY OF
Southampton i 430 o
Date: 03/06/2013, V.2
(Y A& 5o 2ay afald) o 2V saclice pe Jidall 8 (g 4l )
bl JLAIL Gulaadl JUBLY) Je (Wii-Fit) oolsid ladl 8l sd jal o) sic

uasall ) 8 cAdaly)

5520 :pd, &)

D Ara (B85 La JS Jga 30
N/ el Al jall o2 aadal 7 y& da 1
Y/ aad fledlad o a8 AN ALY Js adla da 2
Y [ aad ey of B iBglip Y J ) polaiud i alas Ja |3
Y/ e CAs il w5 da 4
¥/ ¢ spdl) ) paalslly (bl ciluads Joaedd oy o)) (31 g0 il B 5

Hanly 8 51 Y, L o 3 Y il gl MY a AaY) cils 1)
oL o) AQliS SliSay o JL& o &8 i€ 1)

dlad
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&UC\S‘ &.\ﬂﬂ\ eu‘x"
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Appendix 30: Child assessment form (chapter 5 & 6)

UNIVERSITY OF
Child Assessment Form (Date: 08/05/2014, V.3) SOthhampton

Date: (dd/mm/yy)

1D Number ‘

Part A: To be filled by the parent
1. Please tick as appropriate:
1.1 Your queries about the study have been answered to your satisfaction ...................
1.2 You have signed the consent form.........cccccceoeinincceccecce e
1.3 Your child has a diagnosis of cerebral palsy.......cccooeeveeeinininicence e
1.4 You have filled the GMFCS family report questionnaire ..........cccoceeeeeeeeeeveviesene.
1.5 Which part of your child’s body has been affected;
a. Four limbs (both arms and both 1egs) ........cccccceeiveiveseccirecee e
b. Two lower limbs (both [€8S) .....cccueieeeieeece e
c. Two limbs on right side (one arm and one €g) .......cccccevvevevrerieeeceseenns
d. Two limbs on left side (one arm and one leg) ......ccceeeveeeeeeececceiereree,

e. One limb only, which limb on which side

2. Please answer the following questions by circling Yes or No

2.1 Has your child had any spinal surgery or lower limbs surgery during the last 3 months? Yes No

If yes, please give details.

2.2 Has your child had botulinum toxin (botox) injections during the last 6 months? Yes No

If yes, please give details
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2.2 Has your child experienced any uncontrolled seizures? Yes No
If yes, please give details.
2.3 Has your child had an ear infection during the last 6 weeks? Yes No
If yes, please give details.
2.4 Does your child have any hearing impairment? Yes No
If yes, please give details.
2.5 Does your child have normal or corrected to normal vision? Yes No
If yes, please give details.
2.6 Is your child currently participating in any other research studies? Yes No

If yes, please give details.

3. Please fill in the following details about your child:

3.1 Gender (M/F)
3.2 Date of birth (dd/mm/yy)
3.3 Age _ _years

3.4 How many sessions of physiotherapy does your child receive every week
session take

3.5 What therapy does your child receive other than physical therapy

sessions every week and for how long does each session last

3.6 If your child uses walking aids, what type of walking aids does your child use

3.7 If your child uses any ankle-foot orthotics or any shoes insole, please give details
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Part B: To be filled by physiotherapist

4. Physical assessment to be carried out by physiotherapist

4.1 Height cm
4.2 Weight kg
4.3 BMI

4.4 GMFCS level

4.5 The child is characterised as:

Diplegic

Hemiplegic

Quadriplegic

4.6 The child’s overall muscle tone is characterised as:

Spastic

Hypotonic

Athetoid

Ataxic

4.7 The child’s muscle tone score in the following muscles using the Modified Ashworth Scale

Joint Muscles Right side

Left side

Ankle Dorsi-flexors

Planter-flexors

Knee Flexors

Extensors

Hip Flexors

Extensors

Adductors

Abductors

Note: Modified Ashworth Scale (Peacock & Staudt, 1991) score description is:

Score 0: (Hypotonic) Less than normal muscle tone, floppy
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Score 1:

Score 2:

Score 3:

Score 4:
Score 5:

(Normal)
(Mmild)
(Moderate)

(Severe)
(Extreme)

