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Executive Summary 

Key words: balance, postural control, hemiplegia, cerebral palsy, intervention, 

rehabilitation, physiotherapy, Nintendo Wii Fit 

Background: Balance and postural control are an integral part of gross motor function 

in activities of daily living. Studies have shown that children with hemiplegic cerebral 

palsy have poor directional specificity as well as problems with the temporal and spatial 

modulation of appropriate muscle action in response to balance perturbations. Children 

with hemiplegia have also been shown to develop direction-specific postural control at a 

slower pace than typically developing children. Apart from their postural muscle co

ordination problems, these children have difficulties with sensory integration which 

contributes to increased reaction time. Research on balance training in children with 

cerebral palsy has demonstrated that improved balance translates into more effective 

gross motor function. It appears that postural control mechanisms are still modifiable for 

children with cerebral palsy even in elementary to middle school ages. Physiotherapy 

treatment for children with cerebral palsy should therefore involve balance training as a 

focus of intervention. Literature on balance control and virtual reality rehabilitation 

justifies investigating the use of a commercially ~vailable gaming system, such as the 

Nintendo Wii Fit, as a rehabilitation tool to improve balance control and therefore gross 

motor function in children with cerebral palsy. Objective: To determine the effect of an 

intervention with the Nintendo Wii Fit on the balance control and gross motor function 

of children with spastic hemiplegic cerebral palsy. Design: An AB, single-subject 

research design with multiple subjects, using repeated measures and multiple baselines 

was utilised. Setting: Two special-needs schools in Cape Town, South Africa. 

Participants: Fourteen children aged 7-14 years with spastic hemiplegic cerebral palsy 

(GMFCS Level I and II). Intervention: The regular physiotherapy regime of the 

participants was substituted with three weeks of intensive therapy consisting of four Wii 

Fit sessions per week (4 x 25 minute sessions = 100 minutes on the Wii Fit per week). 
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Outcome Measures: The outcome measures consisted of: a set of adapted, criterion

referenced activities based on the Bruininks-Oseretsky Test of Motor Proficiency 2nd 

Edition (BOT -2) Subtests 5 (Balance) and 6 (Running Speed and Agility) to measure 

balance and gross motor function-; the Timed Up and Down Stairs test (TUDS) to 

measure functional mobility; and the EQ-5D-Y Visual Analogue Scale to measure 

health-related quality of life. Method: Children were divided into four groups of three 

or four. One group was treated per school term over the course of four school terms. A 

three week baseline measure was taken whereupon two children started the intervention 

in the third week. Once the first two children had completed the intervention, the 

remaining two children commenced the intervention allowing for multiple, staggered 

baselines. A single-blind protocol was implemented in that the assessor was unaware of 

the phase of intervention each child was in. Physiotherapists at the relevant schools 

randomised participants to treatment groups and carried out interventions on behalf of 

the researcher .. The blinded researcher assessed all four children once a week over a 

period of nine weeks. These weekly measures allowed for regular monitoring of changes 

in outcome measures and participants acted as their own controls. Inferences about 

treatment effectiveness were made by using the Non-overlap of all Pairs (NAP) method 

of statistical analysis between baseline and intervention phases. Graphs were visually 

analysed for changes in trend and their correspondence to the onset of intervention. A 

two month post-intervention assessment allowed the researcher to establish whether 

possible improvements were retained. Results: 11 of the 14 children under investigation 

demonstrated medium to large improvements in balance control during and post Wii Fit 

intervention. These gains in balance control were retained 2 months after intervention 

cessation. Results for the Running Speed and Agility, TUDS and EQ-5D-Y VAS 

measures were more variable and did not demonstrate significant and consistent 

improvements. Conclusion: It was found that the Nintendo Wii Fit had potentially 

beneficial effects on the balance control of 11 of the 14 children under investigation. As 

a result it may be considered a useful rehabilitation tool to improve the balance control 

of children with spastic hemiplegic cerebral palsy. Although a trend towards 

improvement was seen in running speed and agility, this was not significant. The lack of 

carry-over from Wii Fit gaming skill to functional mobility may have been due to the 
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brevity of the intervention as well as a lack of transferability of the dynamic balance 

skills gained during Wii Fit gaming. The concept ofWii Fit gaming as a form of therapy 

is consistent with the paradigm shift towards task orientated and goal directed learning 

that has been taking place in physiotherapy over the past few decades. Future studies 

should include larger subject numbers, control groups and longer intervention periods. 
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Glossary of abbreviated terms 

AVC: Area under the curve refers to the area under the receiver operator characteristic 

(ROC) curve, also known as the "sensitivity and specificity curve", for detailing error 

types!. 

BBS: The Berg Balance Scale is a perfonnance based scale that was developed to assess 

balance in elderly or neurologically impaired subjects 2. The BBS is perfonnance based 

and has 14 items. 1) sitting to standing 2) standing unsupported 3) sitting unsupported 4) 

standing to sitting 5) transfers 6) standing with eyes closed 7) standing with feet together 

8) reaching forward with outstretched ann 9) retrieving object from floor 10) turning to 

look behind 11) turning 360 degrees 12) placing alternate foot on stool 13) standing with 

one foot in front 14) standing on one foot 3. 

BOT -2: Bruininks-Oseretsky Test 2 is the second and latest edition of the Bruininks

Oseretsky Test of Motor Proficiency - see below. 

BOTMP: The Bruininks-Oseretsky Test of Motor Proficiency was developed as a nonn

referenced test for typically developing children between the ages of 4.5-14.5 years. The 

BOT -2 has been used as an evaluative and discriminative test in several studies 

investigating motor perfonnance and efficacy of interventions in child population groups 

with a range of disabilities, including CP 45 . 

CIMT: Constraint induced movement therapy is a fonn of therapy used for the 

treatment of hemiplegic patients. It involves an intensive period of massed practice over 

a short period of time. The patient is required to wear a restraining device (mitt, cast, 

splint, sling) to prevent use of the unaffected upper limb during therapy. Intensive 
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repetition of movement with the affected upper limb has been shown to stimulate the 

emergence of new motor skills 6. 

CP: "Cerebral Palsy describes a group of developmental disorders of movement and 

posture, causing activity restrictions and disability that are attributed to disturbances 

occurring in the foetal or infant brain. The motor impairment may be accompanied by a 

seizure disorder and by impairment of sensation, cognition, communication, and/or 

behaviour" 7. 

COM: Centre of Mass is a point derived from the weighted average of each body 

segment, and moves when the body segments change position 8. 

COP: Centre of Pressure is the point where the resultant force vector of ground reaction 

forces from the supporting surface is applied to the body 8. 

DCD: "Developmental Coordination Disorder, a chronic and usually permanent 

condition found in children, is characterized by motor impairment that interferes with 

the child's activities of daily living and academic achievement. In order for a child to be 

diagnosed with DCD, these motor impairments must negatively affect some other aspect 

of his or her life. Impairment alone does not qualify a child for the diagnosis ofDCD; 

the motor impairment must not be caused by or have the symptoms of an identifiable 

neurological problem" 9. 

EMG: "Continuous recording of the electrical activity of a muscle by means of 

electrodes inserted into (or attached to) the muscle. The tracing is displayed on an 

oscilloscope. The technique is used for diagnosing various nerve and muscle disorders 

and assessing progress in recovery from some forms of paralysis" 10. 
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EQ-5D-Y: The Euroqol-5 Dimension-Youth (EQ-5D-Y) is a standardised and validated 

measure of health related quality of life in children. It provides a 5 dimensional profile 

with questions related to the following health domains: mobility, self-care, usual 

activities, pain or discomfort and anxiety or depression. It also includes a visual 

analogue scale that is used to describe the patient's perception of their health on the day 

of assessment 11. 

fMRI: Functional magnetic resonance imaging refers to magnetic resonance imaging 

techniques that measure aspects of local brain physiology. The MR signal can be made 

sensitive to changes in blood oxygenation levels. Blood oxygenation increases in 

activated parts of the brain and these may be mapped using tMRI 12. 

FRT: The Functional Reach Test is a standardised test that is used to assess balance and 

postural stability at the level of impairment. The FRT was developed for use in elderly 

patients but has been used in other population groups. During the FRT the subject is 

asked to reach out as far as possible beyond arm's length while maintaining a fixed base 

of support in standing. The distance reached is then measured 3. 

GMFCS: The Gross Motor Function Classification Scale is an ordinal, standardised 

system used to classify children with cerebral palsy according to their motor function. 

This classification scale consists of 5 levels - Level I indicating few activity and 

mobility limitations and Level V indicating severe activity and mobility limitations 13. 

GMFM: The Gross Motor Function Measure (GMFM) is a standardised and validated 

outcome measure that was developed to assess changes in gross motor function in 

children with cerebral palsy. Items tested include activities in lying, rolling, walking, 

running and jumping 14. 
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HR-QoL: Health Related Quality of Life refers to a multidimensional construct of 

quality of life that may include physical health, psychological state, social relationships, 

income, freedom and quality of environment 15. Questionnaires that aim to assess Health 

Related Quality of Life include these domains as they may adversely affect health 16. 

ICF: "The International Classification of Functioning, Disability and Health is a 

classification of health and health-related domains. These domains are classified from 

body, individual and societal perspectives by means of two lists: a list of body functions 

and structure, and a list of domains of activity and participation. Since an individual's 

functioning and disability occurs in context, the ICF also includes a list of environmental 

factors" 17. 

KP: "Knowledge of Performance is a form of augmented feedback that provides the 

patient with information about the movement patters used to achieve the outcome of the 

movement trial or the kinematics of the movement" 18. 

KR: "Knowledge of Results is a form of augmented feedback that provides the patient 

with information about the movement outcome relative to the task goal" 18. 

MAS: The Modified Ashworth Scale (MAS) is a clinical assessment tool that is used to 

quantify spasticity, muscle tone or resistance to passive stretch. This is done by moving 

the patient's joint through range at a standard speed. The resistance to stretch is then 

rated on a 6 point scale (0, 1, 1 +,2,3,4) in increasing order of severity of spasticity 19. 

NAP: When applied to Single Case Research, Non-overlap of all Pairs can be defined as 

"the probability that a score drawn at random from a treatment phase will exceed 

(overlap) that of a score drawn at random from a baseline phase" also referred to as "the 

percent of non-overlapping data between baseline and treatment phase" 1. 
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NDT: "Neurodevelopmental treatment was initially a treatment approach developed by 

Berta and Karl Bobath for the treatment of children with cerebral palsy. The philosophy 

of the treatment approach was based on a hierarchical view of nervous system function. 

The treatment for children with cerebral pasly focused on moving them through normal 

movement patterns to experience normal movement. Major components of this approach 

included reflex-inhibiting postures, inhibition of abnormal reflexes, normalization of 

muscle tone and adherence to the normal developmental sequence of motor progression" 

20. Over the past few decades, the approach has evolved as it became clear that too much 

emphasis had been placed on facilitation and adherence to normal movement patterns 

and it was appreciated that it was necessary for the child to take over control of his own 

movement 21. In recent years, this approach has become more functional and goal 

orientated 20-22. 

PAND: "Percentage of All Non-overlapping Data is the percent of all data remaining 

after removing the minimum number of datapoints which would eliminate all data 

overlap between phases A and B" in a single subject research design 1. 

P-CTSIB: the Pediatric-CTSm was derived from the Clinical Test of Sensory 

Interaction for Balance 3. The P-CTSIB is used to assess the contributions of sensory 

information to standing balance in children 3. Postural sway is investigated under 6 

different sensory conditions: 1) eyes open, standing on a hard, flat surface 2) eyes 

closed, standing on a hard, flat surface 3) eyes open, standing on a medium density foam 

4) eyes closed, standing on a medium density foam 5) eyes open, standing on a hard, flat 

surface with a visual conflict dome over the head 6) eyes open, standing on a medium 

density foam with a visual conflict dome over the head 3. 

PDMS: "The Peabody Developmental Motor Scale is designed to assess the motor skills 

of children from birth through five years of age. The test is composed of six subtests that 
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include gross motor and fine motor skills. Composite scores are calculated from the 

results of the subtests" 23. 

PEDI: The Paediatric Evaluation of Disability Inventory was developed as an outcome 

measure for children with disabilities. It consists of 3 parts namely 1) Functional skills 

(197 items) 2) Caregiver Assistance (20 items) and 3) Modifications (20 items). 

Capability is assessed in terms of functional skills that the child can achieve. Level of 

performance is measured in the amount of caregiver assistance needed in the Caregiver 

Assistance section. Each of the 3 parts of the PEDI is further subdivided into the 

categories of Self-care, Mobility and Social Function 24. 

PET: "Positron emission tomography is a technique in nuclear medicine for cross

sectional imaging that enables a non-invasive assessment oflocalisation of metabolic 

activity to be made" 10. 

PND: The Percent of Nonoverlap ping Data is "the percent of phase B datapoints which 

exceed the single highest phase A datapoint" in a single subject research design 1. 

RCT: "The randomised controlled trial is a comparison of the outcome between two or 

more groups of patients that are deliberately subjected to different regimes to test a 

hypothesis. Wherever possible those entering the trial should be allocated to their 

respective groups by means of random numbers and one such group (controls) should 

have no active treatment. Ideally neither the patient nor the person assessing the 

outcome should be aware of which group each patient is allocated to" 10. 

ROC: For diagnostic work and test development in medicine, "the receiver operating 

characteristic curve is defined as a plot of test sensitivity as the y coordinate versus its 1-

specificity or false positive rate as the x coordinate" 25. 
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ROM: "Range of Motion is motion available at any single joint and is influenced by 

associated bony structure and physiologic characteristics of the connective tissue that 

limits joint ROM" 26. 

SEM: Where the standard deviation of a sampling distribution mean is estimated, it is 

called the standard error of the mean 27. 

SES: Socioeconomic status refers to "an individual's or group's position within a 

hierarchical social structure" 28. "Socioeconomic status is defined by material wealth, 

occupation and participation in educational and social institutions. SES determines the 

substance of material life, from the foods and arts people enjoy, to the schools people 

attend and the social clubs and activities they engage in, to the likelihood of health- and 

mood-related vulnerabilities" 29. 

SLST: "The single leg standing test is a measurement of sensorimotor control of the 

lower limb where the patient is required to maintain balance while standing on one leg. 

The test is usually timed and qualitatively assessed" 30. 

SSRD: Single-subject research designs may be used to test the effectiveness of 

treatment in a single subject or a small group of subjects 31. This design is characterised 

by repeated measures of a clinically relevant and observable target behavior over a 

baseline and an intervention phase 31. Repeated measures allow subjects to act as their 

own controls 31. A stable baseline is established with a minimum of three repeated 

measurements before treatment is introduced 32. Data may be plotted and examined for 

differences in trend, level and variability of the baseline and intervention phases. A trend 

behavior of several data points allows the researcher to make inferences about the 

effectiveness of treatment and decreases the probability that improvement in the target 

behavior is owing to chance 31. 
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TBI: Traumatic Brain Injury is "an insult to the brain, not of the degenerative or 

congenital nature, but caused by an external force, that may produce a diminished or 

altered state of consciousness" 33. 

TD: The term "typically developing" refers to the development of children who follow 

normal developmental milestones in the appropriate and commonly accepted time frame 
34 

TS: "The Tardieu Scale is used to clinically assess spasticity by passive movement of 

the joints at three specified velocities. The intensity, duration and muscle reaction to 

stretch is rated on a 5-point scale, with the joint-angle at which this muscle reaction is 

first felt" 35. 

TUDS: "The Timed Up and Down Stairs test was developed as a functional mobility 

outcome measure that would potentially reflect improvements in the musculoskeletal 

neuromuscular systems that contribute to the control of posture. The TUDS involves the 

subject ascending one flight of stairs, turning around, and descending to the starting 

point". Time to completion is recorded in seconds 36. 

TUG: "The Timed Up & Go test was developed to assess basic or functional 

ambulatory mobility, or dynamic balance in adults. The standard TUG test for frail 

elderly people requires them to rise from a seat with armrests, stand momentarily, walk 

3m, tum, return to the same seat and sit down. The score is the time in seconds from the 

instruction "go" to the person regaining their seat" 37. 

TV: "The television is an electronic apparatus that receives such signals, reproducing 

images on screen and typically reproducing accompanying sound signals on speakers" 
38 
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VAS: "A Visual Analogue Scale is a measurement instrument that measures a 

characteristic or attitude that is believed to range across a continuum of values and 

cannot easily be directly measured" .... "Operationally a V AS is usually a horizontal 

line, anchored by word descriptors at each end. The patient marks on the line the point 

that they feel represents their perception of their current state. The VAS score is 

determined by measuring in millimetres from the left hand end of the line to the point 

that the patient marks" 39. 

VR: "Virtual Reality is the use of computer modelling and simulation that enables a 

person to interact with an artificial three-dimensional (3D) visual or other sensory 

environment" 40. 

WHO: "The World Health Organization is the directing and coordinating authority for 

health within the United Nations system. It is responsible for providing leadership on 

global health matters, shaping the health research agenda, setting norms and standards, 

articulating evidence-based policy options, providing technical support to countries and 

monitoring and assessing health trends" 41. 
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1. Introduction 

1.1 Background 

Cerebral palsy (CP) is a leading cause of childhood disability 42, occurring in 2 - 2.5 per 

1000 live births 42 and the most common condition treated by paediatric physiotherapists 

43. About 33% of children with cerebral palsy have the hemiplegic form of CP 44 which 

is characterised by a unilateral brain lesion that results in paresis and spasticity contra

lateral to the involved brain hemisphere 45. Children with hemiplegia usually attain 

motor milestones later than typically developing children and motor patterns differ from 

those of typically developing peers due to physical constraints caused by spasticity or 

paresis 45. Most hemiplegic children are classified at Level I and II on the Gross Motor 

Function Classification System meaning that they are able to ambulate without a 

walking aid 46. However, their hemiplegic gait comes at a great physiological cost due to 

deficiencies in coordination and force production of muscles on the affected side of the 

body 4647. Muscle activation is less selective and more global therefore decreasing 

quality and efficiency of movement 45 which may predispose to long-term 

musculoskeletal injury 48. Weight distribution is usually uneven with the unaffected side 

supporting most of the body weight in the upright position 45. This asymmetrical pattern 

of weight bearing, as well as inherent spasticity may lead to muscle atrophy, growth 

retardation and weakness on the paretic side 4950. 

Balance and postural control in weight-bearing positions are an integral part of gross 

motor function in activities of daily living 51 such as ambulation (stair climbing), 

dressing (standing on one leg to put pants on), self-care and hygiene (getting into and 

out of the bath) and social activities such as playing soccer (standing on one leg and 

kicking a ball). Children with hemiplegia have poor directional specificity as well as 

problems with the temporal and spatial activation of the appropriate muscles in response 

to balance perturbations 51. They have also been shown to develop direction-specific 

postural control at a slower pace than typically developing children 52. Damage to the 
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corticospinal tract in children with hemiplegic cerebral palsy 53 results in limitations of 

skilled motor performance as speed and accuracy of goal directed movement are 

deficient on the affected side 53. Apart from difficulties with muscle co-ordination, 

children with cerebral palsy have difficulties with the integration of sensory information 

2. Slower sensory integration and processing contribute to an increased reaction time 53. 

Studies investigating the benefits of balance training in children with cerebral palsy have 

demonstrated that effective balance recovery translates into more effective gross motor 

function shown by improvements on the Gross Motor Function Measure 54. It appears 

that postural control mechanisms are still modifiable for children with cerebral palsy 

even in upper-elementary to middle school ages and that these improvements are 

retained after treatment cessation 54. Therefore physiotherapy treatment for children with 

cerebral palsy should involve balance training as a focus of intervention 51. 

There are a number of approaches to the rehabilitation of children with cerebral palsy. 

Arguably the most popular and widespread approach is the Bobath method, also known 

as Neurodevelopmental Therapy (NDT) 21 2255. Historically, this treatment approach 

included much facilitation with hands-on guidance by the therapist 20. Children were 

assisted through normal movement sequences or components thereof with the aim of 

establishing or unlocking new and more effective neural pathways for the successful 

~xecution of movement 20. A large amount of treatment time was spent inhibiting 

abnormal reflexes and normalising muscle tone 20. A repeated failure to present 

conclusive scientific evidence to support this type of therapy 20 lead to a paradigm shift 

away from guided therapy where the patient is moved passively through movement 

sequences that may seem pointless to himlher. In recent years, a more active, functional 

and goal orientated approach to movement practice has been advocated 202256. 

Findings in the field of neurophysiology have contributed to the increased emphasis on 

task or goal orientated movement in rehabilitation 57. Plasticity of the brain allows for 
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cortical changes to occur in response to movement experiences during active 

participation 57. Practice, active participation and goal orientated movement are 

recognised as essential components of effective motor learning 58. Therefore, it is said 

that one of the fundamental laws of motor learning is active repetition 5758. Motivation 

to practice and participate is often largely dependent on the movement task. Purposeful 

movement is more likely to promote active participation because the motivation to 

repeat a task is linked to the incremental success of completing a task and seeing the 

outcome 56. 

In 2008, Nintendo released a gaming console that requires physical interaction in virtual 

situations presented to the player on the TV screen. The Nintendo Wii Fit is a balance 

board that consists of four force plate sensors that measure the patient's centre of 

pressure and weight distribution. This information is then incorporated in balance games 

such as snowboarding, skiing or heading a soccer ball. These games provide challenges 

that result in visually induced balance perturbations. The player engages in virtual reality 

situations by shifting his weight from front to back and side to side to meet the 

challenges presented to him in the game. This gaming equipment is commercially 

available and lends itself to the treatment of patients who struggle with balance control 

and weight shifting. The Nintendo Wii Fit is a highly task orientated and motivating 

form of balance training because the challenges presented in the games motivate the 

patient to practice and participate actively to improve the gaming score 59. 

Apart from being motivational and challenging, the Nintendo Wii Fit is an affordable 

and commercially available form of biofeedback. The player receives immediate 

feedback in real time and can adjust movement strategies according to the outcome 

onscreen. The field of virtual reality rehabilitation has produced numerous studies that 

present a strong argument for the use of this type of visual biofeedback 58 60-64. Patients 

are given the opportunity to explore affordances in an environment that is safe and 

enjoyable, therefore often leading to movement excursion and efforts that are much 

greater than those seen when the patient is given a set of exercises to complete 596064. 
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Wii Fit exercise sessions have already been incorporated into the rehabilitaton of adult 

hemiplegic stroke patients in rehabilitation clinics and hospitals in Germany, the UK, 

and the USA and there is a website dedicated to "Wii-habilitation" 65. However, the use 

of virtual gaming is relatively new in children with CPo 

The WHO International Classification of Functioning, Disability and Health (lCF) has 

developed a conceptual framework with which to describe the different aspects of the 

disability process 66. This framework proposes that interventions should not only target 

improvement of body structure and function (impairments) but that this improved 

function should be translated into acvitities of daily living and meaningful participation 

in society 67. Wii Fit gaming requires active weight shifting for gaming. A correlation 

between self-induced weight-shift and ambulatory function in children with cerebral 

palsy has been demonstrated 68. Therefore, it is plausible that hemiplegic children might 

benefit from the use of such a system where voluntary, independent and active weight

shifting practice is informed by immediate feedback from the gaming system, thereby 

leading to a reduction in balance impairment and possibly improvement in motor 

function, as proposed by the ICF. 

If improvements are seen in balance control or gross motor function after intervention 

with the Nintendo Wii Fit, then this system would meet the requirements of an effective 

rehabilitation tool to address impairments, activity limitations and possibly even 

participation restrictions in children with hemiplegic cerebral palsy. 

1.2 Aim and Objectives 

Based on the above arguments, the aims and objectives of this study are presented 

below. 
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1.2.1 Aim 

To assess whether intervention with the Nintendo Wii Fit improves balance and reduces 

activity limitations related to gross motor function in 7-14 year old children with spastic 

hemiplegic cerebral palsy performing at a GMFCS Level of I or II (independently 

ambulating). 

1.2.2 Specific Objectives 

To determine whether in a sample 7-14 year old children with spastic hemiplegic 

cerebral palsy performing at GMFCS Level I or II, intervention based on the use of the 

Nintendo Wii Fit will: 

• Reduce impairments by improving balance control, measured by an adapted 

version of Sub test 5: Balance, of the Bruininks-Oseretsky Test of Motor 

Proficiency, Second Edition (BOT -2). 

• Reduce activity limitations by improving gross motor function efficiency in 

standing, running, jumping and stair climbing, measured by an adapted version 

of Sub test 6: Running Speed and Agility, of the Bruininks-Oseretsky Test of 

Motor Proficiency, Second Edition (BOT -2) and the Timed Up and Down Stairs 

test (TUDS). 

• Result in an improvement in the self perceived health related quality of life of the 

participants as assessed by the EQ-5D-Y visual analogue scale (VAS). 

• Result in a sustained improvement in the above parameters over an 8-10 week 

period after intervention. 

1.3 Research question 

Does a Nintendo Wii Fit intervention given regularly over three weeks improve the 

balance and gross motor function of 7 -14 year old children with spastic hemiplegic 

cerebral palsy performing at GMFCS Level I or II? 
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1.4 Significance of the study 

The lives of children with disabilities are often excessively centered around 

rehabilitation, training and treatment. Due to the nature of their work, rehabilitation 

professionals are obligated to focus on the child's disabilities when therapy should 

ideally optimise the child's abilities. Physiotherapists should create a stimulating 

environment that meets the needs of children with disabilities to play and explore their 

affordances as do typically developing children. If empirical arguments can be made for 

the use of the Nintendo Wii Fit as a rehabilitation tool, then this might add an engaging 

yet effective and contemporary form of play to rehabilitation. The incorporation of the 

Wii Fit into rehabilitation protocols may contribute to a shift in the focus from medically 

orientated practice to activities that any typically developing child might engage in for 

the sole purpose of having fun. It is of great importance that therapists keep finding new 

and innovative ways to make rehabilitation enjoyable and empowering while still 

attaining goals of treatment 68. The incorporation of such novel forms of rehabilitation 

will only become widely accepted once scientific evidence for their use has been 

presented. With the proposed study, the researcher hopes to contribute to this end. 
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2. Literature Review 

2.1 Introduction 

The WHO International Classification of Functioning, Disability and Health (ICF) 

presents a conceptual framework that assists rehabilitation professionals to obtain a 

holistic and coherent view of the impact that disability has on a patient's life 69. This 

classification system provides a profile of the patient's disability in terms of their 

impairments, activity limitations and participation restrictions 66. It is useful to evaluate 

the effectiveness of new treatment techniques in the light of the ICF framework 70. In 

doing so, rehabilitation research is obliged to produce clinically important results that 

make a difference to the life of the patient 71. The ICF conceptual framework has been 

used as a unifying concept within this literature review. 

The following literature review presents arguments for the feasibility of utilising the 

Nintendo Wii Fit as a rehabilitation tool to improve the balance and gross motor 

function of children with spastic hemiplegic cerebral palsy. The different aspects of 

cerebral palsy are described in terms of the ICF framework, but with particular emphasis 

on school-aged children with hemiplegia. The review starts with epidemiological data 

and the different manifestations of cerebral palsy. Thereafter activity limitations and 

participation restrictions are discussed, particularly as they relate to mobility functions. 

A review of motor learning and postural control is presented as these pertain to 

physiotherapy interventions for children with cerebral palsy. The use of the Nintendo 

Wii Fit as a rehabilitation tool is considered in the context of physiotherapy intervention. 