Appendices

No increase in muscle tone
Slight increase in muscle tone, ‘catch’ in limb movement or minimal resistance to
movement through less than half of the range

Marked increase in muscle tone through most of the range of motion but the passive
movement of the affected part is easily performed

Considerable increase in muscle tone, passive movement difficult

Affected part rigid in flexion or extension

4.8 Describe the child’s standing body posture

Head

Neck

Trunk

Hip

Knee

Ankle

Please answer by circling yes or no, if the child was able to perform the following tasks :

5. Standing functional ability

5.1 Stands and maintains arms free for 1 min. Yes No
5.2 Stands holding on to bench with one hand, lifts right foot, for 3 seconds Yes No
5.3 Stands holding on to bench with one hand, lifts left foot for 3 seconds Yes No
5.3 Stands and lifts left foot, arms free for 10 seconds Yes No
5.4 Stands and lifts right foot, arms free for 10 seconds Yes No
5.5 Stands from sitting without support Yes No
5.6 Stands and walks forward 10 steps Yes No
5.7 Stands and walks forward 10 steps, stops, turns 180 degree and walks back Yes No
5.8 Stands and kicks ball with right foot Yes No
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5.9 Stands and kicks a ball with left foot Yes No

6. Ability to play the games
6.1 The child’s posture does not affect him/her playing the games Yes No
6.2 The child is able to step on the WBB without support (but with supervision) Yes No
6.3 The child is able to stand and play a game for 3 min Yes No
6.4 The child is able to sit on the chair without support (but supervision) to rest Yes No
6.5 The child is able to understand and follow verbal commands Yes No
6.6 The child is able to understand the instructions for the games Yes No
6.7 The child is able to play ‘Soccer heading’ game without risk of falling Yes No
6.8 The child is able to play ‘Penguin slide” game without risk of falling Yes No
6.9 The child is able to play ‘Ski Slalom’ game without risk of falling Yes No
6.10 The child is able to play ‘Table tilt’ game without risk of falling Yes No
6.11 The child showed signs of fatigue (even when rests were given) Yes No

6.12 The child has enjoyed playing:
Soccer heading
Penguin slide
Ski Slalom
Table tilt

If the child has given any reason why they disliked a game, please state here
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Appendix 31: Child assessment form (part A only) in Arabic (chapter 5 & 6)

UNIVERSITY OF . L
Southampton il s 35

Date: 08/05/2014, V.3

ID Number ‘

Y U (e Al a3 ¢ (f) £ 500
emessnnmans Al 50l g ) lusdiins) 5 Slilind e 4glaY) i da 1.1
............................................................................................. ) 5ol 3 )i e iady Ja 1.2

Y s and Ol i s Al ALY e LlaYl ela )l 2

Y axd clladal A li) (il HhaY) sl (g a5 gandl 3 dal e Alee gl sl da 2.1
Siaaldl el 30 oA

T sl o prd LlaY) cils 1))

¥ pd 24216 I P (o5l 5550l (s 55) S 55l G lli 32T s 2.2

?Z\_“\ml_d

T sl (s candy LlaY) cils 1)

¥ pxi Ba¥gabuaio pe (g ma) dpac QAL e llih ey da 2.3
fles oSl
g sil) A caad laY) @ils 1)

N pxd ipalall anll 601 DA oY) gl ellila (a5 Ja 2.4

i) 2 cpris ) CilS 13

¥ pad Saand) 8 Cana gl o llila Jlay 8 2.5
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G2 2 e LY S

Y pxd $ cluaall b o il Gud ye | jeadl 8 o gl (e cllil ey J8 2.6

T sl A ardy AlaY) cils 1))

N axd oAl Ainy il o gl 8 Wls ellila & Ly Ja 2.7

T sl o i LlaY) cils 1))

pellil Jsa A0 Jealitl e e (o> 23
(i) 8y ol 3.1

(R / e/ as0) Dl &2 )53.2

) g sa2ll 33

saa) gll dudall s oS & sl b ellab Wlaly ) el 2 3adl s 2ae oS3 4

‘ bl Z3l e cllids Wil ) gAY Zo0) cluds L35

saal )l dudall e oS g sl b ludall s3a 2ae oS

31aY1 028 & 51 g La ((oia )l JlSe Jia ) piall e sae b 31 aadiny ellih (1S 13) 3.6

slac) o cllihl daacad) 0 e g 55 gl o padll g JalSll 4y & s (ol padiing ellila (1S13) 3.7

Jealis
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Appendix 32: Participants’ attendance sheet

Title of Project: The effect of Wii-Fit balance games on standing postural control in

children with cerebral palsy

Name of researcher: Afrah Almuwais

Ethics Number: 5520

Appendices

ID Number

Date

Time

Games played

(repetition and duration of each game)

PS | sS

Comments

Week 1

First assessment

Balance
measurement 1

Week 2

Session 1

Session 2

Session 3

Week 3

Session 4

Session 5

Session 6

Week 4

Session 7

Session 8

Session 9

Week 5

Session 10

Session 11

Session 12

Week 6

Balance
measurement 2
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Appendix 33: Child’s attendance sheet (English and Arabic)

The Wii-Fit study attendance sheet

First Visit

Balance measurment

reat

Now lets play

with the Wii
Week 1 Fit
don’t forget
you will be
S 2 vido recorded
Se NiCe E°Mett ol
1
Week 2
1
Week 3
1
Week 4
1
Week 5
FINISH YAAAY
Balance measurement N
THANK )/ YOU
Week 6

don’t forget you will be vido recorded
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Wii-Fit
i-Fit L_m\Jd\ M\Jﬂ J}..a;j\ 4
85

O uld
1 & )
OsSom Ad)
Suad \Jylsu‘;::: ;
2 & 5!
3 &Y
4 & 5!
5 & s
6 & sV
JumalS A
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Appendix 34: Appendix 1: The child’s end of study certificate (English and Arabic)

5 5 O3 5 05 05 OF 05 5 O £ &5 805 405 5 45 £ 055 805 405 05 406 &5 455 3 05 55 40% 40 305 55 £05 407 403 403 437 3 205 53 40 25 2D AR

Southampton -

Certificate of Participation

6 8 6 4 8

fo
»
v

7z
b

Awarded to

O
£

S SHSSSSS
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ampton

UNIVERSITY OF

£ \i :-.-

3
&
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K.

B As ol e s sl

z_ml_)hlciu;__z

o

31 gill il=ll &

[

Wii-Fi
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Appendix 35: Paediatric Balance Scale

PEDIATRIC BALANCE SCALE

Name:

Item ription

Sitting to standing

Standing to sitting

Transfers

Standing unsupported

Sitting unsupported

Standing with eyes closed
Standing with feet together
Standing with one foot in front
Standing on one foot

Turning 360 degrees

Turning to look behind
Retrieving object from floor
Placing alternate foot on stool
Reaching forward with outstretched arm

DONDDEWN -

e
B ONLO

Total Test Score

I g
8
:

ene

1. Demonstrate each task and give instructions as written. A child may receive a practice
trizl on each item. If the child is unable to complete the task based on their ability to understand
the directions, a second practice trial may be given. Verbal and visual directions may be clarified
through the use of physical prompts.

2. Each item should be scored utilizing the 0 to 4 scale. Multiple trials are allowed on
many of the items. The child's performance should be scored based upon the lowest criteria,
which describes the child's best performance. If on the first trial a child receives the maximal
score of 4, additional trials need not be administered. Several items require the child to maintain
a given position for a specific time. Progressively, more points are deducted if the time or
distance requirements are not met; if the subject's performance warrants supervision; or if the
subject touches an external support or receives assistance from the examiner. Subjects should
understand that they must maintain their balance while attempting the tasks. The choice, of which leg
stand on or how far to reach, is left to the subject. Poor judgement will adversaly influence the
performance and the scoring. In addition to scoring tems 4,5,6,7,8,9,10, and 13, the examiner may
choose to record the exact time in seconds.

Figare. No eapticn availahle.
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Equipment

The Pediatric Balance Scale was designed to require minimal use of specialized equipment. The

following is a complete list of items required for administration of this tool:

adjustable height bench

chair with back support and arm rests
stopwatch or watch with @ second hand
masking tape - 1inch wide

a step stool 6 inches in height
chalkboard eraser

ruler or yardstick

a small level

The following items are optional and may be helpful during test administration:

2 child-size footprints

blindfold

a brightly colored object of at least two inches in size
flash cards

2 inches of adhesive-backed hook Velcro

Two 1 foot strips of loop Velcro

FRERRARERERRRRRARERRARNARRIRRARRNNRRA AR RRA R AR R R A AR AR R AR R e R e hn

1. Sitting To Standing

* Special instruction: Items #1.and #2 may be tested simultaneously i, in the determination of

the examiner, it will facilitate the best performance of the child.