In the last section of this review, the relevant outcome measures, research designs and 

statistical methods related to this study are discussed. 

Appropriate literature for this review was sought by entering key words and concepts 

into the following databases: PubMed, CINAHL, PEDro, ScienceDirect, Medline and 
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BioMed Central. Some of the key words included were: balance, cerebral palsy, 

hemiplegia, virtual reality, centre of gravity, weight shift, hemiplegic gait, postural 

stability, motor learning, brain plasticity, bimanual activity, biofeedback, ICF, Gross 

Motor Function Measure, Pediatric Evaluation of Disability Inventory, Timed Up and 

Down Stairs, EQ-5D, health-related quality of life, Modified Ashworth Scale, 

goniometry, practice schedules and active participation. In addition to this, references of 

useful articles were investigated for further leads to other articles that were then 

accessed via the abovementioned data bases. Articles were limited to those published in 

English. 

2.2 The epidemiology of cerebral palsy and congenital hemiplegia 

The following section on the Epidemiology of Cerebral palsy is divided into the 

following sub-headings: Incidence and Prevalence, Classification, Diagnosis and 

Aetiology. There are several different types of cerebral palsy and each section 

progresses from a broader discussion around cerebral palsy as an umbrella term to a 

focus on congenital hemiplegia, since this is the target group under investigation. 

2.2.1 Incidence and Prevalence 

Over the past few decades an effort has been made to describe cerebral palsy in a 

holistic manner and not solely in terms of the child's motor impairment. One of the more 

recent definitions proposed in 2004 states: "Cerebral Palsy describes a group of 

developmental disorders of movement and posture, causing activity restrictions and 

disability that are attributed to disturbances occurring in the foetal or infant brain. The 

motor impairment may be accompanied by a seizure disorder and by impairment of 

sensation, cognition, communication, and! or behavior" pg 222 7. Other definitions of 

cerebral palsy include that it is a neurological disorder caused by a non-progressive 

lesion of the brain 72. 
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The prevalence of CP is said to be roughly 2.0 per 1000 live births 42 although 

prevalence reports range from 1.5-3.0 per 1000 live births 7374. There is a strong 

association between gestational age and the incidence of cerebral palsy 75. Due to an 

improvement in neonatal care over the past few decades, vulnerable pre-term infants 

have a greater chance of survival 76. As a result, very low birth weight and pre-term 

infants constitute a large percentage of cerebral palsy cases 77. In Europe, infants with a 

birth weight below 2500 grams now contribute to 50% of all cases of cerebral palsy and 

a little over 50% of the most severe cases 74. In developed countries, hemiplegic cerebral 

palsy is said to occur in 0.79 per 1000 live births 78. Hemiplegia constitutes roughly 

33% of all CP cases 44 73. While the number of diplegic children appears to be 

decreasing, the number of hemiplegic children is on the rise in developed countries 74. 

In South Africa, limited information is available on the epidemiology of cerebral palsy. 

A retrospective investigation of hospital records undertaken at Tygerberg hospital in 

Cape Town showed that among the 242 records of children with cerebral palsy in 2003-

2004, spastic quadriplegia was the most cornmon type of CP (40.1 %) followed by 

spastic hemiplegia (26.4%) and then spastic diplegia (14.5%) 79. The predominance of 

spastic quadriplegia is thought to be due to a high rate of birth asphyxia, kernicterus and 

central nervous system infections commonly seen in developing countries 79. These 

figures however are from one hospital record alone and may not be representative of 

South African national figures. To the author's knowledge, no studies reporting national 

figures of the incidence and prevalence of hemiplegic cerebral palsy have been 

published to date. 

2.2.2 Classification 

Cerebral palsy is the result of neuronal loss or damage due to brain trauma. The type of 

movement disorder is linked to the area of brain insult 80. The American Academy for 

CP classifies the disorder into two categories: spastic pyramidal and extrapyramidal 80. It 

is known that corticospinal (pyramidal) tract damage results in spasticity and hypertonia 
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80. Spasticity is defined as "a motor disorder characterised by a velocity-dependent 

increase in tonic stretch reflexes with exaggerated tendon jerk, resulting in 

hyperexcitability of the stretch reflex" pg 108 81. Spasticity may result in decreased 

dexterity, limitations in joint range, impaired mobility and increased energy expenditure 

82 83. Other corticospinal tract signs may include: weakness mainly in the antagonist 

muscles, poor movement precision, a Babinski sign and clonus 80. Extrapyramidal 

damage may be in the basal ganglia or in the cerebellum 80. Damage to the basal ganglia 

leads to dyskinesia 75 84 which refers to syndromes with involuntary movements 

(dystonia, athetosis, choreiform and tremor) 82. Cerebellar damage leads to hypotonia 

and ataxia which result in an inability to grade force and accuracy of movement due to 

poorly coordinated muscle control 84. More diffuse injury to the brain may result in 

mixed movement disorders with varying degrees of severity 80. 

Classification of the different types of cerebral palsy may also be topographic. 

Topographic classification is more useful in spastic pyramidal CP than in CP of 

extrapyramidal origin since extrapyramidal cases usually present with involvement of all 

four limbs 80. Spastic hemiplegia refers to a unilateral involvement of the body. Children 

with spastic hemiplegia are generally found to have corticospinal (pyramidal) tract 

damage in addition to somatosensory and motor cortex damage and as a result present 

with the pyramidal tract signs mentioned above 82 

Hemiplegia can be further classified into three categories according to Ingram's 

Classification 78: Grade I is characterised by a mild hemiplegia with a unilateral increase 

in muscle tone and reflexes that result in discrete differences between the paretic and 

non-paretic side. Grade II is characterised by a moderate hemiplegia that clearly 

distinguishes the paretic from the non-paretic side due to muscle imbalances and 

resultant circumferential differences of the extremities, typical hemiplegic movement 

patterns and positive pyramidal tract signs 78. Grade III is the densest form of hemiplegia 

with marked spasticity, obvious hemi-atrophy, pronounced pyramidal tract signs and an 

inability to use the upper limb in activities of daily living 78. This type of classification 
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system is limited in that it describes children primarily in terms of their impairments and 

not in terms of their activity limitations. 

The Gross Motor Function Classification Scale is used to classify children according to 

their functional abilities. Individuals can be classified according to 5 levels of 

ambulation that are prognostic of motor development 13. General descriptors for each 

level are presented in the table below. 

Table 1: GMFCS Level descri tors 

GMFCS Level 

Level I 

Level II 

Level III 

Level IV 

Level V 

Descriptor 

Walks without limitations but speed, balance and coordination may be 

impaired. 

Walks with limitations: cannot walk long distances and has trouble balancing 

on uneven terrain or when carrying objects and requires use of a handrail 

when climbing stairs. 

Walks with a hand-held mobility device. 

Self-mobility with limitations. May use powered mobility. 

Transported in a manual wheelchair. 

Although other functional classification scales exist, the GMFCS is the most utilised 

method of functional classification as it has been studied extensively and has shown high 

inter-rater reliability 84. Children with hemiplegia are generally found to fall into the 

Level I or Level II category of ambulation as most learn to walk but generally do not 

require hand-held mobility devices during ambulation 86. 
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2.2.3 Diagnosis 

The early diagnosis of cerebral palsy may be based on a range of assessment techniques 

and indicators 87 which vary greatly in their predictive validity 87. Consequently, making 

a definitive diagnosis of cerebral palsy is challenging in a young infant. Misdiagnosis is 

also not uncommon as neurological abnormalities presenting in the first few months of 

life may resolve over time, particularly in pre-term infants 84. Conversely, CP may only 

be diagnosed once the child is older, as age-related neural requirements increase in 

complexity and it becomes apparent that motor milestones have not been attained 75. A 

diagnosis ofCP bears profound consequences for the individual and their famill8
• As a 

result, a multi-disciplinary approach and a combination of diagnostic methods should be 

implemented before making such a diagnosis 88. 

Clinical observations and parental reports of developmental delay and motor deficits are 

arguably the most common and often the first diagnostic indicators especially of 

hemiplegic CP 75 84. A failure to attain motor milestones and the persistence or delay in 

the disappearance of primitive reflexes is usually the initial indicator of a unilateral brain 

lesion 75 89. A clear preference for the non-paretic hand to reach and grasp may be 

apparent from 3 months of age. In severe cases, independent sitting is delayed as 

attempts at sitting may result in falling to one side due to a lack of balance reactions 80. 

Children with hemiplegic cerebral palsy tend to walk at 18-20 months post birth, an 

average of 6-8 months later than typically developing children 80. 

A comprehensive neurological examination should be standard procedure after every 

birth. This serves to identify possible neurological abnormalities. Although the 

neurological exam is considered standard procedure, it may not always be successful in 

the early diagnosis of hemiplegic cerebral palsy 90 for the above-mentioned reasons. In a 

study by Bouza et al (1994), 5 children were diagnosed with unilateral brain lesions by 

means of Ultrasound and MRI 90. These infants had either normal examinations or subtle 

abnormalities on physical examination at birth 90. Abnormalities only became apparent 

at 6 months of age in these hemiplegic children and increased with time 90. The onset of 
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hemiplegic signs was associated with the severity of the hemiplegia: the earlier the 

development of abnormalities, the more severe the hemiplegia 90. 

2.2.4 Aetiology 

Neurological damage may be of congenital or acquired origin. Brain lesions of children 

with congenital hemiplegia are usually considered to be of prenatal origin 91 although the 

aetiology of hemiplegic CP is unknown in roughly 25-30% of cases 80. These include 

infants who were born at term or near-term with normal neonatal periods 84 and 

uncertainty regarding the aetiology may be due to the combination of risk factors 

contributing to the eventual brain lesion 84. In general, the most common lesions are 

divided into 3 types: 1) periventricular lesions 2) cerebral malformations and 3) cortical 

or subcortical lesions 92. In pre-term infants, the most common causes of hemiplegia are 

periventricular haemorrhagic infarction and periventricular leukomalacia 80. In full-term 

infants the most common causes are cerebral malformations, cerebral or focal infarction 

and intracerebral haemorrhage 80. An infarct in an area supplied by the middle cerebral 

artery is the cause of the lesion in more than 2/3 of hemiplegic children born at term 78. 

Cerebral palsy may also be acquired peri-natally or post-natally. Causes of acquired CP 

may be traumatic, infectious, hypoxic or ischaemic in nature 75. Only quadriplegic and 

dyskinetic types of cerebral palsy have been found to be associated with intrapartum 

hypoxic events. This association has not been found with hemiplegic, spastic diplegic 

and ataxic types of CP 93. In the developing world, CP is more commonly acquired 

perinatally due to birth asphyxia and later in life due to infections of the nervous system 

(tuberculosis, bacterial meningitis, cerebral malaria) 79. As a result, the incidence of 

quadriplegia is far higher in the developing world than in the developed world. This was 

reflected in the retrospective study by van Toom et al (2007) undertaken at Tygerberg 

Hospital. It was found that the majority of CP cases (40.1 %) were spastic quadriplegic. 

This was attributed to the high rate of severe birth asphyxia, and central nervous system 

infections 79. In developed countries however, spastic diplegia is the most common type 
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of cerebral palsy and this can be attributed to the high survival rate of severely 

premature infants 79. 

In addition to perinatal and postnatal events, socioeconomic status (SES) has been found 

to contribute to the risk of cerebral palsy 94. A retrospective study in the UK found that 

some of the most important aetiologies of CP were mediated by SES 94. Although no 

direct causal relationship could be reported, a strong association was found between SES 

and the risk of CP that was only partly accounted for by birth weight and gestational age 

94. Similarly, in Sweden, it was found that children from households with lower SES 

indicators had a higher Odds Ratio (1.49) of CP 95. This decreased only marginally 

(1.36) after adjusting for perinatal indicators such as preterm birth, prompting the 

authors to report a socioeconomic gradient for CP in Sweden 95. In their article, van 

Toorn et al (2007) reported that nearly all children with CP admitted to Tygerberg 

hospital in the Western Cape province of South Africa in 2003-2004 were from socially 

deprived backgrounds 79. This may substantiate the findings made in Europe; however, it 

is possible that these figures are not fully representative of all children in the Western 

Cape as those from a higher SES might have been admitted to private hospitals. 

However, in their article on post-natally-acquired CP in Cape Town, Arens and Molteno 

(1989) suggested a causal relationship between SES and postnatally-acquired CP as the 

risk of postnatally-acquired CP is inversely related to the level of socioeconomic status: 

the lower the socioeconomic status, the greater the risk of postnatally-acquired CP 96. 
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2.3 Manifestations of cerebral palsy with particular emphasis on 

congenital hemiplegia 

2.3.1 Impairments 

The following section discusses common impainnents seen in children with cerebral 

palsy but with particular emphasis on children with hemiplegia. Although impainnents 

become evident at a very young age, this review discusses the impainnents as they 

present in children at school age. A review of the motor development of children with 

spastic hemiplegic CP is beyond the scope of this study. 

The rCF defines impainnent as a significant deviation or loss in body function and 

structure 97. Impainnents related to cerebral palsy are central to its definition 98. Cerebral 

palsy is primarily described as a disorder of posture and movement 98 and children with 

hemiplegic CP may suffer from a range of musculoskeletal, sensorimotor and cognitive 

impainnents that may restrict or hamper functional movement. These are described 

below. 

2.3.1.1 Musculoskeletal impairments 

Abnonnalities in muscle tone and function are common musculoskeletal impainnents in 

cerebral palsy. Hemiplegic CP is characterised by paresis, spasticity or hypertonia 

contra-lateral to the involved brain hemisphere 45 and these may arguably be the most 

debilitating impainnents. Paresis is characterised by "decreased voluntary motor unit 

recruitment" 81. Paresis is said to accompany damage of the descending motor pathways. 

This disturbs the central excitatory drive to the motor units and leads to a deficient 

recruitment or modulation of motor neurons81 . Voluntary force production is therefore 

reduced as a result of decreased motor unit recruitment 81.Wiley and Damiano tested the 

isometric lower limb muscle strength of 30 children with CP (15 spastic hemiplegic and 

15 spastic diplegic) and compared it to that of 16 age-matched typically developing (TD) 

peers 81. It was found that children with CP were not only weaker than their TD, age-
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matched peers in all lower extremity muscle groups but it was also found that children 

with hemiplegia showed significant weakness on both the involved and uninvolved 

limbs 81. Research now suggests that paresis is as detrimental to function as spasticity 81. 

Hypertonia is an umbrella term that describes conditions of increased resistance to 

passive stretch, also known as increased muscle tone 99. These conditions usually result 

in stiffness and shortening of the muscle and in more marked cases may lead to joint 

contractures with fixed shortening of soft tissue structures and decreased joint range 100. 

Spasticity contributes to hypertonia 99. It results from an abnormal stretch reflex, caused 

by changes in descending neural activity 81. Changes in the stretch-reflex threshold are 

thought to be the underlying neural mechanism of spasticity 81. Spasticity is defined as 

hypertonia "with one or both of the following signs 1) resistance to externally imposed 

movement increases with increasing speed of stretch and varies with the direction of 

joint movement, and/or 2) resistance to externally imposed movement rises rapidly 

above a threshold speed or joint angle" pg e9l 99 . As a result, it is commonly accepted 

that spasticity limits the child's ability to move quickly with dexterity, since spasticity is 

velocity dependent 81. 

Spastic hypertonia and paresis together characterise a syndrome referred to as spastic 

paresis 101. The clinical significance ofthe coupling of these impairments is that even 

when spasticity is alleviated by means of neurotoxins such as Botox, the underlying 

paresis remains 101. This underlying paresis may perpetuate the cycle of hypertonicity. 

Hypertonia may be a primary impairment as is the case with spasticity or it may be a 

secondary musculoskeletal impairment. This is seen in instances where hypertonia is 

used in patterns of co-contraction to limit the degrees of freedom during movement in an 

attempt to increase stability at the joint 102. 

Therefore, spastic hypertonia does not only describe hyperactive stretch reflexes but it is 

often also used to describe abnormal posturing 81. In children with hemiplegia, a "spastic 
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pattern" may be seen in the affected upper and lower limb. The most common spastic 

pattern in the upper limb is shoulder internal rotation, elbow flexion, forearm pronation, 

wrist flexion, finger flexion with thumb-in-palm 10344. In the lower limb the most 

common spastic pattern is hip flexion, hip adduction/internal rotation and knee flexion. 

An equinus deformity may be seen at the ankle if it is maintained in plantarflexion with 

weight bearing taking place mostly through the forefoot and toes 103. As a result, the 

hemiplegic gait pattern may be devoid of heel-strike on the affected side 44 104, although 

gait patterns may vary as described in section 2.3.2. 

The equinus deformity, if present, may develop due to several reasons and 

morphological changes are not necessarily uniform in all children with spastic 

hemiplegia 105. For instance, some children with an equinus deformity have tonic 

spasticity in the calf muscles while others have muscles that are stiff but are electrically 

silent on stretch 105. Some children show hypertonia in relation to position while others 

have a shortened muscle with no hypertonia 105. It has been shown that the tendency to 

decrease the loading of the hemiplegic leg during gait, causes morphological changes of 

the gastrocnemius muscle structure 106. Muscle fascicle length and resting thickness is 

reduced in the paretic compared to the non-paretic limb 106. Such changes in the muscle 

architecture of spastic muscles have negative implications for muscle function. The 

muscle resting thickness for instance, has been shown to be highly predictive of 

maximum torque and resultant muscle strength in children with CP 107. 

Paresis, spasticity and decreased joint range, ultimately impact on the child's gross 

motor function. Consequently, as a result of paresis and spasticity, children with 

hemiplegia differ from typically developing children in their pattern of movement 45. 

Children with hemiplegia usually attain motor milestones later than typically developing 

children 45. Goh et al (2006) demonstrated a relationship between spasticity, muscle 

weakness and gross motor function 108. It was found that children with more spasticity in 

the muscles surrounding the knee joint, were weaker on muscle testing, had lower Gross 

Motor Function Measure (GMFM) scores and less efficient gait 108. 
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Primary musculoskeletal impairments such as decreased muscle strength and increased 

tone translate into secondary impairments in balance and postural control which in turn 

influence gross motor function. Balance and postural stability impairments are largely 

due to deficiencies in muscle coordination and force production 81. Postural stability is 

the capacity to control the body's Centre of Mass (COM) in relation to its base of 

support 109. Centre of Pressure (COP) is the point where the resultant force vector of 

ground reaction forces from the supporting surface is applied to the body 8 IID.While the 

COM is located in the vicinity of the trunk during upright stance, the COP is located in 

the sole of the foot Ill. Both COM and COP trajectories have been found to be good 

indicators of postural sway and balance control 8 lll. Studies looking at COP paths in 

postural sway have demonstrated that children with cerebral palsy have a significantly 

longer COP path as well as more directional changes in reaction to balance perturbations 

when compared to typically developing children 112. This increased postural sway is 

largely due to deficiencies in the temporal and spatial aspects of muscle co-ordination 

and force production as well as difficulties with sensory integration 2. Problems with 

sensory integration and processing contribute to delayed muscle activation because they 

result in prolonged reaction time 53. 

The increased postural sway may also be due to poor biomechanics. Postural control is 

not only dependent on muscle recruitment but also on body alignment 81. The alignment 

of body segments has a great influence on the effort required to maintain the COM over 

the base of support 81. Alignment influences the movement strategies that are available 

to the subject. Children with hemiplegic cerebral palsy often have reduced joint range at 

the hip, knee or ankle in addition to deficient muscle recruitment 81. The asymmetric 

alignment, where weight bearing takes place largely through the unaffected leg, may be 

seen as a strategy to compensate for muscle paresis in the hemiplegic leg 81. This 

strategy, although functional, may not be ideal for reasons related to increased energy 

expenditure and long-term overuse injury 47113 114. When TD children were asked to 

perform a reaching task from a crouched position, it was found that their postural 

reactions resembled those of age-matched peers with CP 115, showing greater 

anticipatory postural adjustment variability and use of co-contraction activity. This 
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alteration in postural strategies in response to body alignment underlines the fact that 

altered biomechanical resting postures may add to deficiencies in postural control 

mechanisms 115. 

In addition to the temporal and spatial problems in muscle co-ordination, children with 

cerebral palsy also differ from typically developing children in their distribution of 

muscle activation when responding to balance perturbations 51. Analyses of balance 

strategies have shown that TD children display distal to proximal muscle activation 

thereby reacting to balance perturbations from the base of support up 51. Children with 

cerebral palsy however, demonstrate co-contraction of the distal and proximal muscles 

as well as top-down muscle recruitment 51 52. A study by Nashner et al compared the 

stance-balance reactions of children with spastic diplegic and hemiplegic CP with those 

of typically developing children81
. Seven to ten year old children stood on a moving 

platform and were subjected to anteroposterior perturbations81
. Children with spastic 

hemiplegia demonstrated the following in response to a backward platform perturbation 

producing forward sway: in the unaffected leg, a contraction of the gastrocnemius was 

seen first, followed by a contraction of the hamstring 81. This resembles the muscle 

recruitment seen in typically developing children. The hemiplegic leg however showed a 

different pattern of muscle activation in response to perturbation and recruitment of the 

gastrocnemius was preceded by recruitment of the hamstrings 81. This abnormal 

sequencing in the hemiplegic leg resulted in smaller torque generation in the hemiplegic 

leg compared to the unaffected leg 81. It also resulted in a greater lateral shift ofthe 

COM than seen in TD children 81 making the balance strategy less efficient. The primary 

musculoskeletal impairments thus lead to secondary impairments in postural stability 

and this ultimately influences gross motor function. 

2.3.1.2 Sensorimotor and Cognitive impairments 

In addition to abnormalities in muscle tone and muscle activation, children with 

hemiplegic cerebral palsy often suffer from perceptual, sensory and cognitive 
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impainnents that may become apparent through deficiencies in motor planning 98 116. 

Delays in the transmission of infonnation are inherent even in the nonnal sensorimotor 

system 116. As a result, motor planning is necessary for effective and efficient movement 

98116. "Motor planning is the ability to predict the future state of the motor system or the 

consequences of its actions" pg 15 116 . Posture-based motor planning relies on the 

ability to predict movement outcome 98 116. Only if the sensory consequences of a 

movement action are anticipated in advance, can effective posture-based movement 

planning take place 116. Damage to the cortical and sub-cortical structures of the brain 

may lead to deficiencies in executive functions which include processes such as the "the 

ability to control impulses, anticipate consequences, establish goals, ... plan and monitor 

outcomes and use feedback" pg e42 117. 

Studies show that anticipatory motor planning is compromised in young adolescents 

with congenital hemiplegia 98116. In addition to delayed muscle activation, the cognitive 

processes in planning appear to be affected 98116. Studies with hemiplegic children have 

shown that motor planning is not only deficient in the hemiplegic hand. Tasks completed 

with the unaffected hand also demonstrated poor motor planning suggesting a global 

deficit in motor planning 116. Planning problems seem to be more prevalent in 

individuals with a left brain lesion than those with a right brain lesion 98 116. This lack of 

motor planning may impact on the child's life as demonstrated in a study that showed 

impaired road crossing behavior in children with hemiplegic CP 98 116. 

Anticipatory force planning is another aspect of motor planning. Deficiencies in 

anticipatory force planning have also been identified in individuals with congenital 

hemiplegia 98 116. Poor force grading is not only related to impaired process skill abilities 

but also due to sensorimotor impainnents commonly associated with hemiplegia. Koman 

et al (2004) reported the prevalence of these impainnents (on the hemiparetic side) as 

follows: abnonnal stereognosis (97%), diminished two-point discrimination (90%) and 

diminished proprioception (46%) 103. Studies that compared force-production showed 

that hemiplegic children had an inability to gauge the force needed to grip an object as 
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well as the force needed to lift the object in relation to its weight, when using the 

hemiparetic hand 116 118. In contrast to the motor planning deficits, force planning 

deficits have only been found when movements were performed with the affected side 

116. Moreover when movements were performed with the unaffected side, the 

information gained from this action could be used in further trials to improve the force 

planning of the affected side 116. Lifting the object a few times with the uninvolved hand 

subsequently resulted in improved force-production in the involved hand 116 118. This 

suggests that impairments in force production and motor planning may be improved 

with sufficient movement practice in conjunction with the unaffected side 116118. 

2.3.1.3 Other Impairments 

Hemiplegia may be accompanied by a number of other impairments that affect 

numerous body systems, in addition to those discussed above. Approximately 42% of 

hemiplegic cases suffer from at least one of the following: intellectual impairment, 

epilepsy, impaired vision, poor hearing and speech as well as behavioral and perceptual 

problems in varying degrees of severity 91. Epilepsy is the most cornmon complication 

of congenital hemiplegia with a prevalence of 27-47%. The level of intellectual 

impairment and the incidence of epilepsy are both strongly related to the severity of the 

hemiparesis 80. Although binocular visual acuity was found to be below normal in 70% 

of a large cohort of children with CP, children with hemiplegic CP were the least 

affected. Abnormal acuity was found more often in children with tetraplegia and 

dyskinesis followed by diplegia 80. Disturbances in eye motility and optic atrophy have 

been reported 80. However, the ophthalmologic exam is often neglected and visual 

defects go untreated in a high proportion of children with CP 80. 

2.3.1.4 Summary of Impairments 

Children with hemiplegia suffer from a range of impairments that may negatively impact 

their postural stability and ultimately their gross motor function. These impairments 

include impairments of body structure namely paresis, spasticity, poor biomechanical 
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alignment and decreased joint range as well as spastic patterns of movement. Primary 

impairments may result in secondary impairments of timing and sequencing of muscle 

contraction. Impairments may also be of a sensorimotor nature such as deficient motor 

planning and process skill ability. Other problems such as reduced visual acuity, poor 

stereognosis and proprioception may further impede movement. This array of 

impairments may lead to activity limitations that prevent the child from functioning at a 

level appropriate for his/her age. 

2.3.2 Mobility and Activity limitations 

Impaired upper limb movement is considered the main impediment to independent 

function during activities of daily living in children with hemiplegic cerebral palsy 119 

120. Spasticity and paresis as well as decreased range of motion (ROM) may 

considerably increase the effort required to perform upper limb activities that require 

gross and fine motor skills 119 120. Although reduced upper limb function may be the 

most debilitating factor contributing to reduced activities of daily living in children with 

hemiplegic CP, reduced lower limb function also plays an important role as it leads to 

limitations in mobility. 

The Gross Motor Function Measure (GMFM) is an outcome measure designed to 

evaluate changes in gross motor function in children with cerebral palsy 14. On the Gross 

Motor Function Measure (GMFM) children with hemiplegic CP often demonstrate a 

ceiling effect in their motor score since the GMFM measures the child's ability to 

perform movements such as crawling, sitting, running and jumping 121. Although the 

GMFM shows children with hemiplegia to be higher functioning than children with 

diplegia and quadriplegia 86, their quality and ease of movement is not equivalent to that 

of typically developing children 119. 