INSTRUCTIONS: Child is asked to "Hold arms up and stand up." The child is allowed

1o select the position of his/her arms.

EQUIPMENT: A bench of appropriate height to allow the child's feet to rest supported on

the floor with the hips and knees maintained in 90 degrees of flexion,

Best Of Three Trials

[ )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 iries

(N needs minimal assist to stand or to stabilize

()

0

Figare, N caption avalladie.

needs moderate or maximal assist to stand
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c

2. Standing To Sitting
* Special instruction: Items #1 and #2 may be tested simultaneously if, in the determination of
the examiner, it will facilitate the best performance of the child.

INSTRUCTIONS: Child is asked to sit down slowly, without use of hands. The child
is allowed to select the position of his/her arms.

EQUIPMENT: A bench of appropriate height to allow the child's feet to rest supported on
the floor with the hips and knees maintained in 90 degrees of flexion.

{ Of Trial
sits safely with minimal use of hands
controls descent by using hands

uses back of legs against chair to control descent
sits independently, but has uncontrolled descent
needs assistance to sit

— — — — —
— S S e it
O - N W

3. Transfers

INSTRUCTIONS: Arrange chair(s) for a stand pivot transfer, touching at a forty-five degree
angle. Ask the child to transfer one way toward a seat with armrests and one way toward a
seat without armrests.

Equipment: Two chairs, or one chair and one bench. One seating surface must have
armrests, One chairlbench should be of standard adult size and the other should be of an
appropriate height to allow the child to conformably sit with feet supported on the floor and ninety
degrees of hip and knee fiexion.

Best Of Three Trials

able to transfer safely with minor use of hands

able to transfer safely, definite need of hands

able to transfer with verbal cueing and/or supervision (spotting)
needs one person to assist

needs two people to assist or supervise (close guard) to be safe

— — — — —
it S i it
L i A L VL I~

Figare. No cagoon avadabile,
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4. Standing Unsupported

INSTRUCTIONS: The child is asked to stand for 30 SECONDS without holding on or
moving his/her feet. A taped line or footprints may be placed on the fioor to help the child
maintain a stationary foot position. The child may be engaged in non-stressful conversation 0
maintain attention span for thirty seconds. Weight shifting and equilibrium responses in feet are
acceptable; movement of the foot in space (off the support surface) indicates end of the timed
trial.

EQUIPMENT: a stop watch or watch with a second hand
a welve inch long masking tape line or two footprints piaced shoulder

width apart
( )4 able to stand safely 30 SECONDS
()3 able to stand 30 SECONDS with supervision (spotting)
()2 able to stand 15 SECONDS unsupported
() needs several tries to stand 10 SECONDS unsupported
( )0 unable to stand 10 SECONDS unassisted

Time in seconds

Special Instructions: If a subject is able to stand 30 SECONDS unsupported, score full points for
sitting unsupported. Proceed to item #6

5. Sitting With Back Unsupported And Feet Supported On The Floor

INSTRUCTIONS: Please sit with arms folded on your chest for 30 SECONDS. Child
may be engaged in non-stressful conversation to maintain attention span for thirty seconds. Time
should be stopped if protective reactions are observed in trunk or upper extremities.

EQUIPMENT: a stop watch or walch with @ second hand
a bench of appropriate height to allow the feet to rest supported on the
floor with the hips and knees maintained in ninety degrees of flexion.

( )4 able to sit safely and securely 30 SECONDS

( )3 able to sit 30 SECONDS under supervision (spotting) or may require
definite use of upper extremities to maintain sitting position

()2 able to sit 15 SECONDS

( ) able to sit 10 SECONDS

()0 unable to sit 10 SECONDS without support

Time in seconds

-——

Figare. No caption available,
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E
6. Standing Unsupported With Eyes Closed

INSTRUCTIONS: The child is asked to stand still with feet shoulder width apart and close
his/her eyes for ten seconds, Direction: "When | say close your eyes, | want you to stand
still, close your eyes, and keep them closed until | say open." If necessary, a blindfold may
be used. Weight shifting and equilibrium responses in the feet are acceptable; movement of the
foot in space (off the support surface) indicates end of timed trial. A taped line or footprints may
be placed on the floor to help the child maintain a stationary foot position.