Van Zelst et al (2006) investigated how the impairments of children with hemiplegia 

impact on their activities of daily living 119. Older children (9-12 years) were found to 
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have greater deficits in motor skill ability than younger children (3-8 years) suggesting 

that the gap between children with hemiplegia and typically developing children widens 

with age in terms of their motor abilities 119. The mean motor skill ability for the older 

children was found to be at least two standard deviations below values reported for age

related peers 119. Items that hemiplegic children generally find difficult include activities 

that require single-leg standing and eccentric unilateral control e.g. putting on a pair of 

pants or climbing over an obstacle, as well as activities such as stair climbing. These 

children usually struggle with activities that require fast propulsion of the affected lower 

limb e.g. jumping on the paretic limb and running. Indeed, Beckung and Hagberg (2002) 

found that in a sample of 176 Swedish children with CP (66 children with hemiplegia), 

99% had some mobility limitations indicating that, although most hemiplegic children 

are ambulant, their altered gait pattern has an impact on their life 122. 

It has been shown that the level of gross motor limitation is highly predictive of 

mobility, self-care and social function 121. The Gross Motor Function Classification 

System (GMFCS) is a valid and reliable measure of activity limitations in children with 

cerebral palsy as it relates to their level of ambulation 13. Children are classified 

according to one of five levels - the higher the level, the greater the limitations in motor 

function 123 (see Table 1 under Section 2.2.2 ). In terms of their impairments, children at 

level I and II of the GMFCS usually have a lower level of spasticity, fewer deviations in 

ROM and better motor control of the dorsiflexors than children at levels III and IV 97. 

However, even in these children, hemiplegic gait comes at an increased physiological 

cost due to deficiencies in coordination and force production of muscles on the affected 

side 11447. Increased energy expenditure is a consequence of increased tone and gait 

abnormalities 124. Energy expenditure during movement has been found to increase from 

the mildest form ofCP (Level I) to the most severe form ofCP (Level V) 124. Although 

children with hemiplegia generally have the lowest increase in energy expenditure, their 

gait is still less efficient when compared to that of TD children 124. 
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According to Winter et al (1987), kinematically the gait of children with hemiplegic 

cerebral palsy can be categorised into 4 distinct patterns 125. The first pattern is 

characterised by plantarflexion of the ankle during the swing phase ending in an equinus 

deformity at initial contact. To ensure toe clearance of the drop foot, hyperflexion occurs 

at the hip and knee. During the stance phase adequate dorsiflexion is available as there is 

no contracture in the Achilles tendon. The second gait pattern is characterised by a static 

or dynamic plantarflexion contracture resulting in continuous plantarflexion during both 

the stance and swing phases. The knee is hyperextended during mid stance and terminal 

stance. The third gait pattern is characterised by a stiff gait pattern as the quadriceps and 

hamstring groups co-contract and both remain active throughout the gait cycle. This 

limits knee flexion during the swing phase. Plantarflexion is maintained at the ankle 

throughout the gait cycle. The fourth pattern is identical to the third but is characterised 

by an additional reduction in sagittal plane motion. Increased activity of the Iliopsoas 

and the Adductors prevents full extension at the hip joint during terminal stance and 

there is a compensatory increase in anterior pelvic tilt. Riad et al (2007) reviewed 

Winter's classification system 126. In a large-scale study of 112 spastic hemiplegic 

patients with a mean age of 8.5 years it was found that 23% of patients could not be 

classified under any of Winter's 4 gait patterns. As a result, Riad et al suggest that the 

classficiation system should be extended to include a group 0: a group that has the least 

deviations from normal gait and demonstrates dorsiflexion during the stance and swing 

phases 126. This way, group 0, I and 2 would represent gait patterns that primarily 

involve deviations at the ankle joint. Group 3 would involve the ankle and knee and 

Group 4 would involve the ankle, knee and hip 126. 

In terms of kinetics, hemiplegic gait is characterised by a large base of support as well as 

decreased step and stride lengths I 1
3

• A decreased lateral weight shift to the affected side 

is seen during gait initiation 127 leading to the significantly shorter stance phase on the 

affected leg 8. This leads to unequal load sharing as less time is spent on the affected leg 

during the gait cycle 127. As time progresses this asymmetric muscle use may result in 

growth retardation or muscle atrophy of the affected side 4950. 
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The reduced weight bearing capacity of the paretic limb is suggested to be the result of 

learned non-use. Learned non-use stems from difficulties in using the paretic limb and 

subsequent reliance on the uninvolved limb 113. The child employs movement strategies 

that are biased towards the unaffected side as the primary movement solution and may 

severely neglect use of the involved limbs 113. This reliance on the unaffected limbs may 

lead to poor weight shift to the paretic lower limb, deficiencies in balance reactions and 

an increased risk of falling 113. As mentioned above, impairments such as muscle 

atrophy and reduced weight bearing on the paretic side may lead to further impairments 

such as leg length discrepancies that become more apparent as the child ages 113. The 

primary impairment (spasticity, paresis and decreased proprioception) may therefore 

lead to activity limitations (an asymmetrical weight bearing pattern) which may lead to 

secondary impairments (leg length discrepancies) 113. 

Independent function is important for active participation in society. Impairments and 

Activity limitations along with other factors may lead to limitations in participation. 

According to the ICF framework, these participation restrictions need to be addressed as 

a part of the treatment process. 

2.3.3 Participation restrictions 

Children with cerebral palsy are often at risk of reduced participation 128 and forced to 

live life on the sidelines of society as a result of their impairments and activity 

limitations. Participation is defined as "the involvement in life situations" and is strongly 

related to "what people do in real life" 129. CP is associated with reduced participation in 

daily activities as well as a high prevalence of learning difficulties 117. This may mean 

that children with CP have fewer educational and vocational opportunities later in life 

117. Participation in society is essential for the socialisation and self-esteem of all 

children 128. 
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Addressing participation restrictions according to the ICF framework is challenging 

when planning treatment. It has been shown that improvements in physical function do 

not necessarily translate into improved social participation 129. Participation is heavily 

dependent on the geographical, structural, economic and social aspects of the patient's 

environment 129. 

Virtual reality has been suggested to improve social participation by fostering 

independence and a sense of control and mastery during VR rehabilitation 68. The 

incorporation of the Nintendo Wii Fit into a rehabilitation protocol might shift the focus 

from medically orientated practice to activities that any TD child might engage in 

thereby increasing participation in a world of technological advances. (Note that 

monitoring the impact ofthe use of the Nintendo Wii on participation was beyond the 

scope ofthis study). 

2.4 Motor learning, postural control and physiotherapy treatment of 

children with hemiplegic cerebral palsy 

Over the past few decades the fields of neuropsychology, brain imaging and EMG 

technology have caused a paradigm shift in the treatment of children with cerebral palsy. 

The following section includes a discussion on motor learning and postural control as 

these pertain to physiotherapy interventions that aim to improve postural control. 

2.4.1 Motor learning: neural plasticity and brain reorganisation 

Although CP is considered to be a non-progressive disorder of movement or posture, it 

should not be regarded as unchanging 130. Although impairments impact on the 

acquisition of new skills, physiotherapy treatment is based on the belief that children 

with cerebral palsy are capable of learning new motor strategies. The field of 
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neuropsychology provides important guidelines and implications for physiotherapy 

treatment in terms of motor learning. Motor learning is defined as "the process of the 

acquisition and/or modification of movement" 81. In the case of hemiplegic CP, for 

example, the child might learn to use the damaged motor system more effectively to 

achieve a movement goal that may have been achieved previously but in a less efficient 

manner 131. The role of the therapist is to facilitate this process by identifying the 

underlying impairments but also the child's abilities. The therapist then creates an 

environment where new skills can be acquired and existing skills can be honed by 

drawing on the child's abilities 131 132. 

Animal model research has shown that skill training may bring about changes in the 

brain as a result of neural plasticity 81. Following brain injury, there are two mechanisms 

of neural plasticity that may contribute to recovery of function, namely restorative and 

compensatory 81 Restorative plasticity involves the resolution of injury and recovery of 

the injured tissue itself 81. In compensatory plasticity, different neural circuits take over 

from damaged circuits and allow impaired function to be regained to an extent 81. Brain 

plasticity and reorganisation have been studied extensively in congenital hemiplegia. 

These studies showed that paretic hand movements cause widespread bilateral activation 

ofthe motor cortex 133. Conversely transcutaneous electrical stimulation over the intact 

motor cortex results in motor evoked potentials in the paretic hand 133. This was in 

contrast to control subjects where hand representations in the primary motor cortex were 

strictly contra-lateral 133. This substantiates the presence of motorneuron connections 

between the intact hemisphere and the ipsilateral paretic hand in patients with congenital 

hemiplegia. Similarly, experiments using PET scans in adult patients with capsular 

infarcts have also demonstrated that movement of the paretic hand showed increased 

blood flow in the damaged and undamaged hemispheres indicating that the undamaged 

hemisphere was contributing to the motor control of the hemiplegic hand 81. This 

increased blood flow in both hemispheres was not seen in control subjects or when 

patients moved the non-paretic hand 81. 
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Primate studies have shown that the primary motor cortex and non-primary motor areas 

of the healthy brain are interconnected 133. Parallel projections span via the corticospinal 

tract to the spinal cord 133. A redundancy of connections is thought to underlie some of 

the reorganisation of the motor cortices that occur after brain injury 133. Abnormally 

branched corticospinal tract fibres that originate in the intact hemisphere may to some 

extent be responsible for the control of the paretic upper limb 133. These studies provide 

evidence that the task of controlling the paretic side of the body is redistributed across 

both hemispheres following an insult to one hemisphere of the brain. 

However, the reorganisation of these motor pathways is said to be experience dependent 

133. Neurons compete for synaptic connections and these connections are use-dependent 

81.When a dominant pathway is damaged, one of the many dormant pathways 

innervating the same sensory and motor cortex may initiate functional connections 81. 

Studies investigating the effects of constraint-induced movement therapy (CIMT) have 

shown that, based on functional magnetic resonance imaging (fMRI) data, improved 

functional use of the hemiparetic arm is due to cortical re-organisation 113. Although 

these CIMT studies investigated the use of the upper limb only, these findings may 

provide a sound scientific rationale for therapies that stimulate active use of the 

hemiparetic side of the body as this may result in cortical re-organisation and improved 

function 113. 

Practice, active participation and goal orientated movement are recognised as essential 

components of effective motor learning 5657 13l. Plasticity of the brain allows for cortical 

changes to occur in response to movement experiences during active participation 57. 

Therefore, it is said that the fundamental law of motor learning is practice 57. It has been 

found that for practice to be effective, it must be sufficiently challenging and effortful, if 

meaningful information processing is to occur in the brain 13l. Motivation to practice and 

participate is often largely dependent on the movement task. Purposeful movement is 

more likely to promote active participation because the motivation to repeat a task is 

linked to the incremental success of completing a task and seeing the outcome. 
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Therefore, task or goal orientated movement is increasingly emphasised in rehabilitation 

57. A study by Van der Weel et al (1996) investigated the performance of children with 

cerebral palsy on two different tasks 56. The patterns of movement required for the 

completion of the tasks were essentially the same. One task involved concrete 

instructions of banging a drum while the other task required the child to hold the 

drumstick and rotate it actively as far as possible by pro- and supinating the wrist. The 

movement range was seen to increase in the hemiplegic hand to a greater extent when 

the drum banging task was performed. Supination range in the "abstract" task was 67% 

while in the drum banging task it increased to 93% of the full movement range. The 

authors go on to explain that movement is not only dependent on impairments and body 

function but also on the child's interest and the quality of information available about 

movement outcome 56. Movement control tends to improve when the subject is required 

to interact with the environment in a cause and effect situation as opposed to performing 

movement for the movement's sake. Goal orientated or concrete tasks usually provide 

more informational support or feedback from the environment and are thus better suited 

for the acquisition of motor control 56. This includes motor control strategies required for 

effective postural control. 

Research is providing physiotherapists with important findings that should be considered 

when treating children with hemiplegic cerebral palsy. Studies in the field of neurology 

have shown that practice and use of both the affected and unaffected side of the body 

results in cortical reorganisation of the brain. This may be harnessed through 

interventions that challenge bilateral activity. The field of neuropsychology has provided 

evidence that active participation is fundamental to motor learning. Physiotherapy 

interventions that target postural control should therefore include activities that 

challenge postural control during functional, goal directed tasks as opposed to exercises 

that involve movement for the movement's sake alone. 
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2.4.2 Postural control: development and impact on movement 

Skilled movement requires both postural stability and voluntary movement 81. Postural 

responses provide a stable base for voluntary movement to take place81
. Previously it 

was unclear whether postural movement and prime movement should be regarded as one 

and the same, however research has shown that separate neural control mechanisms exist 

for postural movement and prime movement 115. Efficient postural movement is a 

critical aspect when coordinating movement of the different body segments 115. Postural 

control involves the maintenance of static and dynamic equilibrium 115. The sensory, 

motor and musculoskeletal systems have to integrate a large amount of information for 

postural control mechanisms to be effective 115. Deficiencies in any of these systems 

may negatively impact their output 115. 

The development of the sensory, motor and musculoskeletal systems is non-linear and 

takes place at different rates 115 and continues until the individual has attained adult-like 

patterns of postural control. Some controversy exists as to when typically developing 

children attain adult-like patterns of postural stability and balance. For many years 

results from a study by Shumway-Cook and Woollacott (1985) were seen as the standard 

time-line for the development of postural control. A group of 21 children ranging from 

15 months to 10 years were assessed and it was found that children demonstrated adult

like postural patterns of balance control by the age of 7 -10 years 134. In recent years 

however, several studies with larger sample sizes and wider age ranges have shown that 

postural control matures much later in childhood and adolescence than was previously 

thought. Hirabayashi and Iwasaki (1995) found that postural stability in children only 

reached adult level by 15 years of age 135. Similarly, a study by Peterson et al (2006) 

showed that typically developing children only developed adult-like sensory integration 

by the age of 12 years and therefore did not use adult-like patterns of postural control 

before the age of 12 years 136. Children with cerebral palsy are known to reach motor 

milestones later than typically developing peers 80. It may be that patterns of postural 

control development seen in TD children are similar in children with CP but somewhat 
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delayed. This leaves room for improvement and supports the use of postural control 

interventions for children with CP at school age. 

Motor learning in children with cerebral palsy abides by the law that practice and task

related experience improve muscle coordination and efficient activation 137. Studies have 

shown that balance control interventions in typically developing children accelerate the 

development of postural control 52. It is possible that this would also be the case in 

children with CPo An intervention by Shumway-Cook et al (2003) showed that children 

with CP (seven to thirteen years of age) subj ected to 100 balance perturbations from a 

force plate for five consecutive days showed significant improvements in time to 

stabilisation and mean area of center of pressure movement per second during balance 

recovery 54. These improvements in reactive balance control were retained 30 days post 

intervention and improvements were also found on Dimension D (walking, running, 

jumping activities) of the Gross Motor function measure thereby proving that more 

effective balance recovery had translated into more effective gross motor function 54. 

More importantly though, this study proves that postural control mechanisms are still 

modifiable for children with CP even in upper-elementary to middle school ages and that 

these changes seem to be preserved after treatment cessation 54. If postural stability in 

typically developing children only matures in early adolescence, then balance control 

interventions at school age should be of benefit to such children. The same would be 

expected for children with CP as was demonstrated in the above-mentioned study by 

Shumway-Cook et al (2003). 

Effective postural control requires the integration of a number of different action 

systems namely higher order planning as well as the generation and coordination of 

forces required to maintain postural stability 81. During postural reactions, the nervous 

system recruits muscles in particular groups called synergies 81. This functional coupling 

of muscles in response to postural perturbations reduces the degrees of freedom 81. The 

task of maintaining postural stability by the nervous system is thereby simplified 81. 

Along with these muscle synergies, subjects tend to use particular strategies in order to 
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balance. Anteroposterior balance perturbations require the patient to flex or extend the 

hip, knee and ankle in the sagittal plane. Mediolateral balance perturbations require a 

lateral shift of the pelvis along with adduction of the weight bearing leg and abduction of 

the non-weight bearing leg S1. Although postural synergies are relatively unifonn, they 

are flexible. Research has shown that postural synergies are task-specific and can be 

adapted S1. 

Repeated exposure to a postural task strengthens neural connections involved in balance 

reactions between the sensory and motor pathways and therefore result in more effective 

postural reactions S1. Forssberg and Hirschfeld (1994) describe two functional levels of 

postural control 138. The first level refers to the gross direction-specific activation of 

correct muscle groups in response to balance threats thereby maintaining equilibrium. 

The second level refers to the ability to fine-tune this direction-specific muscle activity 

by integrating somatosensory, visual and vestibular infonnation. Fine-tuning refers to 

optimising the timing, sequence and amplitude of postural muscle activity as well as 

agonist-antagonist co-ordination during direction specific adjustments 13S and this fine

tuning contributes to response efficiency. A study by Hadders-Algra et al (1999), 

investigated the postural adjustments in response to reaching in infants with cerebral 

palsy. It was found that their basic postural adjustment mechanism was intact however 

their capacity to modulate postural adjustments to task-specific constraints was not 139. 

Similarly, the muscle activity of older children with CP was compared to that of TD 

aged-matched peers in response to three levels of perturbation difficulty S1. While TD 

children were able to modulate the amplitude of the gastrocnemius muscle recruitment 

in relation to perturbation size, children with CP were not S1. Instead children with CP 

had much lower contraction levels that remained relatively unifonn regardless of the 

level of perturbation S1. 

Postural control mechanisms require feedback and feedforward control. Feedback 

control refers to the use of postural adjustments made following an external perturbation 

that causes a loss of postural stabilityS1. Feedforward control refers to the body's ability 
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to make postural adjustments in anticipation of potentially destabilising voluntary 

movement 81. Although feedback control is very important to prevent falls and injury, 

feedforward control is probably the type of postural control used most often during 

movement. The automatism of feedforward control allows for the maintenance of 

balance during daily activities. This anticipatory postural control develops in response to 

previous experiences. It "pretunes" the sensory and motor systems to future balance 

perturbations 81. In this way anticipatory control can support voluntary movement by 

providing a stable platform on which movement can take place. To a great extent, 

anticipatory postural control is dependent on practice and experience 115. 

Deficiencies in anticipatory postural control were seen in children with spastic 

hemiplegic cerebral palsy when asked to push or pull a handle in standing 81. EMG 

recordings showed a lack of preparatory muscle activity on the hemiparetic side. 

Preparatory activity was seen on the unaffected side of the body with postural and lower 

limb muscles being recruited before the onset of upper limb muscle recruitment. This 

preparation for movement was not seen on the hemiplegic side. Instead movement 

occurred before stabilisation as upper limb muscle activation preceded postural and 

lower limb activation 81. 

Postural control is an integral part of gross motor function 109. Poor balance control 

delays the acquisition of complex motor tasks such as walking 140. Liao and Hwang 

(2003) investigated the relationship between balance and gross motor function by 

measuring postural stability in balance tests such as eyes open, eyes closed, single leg 

standing and heel-to-toe standing 141. It was found that subjects with better postural 

control performed better on gross motor function tests 141. A reduction in balance 

impairments and therefore an improvement in quality of movement, may thus improve 

overall gross motor performance. 
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Adequate trunk control is the basis for balance reactions and postural control 142 and the 

term trunk control is often used interchangeably with the term postural control. The role 

of the trunk has become increasingly emphasised in the last few decades. Core stability 

is advocated in most training and exercise regimes as a basis for safe and efficient 

movement. Trunk control affects limb tone, range of motion and motor control 143. Poor 

trunk control leads to compensation by other muscles, usually the primary movers of the 

extremities 144. This compensation reduces their effectiveness as primary movers 144. 

This principle is supported by observations that children with CP have reduced 

ambulatory ability even when the proximal muscles are primarily affected and the distal 

limb musculature is less affected 144. 

The role of the trunk during balance reactions has been investigated more extensively 

with advances in EMG technology. Decreased trunk muscle recruitment has been found 

in children with cerebral palsy during stance balance control 140. Earlier hypothesis 

proposed that ankle inputs from stretched lower limb muscles triggered balance 

corrections in a distal to proximal manner in healthy subjects 145. However, it has been 

found that stretch and unloading reflexes occurred earlier in the trunk than in the ankle 

muscles 145. Secondly, trunk muscles have timing and amplitude characteristics 

necessary for directional information that are not seen in lower limb muscles 145. As a 

result, it now appears that balance correcting responses are triggered first in the trunk 

and then in the lower limbs 145. 

Deficiencies in trunk control are also linked to poor upper limb function. In healthy 

infants, it was found that postural control is crucial for the development of reaching 

behaviour 146 147. The trunk musculature must offset the gravitational forces acting on 

the body during dynamic tasks 146. As mentioned in the paragraph on feed-forward 

control, the individual must anticipate the reactive forces that will arise during 

movement 146. The trunk provides support for upper limb activity to take place 147. Trunk 

motion must be integrated to propel the arm during movement 147. Children with 

hemiplegia have difficulties in modulating and dissociating arm and trunk movement for 
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task-specific activities 147. Studies have shown that in TD children, ann-trunk inter-joint 

and inter-segment coordination continuously develops even into late childhood 148. As a 

result, the goal of improving trunk control in school-aged children with hemiplegia may 

improve upper limb function. This would be desirable as impaired upper limb activity is 

generally regarded as the greatest impainnent to activities of daily living in children with 

hemiplegic cerebral palsy. 

In summary, trunk muscle activity and therefore postural control is impaired in children 

with cerebral palsy. Ultimately, the first level of postural control (direction specificity) is 

often intact in children with hemiplegic cerebral palsy, but the second level of postural 

control (fine tuning the amplitude of muscle contraction) is usually deficient to a certain 

extent 138. Impaired postural control leads to mobility limitations and limitations in the 

activities of daily living. Contrary to what was previously thought, it appears that 

postural control is not yet fully developed in children at upper-elementary to middle 

school ages. It is therefore of interest to the physiotherapist to focus on trunk and 

postural control as a goal for treatment. The following section presents the rationale for 

postural control interventions for school-aged children with cerebral palsy. 

2.4.3 Physiotherapy interventions to improve postural control 

The research cited above shows that aspects of postural control may improve when 

children are repeatedly exposed to situations that challenge response efficiency. 

Although children with hemiplegic cerebral palsy suffer from a range of impainnents 

that may be addressed by different treatment options, only those which are relevant to 

the intervention under investigation are included in this review. However a summary of 

treatment options can be found in Appendix No 8.1. What follows is a discussion on the 

role that physiotherapy has in the lives of CP children who suffer from deficiencies in 

postural control and how physiotherapy may harness the postural affordances that are 

available to children with hemiplegic cerebral palsy. 

37 

Univ
ers

ity
 of

 C
ap

e T
ow

n



Arguably, the primary role of physiotherapy is to optimise the child's movement 

strategies in order to attain the highest possible level of independent function. When the 

child is an infant, this might involve stimulating the acquisition and progression of 

motor milestones. As the child grows older, a plateau is reached in terms of motor 

milestone acquisition 149. Further acquisitions in motor skills are rare beyond this point 

149. This widely accepted principle was demonstrated by Rosenbaum et al (2002) in a 

large scale longitudinal study of Canadian children with cerebral palsy 149. Motor growth 

curves showed that the child's GMFCS level was predictive of the point when the child 

was likely to plateau in terms of motor abilities 149. These motor growth curves allow for 

a prognosis of the child's future motor function 149. 

Even though children were found to reach a plateau on the motor growth curves, 

Rosenbaum and colleagues stress that these motor growth curves were based solely on 

the items of the GMFM-66 and that further treatment (or cessation thereof) beyond the 

predicted plateau point should not be based on a stagnating GMFM-66 score alone 14. 

Instead it was noted that children may continue to experience improvements in 

movement quality which may, in tum, improve all gross motor performance 14. Indeed, 

the motor growth curves show great variation between subjects within age groups and 

GMFCS levels 150. Some children plateau earlier than others and some continue to 

improve past the predicted plateau point. It would therefore be incorrect and unethical to 

assume that all children plateau at a predicted age and that treatment should be ceased on 

the basis of motor growth curves alone 14. The benefit of physiotherapy should be 

weighed up for each child individually 150 and it is the role of the physiotherapist to 

ensure that each child realises its full potential . 

Apart from the between-subject variation in terms of plateau point on the motor growth 

curves, it appears that there is also a variation in responsiveness to treatment in children 

with cerebral palsy. Constraint induced movement therapy studies have shown that 

functional gains are not equal for all children with hemiplegic CP 6. Children who have 

only a moderate level of impairment, benefit the most from constraint induced 

38 

Univ
ers

ity
 of

 C
ap

e T
ow

n



movement therapy 6. A possible reason may be that severe levels of impairment 

(spasticity, reduced ROM, reduced sensation and proprioception) create a barrier to 

learning new movement strategies 6. 

According to Shumway-Cook and Woollacott (2006), interventions are often targeted at 

alleviating underlying impairments with the aim of enhancing the patient's strategies for 

postural control 81. However, evidence suggests that treatments aimed solely at reducing 

impairments such as muscle weakness and decreased joint range, do not necessarily 

translate into improved balance control 81. Therapeutic activities targeting specific 

aspects of balance control are more likely to be effective 81. 

As discussed in 2.4.1, it has become increasingly apparent that functional gains from 

therapy are best retained and carried over if the patient is encouraged to participate in 

goal directed and task orientated activity. A functional approach to therapy is currently 

advocated with the emphasis being on the child's ability to perform the activity "as 

functionally as possible and not as normally as possible" 151. Instead of guidance through 

handling and facilitation, an environment is created where the child explores self

initiated strategies under certain task constraints 151. The interplay between postural 

control and movement is emphasised: movement experience improves postural control 

and improved postural control promotes efficient movement 152-154. 

Physiotherapy approaches to improving balance and postural control range from basic 

physical tasks like throwing and catching a ball 155 to the utilisation of specialised, 

technical equipment such as Biofeedback 156157. Arguably one of the most commonly 

utilised forms of physiotherapy treatment for children with cerebral palsy is the Bobath 

methodlNeurodevelopmental Therapy (NDT) 212255 . The core philosophy ofNDT is 

that Central Nervous System dysfunction interferes with the development of postural 

control which in tum restricts normal motor development 21. The approach focuses on 

influencing the sensorimotor components of muscle tone, reflexes, postural control, 
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sensation and perception 2122 158. Previously, handling techniques were implemented to 

inhibit spasticity and abnormal movement patterns and to facilitate normal equilibrium 

reactions and muscle tone 21 22. As a result, the patient was largely passive in his own 

treatment 21. These treatment principles changed with the advances in the field of 

neuroscience. The importance of voluntary active and functional movement was 

increasingly recognised, particularly with regards to postural control and balance 21158. 

Currently, ND therapy emphasises the task specific preparation for function 21 158 159 with 

progressively less manual input and facilitation from the therapist. A review by the 

American Academy for Cerebral Palsy and Developmental Medicine reported no 

advantage ofNDT to other alternative therapies 21. Other research appears to be 

inconclusive. A review by Anttila et al (2008) summarised that NDT combined with an 

Adeli suit was found to improve mechanical efficiency in stair climbing 160. Functional 

training was found to be more effective than NDT to improve walking, running and 

jumping on the GMFM while infant stimulation followed by NDT was found to result in 

better motor and developmental quotients and walking function than NDT alone 160. The 

paucity of evidence supporting NDT is partly thought to be a result of inadequate 

research methods that may undermine the value ofNDT. Butler et al (2001) suggest that 

studies of greater methodological quality may rectify the current weakness in evidence 

for the use ofNDT 21. 

Therapeutic riding, also known as hippotherapy, is an intervention thought to improve 

posture and balance and therefore motor function of children with cerebral palsy 161. The 

multidimensional movement of the horse challenges the maintenance of postural 

stability 162. This form of therapy is highly task orientated with the motivation for the 

patient being to stay seated and righted on the horse 162. Although Hippotherapy is based 

on external perturbations opposed to self-induced balance perturbations, this type of 

therapy resembles the Wii Fit in terms of its functional nature. The child is immersed in 

a situation where the outcome of the task at hand is directly dependent on the child's 

ability to engage their balance reactions and postural control. Multiple studies have 

shown improvements in posture and gains on the Gross Motor Function Measure 

following Hippotherapy interventions 20162-164. Hippotherapy was found to improve 
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dynamic postural stabilisation and balance recovery as well as anticipatory and feedback 

postural control 165. 

Interventions aimed at improving postural control should ideally challenge all 3 aspects 

of postural control namely: steady state, anticipatory and reactive postural control 81. 

This would include activities where the COM is moved in relation to the base of support 

as well as activities where the base of support is moved requiring recovery of stability of 

the COM 81. The Nintendo Wii Fit balance board makes the former requirements of the 

player during gaming. It challenges the player to anticipate the movements required for 

successful gaming and provides him with an element of surprise to draw on the players' 

reactive postural control. It is possible that the anticipatory and reactive postural 

mechanisms employed during gaming may be drawn on during gross motor activities 

such as climbing stairs, jumping and walking on a line. In the following section, 

arguments for the Nintendo Wii Fit as a rehabilitation tool are presented. 

2.4.4 The Nintendo Wii Fit balance board as a rehabilitation tool 

The Wii Fit is a commercially available gaming system designed by Nintendo. Motion 

sensor technology is used to engage the player in video gaming. The Wii Fit balance 

board is a five cm high board that is placed on the floor 1.5 m in front of the television 

screen. The player stands on the board and the four force plate sensors in the balance 

board measure the pressure input through contact with the person's feet. 
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Figure I: Nintendo \Vii fil ba lance board 
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There has been a growing interest in the use oftbe Nintendo Wii Fit for rehabilitation 

purposes since its release in 2006. A number of hospitals and rehabilitation clinics in 

Germany, the UK and the USA have started incorporating the Wii Fit into the 

rehabilitation programs of hemiplegic stroke patients, patients with traumatic brain 

injuries and amputees. A website dedicated to "Wi i-habilitation" 65 displays internet 

articles and news reports related to the use of the Wii Fit in rehab. These articles contain 

reports of the positive results experienced by therapists and patients alike. The use of the 

Nintendo Wii Fit as a rehabilitation tool is currently being investigated in children with 

Traumatic Brain Injury (TBl) by Ms Danielle Levac (personal communication) at 

McMaster University in Canada and in children with Developmental Coordination 

Disorder (OCD) by Mrs Dorothee lelsma (personal communication) at the University of 

Groningen in the Netherlands and there may be others engaged in similar research. 

Biofeedback is a method of rehabilitation that utilises electronic or electromechanical 

instruments to measure and feedback infonnation about perfonnance by means of visual 
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or auditory signals 104. Biofeedback is a way to augment sensory input 167 and improve 

body awareness during movement 104. A study by Seeger et al (1981) tested whether the 

gait symmetry of hemiplegic children could be improved by providing auditory feedback 

168. Four children between the ages of7-ll years were asked to walk with load-sensitive 

insoles on the hemiparetic side 168. Auditory feedback from the sensors encouraged 

children to increase weightbearing on the hemiparetic leg 168. The gait cycle symmetry 

was significantly improved by this feedback and improvements were retained after 

treatment had ended 168. 

The Nintendo Wii Fit Balance board may be seen as a form of Biofeedback that 

translates COP measurements and ground reaction forces into results on the television 

screen. Gaming performance is an objective measure of the patient's ability to shift 

weight in a multitude of directions. The advantage of the Nintendo Wii Fit is that it 

provides Biofeedback indirectly via a suprapostural task. The acquisition of postural 

control is said to be more efficient and lasting when attention is directed away from the 

body to an external focus 169. Directing attention away from the body promotes the 

automatism that is necessary for postural control 169. Children appear to benefit more 

from an external reference (following a visual model) than from an internal reference 

(focusing on their technique) when performing activities that involve multiple degrees of 

freedom 1856. It is hypothesised that the sensorimotor impairments of children with 

cerebral palsy make it particularly difficult for the child to improve movement strategies 

by focusing on their technique 18. When playing Nintendo Wii Fit games, the user is not 

focusing on their own body reactions as such but rather on their performance in the 

game which then provides meaningful biofeedback for balance training. 

Virtual reality rehabilitation refers to the stimulation of movement with the help of a 

virtual computer generated environment. The patient is either placed in front of a 

television or computer monitor or is made to wear head gear that allows images to be 

projected on a screen. The patient then interacts with the virtual environment by moving 
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in response to the challenges presented. Findings from virtual reality (VR) rehabilitation 

studies provide a strong argument for the use of gaming in rehabilitation. 

Flynn et al (2007) investigated the feasibility of using the Sony PlayStation 2 (PS2) 

EyeToy for an individual in the chronic phase of post-stroke recovery. The PS2 EyeToy 

is a gaming system that resembles the Wii Fit in presenting the player with movement 

challenges using a television screen as the interface. Training involved 20 one-hour 

sessions over four and a half weeks. It was found that the patient improved on numerous 

standardised motor and balance outcome measures following the PS2 intervention. 

Flynn et al concluded that a low cost, commercially available gaming system such as the 

PS2 would be a useful adjunct to post stroke rehabilitation 170. Similar results were 

demonstrated in a case report involving an adolescent with diplegic cerebral palsy. 

Deutsch et al (2008) investigated the effect of the Nintendo Wii Fit on a 13 year old 

male with diplegic cerebral palsy classified as level IlIon the GMFCS. Games that 

involved upper limb activities such as tennis, golf, boxing, bowling and baseball were 

played. The intervention consisted of 11 x 60-90 minute sessions over four weeks. 

Visual-perceptual processing, postural control and functional mobility all improved 

during and post intervention 171. These case reports are specific to their participants and 

do not allow for inferences to be made to larger populations due to the single subject 

study design. However, the results from such studies are promising and serve as pilot 

studies for subsequent research on the use of commercially available gaming systems for 

rehabilitation. 

Virtual environments similar to the one provided by the Nintendo Wii Fit have been 

used to improve symmetrical weight distribution. In a pilot study by Lott et al (2003) an 

individual with right hemiparesis was required to interact with a virtual snowboarding 

environment while standing on a force platform (much like the Wii Fit Balance board) 

60. Weight shifting and leaning were required to avoid trees and obstacles on the virtual 

ski slope. Weight bearing time spent on the non-paretic leg was decreased progressively 

from 73% to 55% effectively increasing the weight bearing time of the paretic leg by 
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18% 60. The patient spent 45% of the time weight-bearing on the paretic limb within 12 

minutes of intervention indicating a fairly rapid and substantial increase in weight 

bearing symmetry 60. 

Anticipatory postural control is deficient in children with cerebral palsy as described in 

the section on the development of postural control. It has been suggested that active 

weight shifting activities are effective in improving anticipatory postural control 115. 

Westcott and Burtner (2004) suggest that weight shifting should be incorporated into 

functional activities rather than practised in isolation 115. Liao et al (2001) also found a 

close correlation between self-induced weight-shift ability and ambulatory function in 

children with cerebral palsy 4. The Nintendo Wii Fit requires the player to actively shift 

weight during gaming. Weight shifting practice that is embedded in the task of gaming 

may improve anticipatory postural control, self-induced weight shifting abilities and 

ultimately ambulation and gross motor function. 

Virtual reality studies have been proven to provide the patient with challenges to explore 

affordances in a safe environment 61. For instance, in an experiment by Lott et al (2003), 

healthy subjects were asked to lean as far as possible to touch the hands of research 

assistants in a real world scenario and then to perform similar reaching tasks in a game

like context of goal-keeping in a virtual reality scenario. The virtual reality tasks resulted 

in much larger COP excursions than the real world scenario. The addition of a game-like 

task appears to have motivated subjects to reach much further in response to 

performance feedback from the television screen 60. Allowing the subjects to focus their 

attention on the game instead of their balance may have prevented them from 

underestimating their true balance abilities as might have occurred in the real world 

scenario 60. The equipment used in this study was specialized laboratory equipment that 

is not readily available to physiotherapists in a school setting. However the Nintendo 

Wii Fit is similar in the sense that the player is immersed in a virtual environment that 

presents movement challenges. Similar improvements in weight shift may therefore be 
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expected. The Nintendo Wii Fit is also commercially available and easy to operate and 

therefore lends itself to weight shift training in a public setting. 

Virtual reality rehabilitation has also been shown to induce cortical reorganisation. In a 

study by You et al (2005), an 8 year old individual with a right hemiparesis underwent a 

virtual training program where he was required to move around in the real world while 

manipulating objects in the virtual world. These activities were designed to facilitate 

range of motion, mobility, strength, and reaching skills. The training program consisted 

of 60 minute sessions, five times a week for 4 weeks. Functional magnetic resonance 

imaging was used to map brain activity. Before the VR therapy, the bilateral primary 

sensorimotor cortices and ipsilateral supplementary motor areas were activated during 

movement of the hemiparetic limb. After VR therapy, the altered activations ceased and 

the contralateral sensorimotor cortex was activated during movement of the hemiparetic 

limb. Changes seen on fMRI were associated with enhanced functions such as reaching, 

self-feeding and dressing that were not possible before VR therapy 172. 

The widespread enthusiasm in embracing the Wii Fit as a rehabilitation tool may be in 

part due to the successes that have been seen in clinical studies using Biofeedback and 

Virtual reality. The Wii Fit essentially combines both these treatment modalities in one 

system. The Nintendo Wii Fit requires self-induced weight-shifting abilities for the 

player to interact with the virtual environment. As a result, it may be expected that 

improving the self-induced weight shifting ability as well as anticipatory postural control 

of children with CP, may improve their quality of gross motor function. Similarly, when 

playing the Nintendo Wii Fit games, the advantage of virtual world goal-keeping 

opposed to real-world goal keeping is that it provides a sense of achievement without the 

potential threat of injury to the patient 59. 

No controlled trials have been reported thus far, that support the claims that the Wii Fit 

improves balance in children with hemiplegic cerebral palsy. A pilot study by Nitz et al 
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(2009) reports that the feasibility of using the Wii Fit to improve balance, strength, 

flexibility and fitness was tested on a group often healthy women aged 30-60 years. 

Results showed that balance and lower limb muscle strength improved significantly but 

changes in proprioception, cardiovascular endurance, mobility and activity level were 

not significantly changed. The authors report a trend towards an immediate effect on 

balance and strength due to activity fostered by the Wii Fit which needs to be confirmed 

in studies with greater statistical power 173. 

In addition to possible gains in balance and strength, it may also be postulated that the 

Biofeedback properties of the Nintendo Wii Fit Balance board can be used to aid in an 

improvement of motor planning and force planning of children with congenital 

hemiplegia. As mentioned in section 2.3.1, these functions have been shown to be 

deficient in this population. The Nintendo Wii Fit COP measurements that are translated 

into actions on screen require careful grading of weight shifting from one leg to the 

other. A weight shift of too great or too small a magnitude might result in the player 

falling off the sheet of ice, bursting his traveling bubble or not heading the soccer ball. 

Motor planning and force grading is required when playing the Nintendo Wii Fit games. 

Although the Nintendo Wii Fit should not replace conventional therapy, it has 

considerable merit as a motivating adjunct to therapy 62. The Nintendo Wii Fit is a 

highly task orientated form of balance training because the challenges presented in the 

games motivate the patient to practise and participate actively to improve the gaming 

score. The subject's heightened enthusiasm for VR gaming as a form of rehabilitation 

was confirmed in a randomised controlled trial with a group of traumatic brain injury 

subjects. Some underwent virtual reality balance rehabilitation while others were 

assigned to conventional Physiotherapy balance interventions 63. Improvements in 

balance and functional mobility were seen in both groups. The VR group however 

showed greater improvements on quantitative measures and expressed greater interest 

and excitement in their therapy 63. This is in agreement with trials done by Bryanton et al 

(2006) that showed how children had increased dorsiflexion range and longer holding 
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periods when interacting with a virtual reality game opposed to conventional exercise 

regimes. Parents as well as children reported greater interest and enjoyment in exercising 

with the game-like intervention compared to the conventional exercises 64.Reports such 

as these make the use of virtual reality gaming systems a promising rehabilitation tool 

with regards to participation and compliance. 

Improvements following virtual reality rehabilitation are not strictly limited to the 

physical realm. It has been shown that the provision of objective and positive feedback 

in virtual reality rehab empowers subjects through a sense of control and mastery and 

improved self-esteem 68 174. The participation restrictions that children with cerebral 

palsy deal with may be detrimental to their self-esteem 175. Allowing children to take 

part in activities that their typically developing peers might enjoy may improve their 

self-concept and independence 175. 

Although subject participation and skill has been shown to improve in VR rehabilitation, 

the question remains whether these skills can be transferred beyond VR environments. 

The philosophy underlying the ICF requires the medical community to prove that 

interventions not only improve body structure and function but that this improved 

function translates into activities of daily living and participation 67. Rehabilitation is 

only effective if newly acquired skills can be transferred to real world situations 176. A 

review of studies investigating the effect of virtual reality therapy for persons with 

disabilities concludes that these patients are able to learn in virtual environments and 

that motor learning is transferred from the virtual environment to the real world. Newly 

learnt skills can be task specific but carry-over to other tasks has also been shown after 

intervention with virtual reality training 62. Therefore, theoretically speaking, 

improvements in balance control and postural stability after intervention with the 

Nintendo Wii Fit may be expressed in improved gross motor function and functional 

mobility. If this is the case, then improvements should be seen on the outcome measures 

chosen for this study. 
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To summarise, the Nintendo Wii Fit may be seen as a combination of Biofeedback and 

Virtual reality technologies. Studies investigating the benefits of these technologies have 

shown gains in symmetrical weight bearing, movement excursion, motor and force 

planning, motivation to practise and self-esteem. However previous studies were limited 

to case reports or larger sample numbers of healthy subjects. The use of the Wii Fit in 

children younger than 13 years of age has not been reported and although virtual reality 

studies have been undertaken in hemiplegic stroke patients, no investigations utilising 

this technology for children with hemiplegic cerebral palsy have been published to date. 

Nevertheless, it is reasonable to expect that the benefits reported in other population 

groups may also be seen in children with hemiplegic cerebral palsy following a 

Nintendo Wii Fit intervention. Treatment schedules and intensity of therapy need to be 

considered for such an intervention. The findings from rehabilitation studies regarding 

the ideal parameters of treatment are presented below. 

2.4.5 Practice schedules: frequency and structure of therapy 

The amount of motor learning during therapy is dependent on the practice schedule. The 

structure of the therapy session, as well as frequency of therapy contributes to the 

efficacy of treatment. The amount and type of feedback given as well as the periods of 

activity and rest have to be considered when structuring therapy. 

Optimal intensity of therapy has been debated for a few decades. Previously, children 

were given fewer therapy sessions over a prolonged period of time. More recently, the 

benefits of blocked therapy were recognised. A number of studies have proven that 

shorter periods of intensive therapy are more beneficial than longer periods of less 

intensive therapy. Bower et al (1992) conducted a study during which children were 

assessed over a period of 9 weeks. During the first 3-week period, children received 

routine therapy for half an hour, once a week. In the second 3-week period, children 

received an hour of therapy 5 times a week. During the last 3 week period, children 

reverted back to their routine therapy for half an hour once a week. This study showed 
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that a three week period of intensive therapy accelerated the acquisition of motor skills. 

Once children had reverted back to their regular Physiotherapy routine, the mean 

assessment score dropped somewhat but remained higher than the mean assessment 

score in the baseline period indicating that some of the motor skills that were acquired 

during the intensive 3 week period had been retained 177. 

Similar benefits of blocked therapy were shown in a study by Trahan and Malouin 

(2002) 178. Subjects were randomised to a multiple baseline study design with an 

A,Bl,Cl,B2,C2 design. During the A phase, children underwent therapy twice a week 

for 45 minutes. This phase lasted up to 12 weeks for some subjects due to the staggered 

multiple baseline design. In the B 1 phase therapy was increased to four times a week for 

45 minutes. During the C 1 phase, therapy was completely withdrawn and children were 

given a rest period of 8 weeks. The B2 phase was identical to the B 1 phase in terms of 

treatment dosage and was followed by another C2 phase of complete rest for eight 

weeks. The rate and magnitude of improvement varied among subjects but all children 

showed an improvement in their motor performance scores that remained higher than the 

pre-experimental motor performance score throughout the study. Even during the C 

phases where treatment was withdrawn, the GMFM scores did not drop significantly 

thus suggesting that a four week program of four sessions per week was beneficial to 

motor learning. 

A study by Gagliardi et al (2008) compared two types of treatment schedules 179. A 

group of forty subjects was subdivided into 2 groups of 20. One group was given a 

treatment schedule of 2 treatment sessions per week over a period of 1 year. The other 

group was given a treatment schedule of a month of intensive, twice a day treatment 

followed by treatment twice a week for 5 months. Children undergoing the shorter, more 

intensive form of treatment showed the greatest gains in motor function showing that 

once again, a short, intensive program was superior to a longer, less intensive program. 
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When designing practice schedules, another aspect to consider is the amount of feedback 

that is given to the subject during a training session. Feedback is an important factor in 

motor learning and is necessary for the retention of motor skills 18. Inherent or intrinsic 

feedback is supplied by the body's own proprioceptive and visual inputs 180. During 

treatment augmented feedback can be provided in addition to inherent feedback as was 

mentioned in the paragraph on Biofeedback 18. There are two types of augmented 

feedback that may be utilised in Physiotherapy treatment: knowledge of results (KR) and 

knowledge of performance (KP) 18. Knowledge of results refers to feedback about the 

movement outcome in relation to the task goal 18. Knowledge of performance refers to 

feedback about the kinematics or strategies of movement chosen during a movement 

trial 18. In adults, KP was found to be more beneficial for skill learning than KR 18. A 

study by Thorpe et al (2002) showed that children with cerebral palsy are also able to 

make use ofKP during motor skill acquisition18 but the optimal parameters are still 

unknown. 

Apart from the type of feedback provided, the amount of feedback has also been found 

to influence motor learning 180. Reducing feedback during practice is thought to increase 

information processing demands during practice and therefore improves retention of 

skills 180. Adults were found to perform better on retention tests following reduced 

feedback practice 180. Children however differ from adults in their information 

processing strategies. A study by Sullivan et al (2008) showed that typically developing 

children require longer periods of practice and a more gradual reduction in feedback 

when compared to young adults 180. If knowledge of results feedback is reduced too 

quickly, it increases the cognitive effort required for motor skill acquisition in children 
180 

The Nintendo Wii Fit balance board provides KP and KR during gaming. KP is supplied 

throughout gaming as the player sees the avatar reacting and moving on screen in 

response to his own movement. 
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Figure Nintendo Wii Soccer - rorce I 

Movement strategies can therefore be adapted during gaming in order to adjust to 

gaming requirements. KR is supplied at the end of each 2-4 minute period of gaming as 

the child ' s perfonnance is scored at the end of each trial. The disadvantage with this 

type of gaming technology is that KP and KR cannot be adjusted or reduced in tenns of 

their frequency. They remain constant throughout gaming. Seeing as a reduction in KR 

has been found to be beneficial for skill retention in children, a constant supply of KR 

may limit the child ' s ability to retain new motor skills gained through gaming. This 

limitation should be taken into account when considering the Wii Fit as a fonn of 

rehabilitation. 

In summary, research has shown that shorter periods of intensive, block therapy may be 

more beneficial than extended periods of less intensive therapy 179 for children with 

cerebral palsy. The type and amount of feedback given should be considered when 

planning an intervention. Children with cerebral palsy have been shown to benefit from 
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augmented feedback but the optimal parameters of feedback have not yet been 

established 18. 

2.5 Outcome measures 

2.5.1 Classification and Psychometric properties 

The quality of a measurement instrument is generally described in tenns of its 

psychometric properties. All standardised outcome measures report reliability and 

validity. Reliability refers to the constancy of the test to give repeatable measures and 

validity refers to the ability of the instrument to measure what it is intended to measure 

182. The quality of an outcome measure however depends on a third quality as well, 

namely its responsiveness. Responsiveness refers to the ability of the test to detect 

change over time if it has taken place 183. 

The tenns outcome measure and health-status measure are often used interchangeably 

although they are not the same 184. Health status measures are discriminative or 

predictive indices and are developed to cross-sectionally detect differences between 

individuals or groups at one point in time 184. Outcome measures are evaluative indices 

and are developed to detect change within individuals or groups longitudinally 184. 

Therefore outcome measures serve to evaluate the effectiveness of interventions by 

reflecting change over time. 

Measurement instruments may faciliate the observation of intra-subject or inter-subject 

variation. Nonn referenced tests are used to compare an individual's motor perfonnance 

in relation to the perfonnance of a representative population group. Criterion referenced 

tests are used to evaluate an individual's perfonnance against his own previous 

perfonnance or a unifonn set of skills over time 185. 
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In addition to the abovementioned properties, the feasibility and clinical utility have to 

be taken into account 184 when choosing an outcome measure. The clinician has to assess 

whether the instrument includes desired domains and outcomes to be tested (content 

validity) and whether or not these will be responsive to change for the particular 

population in question 184. For instance, responsiveness to change may be restricted by 

floor and ceiling effects. If the outcome measure is too difficult for the subject in 

question, a floor effect will be seen 186. This implies that the subject's score remains 

unchanged at the bottom of the scale because outcomes are too difficult for the subject to 

perform 186. If the outcome measure is too easy for the subject then a ceiling effect will 

occur 186. This implies that any improvement in the subject's score may not be measured 

seeing as their score is already at the very top end of the scale 186. Although good 

reliability, validity and responsiveness are desirable in all outcome measures, sometimes 

a trade-off has to be made between psychometric properties and practicality of use 184. 

The ICF requires the clinician to assess the child in dimensions of impairments, activity 

limitations and participation restrictions. Outcome measures are generally designed to 

test a specific aspect ofthe patient's health. In the following section, the outcome 

measures considered for this study are divided accordingly into categories of 

impairment, gross motor function and health-related quality of life. 

2.5.2 Measuring Impairment 

2.5.2.1 Balance 

A standardised outcome measure should be used to accurately assess whether the 

treatment of balance and postural dysfunction has been successful. However, few 

reliable and comprehensive balance measures exist to date 4. Studies investigating the 

psychometric properties of standardised balance tests have yielded disappointing results. 

The performance of children on balance tasks appears to fluctuate from one session to 

the next 4. In addition to this, few balance tests examine all three aspects of balance 

control: steady state, reactive postural control and anticipatory postural control. As a 
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result, the patient's perfonnance on a balance test does not necessarily reflect his 

perfonnance under more complex environmental demands 81. Balance tests generally do 

not provide insight into the quality of movement or the strategies of movement used 81. 

Common methods of assessing balance include: single-leg standing, standing under 

different sensory conditions (eyes open vs eyes closed, soft surface vs hard surface) 

challenging dynamic balance (walking on a balance beam) and use of a tilt board 4. 

Single-leg standing balance is tested with eyes open and eyes closed. The subject is 

placed barefoot 2 feet from a visual target on a wall in front of him and is asked to put 

the hands on the hips and raise one foot off the ground. Timing is started as soon as the 

foot leaves the ground 187. Timing is stopped when the free foot touches the ground, the 

hands leave the hips, or when the supporting foot moves from its original position 187. 

When testing the eyes-closed condition, the same criteria as above apply but timing may 

also be stopped as soon as the subject opens the eyes 187. Test re-test reliability for the 

eyes-open condition was found to be high (.91-1.0) while test-retest reliability for the 

eyes-closed condition was lower (.59-.77) 187. 

The tiltboard tip test requires the subject to stand with the feet together on marked 

footprints in the centre of an 18 by 18 inch tiltboard 187. The tiltboard has angle markers 

that extend 4 inches from the tiltboard to the wall. A chart from 0-60 degrees is mounted 

on the wall behind the tiltboard. 
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An examiner then tilts the board carefully and a second examiner takes readings from 

the chart as soon as a postural adjustment is seen e.g. removing hands from the hips, 

stepping forward or sideways or requiring help to prevent a fall. The Tiltboard Tip Test 

was found to have good inter-rater reliability (rho = 0.98) but was found to have poor 

test-retest reliability (rho = .45) in children with and without disabiljty. This fonn of 

equipment is also not readily available to all physiotherapists 4, 

One tool that measures balance at the level ofimpainnent is the Pediatric Clinical Test 

of Sensory tntegration for Balance (P-CTSIB) 3, P-CTSIB was derived from the Clinical 

Test of Sensory Interaction for Balance 3. The p-CTSm is used to assess the 

contributions of sensory infonnation to standing balance in chi ldren 3. Postural sway is 

investigated under 6 different sensory conditions: J) eyes open, standing on a hard, flat 

surface 2) eyes closed, standing on a hard, flat surface 3) eyes open, standing on a 

medium density foam 4) eyes closed, standing on a medium density foam 5) eyes open, 

standing on a hard, flat surface with a visual conflict dome over the head 6) eyes open, 

standing on a medium density foam with a visual con.flict dome over the head 3. The P

CTSm has shown fair to good inter-rater reliability (rho = 0.67-0.92) but has shown low 

to moderate test-retest reliability (.45-.78) 3. Some of the Items on the P-CTSIB also 
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showed a great learning effect and were therefore not deemed suitable for balance 

testing in children between the ages of 4-9 years 4. 

Another tool that assesses balance and postural stability at the level of impairment is the 

Functional Reach Test (FRT) 3. The FRT was developed for use in elderly patients but 

has been used in children with cerebral palsy J. During the FRT the subject is asked to 

reach out as far as poss ible beyond arm's length while maintaining a fixed base of 

support in standing. The distance reached is then measured 3. The intra-rater reliability 

of the FRT was found to be good (r= .87-.94) but had weak test-retest reliability (r = .31 

- .34) when used for children with developmental delay J . The FRT is therefore not 

suitable for the assessment of children with disabilities. 

The Berg Balance Scale (BBS) was developed to assess balance in elderly or 

neurologically impaired subjects 3. The BBS is performance based and has 14 items. I) 

sitting to standing 2) standing unsupported 3) sitting unsupported 4) standing to sitting 

5) transfers 6) standing with eyes closed 7) standing with feet together 8) reaching 

forward with outstretched ann 9) retrieving object from floor 10) turning to look behind 

11) turning 360 degrees 12) placing alternate foot on stool 13) standing with one foot in 

front 14) standing on one foot 3. The BBS has good inter- and intra-rater reliability (.98 

and .99 respectively) 3. However, the correlation of the BBS and balance parameters 

measured with laboratory equipment was found to be poor to moderate (.20 - .67) 3. A 

study by Khembavi (2000) showed that children with cerebral palsy who are classified at 

a Level I or Level n on the GMFCS have no difficulty with the items on the BBS 3. The 

BSS was not able to discriminate between typically developing children and Level I and 

II children with cerebral palsy. The BBS scores for these high functioning children 

demonstrate a ceiling effect 3. This means that the BBS is not a useful tool for assessing 

and monitoring the balance abilities of children with spastic hemiplegia. 
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Some Motor Developmental Scales include Balance subtests. Two such scales are the 

Peabody Developmental Motor Scale (PDMS) and the Bruininks Oseretsky Test of 

Motor Proficiency (BOTMP) 3 4. The PDMS is a norm-referenced and criterion 

referenced motor scale that can be used from birth to five years 23. As a result, the 

Peabody was not considered as an outcome measure for this study seeing as subjects 

would be 7-14 years of age. 