EQUIPMENT: a stop watch or watch with a second hand
a twelve-inch long masking tape line or two footprints placed
shoulder width apart
blindfold
Best Of 3 Trials,
()4 able to stand 10 seconds safely
()3 able to stand 10 seconds with supervision (spotting)
()2 able to stand 3 seconds
()1 unable to keep eyes closed 3 seconds bul stays steady
()0 needs help to keep from falling

Time in seconds

7. Standing Unsupported With Feet Together

INSTRUCTIONS: The child is asked to place his/her feet together and stand still
without holding on. The child may be engaged in non-stressful conversation to maintain
attention span for thirty seconds. Weight shifting and equilibrium responses in feet are
acceptable; movement of the foot in space (off the support surface) indicates end of timed trial. A
taped line or foolprints may be placed on the floor to help the child maintain stationary foot
position,

EQUIPMENT: a stop watch or watch with a second hand
a twelve inch long masking tape line or two footprints placed together

Best Of 3 Trials

()4 able to place feet together independently and stand 30 seconds safely

()3 able to place feet together independently and stand for 30 seconds with
supervision (spotting)

o able to place feet together independently but unable to hold for 30
seconds

( )1 needs help to attain position but able to stand 30 seconds with feet
together

()0 neads help to attain position and /or unable to hold for 30 seconds

Time in seconds

Figure. No caption aviilable,
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8.  Standing Unsupported One Foot In Front

INSTRUCTIONS: The child is asked to stand with one foot in front of the other, heel
to toe. If the child cannot place feet in a tandem position (directly in front), they should be asked
lo step forward far enough to allow the heel of one foot to be placed ahead of the toes of the
stationary foot. A taped line and/or footprints may be placed on the floor to help the child
maintain a stationary foot position. In addition to a visual demonstration, a single physical prompt
(assistance with placement) may be given. The child may be engaged in non-stressful
conversation to maintain his/her attention span for 30 seconds. Weight shifting and/or equilibrium
reactions in the feet are acceptable. Timed Irials should be stopped if either foot moves in space
(leaves the support surface) and/or upper extremities support is utilized.

EQUIPMENT:  a stop watch or watch with a second hand
a twelve inch long masking tape line or two footprints placed heel to toe

Best Of Three Trials

( )4 able to place feet tandem independently and hold 30 seconds

()3 able to place foot ahead of other independently and hold 30 seconds.
Note: The length of the step must exceed the length of the stationary foot
and the width of the stance should approximate the subject's normal stride

width,

( )2 able to take small step independently and hold 30 seconds, or required
assistance !0 place foot in front, but can stand for 30 seconds.

( )1 needs help to step, but can hold 15 seconds

( )0 loses balance while stepping or standing

Time in seconds
9. Standing On One Leg

INSTRUCTIONS: The child is asked to stand on one leg for as long as he/she is able
to without holding on. If necessary the child can be instructed o maintain his/her arms (hands)
on his/her hips (waist). A taped line or footprints may be placed on the floor to help the child
maintain a stationary foot position, Weight shifting and/or equilibrium reactions in the feet are
acceplable. Timed trials should be stopped if the weight-bearing foot moves in space (leaves the
support surface), the up limb touches the opposite leg or the support surface and/or upper
extremities are utilized for support,

EQUIPMENT: a stop watch or watch with a second hand
a twelve inch long masking tape line or two footprints placed heel to toe

3 Trials Av

( )4 able to lift leg independently and hold 10 seconds

{ )3 able to lift leg independently and hold 5 to 9 seconds

( )2 able to lift leg independently and hold 3 10 4 seconds

()1 tries to lift leg; unable to hold 3 seconds but remains standing
( )O unable to try or needs assist to prevent fall

Figure. No caption available,
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10.  Turn 360 Degrees

INSTRUCTIONS: The child is asked to turn completely around in a full circle, STOP,
and then turn a full circle in the other direction.