The BOT -2 however may be used to test motor proficiency of children with mild motor 

impairment or developmentally handicapped children between the ages of 4.5-14.5 years 

3 4. The BOTMP was developed as a discriminative health status measure and consists of 

6 domains, one of which tests balance. Subtest 5: Balance has been used both in 

evaluative and discriminative contexts 4 188. It consists of tests that challenge the 

subject's standing and walking balance with activities such as single-leg standing, 

single-leg standing with eyes closed, standing on a balance beam and walking heel-to

toe on a straight line. The Inter-rater reliability of Subtest 5: Balance was found to be 

high (r = 0.99). Test-retest reliability however differs 187. Subtest 5: Balance had a 

moderate test-retest reliability of .61 and .65 for the age ranges of 4-7 and 13-21 years 

respectively. The test-retest reliability for children aged 8-12 years however, was found 

to be poor with r = ,45 188. This implies that Subtest 5 may be unstable when used as an 

outcome measure for children of this particular age range. Although test-retest reliability 

has been found to be low to moderate for the balance subtest, each item on the test 

should be carried out twice in succession with the subject's poorer trial being discarded 

188. The test therefore allows for some variability in performance. The BOT-2 Subtests 5 

and 6 will be discussed in further detail in section 2.5.3. 

Laboratory methods using technology and computer analysis are the gold standard when 

measuring balance ability, however these are generally used for research purposes and 

are rarely accessible to physiotherapists wanting to assess children's balance abilities on 

a daily basis. As a result, clinicians have to find measures that best suit their needs in 

terms of practical relevance and psychometric properties. This is currently still a 
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challenge since there are few reliable and standardised outcome measures that are 

readily available to clinicians for the assessment of balance and postural stability in 

children with disability. (See table summarising the above-mentioned Balance test on 

the following page). 
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Table 2: Summary of Balance tests 
Measure Description Limitations 

Single leg standing 

Tiltboard tip test 

Pediatric Clinical Test 

of Sensory Integration 

for balance (P-CTSI8) 

Functional Reach Test 

Tested with eyes open and eyes closed. Subject 

stands barefoot 2 feet from visual target on 

wall in front of him. Subjects is asked to place 

hands on hips. Timing stopped when free foot 

touches floor, hands leave hips, supporting foot 

moves from original position or eyes are 

opened when testing eyes closed condition. 

Subject is required to stand with feet together Not readily available 

on marked footprints in centre of 18 by 18 inch to physiotherapists 

tiltboard. The tiltboard has angle markers that 

extend from tiltboard to wall. A chart from 0-

60 degrees is mounted on the wall. An 

examiner tilts the board and a second examiner 

takes the readings from the chart as soon as a 

postural adjustment is seen eg removing hands 

from hips, stepping forward or requiring help 

to prevent a fall. 

Postural sway is investigated under 6 

conditions: I) eyes open, standing on a hard 

flat surface 2) eyes closed standing on a hard, 

flat surface 3) eyes open, standing on a 

medium density foam 4) eyes closed, standing 

on a medium density medium density foam 5) 

Strong learning effect 

seen on some ofthe 

items and therefore not 

deemed suitable for 

balance testing in 

children between ages 

eyes open, standing on a hard, flat surface with 4 -9 years. 

a visual conflict dome over the head 6) eyes 

open, standing on a medium density foam with 

a visual conflict dome over the head. 

Subject is asked to reach out as far as possible 

beyond arm's length while maintaining a fixed 

base of support in standing. Distance reached 

is measured in cm. 

60 

Developed for use in 

elderly patients. 

Low test-retest 

reliability when used 

in children with 

developmental delay. 

Therefore not suitable 

for assessment of 

children with 

disabilities. 

Reliability 

Test re-test reliability eyes 

open: 

rho = 0.91-1.0 

Test re-test reliability eyes 

closed: 

rho = 0.59-0.77 

Inter-rater reliability: 

rho = 0.98 

Test re-test reliability: rho 

= 0.45 

Inter-rater reliability: 

rho = 0.67 - 0.92 

Test-retest reliability: 

rho = 0.45 - 0.77 

Intra-rater reliability: 

rho = 0.87 - 0.94 

Test-retest reliability: 

rho = 0.31 - 0.34 
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Berg Balance Scale 

BOT-2 Subtest 5: 

Balance 

14 performance based items: 

I) sitting to standing 2) standing unsupported 

3) sitting unsupported 4) standing to sitting 

5) transfers 6) standing with eyes closed 

7) standing with feet together 8) reaching 

forward with outstretched arm 9) retrieving an 

object from the floor 10) turning to look 

behind II) turning 360 degrees 12) placing 

alternate foot on stool 13) standing with one 

foot in front 14) standing on one foot 

Items challenge standing and walking balance 

eg single-leg standing with eyes open and 

closed, standing on a balance beam, heel-to-toe 

walking on a straight line etc. 

Designed to assess 

balance in elderly or 

neurologically 

impaired subjects. 

Correlation with 

laboratory equipment 

is poor. 

Ceiling effect for 

children at Level I and 

lIon GMFCS 

therefore not useful for 

children with 

hemiplegia. 

Low to moderate test

retest reliability. 

2.5.2.2 Spasticity: Modified Ashworth Scale (MAS) 

Inter-rater reliability: rho = 

0.98 

Intra-rater reliability: rho = 

0.99 

Correlation ofBBS 

parameters with laboratory 

equipment: 

Rho = 0.20 - 0.67 

Inter-rater reliability: 

rho = 0.99 

Test-retest reliability for 

children aged 4-7: 

rho = 0.61 

Test-retest reliability for 

children aged 13-21 years: 

rho = 0.65 

Test-retest reliability for 

children aged 8-12 years: 

rho = 0.45 

Spasticity is a contributing factor to functional limitations in children with cerebral palsy 

189. The failure of agonist/antagonist inhibition in spastic muscles leads to poor motor 

function 190 and spasticity should be taken into account when investigating the 

effectiveness of interventions that aim to improve gross motor function. Spasticity is 

defined as a muscle's velocity-dependent resistance to stretch 19. Hypertonia is discussed 

in section 2.3.1.1. It is defined as a muscle's increased resistance to passive extemally

imposed movement or stretch 1999. The Modified Ashworth Scale (MAS) is a clinical 

assessment tool that is widely used to quantify spasticity, muscle tone or resistance to 
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passive stretch 19. This is done by moving the patient's joint through range at a standard 

speed. The resistance to stretch is then rated on a 6 point scale. Velocity of movement is 

not changed during the performance of the MAS and it is therefore argued that this scale 

is a better measure of hypertonia than of spasticity 19. Controversy also exists regarding 

the reliability of the MAS. Some studies state that inter-rater reliability is poor 191 while 

others state that the inter-rater reliability is acceptable 192-194. 

The Tardieu Scale (TS) is an alternative clinical assessment tool that is often cited to be 

a more sensitive and appropriate measure of spasticity than the MAS 195 35 because it 

takes speed of muscle stretch into account 35. The Tardieu scale however, has limitations 

of its own as it does not measure spasticity exclusively but also includes a measure of 

clonus 35. In addition to this, muscle stretch velocities have not been standardised and 

the TS is more time-consuming than the MAS 35. 

2.5.2.3 Joint Range: Goniometry 

Joint range of motion is often limited due to spasticity and is therefore also a 

contributing factor to impairments in functional mobility. Orthopaedic interventions 

such as Botulinum Toxin injections are usually aimed at improving function by reducing 

spasticity and increasing joint range of motion 189. Goniometry refers to the 

measurement of joint range of motion in geometric angles 196. Active and passive joint 

ranges are measured with a 180 or 360 degree protractor with two arms that are joined at 

an axis, called a goniometer 196. Joint range can be used as an indicator of muscle 

shortening, joint contracture or spasticity 197. It was found that goniometry 

measurements are valid, reliable and reproducible in children with cerebral palsy if a 

strict protocol is followed 198 199. Intra-rater and within-session reliability is generally 

cited to be higher than inter-rater reliability 200 although a global mean measurement 

error of intraobserver values has been reported to be as high as 5 degrees (SD = 5 

degrees) during ankle range measurements 199. In this study, active and passive ankle 

and knee joint range of motion was measured with a goniometer. 
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2.5.2.4 Weight distribution 

As mentioned above in section 2.3.2, patients with hemiplegia tend to bear more weight 

on the unaffected limb than the affected limb. This uneven weight distribution may lead 

to disuse atrophy and other secondary impairments. As a result, weight distribution and 

symmetry is a variable of interest in the rehabilitation of hemiplegic stroke patients or 

patients with hemiplegic cerebral palsy. Force platforms have been used for the purpose 

of assessment and treatment of weight distribution deficiencies in hemiplegia 201-203. 

Stance symmetry is reported as the percentage of weight bearing on the unaffected leg 

versus the affected leg. Numerous studies have shown improvements in stance 

symmetry following biofeedback training using force platforms 201-203. The Nintendo 

Wii Fit balance board can be likened to such force platforms since one of its applications 

is to measure the subject's weight bearing symmetry in standing. Therefore, the Wii Fit 

has been considered an alternative to the force platforms commonly found in 

laboratories. 

A study by Clark et al (2009) investigated the test-retest reliability and validity of the 

Wii Fit Balance Board in thirty healthy subjects (average age 23.7 years). According to 

this study, it was found that test-retest reliability within-device and between-devices was 

good to excellent with an ICC of 0.66-0.94 and 0.77-0.89 respectively 204. However 

other studies seem to contradict these findings. Gras et al (2009) investigated the validity 

and reliability of the Nintendo Wii Fit body test 205. Thirty-one subjects between the 

ages of 18 to 25 years were required to undergo the Nintendo Wii Fit body test twice in 

succession. Each subject was then required to undergo 2 trials on the Neurocom 

EquiTest, a research standard test commonly used as a balance assessment tool that is 

known for its sensitivity, test-retest reliability and validity. Results showed that the Wii 

Fit left-right symmetry readings were not correlated (r = .210, p = .226). Data from the 

EquiTest were compared to the Wii Fit readings and it was found that CoG 

measurements as distance from origin and forward-backward data were also not 

correlated (r = .147, p = .300 and r = .147, p = .171 respectively). It was concluded that 

the Nintendo Wii Fit body test is not reliable and that its validity is questionable when 
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compared to the Neurocom EquiTest. The authors conclude that the Nintendo Wii Fit 

can not be used with the same level of confidence as the Neurocom EquiTest to analyse 

balance and left-right symmetry. 

2.5.3 Measuring Gross Motor Function 

There are a number of motor development scales available to physiotherapists. These 

scales are usually developed for specific population groups in terms of age and motor 

function and are either criterion referenced or norm referenced. Many of the motor 

development scales consist of large batteries of tests that take a long time to administer 

and are impractical for routine use. Children with hemiplegic CP are generally high 

functioning and need to be challenged during a functional assessment. If the motor scale 

is too easy, a ceiling effect inevitably occurs 186. As a result, for this study, functional 

outcome measures were chosen that would allow monitoring of the functional status of 

children with spastic hemiplegia, would be relevant and challenging enough to prevent a 

ceiling effect and would not take too long to complete. What follows is a description of 

the tests used as well as the alternatives that were considered for this study. 

2.5.3.1 The Timed Up and Down Stairs (TUDS) 

The Timed "Up&Go" (TUG) test is a measure of functional ambulation and dynamic 

balance 37. It has been found to be a valid and reliable method for measuring functional 

balance ability in children with cerebral palsy aged three to 19 years 206 37. In this test, 

the subject is required to rise from a chair and walk a distance of three meters to touch a 

mark on a wall, tum around and return to a seated position at a pace that is comfortable 

to the patient 37. The TUG score is measured in seconds from the word "go" to the 

patient returning to a seated position 37. Mean TUG scores for Level I and II ambulating 

children only differ from those of typically developing children by 1 and 3 seconds 

respectively (SEM = +/- 0.37 and 0.38 respectively) 36. Therefore it follows, that gait 

speed is generally not a problem in children with spastic hemiplegia. As a result, it has 
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been suggested that the TUG may be more appropriate to measure improvements in 

mobility function in children with more severely impaired mobility 36. 

The Timed Up and Down Stairs (TUDS) test was developed as an alternative functional 

mobility measure that has the potential to reflect improvements in postural control in 

children with cerebral palsy 36. Starting at the bottom of a flight of stairs (12-14 stairs 

with a handrail on one side) the child is asked to "quickly but safely" ascend the flight of 

stairs, tum around and descend the flight of stairs. The test score is measured in seconds 

from the word "go" to the point where the child returns to the bottom landing with both 

feet 36. The child may use any gait strategy (step-to or step-over-step) and the use of 

hand rails is permitted as long as the child faces forward while ascending/descending the 

flight of stairs 36. The test does not however stipulate whether handrails should be on 

either side so that the child may use either hand. It has been cited that a timed up and 

down stairs test is a good reflection of a subject's ability to be active in the community 

and home during recreational activities 36. Preliminary reliability and validity of the 

TUDS has been shown in a study of 8-14 year old GMFCS Level I and II ambulating 

children with cerebral palsy 36. The Timed Up and Down Stairs requires a considerable 

amount of strength in the lower extremities, coordination of fast reciprocal movements, 

as well as anticipatory and reactive postural control 36. Although the TUG is more 

extensively validated and standardised than the TUDS, the latter is more challenging and 

therefore likely to be a more responsive measure of improvement in postural control in 

children at Level I and II on the GMFCS 36. 

2.5.3.2 The Gross Motor Function Measure (GMFM) and the Pediatric Evaluation 

of Disability Inventory (PEDI) 

Several health indices and outcome measures have been developed for the assessment of 

paediatric motor function. The Gross Motor Function Measure (GMFM) was developed 

specifically for children with cerebral palsy 14. The Pediatric Evaluation of Disability 

Inventory (PEDI) was developed to assess the capabilities of children and adolescents 
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with disabilities 24. The GMFM focuses purely on gross motor function whereas the 

PEDI includes psychosocial and self-care domains. 

The Gross Motor Function Measure (GMFM) is widely considered to be the criterion 

standard functional measure for children with cerebral palsy 37. Measurement is based on 

the subject's abilities and limitations in gross motor function 123. The GMFM has been 

validated for children with cerebral palsy and has good intra- and inter-rater reliability 

207; 109. It is responsive when testing for clinically meaningful change in gross motor 

function 109. The test consists of 5 domains: A) lying and rolling, B) crawling and 

kneeling, C) sitting, D) standing, E) walking, running and jumping. 

The correlation between GMFCS levels and GMFM scores has been shown to be -.91 

208, therefore subjects at Level I and II can be anticipated to have good scores on 

Dimensions A)-C). To make the test more responsive, only Sections D (standing) and E 

(walking, running, jumping) are often used for assessment purposes. This is commonly 

done to limit the ceiling effect when assessing change in balance control and walking 

ability in independently ambulating children 121 209 108. In some instances however, 

finding the Goal Total Score for these 2 dimensions does not compensate for the ceiling 

effect. Numerous studies investigating the effect of Dorsal Rhizotomies or Botulinum 

Toxin injections have reported that a ceiling effect in GMFM measures made the test 

unresponsive to change post-treatment especially in higher functioning children 121 210. It 

has also been noted that the GMFM may not be as sensitive to change as other 

concurrent measures for example gait parameters after tendon lengthening 121. 

The GMFM may also be unresponsive to certain types of skills not sufficiently 

represented by the items of the test 121. The GMFM has been suggested to be less 

sensitive especially in its upper range compared to its middle range indicating a potential 

non-linearity in the difficulty of tasks across the GMFM item list 211. This means that the 

GMFM is most responsive when used to assess the motor function of children who score 
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in the middle ranges of the scale 211 212. Buckon et al (2004) suggest that alternative or 

additional outcome measures be used when investigating the effect of intervention on 

higher functioning children 212. 

A measure that is often used as an alternative to or in conjunction with the GMFM is the 

Paediatric Evaluation of Disability Inventory (PEDI). The PEDI was developed as an 

outcome measure for children with disabilities 24. It consists of 3 parts namely 1) 

Functional skills (197 items) 2) Caregiver Assistance (20 items) and 3) Modifications 

(20 items) 24. Capability is assessed in terms of functional skills that the child can 

achieve 24. Level of performance is measured in the amount of caregiver assistance 

needed in the Caregiver Assistance section 24. Each of the 3 parts of the PEDI is further 

subdivided into the categories of Self-care, Mobility and Social Function 24. The 

mobility domain includes activities such as floor mobility, ambulation, transfers and 

mobility in different environments 24. The inter-rater reliability of the PEDI was found to 

be high with intra-class correlation co-efficients ranging between .84 - 1.00 213
. 

However, critique on the PEDI points out that the motor skill items are limited and all 

relate to either crawling or walking activities 213. No mention is made of higher-level 

functional items such as running and jumping 213. This means that the PEDI is not an 

adequate instrument for the assessment of higher functioning children 213. The authors 

indicate that the gross motor test items selected were intended to be biased towards 

children on the lower functioning end of the spectrum 213. Therefore the PEDI is not 

suitable for the use of school-aged children at Level I and II on the GMFCS. 

2.5.3.3 The Bruininks-Oseretsky Test of Motor Proficiency 

The BOT -2 was originally developed as a norm-referenced test for typically developing 

children. Although the BOT -2 is in essence a norm-referenced test, Bruininks and 

Bruininks (2005) have reported criterion validity between the BOT -2 and other measures 

of motor performance 5. Indeed, the BOT -2 has been used as an evaluative and 
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discriminative test in several studies investigating motor performance and efficacy of 

interventions in child population groups with a range of disabilities, including CP 4 5. 

The Bruininks-Oseretsky Test of Motor Proficiency, 2nd Edition (BOT-2) consists of 

composites that evaluate 4 different areas of motor function: fine manual control, 

manual coordination, body coordination, strength and agility 5188. These are further 

broken into eight subtests 188. Subtest 5: Balance consists of9 activities that tap into the 

"balance and motor skills required for successful participation in sports and recreational 

games" (pg 849) 5. Subtest 6: Running Speed and Agility consists of 5 activities that 

"assess running speed and postural control during walking, running and jumping" (pg 

849) 5. Each activity is scored on an ordinal scale using different response categories 

specific to the activity 5 188. 

The inter-rater reliability of the BOT -2 was found to be good with all Pearson product 

moment correlation coefficients for the subtests and composites being greater than .86 

188214. The test-retest reliability was high for the total motor composites with a Pearson 

product moment correlation coefficient greater or equal to .80 when tested in 3 different 

age groups. The test-retest reliability of some of the subtests however was found only to 

be low to moderate. One of these is Subtest 5: Balance. Test-retest reliability for age 

groups 4-7 and 13-21 had an r of .61 but the r for age group 8-12 was only.45 188. This 

indicates low test-retest reliability for this particular age group. The implication is that 

the measure may be unstable when used as an evaluative index. The test-retest reliability 

of Subtest 6: Running Speed and Agility, was higher with r ranging between. 88 and. 94 

for all age bands 188. Although the test-retest reliability is low to moderate for the 

Balance subtest, it has been used in numerous studies to assess balance in children with 

disability or balance disturbances 5215 
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2.5.4 Measuring Health-Related Quality of Life 

2.5.4.1 The EQ-5D-Y 

Children with cerebral palsy cannot be "cured" and it is important to know how 

treatment and disability affect the child's quality oflife 216. Russo et al (2008), 

demonstrated that children with hemiplegic cerebral palsy experience reduced quality of 

life compared with typically developing children 217. According to Eiser & Morse (2001) 

Quality of Life assessments should be incorporated when testing new treatment 

approaches so that informed decisions can be made about whether or not a novel 

treatment is appropriate 216. The youth version of the Euroqol questionnaire has been 

standardised and validated for the measurement of Health-related Quality of Life (HR

QoL) in children 11. It provides a 5 dimensional profile (EQ-5D-Y) with questions 

related to the following health domains: mobility, self-care, usual activities, pain or 

discomfort and anxiety or depression 11. Every domain has 3 possible responses ranked 

in order of severity: no difficulty, some difficulty, extreme difficulty 11. The second part 

of the questionnaire consists of a Visual Analogue Scale (EQ-VAS) that is used to assess 

the patient's perception of their health on the day of assessment 218. An advantage of 

using the EQ-5D as a HR-QoL measure is its brevity. It consists of 6 questions and takes 

only a few minutes to complete thereby placing minimal burden on the respondent 219. 

When measuring HR-QoL in populations whose reliability in responding is questionable 

either due to poor state of health, cognitive deficits or young age, researchers frequently 

opt to use proxy reports of Quality of Life whereby a care-giver or family member 

responds to the HR-QoL questionnaire from the patient's point of view 220 221. The proxy 

version of the EQ-5D-Y has been found to be feasible and valid when measuring child 

QoL 222. However, due to the subjective nature of Quality of Life, there are strong 

arguments to support the use of child self-reports whenever possible 216. Provided that 

children are given age-appropriate questionnaires, HR-QoL reports of children as young 

as 6 years old are used independently of their proxy reports 223. Studies have shown that 

proxy reports ofHR-QoL have low to moderate correlation with child self-reports 223. 

Proxy reports agree with child self-reports mostly in the domains that concern 
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observable characteristics and physical health 223. Parent reports of the child's health and 

emotional state are generally worse than child self-reports especially in children with 

chronic conditions 223. It is therefore of interest to the researcher to collect patient self

reports wherever possible 219. 

2.6 Study designs 

The double-blind, randomised controlled trial (RCT) is generally accepted to be the gold 

standard for experimental research when investigating the effectiveness of an 

intervention 224. Such a study design is robust to confounding variables and human bias 

224. Depending on the effect size of the treatment however, the RCT requires a certain 

number of subjects per treatment and control group 225. In rehabilitation research, the 

numbers of subjects available for randomisation to control and treatment groups is often 

limited. This presents a problem to the researcher because effect size of an intervention 

generally needs to be large to avoid a Type II error 226. For this reason, the single-subject 

research design is often employed in rehabilitation research. Bobrovits and Ottenbacher 

(1998) consider the single-subject research design to be a clinically and scientifically 

legitimate alternative to group comparison methods 227. 

Single-subject research designs may be used to test the effectiveness of treatment in a 

single subject or a small group of subjects 31. This design is characterised by repeated 

measures of a clinically relevant and observable target behavior over a baseline and an 

intervention phase 31. Repeated measures allow subjects to act as their own controls 31. A 

stable baseline is established with a minimum of three repeated measurements before 

treatment is introduced 32. Data may be plotted and examined for differences in trend, 

level and variability of the baseline and intervention phases. A trend behavior of several 

data points allows the researcher to make inferences about the effectiveness of treatment 

and decreases the probability that improvement in the target behavior is owing to chance 
31 
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With regards to patterns of motor learning during the intervention phase, typically 

developing children often demonstrate some variability in performance during motor 

skill acquisition 18. Motor skill learning ability improves with age as maturation and 

experience play into the acquisition of new skills 18. Within- subject as well as between

subject variability is common in single subject research designs 18. Ottenbacher suggests 

that within-subject variability should not be treated as an error and should not be 

eliminated from the data but instead it should be thought of as an important component 

of motor skill learning 18. 

A disadvantage of the repeated measures inherent in single subject research designs is 

the practice effect that may occur. Practice effects refer to the subjects' systematic 

improvement in performance that may occur purely due to mastery of the items on the 

outcome measure 228. A practice effect due to repeated use of an outcome measures is 

not desirable in the context of motor learning. In this instance, the practice effect acts as 

a confounding variable because the researcher cannot distinguish whether improvements 

seen on the outcome measures are due to the beneficial effects of an intervention or due 

to the practice effect resulting from repeatedly performing the items on the outcome 

measure 228. One way of ruling out a practice effect is to monitor the effect of treatment 

by means of visual analysis. When changes in outcome measures correspond with onset 

and cessation of the intervention, then the influence of extraneous variables such as the 

practice effect can be ruled out to a certain extent 229. 

The single-subject research design is a quasi-experimental approach 31 and is therefore 

subject to extraneous variables. To control for extraneous variables, subjects in single 

subject research designs are randomised to baseline phases of varying lengths 31. By 

varying the length of baselines across subjects, analysis of trend lines may be done 

within subjects as well as between subjects. This allows the researcher to control for the 

effects of history and maturation 230. In addition to this, if a similar reaction to treatment 

is seen at similar points in time, between different subjects, then causal inferences can be 

made with greater confidence 31. Multiple baseline designs are often used as an 
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alternative to the withdrawal design when the outcome behavior under investigation is 

not expected to return to normal after the intervention phase 230, as is often the case in 

rehabilitation research. The multiple baseline, single-subject research design is therefore 

practical and suitable for the purpose of this study. 

Relying solely on the analysis of graphed data to make inferences has been proven to be 

unreliable 31. However, repeated measures are not independent by nature and the serial 

dependency of repeated measures limits the choice of appropriate statistical methods to 

be used in single-subject research design 32 31. These statistical methods are discussed in 

the following section. 

2. 7 Statistical analysis 

Graphical analysis has traditionally been the principal method of data analysis in single 

subject research designs. Data points are plotted on a line graph. The researcher 

evaluates whether there are changes in the data pattern and whether these changes 

correspond with the onset and cessation of the intervention 229. Data points are visually 

analysed in terms of their trend, level and variability during the baseline and intervention 

phases. Variability refers to the amount of fluctuation in data points, that occurs within 

or between phases 231. The change in level refers to the absolute change in level of data 

points across the phases. This may be expressed as a ratio 231. Trend, also referred to as 

the slope, is the line of best fit for each phase in question. This describes the direction of 

the data points and may be positive or negative 231. 

Visual analysis is said to be found in 90% of single subject research studies and this 

prevalence has remained unchanged between 1978 and 2003 232
. It is said to be holistic 

because it can detect trends, patterns and cycles in data, delayed responses and within

phase changes in variability that may not be apparent with statistical analysis alone 232. 

However, visual analysis is often criticised because no formal interpretation rules are 

available to the researcher that might standardise the decision making process when 

72 

Univ
ers

ity
 of

 C
ap

e T
ow

n



investigating the efficacy of an intervention 233. This creates subjectivity and 

inconsistency among raters 234. Numerous studies have shown that visual analysis 

techniques have low inter-rater agreement 231. Another limitation of solely using visual 

analysis, is the frequency of type II errors. These are common since an intervention is 

only deemed successful if the changes in trend, level and variability of the graph are 

clearly visible to the naked eye 234. Visual analysis, though useful for judgement about 

clinical significance, does not produce a statement about statistical significance 229. 

Small improvements are disregarded because they may not be apparent with visual 

analysis alone. As a result, it is commonly accepted that visual analysis should be 

supplemented by some form of statistical analysis 231. 

Parametric statistics require data points to be normally distributed and independent of 

each other. Single subject research designs are based on repeated measures usually taken 

in regular intervals. This means that data points are temporally related by nature and are 

therefore usually auto-correlated and not independent of each other 235. 

To investigate whether this is the case, data may be tested for serial dependency 235. If 

the data points are found to be free of serial dependency, then Analysis of Variance or 

similar statistical methods may be employed 235. However, testing for serial dependency 

requires a very large number of data points. Single subject research studies rarely meet 

this criterion and as a result, parametric statistics are generally not suited for the data 

analysis of single subject research studies 235. 

In a review of single subject research studies, Parker et al (2009) found that over 75% of 

the studies investigated, failed to satisfy one or more of the parametric assumptions to be 

met when using parametric statistics, namely normality, equal variance, no 

autocorrelation and independence 1. The author goes on to comment that given such 

circumstances, parametric statistics are the "worst choice the researcher can make" since 

the accuracy of effect sizes could then be challenged 1. 
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According to Campbell (2004), the two statistical approaches that may be used to 

supplement visual analysis in single subject research designs are regression approaches 

and non-regression approaches 235. Regression approaches use linear estimation 235. Data 

is de-trended by subtracting predicted values from observed data 235. Correlations can 

then be calculated and an adjusted R value can be converted to a d index which indicates 

the standardised mean difference in score 235. Proponents of the regression approach 

argue that this method is superior to non-regression methods because a trend as well as 

changes in slope and intercept can be modeled prior to evaluating treatment efficacy 

resulting in greater sensitivity to treatment effect 235. 

Non-regression methods make a statement about the data point differences by 

investigating the amount of overlap or non-overlap of the data points between the 

baseline and intervention phases 235. Examples of non-regression effect sizes include 

Percentage of Non-Overlapping Data (PND), Percentage of All Non-overlapping Data 

(PAND) and Nonoverlap of All Pairs (NAP) 1235. Most non-regression methods can be 

used when working with a small number of data points and do not require data to be 

normally distributed or independent 235. Proponents of non-regression methods say that 

the non-regression effect sizes have a higher agreement with visual inspection than 

regression methods do 235. They are also easier to calculate, have greater intuitive appeal 

and reduce bias when working with a small number of data points 235. In a review of 

effect sizes for single subject designs, Campbell found regression calculations to be 

labor intensive and the results to be difficult to interpret intuitively 235. In addition to 

this, regression methods yielded comparable results with non-regression based indicators 

235. Campbell (2004) therefore suggests that there is no good reason to choose regression 

based analysis over non-regression based analysis when supplementation of visual 

analysis is required 235. 

As mentioned above, there are a number of different non-regression approaches that 

investigate the non-overlap of data points between phases. The degree of non-overlap 

between the intervention and baseline phases is seen as an indicator of change in 
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perfonnance 1. Percentage of Non-overlapping data (PND) yields the percent of 

treatment data points that do not overlap with the highest or lowest baseline data points 

1. Percentage of All Non-overlapping data (PAND) is defined as the percent of all data 

remaining after removing the minimum number of data points which would eliminate all 

data overlap between the intervention and baseline phase 1. These indices, though 

commonly used, have certain limitations: There is a lack of known underlying 

distribution meaning that no confidence intervals can be calculated for PND and P AND 

1. They also have low statistical power when working with small sample numbers 1. 

They are considered to be sensitive to human error as they are generally calculated by 

hand 1. Non-overlap of all Pairs (NAP) is an index that was designed to remedy the 

weaknesses of the PND and PAND approaches. NAP "summarises data overlap between 

each phase A data point and each phase B data point" (pg 358) 1. For a pair to be 

considered as non-overlapping, the phase B data point should be larger or smaller than 

the paired baseline phase A data point 1. The NAP is the number of data point pairs that 

show no overlap divided by the total number of data point pairs 1. In essence, NAP 

describes the probability that a randomly drawn score from the treatment phase will fall 

below or exceed a randomly drawn score from the baseline phase 1. 

The NAP may be calculated by hand but this is somewhat labor intensive and leaves 

room for human error 1. Instead, NAP may be considered the same as the Area Vnder 

the Curve (AVC) in receiver operator characteristic (ROC) curves 1. This curve is also 

known as the sensitivity and specificity curve. NAP therefore does not offer a 

comparison of baseline and treatment phase means or medians but instead it is an 

indicator of the location of the entire score distribution of a curve 1. The NAP index is 

the AVC output in ROC calculations found in most statistical programs. It ranges from 

0-1. Ifthe score ranges from 0-0.499, this indicates a deterioration in perfonnance from 

baseline to treatment phase 1. If the score ranges from 0.51 -1 then this indicates an 

improvement from baseline to treatment phase 1. If the score is 0.5 exactly, then this 

indicates a 50% chance that scores from one group overlap the other and data points of 

the two phases cannot be differentiated i.e. neither an improvement, nor a deterioration 

has occurred 1. The NAP index (the AVC output from the ROC analysis) is accompanied 
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by confidence intervals 1. This is another advantage that the NAP has over other non

regression analysis methods such as the PND and the P AND since confidence intervals 

cannot be calculated for these methods. 

NAP Interpretation guidelines suggested by Parker and Vannest were based on expert 

visual judgements of 200 datasets. They define the treatment effects as follows: ranges 

are 0.5 - 6.5 for a weak treatment effect, 0.66 - 0.92 for a medium treatment effect and 

0.93 - 1.0 for a large treatment effect 1. Where a deteriorating trend is desirable in an 
\ 

outcome measure such as the TUnS test (a decrease in time to completion indicates an 

improved ability to negotiate stairs), the scoring is inverted. A NAP of 0.5 - 0.35 would 

be a small treatment effect, 0.34 - 0.08 would be a medium treatment effect and 0.07 -

0.0 would be considered a large treatment effect. These NAP ranges and their 

confidence intervals can be used to supplement graphical analysis thereby allowing the 

researcher to evaluate the efficacy of treatment in single subject research designs 1. 

Rehabilitation research is often impeded by small sample sizes and weak study designs. 

The single-subject research design is an option for the researcher to present results 

clearly and with integrity. Although smaller sample numbers come at the expense of 

generalisability, treatment effects (or lack thereof) can readily be seen upon graphical 

analysis and statistical methods, that are intuitive and not too labor intensive, can be 

used to supplement these graphs. 

2.8 Conclusion based on the literature review 

Children with hemiplegic cerebral palsy are generally able to ambulate independently. 

However, their movement quality and movement efficiency differs from that of typically 

developing children. Impairments may lead to increased energy expenditure as well as 

biomechanical abnormalities that tend to lead to secondary impairments and activity 

limitations over time. Impairments in postural control contribute to deficiencies in gross 
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motor function. As a result, it is of importance that postural control interventions be 

included in the physiotherapy treatment of children with hemiplegic cerebral palsy. 

The intervention under investigation, use of the Wii Fit, is consistent with the paradigm 

shift towards task orientated and goal directed learning that has been taking place in 

physiotherapy over the past few decades. It is no longer considered essential that 

postural control precedes movement. Instead, the reciprocal interplay between 

movement and postural control is increasingly recognised: movement should be 

encouraged in order to improve postural control and improved postural control in tum 

promotes efficient movement. It is suggested that postural control activities are best 

embedded in functional tasks to motivate the patient maximally. Literature on balance 

control and virtual reality rehabilitation supports investigation of a commercially 

available gaming system as a rehabilitation tool to improve balance and postural 

stability. 

An extensive body of literature has demonstrated the benefits of shorter periods of high 

intensity training compared to fewer training sessions over a long period of time. As a 

result, blocked therapy together with the repeated measures in single subject research 

designs allow for treatment outcomes to be judged over a relatively short period of time. 

Although a randomised controlled trial would be the ideal design to prove the 

effectiveness of the intervention, the reality of rehabilitation research presents the 

researcher with "real world" challenges such as small sample numbers, class time tables 

and school terms. The single subject research design lends itself to the rehabilitation 

researcher and allows inferences to be made about novel treatments even in the light of 

such challenges. 

Adequate outcome measures for children with hemiplegic cerebral palsy are difficult to 

find. These children often demonstrate a ceiling effect on the Gross Motor Function 
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measure which is generally considered to be the criterion standard when measuring 

gross motor function in children with hemiplegic cerebral palsy. Although the BOT-2 

was designed for use in typically developing children, the items on this measure 

represent a skill set that challenges children with hemiplegia. As a result, an adapted 

version of this test is likely to be more responsive to gains in balance control and gross 

motor function in these children. 

The Nintendo Wii Fit was tested in isolation of conventional therapy in this study, 

merely to prevent the effects of conventional therapy from masking or enhancing the 

effects of the Wii Fit training. The Nintendo Wii Fit does not demand functional 

mobility therefore it is not suggested that Nintendo Wii Fit training replace conventional 

physiotherapy. However, the balance strategies required are embedded in gaming tasks 

that resemble real world activities. Therefore it may be anticipated that the possible 

improvements in postural control strategies required during gaming, translate into gross 

motor activities. As a result, the Nintendo Wii Fit may be a useful adjunct to 

conventional physiotherapy treatment. The fields of neuropsychology and gaming 

technology might be considered to fall outside the physiotherapist's scope of practice. 

However, it is important to look to other fields of science and embrace novel approaches 

to treatment for the benefit of the patient. It appears that the rehabilitation community 

and its patients are eager to embrace the Nintendo Wii Fit as a fun and exciting form of 

therapy. However, the gains that have been reported on internet sites and forums 

dedicated to "Wii-habilitation" need to be supported scientifically if the Nintendo Wii 

Fit is to become a legitimate rehabilitation tool. 

Cerebral Palsy is the most common disease of childhood treated by physiotherapists and 

it would be of interest to determine whether this target group responds to a new form of 

treatment that is as engaging and child-friendly as the Nintendo Wii Fit. With this study, 

the researcher hopes to establish whether Nintendo Wii Fit gaming will be beneficial for 

the balance control and gross motor function of children with hemiplegic cerebral palsy. 
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3. Methodology 

3.1 Research design 

The research design used in this study was an AB, single-subject research design with 

multiple subjects, repeated measures and multiple baselines. This research design is 

commonly used where the researcher has a limited number of subjects and a control 

group is precluded. 54. The multiple subjects are matched as closely as possible in age 

and diagnoses and although the training protocol is uniform, it is spread out in timing of 

onset so that the end of the intervention phase of one child overlaps with the beginning 

of the intervention phase of another. Frequent measures act as checkpoints for changes 

in outcome measures 54. A stable baseline is established 32 by a minimum of 3 multiple 

baseline measurements, and this allows subjects to act as their own controls 1. The 

repeated measures allow for inferences to be made about treatment effectiveness by 

analysing changes in trend, level and variability in the baseline and intervention phases 

31. Therefore a control group was not included as subjects act as their own controls. 

A single-blind protocol was used in this study. Physiotherapists at the relevant schools 

randomised subjects to treatment groups and carried out the intervention on behalf of the 

researcher. This allowed the researcher to be blinded to the subject's commencement 

and completion of the intervention phase and reduced any bias on her part during the 

measurement sessions. Randomisation was at the physiotherapists own discretion and 

was achieved by randomly assigning children to one of two groups: one that started the 

intervention in the 3rd week of measurement and the other which started the intervention 

in the 5th week of measurement. All children were assessed once a week for a period of 

9 weeks, regardless of group assignment. Children continued their standard 

physiotherapy regimen during the baseline and post-intervention phases. During the 3 

week intervention phase however, children received only the Nintendo Wii Fit training 

and did not receive conventional therapy. This was necessitated by the ethical need not 

to remove children from the learning environment for much longer than usual. 

79 

Univ
ers

ity
 of

 C
ap

e T
ow

n



3.2 Null hypothesis 

The primary hypothesis was that a Nintendo Wii Fit intervention of 4 x 25 minute 

sessions for three weeks would not result in medium to large improvements in balance 

and gross motor function as measured by the adapted BOT -2 Subtests 5 (Balance) and 6 

(Running Speed and Agility) in GMFCS Level I and II, 7-14 year old children with 

spastic hemiplegic cerebral palsy. 

Secondary hypotheses related to the impact of the Wii Fit on functional mobility and 

quality of life as no medium to large improvements would be seen in these variables 

when measured by the Timed Up and Down Stairs test and the EQ-5D-Y visual 

analogue scale respectively. 

3.3 Participants 

The study was restricted to children with spastic hemiplegia. The reasons for testing the 

intervention on children with hemiplegic cerebral palsy are as follows: The Nintendo 

Wii Fit skiing and snowboarding games require the player to attain a semi-squat position 

with the Quadriceps and Triceps surae muscles working eccentrically. Although 

eccentric strengthening of the lower limb stabilisers is desirable in all children with CP, 

encouraging a crouched position is undesirable in children with diplegic CP since they 

tend to adapt a habitual crouched position during standing and walking 115. Encouraging 

activities in such a crouched position could be detrimental to the child's normal 

physiotherapy regimen. As a result children with diplegic cerebral palsy were not chosen 

as the target group for an intervention with the Nintendo Wii Fit. The study was limited 

to children with hemiplegic cerebral palsy, thereby making the study sample 

homogenous with regards to type of CP. 

In addition to this, children with hemiplegic cerebral palsy generally tend to bear more 

weight on their unaffected leg as opposed to their affected leg, leading to secondary 
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impairments such as disuse atrophy and leg-length discrepancies. The Nintendo Wii Fit 

requires the player to shift not only their COG but also their COP in order to engage 

with the gaming equipment. Therefore, it was expected that hemiplegic children would 

be encouraged to shift their weight onto the hemiplegic leg during Wii Fit gaming. It 

was hypothesised that stimulating weight shift to the hemiplegic side might improve the 

postural control, balance abilities and gross motor function of children with hemiplegic 

cerebral palsy. 

There are four schools in the greater Cape Town area that cater for children with 

cerebral palsy. The researcher contacted the schools regarding the number of hemiplegic 

children that may be eligible for data collection. Due to the small number of children 

available, it was decided that homogeneity of the sample would be sacrificed for sample 

size. All children between the ages of 7 -14 years would be included as this range was 

dictated by the number of children available at the schools. Narrowing the age range 

would have decreased the sample number. Children younger than seven years were not 

included in the study as it was anticipated that the cognitive ability of children younger 

than seven years of age might have limited their ability to engage in Wii Fit gaming. 

One of the schools in question focuses on the education of children with severe 

cognitive delay. It was decided that severe cognitive delay may also interfere with the 

homogeneity of the sample. Therefore the 10 eligible children at this school were only 

included in the testing of the researcher's reliability in carrying out the outcome 

measures and not in the actual study. 

Given that the multiple baseline design required at least nine weeks of baseline, 

treatment and post-treatment time, the researcher only had four school terms to complete 

her data collection over the period of one year. Only one Wii Fit was available for this 

study, therefore four was the maximum number of children that could be accommodated 

per school term. Having more than four children per school term would have severly 
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diminished the Wii Fit training time per child. Cluster and convenience sampling was 

used to identify 18 hemiplegic children from two of the schools in the greater Cape 

Town area who were eligible for the study. Since only 16 children could be 

accommodated over the course of four school terms, the fourth school that caters for 

children with cerebral palsy was not approached. Of the 18 children that were found to 

be eligible at the two schools, the school physiotherapists identified two children with 

severe behavioural difficulties in the sample. Although behavioural difficulties had not 

been an exclusion criterion, following the recommendation of the school therapists, it 

was decided that behavioural difficulties might interfere with Wii Fit training time and 

might therefore be a confounding factor to the study. Therefore these two children were 

excluded in order to meet the desired sample number of 16. 

Of the 16 participants that were included initially, one child had to be excluded from the 

study because it was decided that he needed serial plaster casting while another fell ill 

during the time of data collection. This brought the number of participants to 14. 

Although more children could have been included from the fourth school that had not 

been approached for data collection, the availability of one Wii Fit prevented this. 

Shuttling the Wii Fit between schools from day to day would have been difficult 

logistically and ultimately would have prevented the researcher from remaining blinded 

to group assignment. Therefore seven participants were drawn from School 1 and seven 

participants were drawn from School 2. Children thus identified were assigned to a 

treatment group by the school physiotherapists. 
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Figure 3: Participant sa mpling and grouping at School I and School 2 

Total Sample: 
\4 chi ldren 

7 from School I 7 from School 2 

I 
+ + + + 

Group I: Group 2: Group 3: Group 4: 
Child 1-4 ChildS-7 ChildS-II Child 12 - 14 

3.4 Eligibility criteria 

3.4.1 Inclusion criteria 

All 7-14 year old children identified by the physiotherapists at the two special needs 

schools as having spastic hemiplegia and could be classified at Level I and II on the 

Gross Motor Function Classification System (GMFCS). 

3.4.2 Exclusion criteria 

The exclusion criteria were discussed with the physiotherapists at the relevant schools_ 

Only children who did not meet any of the exclus ion criteria (to the therapists' 

knowledge) were then considered for participation in this study. The exclusion criteria 

were as fo llows: 

Children who had a Wii Fit at home. 

Children with severe behavioural difficu lties. 

Children with visual or hearing impairments. 
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Children with epilepsy. 

Children undergoing orthopaedic surgery or serial plasting at the time of data 

collection. 

Although there were no children with hearing impairments among the subjects who 

agreed to take part in this study, it was decided from the onset that hearing impairment 

should be an exclusion criteria since communication between the research assistant and 

the subject was important. Research assistants at School 2 were University students who 

were unlikely to have had any experience in breaching the challenges that arise when 

working with a hearing impaired or deaf child. Verbal feedback was provided by the 

research assistants when necessary and in addition to this, the Wii Fit games provide the 

subject with auditory feedback in the form of chimes or clapping during a successful 

movement trial. The inability to receive auditory feedback while concentrating on the 

TV screen may have put children with hearing impairments at a disadvantage. 

On the information and consent leaflet, parents were asked to disclose if their child had a 

Wii Fit at home or ifhe/she suffered from epilepsy. This further ensured that subjects 

did not meet any of the exlusion criteria. 

3.5 Sample size 

During the initial planning phase of this study, a post hoc analysis was done to see how 

many subjects would be needed if a randomised control trial was implemented. The 

researcher had contacted the Physiotherapists at the relevant schools prior to finalising 

the study design and was aware that the maximum number of eligible hemiplegic 

children at the schools in question was far less than the post-hoc analysis required for an 

RCT to be undertaken. Therefore it was decided that an RCT was not an option, since 

such a study would have been severely underpowered. The single subject research 
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design was implemented instead as it allows the researcher to make inferences on 

treatment outcomes with smaller sample numbers. 

Single-subject research designs are used to test effectiveness of treatment in single 

subjects or small groups of participants 31. Sample size calculation according to post-hoc 

methods as is done in randomised controlled trials is therefore impossible and 

unnecessary (See sections 2.6 and 2.7). 

There were 18 hemiplegic children who were eligible for this study. The study design 

and the availability of one Wii Fit limited the maximum number of children to be treated 

to 16 during the time available for data collection. Following the exclusion of two 

participants, 14 participants completed the study (see section 3.3 for details regarding 

reasons for exclusion). 

3.6 Instrumentation 

In the following section, the outcome measures that were considered and eventually used 

in this study are discussed. The rationale for using these outcome measures and the 

adaptations that were made to suit children with hemiplegic cerebral palsy are also 

presented. 

3.6.1 Functional Mobility: The Timed Up and Down Stairs test 

The Timed Up and Down Stairs (TUDS) test was developed as a functional mobility 

measure that has the potential to reflect improvements in postural control in children 

with cerebral palsy 36. Starting at the bottom ofa flight of stairs (12-14 stairs) the child is 

asked to "quickly but safely" ascend the flight of stairs, turn around and descend the 

flight of stairs. The test score is measured in seconds from the word "go" to the point 

where the child returns to the bottom landing with both feet 36. The child may use any 
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gait strategy (step-to or step-over-step) and the use of hand rails is pennitted as long as 

the child faces forward while ascending/descending the flight of stairs 36. Preliminary 

reliability and validity of the TUDS has been shown in a study of 8-14 year old GMFCS 

Level I and II ambulating children with cerebral palsy (see section 2.5.3 for details) 36. 

3.6.2 Balance and Gross Motor Function: The Bruininks-Oseretsky Test of 

Motor Proficiency (BOT -2) 

The BOT -2 is designed to be used as a nonn-referenced scale in typically developing 

children. It has however been used in numerous studies as a criterion-referenced scale to 

test the motor function of children with CP 236-238. This means that children's scores are 

not compared to nonn-referenced scores but rather each child's score is compared to his 

own set of scores, as was the case in this study. The BOT -2 can be scored in 4 different 

ways, one of which is to complete only a subtest that is of interest to the physiotherapist 

188. Subtest 5: Balance and Subtest 6: Running Speed and Agility were chosen for the 

purposes of this study since these consisted largely of activities that hemiplegic children 

have been found to struggle with when completing the GMFM Sections D and E (see 

section 3.7.4 for details on the inter-rater reliability testing of the GMFM). The activities 

in Subtest 5 and 6 are fewer and more challenging than those in the GMFM Sections D 

and E. It was anticipated that this scale would therefore be more responsive to change in 

children than the GMFM, which usually results in a ceiling effect in children with 

hemiplegic cerebral palsy 121. 

A matter of concern when using the BOT -2 Subtest 5 is that the test-retest reliability has 

been reported to be moderate to poor (r = .45-.61) 188. As mentioned above, the 

researcher often has to make a decision with regards to practicality of the outcome 

measure even if the psychometric properties of the measure are less than ideal. Upon 

review of other balance and gross motor function measures, it was decided that the 

BOT -2 was the most applicable and appropriate balance measure for children with 

hemiplegic cerebral palsy since the items were thought to be sufficiently challenging to 
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prevent the ceiling effect that is commonly seen when using the GMFM. The BOT-2 

was also appropriate in terms of age ranges and the items of subtests 5 and 6 are short 

enough to complete within half an hour. Therefore the BOT-2 was chosen as the primary 

outcome measure to test balance and gross motor function in this study. 

The manual for the BOT -2 stipulates that single-legged activities such as hopping and 

balancing should be carried out with the child's preferred leg however, children with 

hemiplegia are known to have greater difficulty weight bearing on the affected leg. The 

researcher therefore adapted Subtests 5 and 6 to include activities performed with the 

hemiplegic leg. For each activity that was performed with the unaffected (preferred) leg, 

the child was asked to perform the same activity with the hemiplegic leg. The subtest 

scoring was then adapted to include the same range of raw and point scores for the 

hemiplegic leg as for the unaffected leg (see example of adapted Subtest 5: Balance 

scoring sheet on following page and Appendix 8.8 for Original BOT-2 scoring sheet). 

The total point score was then adjusted by adding the maximum attainable point scores 

for each item. This meant that the Total Point Scores for the adapted Subtest 5:Balance 

and Subtest 6: Running Speed and Agility were 52 and 72 respectively. 
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Table J: Adapted Version of Subtesl 5: Balance of the BOT -2 (childrcn with hemitllce:ia) 
Activity Trial Trial Point 

I 2 Score 

1 ) Standing with feel apart on a =, =, Row 0.0-0.9 1.0-2.9 3.0-5.9 6.0-9.9 10 

Poin! 0 1 2 3 4 line - Eyes Open 

2) Walking Forward on a line steps steps R,w 0 1-2 3-4 , 6 

Poin! 0 1 2 3 4 

3) Standing on Unarreded Leg =, =, R.w 0.0-0.9 1.0-2.9 3.0-5.9 6.0-9.9 10 

Point 0 1 2 3 4 on a line - Eyes Open 

4) Standing on Arrtcted Leg on a =, =, Row 0.0-0.9 1.0-2.9 3.0-5.9 6.0-9.9 10 

Point 0 1 2 3 4 line - Eyes Open 

5) Standing with feet apart on a =, =, Row 0.0-0.9 1.0-2.9 3.0-5.9 6.0-9.9 10 

Point 0 1 2 3 4 line - Eyes Closed 

6) Walking forward Heel-to-Toe steps steps R,w 0 1-2 3-4 , 6 

Point 0 1 2 3 4 on a line 

7) Standing on Unafftcted Leg =, ,~, R,w 0.0-0.9 1.0-2.9 3.0-5.9 6.0-9.9 10 

Point 0 1 2 3 4 on a line - Eyes Closed 

8) Standing on Arrtcled Leg on a =, ,~, R,w 0.0-0.9 1.0-2.9 3.0-5.9 6.0-9.9 10 

Poin t 0 1 2 3 4 line - Eyes Closed 

9) Standing on Unafftcted Leg =, =, R.w 0.0-0.9 1.0-2.9 3.0-5.9 6.0-9.9 10 

Point 0 1 2 3 4 on a balance beam - Eyes Open 

10) Standing on Afftcted Leg on =, =, R,w 0.0-0.9 1.0-2.9 3.0-5.9 6.0-9.9 10 

Point 0 1 2 3 4 a balance beam - Eyes Open 

II) Standing Heel-to-Toe on a =, = Row 0.0-0.9 1.0-2.9 3.0-5.9 6.0-9.9 10 

Point 0 1 2 3 4 balance beam 

12) Standing on Unarrtcled Leg =, =, R,w 0.0-0.9 1.0-2.9 3.0-5.9 6.0-9.9 10 

Point 0 1 2 3 4 on a balance beam - Eyes Closed 

13) Standing on Afftcted Leg on =, =, R,w 0.0-0.9 1.0-2.9 3.0-5.9 6.0-9.9 10 

Point 0 1 2 3 4 a balance beam - Eyes Open 

Tota l Point Score: 152 

In the original version of the Balance subtest of the BOT-2 (see Appendix 8.8), the child 

is asked to stand with both hands on the hips (wing standing) during the single leg 

standing tasks while looking at a visual target on the wall. The balance trial is tenninated 

as soon as the free foot touches the floor, the hands leave the hips, or the supporting foot 
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moves from the original position. Timing is also stopped if after two warnings, the 

subject hooks the free leg behind the supporting leg or drops the free leg below 45 

degrees of knee flexion or looks away from the visual target. However, children with 

severe upper limb spasticity are often unable to maintain wing standing due to a lack of 

muscle control and range of movement in the hemiplegic arm. 

The same applies to the hemiplegic leg - standing on the unaffected leg requires the 

affected knee to be flexed. Paresis or spasticity in the hamstrings as well as poor 

proprioception may prevent the child from maintaining the required knee flexion angle 

of 45 degrees throughout the trial. It was therefore decided that a trial would only be 

ended if the free foot touched the floor or if the supporting foot moved from the original 

position. The visual target was offered for support but looking away from the target was 

not considered reason enough to stop a trial. During the items where the participant was 

required to balance with the eyes closed, opening the eyes was however seen as a 

criterion to terminate a trial. In summary, timing was stopped when the child moved the 

supporting leg, when the free foot touched the floor or when the eyes were opened 

during "eyes-closed" items. The child therefore had the freedom to employ any balance 

strategies available to himlher in order to maintain a single leg standing position. 

Adapting the criteria for termination of a trial also meant that the balance test was more 

directly related and specific to the balance reactions and movements that children use 

when playing the Nintendo Wii Fit games. During gaming on the balance board, the 

hands are not required to stay on the hips and the player is free to use any balance 

strategies that suit him or her. It was therefore decided that making the balance test more 

permissive and lenient to a range of balance strategies might also make it more 

responsive to the skills learnt on the Wii Fit Balance board. 
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3.6.3 Weight Distribution: The Wii Fit body test 

The applications of the Nintendo Wii Fit balance board include a body test that measures 

the subject's Centre of Pressure (COP) and symmetrical weight distribution. The 

symmetrical weight distribution is expressed as a percentage on the television screen and 

the centre of pressure trajectory is shown by means of a line drawing. COP sway has 

been found to be a good indicator of postural stability and balance control 8. Had this 

application been reliable, it would have allowed the researcher to investigate whether 

COP sway is reduced and whether weight distribution becomes more even as treatment 

progresses. The stability and test-retest reliability of the Nintendo Wii Fit Body test as 

an outcome measure were investigated in June 2009. The researcher asked 10 

Hemiplegic children to undergo the Wii Fit balance tests twice in succession to see how 

well the tests correspond numerically from one measurement to the next. During the Wii 

Fit body test, the child is required to stand still on the balance board for 8 seconds while 

the foot sensors measure the weight distribution between the right and left leg during 

quiet standing. In some cases, the difference in symmetrical weight bearing differed 

more than 15% from one trial to the next (see section 3.7.4). Since quiet standing is not a 

challenging or complex task that requires practise, it was surprising to see that children 

had such discrepancies in weight bearing symmetry from one standing trial to the next. 