EQUIPMENT: A stop watch or watch with a second hand

()4 able to tum 360 degrees safely in 4 seconds or less each way (total of
less than eight seconds)
()3 able to turn 360 degrees safely in one direction only in 4 seconds or less

completes turn in other direction requires more than four seconds
able to turn 360 degrees safely but slowly

needs close supervision (spotting) or constant verbal cueing
needs assistance while turning

o -

Time in seconds

11, Turning To Look Behind Left & Right Shoulders While Standing Still

INSTRUCTIONS: The child is asked to stand with his/her feet still, fixed in one
place. "Follow this object as | move it. Keep watching it as | move it, but don’t move your
feet."

EQUIPMENT: a brightly colored object of at least two inches in size, or fiash
cards
a twelve inch long masking tape line or two footprints placed
shoulder width apart
( )4 looks behind/over each shoulder; weight shifts include trunk rotation
()3 looks behind/over one shoulder with trunk rotation; weight shift in the
opposite direction is to the level of the shoulder; no trunk rotation
()2 turns head to look to level of shoulder, no trunk rotation
(M needs supervision (spotting) when turning; the chin moves greater than
half the distance to the shoulder
()0 needs assist to keep from losing balance or falling; movement of the chin

i5 less than half the distance to the shoulder
12.  Pick Up Object From The Floor From A Standing Position

. The child is asked to pick up a chalkboard eraser placed
approximately the length of his/her foot in front of his/her dominant foot. In children, where
dominance is not clear, ask the child which hand they want to use and place the object in front of
that foot.

EQUIPMENT: a chalkboard eraser
a taped line or foolprints

()4 able to pick up an eraser safetly and easily

()3 able to pick up eraser but needs supervision (spotting)

)2 unable to pick up eraser but reaches 110 2 nches from eraser and keeps
balance independently

()1 unable to pick up eraser; needs supervision (spotting) while attempting

()0 unable to try, needs assis! to keep from losing balance or falling

Figure, No caption available,
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13.  Placing Alternate Foot On Step Stool While Standing Unsupported

INSTRUCTIONS: The child is asked to place each foot alternately on the step stool
and to continue until each foot has touched the step/stool four times.

EQUIPMENT: aslep/stool of four inches in height
a stop walch or watch with a second hand.
{ )4 stands independently and safely and completes 8 steps in 20 seconds
()3 able to stand independently and complete 8 steps >20 seconds
( )2 able to complete 4 steps without assistance, but requires close
supervision (spotting)
{ M able to complete 2 steps, needs minimal assistance
()0 needs assistance to maintain balance or keep from falling, unable to try
Time in seconds

14.  Reaching Forward With Outstretched Arm While Standing

General Instruction And Set Up: A yardstick affixed to a wall via Velcro strips will be used
as the measuring tool. A taped line and/or foolprints are used to maintain a stationary foot

position. The child will be asked to reach as far forward withoul falling, and without stepping over
the line. The MCP joint of the child's fisted hand will be used as the anatomical reference point
for measurements. Assistance may be given to initiglly position the child's arm at 80 degrees.
Support may not be provided during the reaching process. If 90 degrees of shoulder flexion
cannot be obtained, then this item should be omitted.

INSTRUCTIONS: The child is asked to lift his/her arm up like this. "Stretch out your
fingers, make a fist, and reach forward as far as you can without moving your feet."

Trial |
EQUIPMENT: a yardstick or ruler
ataped line or footprints
alevel

can reach forward confidently >10 inches

can reach forward >5 inches, safely

can reach forward >2 inches, safely

reaches forward but needs supervision (spotting)
loses balance while trying, requires exteral support

— s — — —
— e e
O - o w s

~——— Total Test Score
Maximum Score = 56

Figare. No captica availabie,
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Appendix 36: The Physical Activity Enjoyment Scale (English and Arabic)

The Physical Activity Enjoyment Scale form for children

Title of Project: The effect of Wii-Fit balance games on standing postural control in children with
cerebral palsy

Name of researcher: Afrah Almuwais

ID Number
Ethics Number: 5520
When | am playing Wii-fit games . . .
1 2 3 4 5
Disagree a Agree a lot
ke 00
~ N’
lot
1. lenjoy it
2. | feel bored
3. I dislike it