At the time that data collection commenced, there was no literature available on the 

validity and reliability of the Wii Fit Balance Board for the assessment of standing 

balance. Since then however, a study by Gras et al (2009) supports the researcher's 

findings that the Nintendo Wii Fit is not reliable as an outcome measure for monitoring 

weight distribution (see section 2.5.2.4) 205. Based on the researcher's own findings, it 

was decided, when testing children with CP, a difference of 15% from one trial to the 

next showed too great a variability in test outcome and that the Nintendo Wii Fit body 

test would not be a reliable outcome measure to test for symmetrical weight bearing and 

balance in children with cerebral palsy. 
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3.6.4 Spasticity and Muscle Tone: The Modified Ashworth Scale 

The Modified Ashworth Scale (MAS) is a clinical assessment tool that is widely used to 

quantify spasticity, muscle tone or resistance to passive stretch. This is done by moving 

the patient's joint through range at a standard speed. The resistance to stretch is then 

rated on a 6 point scale 19. The MAS has been cited as a valid and reliable measure of 

spasticity 193194. Spasticity and increased tone in the Gastrocnemius, Quadriceps and 

Hamstrings of participants was assessed by the researcher upon first baseline 

measurement. This was done to investigate whether there was an association between 

level of impairment and treatment outcome. The intervention under investigation did not 

aim to reduce spasticity therefore no further measures of spasticity were taken once a 

baseline measure had been recorded. 

3.6.5 Joint Range of Motion: Goniometry 

Joint range was measured with a goniometer to investigate whether there was an 

association between level of impairment and treatment outcome. Knee and ankle range 

of motion was measured in all participants upon first baseline measurement. Intra

observer measurements have been shown to result in global mean measurement errors of 

5 degrees (SD 5 degrees) 199therefore an average of three readings was recorded. The 

intervention under investigation did not aim to improve knee and ankle range of motion 

therefore no further measures of these ranges were taken once a baseline measure had 

been taken. 

3.6.6 Health Related Quality of Life: The EQ-5D-Y VAS 

The EQ-5D-Y questionnaire is a generic questionnaire that has been standardised and 

validated for the measurement of Health-related Quality of Life (HR-QoL) in children 

218 11. It provides a 5 dimensional profile (EQ-5D-Y) with questions related to the 

following health domains: mobility, self-care, usual activities, pain or discomfort and 

anxiety or depression 218 11. The second part of the questionnaire consists of a Visual 
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Analogue Scale (EQ-VAS) that is used to assess the patient's perception of their health 

on the day of assessment 218. The EQ-5D-Y has been found to be feasible and valid to 

elicit self-reports as well as proxy-reports ofHR-QoL in children 221222. The EQ-5D-Y 

only takes a few minutes to complete and therefore places minimal burden on the 

respondent due to its brevity 219. Each week, an EQ-5D-Y questionnaire was completed 

along with the BOT-2 subtests. As some of the five domains overlapped the information 

gained from the Running Speed and Agility measure and there was little variability in 

the other domains, only the visual analogue scale of the EQ-5D-Y was used in the 

statistical analysis to provide an overview of the child's general well-being. 

3.6.7 Inter-rater reliability in performing the outcome measures 

The researcher's competence and reliability in performing the outcome measures was 

tested prior to data collection. A third special needs school in Cape Town was 

approached for this purpose. Only five hemiplegic children were eligible according to 

the inclusion criteria and the researcher therefore decided to include six of the 

hemiplegic children at School 2 for a total of 11 children. The schools were visited on 

two separate days. The researcher and a paediatric physiotherapist rated children 

simultaneously. First, children were asked to remove their shoes, socks and AFO's. 

Those who were not in shorts were asked to roll their pants up to knee level. The 

children were then asked to lie on a mat while the researcher and the second 

physiotherapist took turns in scoring the children according to the Modified Ashworth 

Scale. Each child's hemiplegic leg was tested for hypertonia and spasticity in the 

Hamstring, Quadriceps and Triceps surae muscle groups. The raters recorded their 

measurements on scoring sheets. 

The original Ashworth Scale was designed as an ordinal scale with five categories 

(0,1,2,3,4). The Modified Ashworth Scale proposed by Bohannon and Smith (1987) 

includes an additional measure of 1 + 239. Literature on the MAS-Bohannon scale states 

that due to ambiguities related to the additional measure, the scale can only be regarded 

92 

Univ
ers

ity
 of

 C
ap

e T
ow

n



as nominal 240. The difference between a 1 and a 1 + is that minimal resistance should be 

felt at the end of range when awarding the former and minimal resistance should be felt 

in less than half of the remainder of the range when awarding the latter 240. When 

awarding a 2, a more marked increase in muscle tone through most of the range should 

be felt 240. Upon analysis of the data, the inter-rater reliability was found to be poor. 

Further inspection revealed that most of the discrepancies between the raters' 

measurements were as a result of the ambiguity of the 111 + measure. It was therefore 

decided that the 1 and 1 + measures would be amalgamated to a score of 1 and any 

increase in resistance towards the end of range would be scored as a 1. Agreement was 

defined as two scores being the same or within .5 of each other. Reliability of the MAS 

was defined as a significant correlation as found by using Cohen's Kappa. 

After amalgamating the 1 and 1 + scores, 9 of the 11 Quadriceps scores were in complete 

agreement and the remaining two were only one grade apart. Cohen's Kappa was 0.542 

with a p value of 0.072. Seeing as the p-value was not significant for the Quadriceps, the 

researcher's reliability for the Quadriceps group may be questioned and results for this 

muscle group should be interpreted with caution. 

Table 4: Inter-rater reliabili 
Quadriceps rating Row Totals 

Rater 1 = 0 7 1 

Rater 1 = 1 1 2 

All Groups 8 3 

8 of the 11 Hamstring scores were in complete agreement with 3 being 1 grade apart. 

Cohen's Kappa was 0.56 with a p value of 0.010. 

Table 5: Inter-rater reliability for the MAS scores of the Hamstring muscle group 
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Hamstring Rater 2 = 0 Rater 2 = 1 Rater 2 = 2 Row 

rating Totals 

Rater 1= 0 2 2 0 4 

Rater 1= 1 1 4 0 

Rater 1= 2 0 0 2 

All Groups 3 6 2 

All of the Triceps Surae scores were in complete agreement with Cohen's Kappa being 

1.00 accompanied by a p value of 0.000. 

Table 6: Inter-rater reliabili for the MAS scores of the Trice s surae muscle rou 
Triceps Surae Row 

5 

2 

11 

Rating Rater 2 = 0 Rater 2 = 1 Rater 2 = 2 Rater 2= 3 Totals 

Rater 1= 0 1 0 0 0 1 

Rater 1= 1 0 6 0 0 6 

Rater 1= 2 0 0 3 0 3 

Rater 1= 3 0 0 0 1 1 

All Groups 1 6 3 1 11 

Cohen's Kappa p-values for the Hamstring and Triceps Surae muscle groups were both 

significant therefore the researcher was deemed reliable in carrying out the MAS testing 

of these muscle groups. 

Initially it was thought that the GMFM would be the primary outcome measure for this 

study. Therefore, after both raters had scored the child according to the MAS, the 

GMFM Sections D and E were completed with each child. Raters took turns in 

demonstrating and instructing children through the activities while scoring each child for 

all the activities at the same time but independently of one another. 
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Upon data analysis, a Goal Total Score was calculated for each child. This Goal total 

Score is expressed as a percentage. Reliability of the user in this research setting was 

defined as having no items with more than 5 % difference between the raters and a 

Spearman's rank: correlation of more than 0.9.5 of the 11 scores were in total agreement 

and the highest % difference between those that were in disagreement was 2.1 %. 

Spearman's rank: correlation co-efficient was 0.94 (p< .001). Although inter-rater 

reliability of the GMFM measure was high, it was noted that most of the activities in the 

GMFM sections D and E were not challenging enough to be used as an outcome 

measure for hemiplegic children functioning at GMFCS levels I and II. A definite 

ceiling effect was seen upon data analysis with the mean Goal Total Score being 92%. 

This meant that the GMFM Sections D and E would not be responsive to change if used 

as an outcome measure in this study. Activities that children struggled with were: Item 

57/58 (standing on the hemiplegic leg), Item 80 (jumping 30cm high with both feet 

simultaneously) and Item 82/83 (hopping on the hemiplegic leg). It was decided that a 

more challenging and therefore responsive outcome measure would have to be utilised 

for the assessment of gross motor function in this study. 

After the GMFM sections D and E had been completed, each child was asked to stand 

on the Wii Fit balance board to carry out the Wii Fit Body Test. The test-retest reliability 

of the Wii Fit Body Test had to be assessed to determine whether this test would be a 

reliable outcome measure. The Wii Fit Body Test requires the subject to stand still on 

the balance board for 8 seconds while the subject's symmetrical weight bearing and the 

centre of gravity are measured. Symmetrical weight bearing is expressed as a percentage 

of weight bearing distributed between the right and left leg. Together the readings add 

up to 100%, the ideal being that each leg carries 50% of the weight (the leg that has the 

higher percentage reading is the leg that the subject favors for weight-bearing). The 

centre of gravity is shown as a dot on a grid, the ideal being if the dot is in the centre of 

the grid. Any deviations from the centre are meant to indicate unequal weight 

distribution and inadequate posture. Each reading was done twice in succession. Once 
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the first reading had been taken and recorded, the participant was asked to step off the 

balance board, the Body test was re-set and the test was repeated. 

Data analysis showed that the Speannan's rank correlation co-efficient for test-retest 

measures was .77. The mean percentage difference between reading 1 and 2 was 6.4 % 

but percentage differences were extremely variable with the largest percentage 

difference between reading 1 and 2 being 17.6%. Had the task been a difficult one, that 

required practise and proficiency, one might have assumed that the child's balance 

ability would have been the reason for the large discrepancy in successive readings. 

However, quiet standing is not a challenging task and such discrepancies in weight 

distribution should not be expected if subjects are given the same instructions each time. 

It was thought unlikely that the child's weight distribution should change so 

dramatically from one trial to the next. It was therefore decided that the Wii-Fit body 

test would be unreliable as an outcome measure and would not be used as such. 

The ceiling effect that was found during GMFM testing necessitated the replacement of 

this outcome measure. It was decided that the Bruininks-Oseretsky Test of Motor 

Proficiency 2nd Edition (BOT-2) would be used instead of the GMFM sections D and E. 

Subtest 5: Balance and Subtest 6: Running Speed and Agility of the BOT -2 consist 

largely of activities that were found to be challenging for the hemiplegic children when 

perfonning the GMFM Sections D and E. The BOT -2 subtests were adapted for the use 

in hemiplegic children (for details on the adaptations made, see paragraph on the BOT-2 

under 3.6.2). 

The researcher's reliability in perfonning the adapted versions of the BOT -2 Subtests 5 

and 6 had to be tested. At the time, schools were closed due to school holidays and the 

researcher approached an orphanage to carry out the reliability study with children who 

would be present during the school holidays. The researcher was accompanied by a 

paediatric physiotherapist on a day that was suitable for the institution. Six able-bodied 
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children were asked to complete the adapted BOT -2 Subtests 5 and 6 while both the 

researcher and the physiotherapist scored children simultaneously. Once the third school 

term had begun, four hemiplegic children from School 1, who would start the 

intervention 12 weeks later, were asked to perform the subtests while both raters 

assessed them. This was necessary to ensure that the adapted subtests of the BOT-2 

would be feasible outcome measures for children with hemiplegia. With regard to the 

inter-rater reliability, for Subtest 5: Balance, no case had a difference of more than 4% 

between the raters (rho = .97, P < .001). With regard to Subtest 6: Running Speed and 

Agility, no case had a difference of more than 5% between the raters (rho = .99, p< 

.001). Inter-rater reliability was therefore considered to be high and the researcher was 

deemed reliable in carrying out the outcome measures. 

3. 7 Procedure 

3.7.1 Assessing the feasibility of this study 

In April 2009, the feasibility of this study was tested. Upon arrangement with the 

physiotherapists at School 1 and School 2, the researcher brought the Wii Fit and a 

television set to the schools. Two children with hemiplegia from each school were asked 

to play the Nintendo Wii Fit balance games during their physiotherapy session. Three of 

the four children were included in the official study later on, however children had only 

played for 10 minutes each and four months had passed before the first child was 

required to commence Wii Fit training again. Therefore the trial sessions were unlikely 

to have influenced the results. 

These initial trial sessions allowed the researcher to gain insight into the abilities and 

performance of children with hemiplegic cerebral palsy when playing the Nintendo Wii 

Fit games. It also gave the researcher an indication as to which balance games would be 

most valid and feasible to use for children with hemiplegic cerebral palsy. 
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3.7.2 Research setting 

Data collection took place at two special-needs schools in Cape Town that cater for 

children with cerebral palsy. School I is an English-medium government school in an 

upper middle class suburb of Cape Town. School 2 is an English-medium government 

school in a lower middle class suburb of Cape Town. The catchment area is however 

wider than their geographical location. Although children are encouraged to study the 

mainstream curriculum that is taught in public schools, remedial teaching may be 

required following assessment from a multi-disciplinary team (psychologists, 

occupational therapsists, speech therapists, physiotherapists, teachers, nurses). School 1 

and 2 accept children with learning difficulties, however they do not cater for children 

with severe cognitive delay (these children are catered for by other schools and 

institutions). Physiotherapy services are offered during school time on an individual or 

group basis depending on the specific needs of the particular learner and availability of 

space on the therapy roster. Rehabilitation is largely NDT based. The school year runs 

from January to December and there are four school terms in a year consisting of nine 

weeks each. Data collection took place over four school terms from July 2009 - July 

2010. There were 18 eligible participants and of these, eight were attending School 1 

and ten were attending School 2. 

3.7.3 Gaining access 

Ethical approval was obtained from the Research Ethics Committee of the University of 

Cape Town. Consent to carry out the study in the relevant public schools was granted by 

the Department of Education. Thereafter, each school principal was given a synopsis of 

the research proposal. After permission to carry out the intervention was obtained from 

the school principals, the researcher sent information leaflets and consent forms to all 18 

eligible participants and their parents/legal guardians. Information leaflets and consent 

forms were either in English or Afrikaans depending on the home language of the 

participant. No child, parent or legal guardian refused consent. This meant that all 18 
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children were allowed to participate in this study (see section 3.3 for details regarding 

reasons for exclusion of some of the participants). 

3.7.4 Preparation and training of research assistants 

At School 1, the school physiotherapists carried out the intervention on behalf of the 

researcher while physiotherapy students and a research assistant carried out the 

intervention at School 2 (for the sake of clarity, these physiotherapists and physiotherapy 

students will be referred to as research assistants in the sections below). The researcher 

informed all parties concerned of the study design and the intervention program. On 

commencement of data collection in July 2009, the research assistants at School 1 were 

familiarised with the Nintendo Wii Fit. Each assistant was asked to playa few Wii Fit 

games so that adequate feedback and facilitation could be given to the child during the 

first few sessions of gaming. This also ensured that the intervention could begin 

immediately after the baseline measurements had been taken. The same was done with 

the assistants that carried out the intervention on behalf of the researcher at School 2 in 

March-May 2010. 

Research assistants were then required to monitor the Nintendo Wii Fit gaming during 

the intervention phase. Monitoring of gaming included: ensuring that each child received 

the required number of treatment sessions per week; operating the Wii Fit remote control 

to choose and reset the balance games; staying in the close vicinity of the child as a 

safety measure; guiding the child verbally and with some facilitation through the first 

few sessions of play and keeping a log of gaming time and gaming order. As the 

monitoring required no specific physiotherapy skills, the level of physiotherapy 

experience of the research assistants carrying out the intervention on behalf of the 

researcher was not relevant. 
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3.7.5 Treatment and measurement 

Four children were assessed and treated per school tenn. Although there is a large body 

of literature supporting block therapy, there is little infonnation regarding the adequate 

dosage when aiming to improve postural stability and balance control. Due to ethical 

considerations related to class absenteeism and disruption of standard physiotherapy 

routines, it was decided that an intensive intervention program of four sessions a week 

for three weeks would be more appropriate than a program of two sessions a week for 

six weeks. Due to the availability of one Wii Fit and the staggered, multiple baseline 

design, extending the treatment duration to six weeks of therapy, four times a week 

would have decreased the number of children that could be accommodated in this study 

from 16 to eight. It was therefore decided that a larger sample number would be 

favoured over a longer intervention period. 

Children were to receive the Wii Fit training instead of their conventional Physiotherapy 

during the weeks of data collection. The children that had agreed to participate in this 

study were either receiving individual physiotherapy, group therapy or had plateaued in 

their motor development and had therefore been discharged from physiotherapy. As a 

result, it was decided that the Wii Fit training would be given in isolation and instead of 

conventional therapy to ensure homogeneity of the sample during the Wii Fit training 

period. All conventional therapy was ceased during Wii Fit training, to diminish the 

presence conventional therapy as a confounding factor, as conventional therapy during 

may have masked or enhanced the effect of the Wii Fit training. 

The research assistants at each school assigned children to one of two treatment groups: 

those starting the intervention phase in week three and those starting the intervention 

phase in week five. Research assistants were asked to assign children to groups 

randomly, however group assignment was not discussed with the researcher and 

therefore the process and method of group allocation was not known to her. 
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For some chi ldren the intervention schedule had to be altered due to school- and public 

holidays. One child ' s treatment had to be extended for an extra week to make up for lost 

Wii Fit training sessions due to absenteeism. Although treatment onset varied slightly 

between groups, generally, once three baseline measures of all four children had been 

taken, two of the children staned the intervention. After two weeks, an overlap week 

was then scheduled where all four children received the intervention. Following the 

overlap week, the 2nd group continued the intervention for two weeks while the first two 

children ceased to undergo Wii Fit training. However, these children continued to 

undergo weekly measurement sessions through to week 9. This ensured that the 

researcher remained blinded with regards to group assignment. 

Table 7' Inten'ention Schedule . 
Baseline Week I Week 2 Week 3 Wcek4 Week 5 Week 6 Week 7 Week 8 

Child A A A B B B A A A 
I Z I'T "' ... ,e< 

SMislons+ Sl'lislons+ st'lis lons+ 
Z bruk Z bruk I brelk 
,,~ ,,~ ,,~ 

Child A A A B B B A A A 
2 ' 1'1' 2 PT , y r 

sndon t+ 5ft~lon lt+ sndonlt+ 
Z hre.k Z blTllk I brelk 
limes l imn IlllK' 

Child A A A A A B B B A 
3 ,IT ,IT , PT 

snslons+ _slons+ Ii<'Sslons+ 
1 bruk 2 bruk 2 bruk 

H OM finK'S linK.,. 

Child A A A A A B B B A 
4 2 1'" , yr 21'T 

K'sslons+ .scssloru.'+ wssions+ 
I hf1>lIk 2 bruk 2 bruk 

110M' ,,~ ,,~ 

A - Measurement only 
B = Measurement and Intervention 

The intervention sessions took place four times a week for 25 minutes at the relevant 

schools in predetermined time-slots. Chi ldren nonnally undergo an average of two 30 

minute sessions of physiotherapy per week. To minimise the time spent outside the 

classroom, the chi ldrens ' regular physiotherapy time slots were used for the intervention 

as far as possible. Children did not receive their standard physiotherapy treatment during 

the Wii Fit intervention period. The Nintendo Wii Fit training was used as an alternative 
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form of therapy during these three weeks. An additional half hour was negotiated once a 

week on a Monday for measurement purposes. This brought the total amount of time 

spent outside the class room per week to 80 minutes. Each child was asked to offer up 

two of five weekly break-time slots to prevent further class absenteeism, allowing the 

four sessions ofWii Fit training time per week. During the overlap week, there were 

only 5 break- time slots available for use. This meant that each child only received 3 Wii 

Fit sessions during the overlap week (see Table 7 for details). 

Children 1-4 and 5-7 were assessed and treated at School 1 in the 3rd and 4th school 

terms of 2009 respectively. School physiotherapists acted as research assistants and were 

responsible for randomising and monitoring gaming activity of the relevant children. 

School 2 is a clinical placement for 3rd year physiotherapy students from the University 

of Cape Town. Physiotherapists at School 2 were unable to assist with this study, 

therefore 3rd year physiotherapy students on rotation at School 2 acted as research 

assistants at this school. Children 8-14 were assessed and treated at School 2 in the 1 st 

and 2nd school terms in 2010, overlapping the school holiday. This had to be done since 

the 3rd year physiotherapy students ended their clinical placement in May 2010. 

During the Wii Fit gaming sessions, the research assistant would ask the child to remove 

all shoes, socks and AFOs. It was thought that shoes and AFOs may damage the Wii Fit 

balance board and wearing socks may cause the child to slip and fall. It was also thought 

that assistive devices such as AFOs may act as confounding factors. Therefore all 

children were required to undergo the Wii Fit training and the weekly testing barefoot. 

The child was then asked to stand on the Wii Fit balance board while the research 

assistant operated the gaming controller. Games were divided into categories of antero

posterior, medio-lateral and multidirectional weight shifting. The research assistants 

were instructed to allow two games per gaming session of ten minutes each but games 
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had to be rotated to avoid choosing the same game on two consecutive days. A log sheet 

of gaming order was used to keep track of the child's game choices. This was done to 

ensure that all categories of weight shifting were challenged in equal proportions. 

Research assistants were also asked to record the child's gaming score for every game 

played as well as the child's gaming time, resting time and absenteeism (See Appendix 

8.5 for Log sheet). To maintain blinding, the researcher only had access to these log 

sheets once data collection had been completed for a group. 

Seeing as each Wii Fit session lasted for about 20 minutes on average, this allowed for 

10 minutes of gaming practise for each of the games chosen. In terms of practice 

distribution and variability, sessions therefore consisted of massed and constant practice. 

The practice schedule was blocked because each game was repeated roughly 5 times in 

10 minutes before moving on to the second game chosen for a particular session. The 

child was required to continuously balance and shift weight on the Wii Fit balance board 

in reaction to the feedback from the television screen, as a result, the nature of the task 

was complex since movement had to be planned and considered cognitively and 

specifically to gaming requirements. 

In terms of the feedback provided to the child, Wii Fit gaming relies on knowledge of 

results, as the subject is given feedback about the movement outcome in relation to the 

goal 18. If the aim is to head the soccer ball, then the Wii Fit balance board will relay 

whether or not the child leaned far enough to allow for this to occur. The Wii Fit balance 

board does not provide information on the actual movement kinematics and movement 

strategies utilised during a movement trial, as would be the case if feedback were given 

in the form of knowledge of performance 18. Feedback is largely immediate as the 

subject sees whether or not a fish was caught by the penguin or whether or not the 

bubble was navigated successfully down the river path. The gaming score is only 

presented at the end of the game though and may therefore be considered as delayed 

feedback, since the subject only learns of this once the movement trial has been 

completed. Research assistants were allowed to provide verbal and manual feedback 
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either by speaking to the child during gaming or by placing their hands on the child's 

pelvis and guiding the child's movement during the first few sessions ofWii Fit gaming. 

Amount of verbal and manual feedback was not recorded but research assistants 

commented that children learned fairly quickly and did not require any further verbal or 

manual assistance beyond the first two Wii Fit sessions. 

Research assistants were allowed to instruct the child either by means of verbal 

commands or hands-on facilitation since children tended to shift their COM rather than 

their COP in the first few minutes of gaming. Most children understood what was 

required of them after the first few sessions and facilitation was then no longer required. 

Children were allowed to take bathroom breaks or drink water during the intervention 

and fatigue was considered within reason. Research assistants were instructed to allow 

rest periods limited to 5 minutes in total if necessary, in order to maintain the length of 

the treatment sessions. Children were not required to concentrate for 20 minutes solidly 

as the Nintendo Wii Fit games take 2 minutes to complete after which the player is 

allowed a rest period of roughly 20 seconds while resetting the game. 

Every Monday, the researcher would visit the school in question and would assess 

children who were to undergo the intervention in that particular school term. Each 

measurement session took roughly half an hour to complete. Adequate time slots were 

negotiated with the child's teacher to ensure that measurement sessions did not encroach 

on the child's academic work. Children and research assistants at the relevant schools 

were informed that the researcher was to remain blinded to group assignment. The 

researcher was therefore unaware when children had undergone treatment throughout 

the nine week period of measurement. 

For the baseline measurement, the researcher assessed each child's ankle and knee joint 

range with a goniometer as well as their level of Quadriceps, Hamstring and Triceps 
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surae spasticity according to the Modified Ashworth Scale. All children completed the 

adapted Subtests 5 and 6 of the BOT -2, the TUDS test and the EQ-5D-Y every week 

during their measurement session. Testing was undertaken in a quiet room that was close 

to a corridor, where the shuttle-run of Subtest 6 and the TUDS test could be completed. 

The researcher used masking tape to indicate the straight line required for Subtest 5 as 

well as the 15 meter shuttle run-way required for Subtest 6. The visual target for Subtest 

5 was mounted on a wall and the child was required to stand 2 meters away from the 

wall during the balance tests. Children were asked to remove their shoes socks and 

AFOs for testing. Time was kept with a stop watch and scores were recorded on 

assessment sheets. 

In the measurement periods before and after the Nintendo Wii Fit intervention phase, 

children continued with their usual physiotherapy schedules. 

Eight weeks after intervention cessation, a two month post-intervention measurement 

was taken to investigate whether possible improvements on the outcome measures had 

been retained. The final measurement session was undertaken on the 24th of July 2010 

effectively ending data collection on that day. 

3.7.6 Data management 

Consent forms, assessment forms and EQ-5D-Y self-reports were kept in individual 

folders for every child. Folders were numbered to maintain anonymity. The data was 

entered into Excel spreadsheets every week following measurement. The STATISTICA 

8 241 and NCSS 242 software programs were used for data analysis. NCSS was used for 

the ROC analyses while STA TISTICA 8 was used for all other analyses. 
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3.8 Statistical analysis 

The first baseline measure was taken on a Monday on the first contact with the child. 

From then on each week was considered to run from Tuesday to Monday meaning that 

the 2nd measure was then at the end of the first week and was called Week 1. Each week 

therefore ended with assessment on a Monday. This meant that the intervention phase 

data were collected after the first week of intervention and not at the start of the week. In 

these tables, the baseline phase is indicated by an ni (no intervention) and the 

intervention phase is indicated by an i (intervention). The highest achievable converted 

score for the adapted BOT-2 Subtest 5: Balance was 52 total pointscore while the 

highest achievable converted score for the adapted BOT -2 Subtest 6: Running Speed and 

Agility was 72 total pointscore. The TUDS test was measured in seconds with a stop 

watch. The EQ-5D-Y VAS was measured on a scale from 0 - 100. 