4. | find it pleasurable

5. It’s no fun at all

6. It gives me energy

7. It makes me sad

8. It’s very pleasant

9. My body feels good

10. I get something out of it

11. It’s very exciting

12. It frustrates me

13. It’s not at all interesting

14. It gives me a strong feeling of
success

15. It feels good

16. | feel as though | would rather
be doing something else
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Appendix 37: Table of the row results data for analysis in chapter 6 and 7

Table A37.1: The row data of COP length for reliability between two baselines and the difference between pre- and post-training

Day 1 Day 2 Day 3
ID 1 EZO 3 Mean 1 EZC 3 Mean 1 EZO 3 Mean 1 E2C 3 Mean 1 EZO 3 Mean 1 EZC 3 Mean
1 354 352 3;38 3.53 33'36 3.8 6é5 4.68 32'36 3 f 358 3.68 3%5 3 f 355 3.48 553 5.39 442 7.92 4; 5.46
2 3é2 3.;)5 3‘.12 333 4%1 4:;’2 431 4.18 3%4 452 4;9 4.27 54 7].-6 6.51
3 244 2; 2%6 261 zf 3.2 350 2.97 2_;)2 2;‘ 2i7 2.46 3; 258 29 | 3.6 zf 3; 4:’ 3.63 3: 2.96 25'_,8 3.02
4 2%3 1é9 1%9 )11 32.36 Zé7 2:.12 287 250 2%0 158 1.99 3:.Ll 4é8 2‘.14 347 1%9 2:.1-8 253 738 Zé9 296 2:.1-8 29
2.4 . . 4 2. . 2. 4.7 . 4, 2 2. 2. 1. 4,
5 ) 316 3.02 365 36 3.51 76 353 83 2.8 9 378 50 4.24 31 93 76 2.76 48 2.06 50 2.65
4.2 4.2 4.4 . 4.2 . 4, . 7.2 . 4.1 4. . 4., .
6 9 4 9 4.34 338 3 593 4.5 4.7 78 318 4.46 ) 365 4 4.97 13 325 35 4.12 339 469 | 4.2 4.27
7 451 452 451 4.19 4i2 4; 41 | 415 3i6 357 4f 389 | 41 35')7 3('59 3.95 356 3%9 4; 3.95 45 4.05 4;’ 4.26
g | 36 3;’ 3f 3.68 440 357 4_;)0 3.96 451 3i9 4 | a01 | as 4%3 4%1 435 3&8 3('57 461 3.93 359 413 4: 415
o |2 f’ zéz 2;’ 237 2_;,4 2 f 237 2.68 257 zé“ 2; 2.66 35')4 3; 35')3 3.35 2&9 3.4 4_;)0 3.49 3; 3.36 2;’ 3.19
10 13.36 Zéz 252 206 ZéO 156 ) 1.92 158 2;1 159 207 1é6 1é7 2‘.10 183 2i7 145 156 1.96 1é7 162 lé7 173
11 357 4 45'37 4.18 39')7 46 3: 301 | 47 4;’ > f 4.76 5; 6%0 554 5.68 9%2 11; 853 96 | ° f 115 t(; 10.47
12 39')8 459 49')1 4.35 4;‘ 4:’ 449 464 454 5%2 458 487 | 37 451 449 4.28 455 4é6 457 4.65 39')7 3.99 3é9 391

314




Table A37.2: row data for PBS total scores between rateres
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Pre-training Post-training
ID Difference | Mean Difference | Mean
Rater1 | Rater2 Rater 1 Rater 2

1 43 45 -2 44 44 41 3 22

2 50 50

3 49 49 0 49 52 54 -2 26

4 52 49 3 50.5 52 53 -1 26

5 36 35 1 35.5 39 36 3 19.5
6 48 53 -5 50.5 50 49 1 25

7 46 48 -2 47 46 46 0 23

8 45 44 1 44.5 44 45 -1 22

9 54 55 -1 54.5 56 54 2 28
10 43 47 -4 45 42 46 -4 21
11 35 39 -4 37 39 38 1 19.5
12 46 44 2 45 44 44 0 22

Table A37.3: the agreement between PBS raters using ICC 3,2
Raters Mean SD ICC3,2 lower Cl upper Cl SEM
Pre- 1 45.18 5.88
training . rEr o 0.892 0.66 0.97 1.89
1 46.18 5.6

frfi’:“ng . — - 0.857 0.57 0.96 2.47
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