Line graphs of each child's Balance, Running Speed and Agility and TUDS scores were 

created to allow for comparison of the child's motor performance during the baseline 

and intervention phase. The VAS was not graphed as there was little variance and the 

range of possible pointscores (0-100) was much larger than those of the other scales. On 

the line graphs, it was desirable for the Balance and Running Speed/Agility scores to 

show a positive or increasing trend since an increase in scores indicates an improvement 

in balance and running speed/agility. For the TUDS scores it was desirable to see a 

decreasing or negative trend since a decrease in TUDS scores indicates decreased time 

to completion of the TUDS test meaning that the child is negotiating the stairs faster. 

On the graphs, the intervention phase was indicated by two vertical lines for ease of 

reference. As noted above, since weekly measurements were taken on the first day of the 

week, the first data point during the intervention phase was counted as a baseline score 

since the child had not received any Wii Fit treatment. The first data point at the 

beginning of the second week of intervention was then seen as the first real intervention 

phase data point since the child would have undergone one week of intervention by then. 
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Statistical analysis was used to investigate whether treatment had made a difference to 

the outcome measures. Owing to the small number of participants available, parametric 

comparison of pre- and post- test results was likely to be underpowered. As a result 

statistical methods used in single-subject research designs were employed. The ROC 

analysis function was utilised to investigate treatment effectiveness. Area under the 

curve outputs were used to establish the degree of Non-overlap of all Pairs (NAP), as 

discussed under section 2.7. Post-intervention measures were necessary to ensure the 

researcher remained blinded while completing measurement of all children up to week 

nine. These measures were not included in the ROC analysis. 

The ROC analysis procedure is as follows: baseline phase data is coded as 0 and 

intervention phase data is coded as 1. The baseline and intervention phase data are then 

entered vertically in the same column. Upon selecting the ROC curve analysis, the data 

point column is selected as the test variable and the corresponding coded column is 

selected as the classification variable. The NAP index can then be read from the AUC 

column in the output table. Recommended ranges for effect size interpretation are 0.50 -

0.65 for a small treatment effect, 0.66 - 0.92 for a medium treatment effect and 0.93 -

1.00 for a large treatment effect. Where a decreasing trend indicates an improvement, 

these ranges are inverted to 0.50 - 0.35 for a small, 0.34 - 0.08 for a medium and 0.07 -

0.00 for a large treatment effect. The confidence intervals that would ordinarily 

accompany the AUC indicate the level of significance. If the CIs do not overlap 0.5, 

then data points in the baseline and intervention phases are significantly different. For 

example, for the Balance score the ideal AUC would fall between 0.93 - 1 with a CI that 

does not overlap 0.5. This would indicate a large treatment effect as well as a significant 

improvement in balance. However, upon data analysis in NCSS, results were 

accompanied with a footnote saying that the program underestimates the AUC when 

there are fewer than 7 unique criterion values. This was the case in some of the analyses. 

As a result the confidence intervals were very wide. This limitation had not been 

anticipated before data collection and therefore it was decided that confidence intervals 

could not be relied on for data interpretation. Only the AUC was reported along with the 

Standard Error and the effect size. This was the primary analysis. As the CIs were not 
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included in the analysis, further statistical testing of whether improvement had taken 

place was undertaken. 

The only analysis that was done on the post-intervention measures was between the last 

baseline, the last intervention phase and the two month post intervention measures in 

order to establish whether any improvements in outcome measures had been retained 

over a 2 month period. A Friedman's ANOVA and post-hoc analysis were used for this 

purpose. 

A Chi-Square analysis was done to detennine whether the demographic or medical 

variables had an influence on the effect size of the Balance, Running Speed and Agility 

and TUDS scores. Only cross-tabulations that demonstrated a significant association are 

presented in the Results section. The remaining output tables of interest can be found in 

Appendix 8.6. 

Speannan's Rank Order correlations were used to establish whether Wii Fit training 

time and Wii Fit gaming score were associated with perfonnance on the outcome 

measures. 

A Wilcoxon matched pairs test was done to establish whether a change was seen in the 

gaming scores from the first to the last training session. 

3.9 Ethical considerations 

3.9.1 Beneficence 

Children at the relevant special needs schools receive physiotherapy treatment twice a 

week for 30 minutes on average, however, many of the children who were included in 

this study nonnally undergo group physiotherapy sessions. Although children received 
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only the Nintendo Wii Fit training instead of their standard physiotherapy during the 

three week intervention phase, participation meant that children completed the Nintendo 

Wii Fit training individually and for four sessions a week instead of having group 

therapy twice a week. Based on the literature and the scientific rationale for the 

intervention, it was anticipated that participation in this study might benefit children in 

their motor development. 

Previous trials when testing the feasibility of this study showed that the hemiplegic 

children enjoyed the Nintendo Wii Fit games tremendously. The variation in exercise 

routine over the three week intervention period was welcomed by most of the children 

who participated in this study. 

Participants did not receive any form of payment for their participation in this study but 

as a token of appreciation, children were given a small assortment of sweets once they 

had completed their 9th measurement session. 

3.9.2 Nonmaleficence 

The fact that children spent more time outside the classroom than usual, might have been 

a legitimate cause for concern as this may have caused children to fall behind in their 

school work. However, children were only outside the classroom for an extra 30 minutes 

per week over a period of nine weeks for measurement purposes. These time slots were 

negotiated with the child's teacher while taking the child's time-table into account. 

Children did not miss any important assessments or tests for the purpose of intervention 

or measurement. No additional time outside of normal school hours was requested for 

the purpose of this study. 

Another cause for concern may have been that children participating in this study had to 

refrain from their standard physiotherapy treatment for a period of three weeks while 
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undergoing the Nintendo Wii Fit intervention. In discussions with school 

physiotherapists, it was concluded that children would only miss out on six of their 

standard physiotherapy sessions and that this is less than children might miss out on 

during a mid-year holiday for example. In addition to this, children received the 

Nintendo Wii Fit as an alternative form of exercise and therefore were still considered to 

be physically active during the intervention phase. As a result, the researcher believes 

that children were not disadvantaged by a three week break in their normal 

physiotherapy routine. 

Children were allowed to take bathroom breaks or drink water during the intervention. 

Fatigue was considered within reason. Physiotherapists were instructed to allow rest 

periods limited to a maximum of 5 minutes in order to maintain the length of treatment 

sessions. Generally, the Nintendo Wii Fit games take 2 minutes to complete after which 

the player is allowed a rest period of roughly 20 seconds while resetting the game. 

Children were therefore not required to concentrate solidly for 20 minutes. 

Video games are known to trigger seizures or black outs in people suffering from 

epilepsy 243-245. The information leaflet included a section that requested parents to 

decline participation in this study if their child was epileptic. None of the parents 

reported epilepsy in their children. The school physiotherapists were also consulted to 

ensure that children who suffer from seizures or epileptic attacks were excluded from 

this study. 

Delayed onset muscle soreness or muscle ache is a common consequence of 

unaccustomed exercise. Although muscle activation of previously inactive muscles is 

likely when starting the Nintendo Wii Fit, children were not expected to experience 

serious discomfort as a result of this. If the use of the Nintendo Wii Fit had lead to pain 

and discomfort of any kind, then the child's participation in this study would have been 

discontinued. 
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The Nintendo Wii Fit is 5 cm in height. This means that children had to balance on a 

surface that is slightly raised above the ground. Although falls and serious injury were 

unlikely, physiotherapists who monitor the gaming sessions were asked to remain alert 

and prevent falls where possible. Physiotherapists were also instructed to clear the area 

around the balance board to prevent serious injury should a fall occur. Children who 

participated in this study were covered by the UCT Group Insurance plan and would 

have been compensated in the unlikely event of any study related injury, should one 

have occurred. 

3.9.3 Autonomy 

Prior to the data collection period, parents/ legal guardians and children were given 

information leaflets and consent forms. The information leaflets gave guardians insight 

into the purpose of this study. Parents and children were equally entitled to decline 

participation in this study. The decision of a parent or child to discontinue the study 

would have been respected without question. This was clearly stated on the Information 

leaflet received by parents and guardians (See Appendices 8.2 and 8.3 for information 

leaflets and consent forms). 

Children were given a say in the intervention since they were allowed to choose the 

balance game that they wanted to play during each treatment session. The series of tests 

in the outcome measures however were not negotiable and children had to undergo this 

uniform battery of tests required to monitor their progress every Monday for 9 

consecutive weeks. 

3.9.4 Confidentiality 

The data collected in this study are confidential. All children were assigned a number for 

identification purposes. The name of the child was not be used in conjunction with any 
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data or test scores thereby ensuring anonymity of all children. Only the researcher had 

access to the child's personal information. 

3.9.5 Declaration of Helsinki 

This study adhered to the ethical principles for medical research involving human 

subjects as stipulated by the W orId Medical Association Declaration of Helsinki version 

2000 246
• 
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4. Results 

The demographic characteristics of the participants are presented first. For each child, 

tables of the outcome measure scores are shown. These tables contain the baseline and 

intervention phase measures that were taken over a period of 9 weeks. 

4.1 Participant characteristics 

4.1.1 Demographic details 

A total of 14 participants were included in this study. This sample consisted of eight 

boys and six girls. The mean age was 11.36 years (SD = 1.82), the youngest child being 

seven years old and the oldest child being 14 years old. Academic achievement was 

divided into two categories: Satisfactory and Unsatisfactory. These terms refer to the 

child's academic achievement for their age and were stated as such in each child's 

academic school folder that the researcher was given access to at the relevant schools. 

This information was included since it was thought that academic achievement may be a 

reflection of the child's cognitive ability, which may have influenced the child's ability 

to engage in Wii Fit gaming. Five of the 14 children demonstrated unsatisfactory 

academic performance for their age and grade (one of these children was medicated for 

ADHD while the remaining four had a learning disorder). Four of the older and more 

functional children had been discharged from physiotherapy and were not receiving any 

form of therapy at the time of data collection. 
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Table 8: Child 1-14 Demo ra hic and Academic information 
Child Gender Age Grade Academic achievement Therapy 

Child 1 Male 13 6 Satisfactory No 

Child 2 Male 10 4 Satisfactory Yes 

Child 3 Female 14 5 Satisfactory No 

Child 4 Female II 6 Satisfactory Yes 

Child 5 Male 9 2 Satisfactory Yes 

Child 6 Male 12 3 Satisfactory Yes 

Child 7 Female II 3 Unsatisfactory Yes 

Child 8 Male 13 4 Unsatisfactory Yes 

Child 9 Male 7 Unsatisfactory Yes 

Child 10 Female II 4 Satisfactory Yes 

Child 11 Female 11 5 Unsatisfactory No 

Child 12 Male 13 6 Satisfactory No 

Child 13 Female 12 5 Satisfactory Yes 

Child 14 Male 12 5 Unsatisfactory Yes 

* Age and Grade refer to those at time of treatment 

4.1.2 Medical History 

Of the 14 participants, seven had a left-sided hemiplegia and seven had a right-sided 

hemiplegia. Nine children had a congenital hemiplegia. The remaining five had all 

acquired cerebral palsy post-natally. Three children were required to wear an AFO on a 

daily basis at the time of data collection. Three children had previously worn an AFO 

but were no longer required to do so. The remaining eight children had never worn an 

AFO. Twelve of the children had undergone surgery or medical interventions such as 

Botox or tendon lengthening procedures. Two of the children were on Ritalin while the 

remaining twelve were not receiving any medication at the time of data collection. Five 

of the 14 children were classified at Level I while nine were classified at Level II on the 

GMFCS. 
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Table 9: Child 1-14 Medical Information 

Child Side of Acquired / AFO Previous Meds GMFCS 

Hemiplegia Congenital Surgery Level 

Child 1 L C No Yes None 1 

Child 2 L C Yes Yes Ritalin 2 

Child 3 L C No longer Yes None 2 

Child 4 L C No Yes None 1 

Child 5 L C Yes Yes None 2 

Child 6 R A No Yes None 2 

Child 7 L A Yes Yes None 2 

Child 8 L A No Yes None 2 

Child 9 R A No No Ritalin 1 

Child 10 R C No longer Yes None 2 

Child 11 R C No No None 1 

Child 12 R C No Yes None 1 

Child 13 R A . No longer Yes None 2 

Child 14 R C No Yes None 2 
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4.1.3 MAS measures 

Only three of the 14 children were found to have full range of motion at the knee and 

ankle. The other 11 all had a plantarflexion contracture, a knee flexion contracture or 

both. Of the three muscle groups assessed, the Triceps Surae muscle group was the most 

affected with regards to hypertonia. 

Table 10: Child 1-14 MAS scores and Joint contractures 
Child MASTr. MAS 

S. Hamstr. 

Child 1 

Child 2 

Child 3 

Child 4 0 

Child 5 2 

Child 6 2 

Child 7 2 

Child 8 2 

Child 9 

Child 
10 

Child 
11 

Child 
12 

Child 
13 

Child 
14 

MAS = Modified Ashworth Scale 
Tr. S. = Triceps Surae 
Hamstr. = Hamstrings 
Quadr. = Quadriceps 

MAS Ankle plantarflexion 
Quadr. contracture * 

0 8 degrees short of 
plantargrade 

0 10 degrees short of 
plantargrade 

0 Full Range of Motion 

Full Range of Motion 

11 degrees short of 
plantargrade 

6 degrees short of 
plantargrade 

7 degrees short of 
plantargrade 

0 0 10 degrees short of 
plantargrade 

0 0 plantargrade - no 
dorsiflexion range 

0 plantargrade - no 
dorsiflexion range 

0 0 Full Range of Motion 

0 plantargrade - no 
dorsiflexion range 

10 degrees short of 
plantargrade 

0 5 degrees short of 
plantargrade 

Knee flexion 
contracture * 

14 degrees short of 
extension 

Full Range of Motion 

Full Range of Motion 

Full Range of Motion 

11 degrees short of knee 
flexion 

Full Range of Motion 

3 degrees short of 
extension 

Full Range of Motion 

Full Range of Motion 

10 degrees short of 
extension 

Full Range of Motion 

Full Range of Motion 

Full Range of Motion 

Full Range of Motion 

* Intra-observer measurements have been shown to demonstrate mean measurement errors of 5 
degrees (SD 5 degrees), therefore an average of 3 readings was recorded. 
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4.2 Wii fit training results 

4.2.1 Wii Training Time 

Each child's Wii Fit training time was recorded over the 3 week intervention period. 

Some children were absent due to illness or religious holidays. The total Wii Fit training 

time is presented in the table below. 

Table 11: Total Wii Fit trainin time 

Child Wii Fit time in min Wii Fit time in hrs Remarks 

Child 1 243 4 hrs 3 min 

Child 2 228 3 hrs 48 min 

Child 3 236 3 hrs 56 min 

Child 4 247 4 hrs 7 min 

Child 5 289 4 hrs 49 minutes Absent one day 

Child 6 170 2 hrs 50 minutes Absent three days 

Child 7 225 3 hrs 45 minutes Absent two days 

Child 8 223 3 hrs 43 min 

Child 9 209 3 hrs 29 min 

Child 10 215 3 hrs 33 min 

Child 11 189 3 hrs 9 min 

Child 12 175 2 hrs 55 min Absent three days 

Child 13 208 3 hrs 28 min 

Child 14 191 3 hrs 11 min Absent one day 

Mean Wii Fit training time was 217.71 minutes with a standard deviation of 31.52 
minutes. 
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4.2.2 Individual Results 

Child 1 

Child I was a 13 year old male. He was in grade 6 and showed satisfactory academic 

achievement. He had a left-sided hemiplegia and was classi fied at Levell on the 

GMFCS. He was given an MAS score of I for the Triceps surae and Hamstring muscle 

groups. Child I had an ankle plantarflexion contracture of eight degrees and a knee 

flexion contracture of 14 degrees. He did not wear an AFO but did have previous 

surgery on his lower limb. Child 1 underwent the intervention in weeks 6-8. 

Table 12: Child I Balance. Runnin S ted and A iii TUDS and VAS scores 
Baseline Week Week Week Week Week Week Week Week 2m 

2 3 4 5 6 7 8 post 

b n; n; n; n; n; p 

Balance 38 33 33 32 38 34 38 35 35 33 

RS and A 35 37 33 38 42 38 37 41 36 37 

TUDS 14.9 11.63 11.3 10.64 10 10.47 11.5 10.29 11 .19 12.04 

VAS 100 95 100 100 100 100 100 /00 100 

Figu re 4: Child 1 Balance, Running Speed and Agility and TUDS 
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, TUDS and EQ-5D-Y VAS 

Effect size 

Balance 0.72 0.18 Medium improvement 

RS+A 0.53 0.23 Small improvement 

TUnS 0.44 0.22 Small improvement 

VAS 0.58 0.22 Small improvement 

The line graph for Child 1 does not suggest important improvements in any of the 

outcome measures. The ROC curve output table shows that Child 1 had an increasing 

trend in Balance scores leading to a medium improvement in balance. Only small 

improvements were seen on the other outcome measures. 

Child 2 

Child 2 was a 10 year old male in grade 4 with satisfactory academic achievement. He 

had a left-sided hemiplegia and was classified at Level II on the GMFCS. He was given 

an MAS score of 1 for the Triceps surae and Hamstring muscle groups and had an ankle 

plantarflexion contracture of 10 degrees. Child 2 was required to wear an AFO and was 

receiving Ritalin at the time of data collection. He had previously received surgery to his 

upper limb. Child 2 underwent the intervention in weeks 4-6. 
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Table 14: Child 2 Balance, Runnin S eed .and A iii , TUDS and VAS scores 
Baselin e Week Week Week Week Week Week Week Week 2m 

2 3 4 5 6 7 8 post 

" i "i "i "i "i " i P 

Balance 28 23 27 32 28 35 36 28 27 29 

RS and A 29 25 30 31 25 27 30 22 26 26 

TUDS 19.88 13.47 15.8 14.54 12.26 13.27 16.76 14.21 11.91 15.79 

VAS 100 100 99 100 95 /00 /00 97 100 100 

. 1 gure 5 Ch"ld 2 B I , , a ance R unmng S d d A lI't pee ." g I y an dTUDS 

Child 2 
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Table 15: Child 2 ROC ana lysis of Balance, Runnin2 Speed and A2i1itv TUnS and EQ-SD-Y VAS 

AVe Standard Error Effect Size 

Balance 0.88 0.15 Medium improvement 

RS+A 0.33 0.23 Medium deterioration 

TVDS 0.25 0.26 Medium improvement 

VAS 0.42 0.22 Small deterioration 

Visual analysis of the graph, reveals that the Balance score started rising slight ly in the 

baseline phase before the onset of intervention. However, a more marked increase is 

visible during the intervention. The AUe indicates a medium improvement for the 
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Balance and TUDS scores. The Running Speed and Agili ty and VAS scores were seen 

to deteriorate over time. 

C hild 3 

Child 3 was a 14 year old female and the oldest participant in the study sample. She was 

in grade 5 and had satisfactory academic achievement. She had a left hemiplegia and had 

previously worn an AFO but was no longer required to do so at the time of data 

collection. She was awarded an MAS score of 1 for the Triceps surae and Hamstring 

musc1ce groups but had fu ll range of motion at the ankle and kncc. She had also had 

multiple previous surgeries to her lower Limb. Child 3 underwent the intervention in 

weeks 6-8. 

Table 16: Child 3 Balance, Runnin Seed and A iii , T Uns and V AS scorts 
Baseline Week Week Week Week Week Week Week Week 2m 

2 3 4 5 6 7 8 post 

oi oi oi oi oi oi ; p 

Balance 37 32 28 34 32 35 33 31 38 35 

RS and A 29 36 30 36 28 32 32 36 35 29 

TUDS 11.53 11.44 11.45 11.53 10.41 11.44 11.55 10.68 10.69 12.72 

VAS 100 95 95 85 75 100 95 100 100 99 

Figure 6: Child J Ba lance, Running Speed and Agility and TUns 
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Table 17: Child 3 ROC analysis of Balance, Runnin Seed and A llitv, Tuns and E SD-Y VAS 

Ave Standard Error Effect Size 

Balance 0.56 0.27 Small improvement 

RS+A 0.69 0.18 Medium improvement 

TUDS 0.44 0.30 Small improvement 

VAS 0.72 0.16851 Medium improvement 

After an initial negative trend, Child 3's graph shows a slight positive trend in Balance 

scores. However, only small to medium improvements were seen on the outcome 

measures between the baseline and intervention phases. 

Child 4 

Child 4 was an 11 year old female in grade 6 with satisfactory academic achievement. 

She had a left-sided hemiplegia with the upper limb being more affected than the lower 

limb. As a result, she was classified at Level I on the GMFCS. She was awarded an 

MAS score of t for the Quadriceps and Hamstring muscle groups but had full range of 

motion at the ankle and knee. She was not required to wear an AFO but was required to 

wear a hand splint. She had had previous surgery on her upper and lower limb. Child 4 

underwent the intervention in weeks 4-6. 
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Table 18: Child 4 Ba lance, Runnin S «d and A iii , TUn S and V AS scores 
Baseline Week Week Week Week Wee k Week Week Week 2m 

2 3 4 5 6 7 8 pOSI 

b no n; n; n; no p 

Balance 35 44 42 48 46 50 49 47 49 48 

RS and A 33 36 36 35 39 45 45 43 46 44 

Tuns 10.09 9.57 10.33 9.37 9.13 9.32 9.33 9.48 9. 19 9.54 

VAS 95 100 85 100 95 100 100 100 100 100 

Figure 7: Child 4 Balance, Running Speed and Agility an d TUDS 

Child 4 
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Table 19: Child 4 ROC anal sis of Balance. Runnin Seed and A iii Tun s and E 5D-Y VAS 

AUC Standard Er ror Effect Size 

Ba lance 0.92 0.12 Medium improvement 

RS+A LOO Large improvement 

TUDS 0.00 Large improvement 

VAS 0.63 0.21 Small improvement 

An increasing trend can be seen on the graph in Balance as well as the Running Speed 

and Agility scores. The graph shows that Child 4 demonstrated an improvement before 

the onset of the intervention on the Balance score. Looking at the graph, it would seem 
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as though Child 4 did not show a notable decrease in TUDS score, however, upon closer 

inspection of the raw data, it was found that nonc of the scores in the baseline phase 

overlapped with the scores in the intervention phase. Therefore the ROC analysis shows 

a large treatment effect fo r the TUn S as well as the Running Speed and Agility score. 

Child 5 

Child 5 was a nine year old male in grade 2 with satisfactory academic achievement. He 

had a left sided hemiplegia, was required to wear an AFO at the time of data co llection 

and had had multiple previous surgeries to his lower limb. He was awarded an MAS 

score of 2 for the Triceps surae, I for the Hamstring and 1 for the Quadriceps muscle 

groups. He had an ankle plantarflex ion contracture of II degrees and a knee flexion 

contracture also of II degrees. Chi ld 5 was classified at Level II on the GMFCS. Child 5 

underwent the intervention in weeks 4-6. 

Table 20: Child 5 Balance, Runni n Seed a nd A iii TUDS and VAS scores 
Baseline Week Week Week Week Week Week Week Week 2m 

2 3 4 S 6 7 8 post 

b ni ni no m no p 

Balance 41 37 33 36 41 38 44 38 42 40 

RS a nd A 27 30 30 25 29 31 31 29 28 32 

TUDS 20.32 19.1 1 23.27 25 .87 23.4 24.13 24.53 25 .99 23.4 22.85 

VAS 100 99 99 82 75 100 100 100 100 100 
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Figure 8: Child 5 Balance, Running Speed and Agility and TUDS scores 
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Table 21: Child 5 ROC a nal 'sis of Balance Runnin Seed and A ilit)' TUDS and E SD-V VAS 

AUC Standard Error Effect Size 

Balance 0.88 0.14 Medium improvement 

RS+A 0.83 0.19 Medium improvement 

TUDS 0.17 0.19 Medium improvement 

VAS 0.58 0.30 Small improvement 

After an initial decreasing trend, Child 5' s graph shows an increasing trend in Balance 

score that correlates well with the onset of the intervention. The ROC output table 

however only demonstrates a medium treatment effect for the Balance, Running Speed 

and Agility and TUDS measures. 

Child 6 

Child 6 was a 12 year old male in grade 3 with sati sfactory academic achievement. He 

had a right-sided hemiplegia_ Child 6 was not required to wear an AFO but he was 

required to wear a hand splint. He had also had previous surgery to his upper and lower 
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limb. He was awarded MAS scores of2 for the Triceps surae and 1 for the Hamstring 

and Quadriceps groups and had a plantarflexion contracture of 6 degrees. Chi ld 6 

underwent the intervention in week 6-8. The child was ill and absent from school in 

week 7, resulting in the missing data points for that week . 

Table 22: Chi ld 6 Bala nce Runnin Seed and A iii • TUDS and V AS scores 

Baseline Week Week Week Week Week Week Week Week 

2 3 4 5 6 7 8 

b n; n; m m m 

Balance 36 34 34 35 36 36 36 37 

RS and A 32 31 30 30 35 39 34 32 

TUnS 17.01 12.04 12.19 15.39 13 .12 14.87 14.6 16.35 

VAS 75 95 50 100 15 25 100 95 

Figure 9: Child 6 Balance, Running Speed III n d Agility B.nd TUnS 
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Table 23: Child 6 ROC ana lvsls or Balance, Runnin S ted and A ilitv. TUDS and E -S O-Y VAS 

Aue Standard Error Effect Size 

Balance 0.88 0.14 Medium improvement 

RS+A 0.63 0.21 Small improvement 

TUDS 0.67 0.24 Medium deterioration 

VAS 0.83 0. 15 Medium improvement 

The Balance as well as the Running Speed and Agi lity scores show a trend towards 

improvement on the graph prior to intervention. Only medium treatment effects were 

seen on the Balance and V AS scores. The TUDS shows a deteriorating trend. Child 6 

complained of a toothache in week two, di scomfort in his arm in week three and a 

stomach ache in week five. He was however happy to continue with testing when given 

the choice. In week seven, Chi ld 6 missed four Wii Fit training sess ions as well as a 

measurement session. 

Child 7 

Child 7 was an II year old female in grade 3 with unsatisfactory academic performance. 

She had a left-sided hemiplegia and was classified at Leveill on the GMFCS. She was 

awarded MAS scores of 2 for the Triceps surae, I for the Hamstring and I for the 

Quadriceps muscle groups. She had a plantarflexion contracture of 7 degrees and a knee 

flexion contracture of 3 degrees. At the time of data collection she was required to wear 

a hand splint and an AFO. She had also had previous surgeries to the upper and lower 

limb. Child 7 underwent the intervention in weeks 6-8. 
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Table 24: Child 7 Balance, Runnin Seed and A iii • TUDS and VAS scol'"es 
Baseline Week Week Week Week Week Week Week Week 2m 

2 3 4 5 6 7 8 post 

b n; n; n; n; n; p 

Balance 27 25 24 26 25 26 19 19 18 26 

RS and A 20 18 17 21 23 19 10 11 11 23 

T UDS 21.14 23 .74 24.58 23.9 1 23.4 1 22.79 18.31 10.07 23.9 18.29 

VAS 100 50 90 100 100 100 100 100 100 100 

Flgul'"c 10: Child 7 Balance, Running Speed and Agility and TUDS 

Child 7 
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Table 25: Child 7 ROC ana l sis or Balance, Runnin Seed and A iii TUDS and [ SD-Y VAS 

Aue Standard Error 95% C I 

Balance 1.00 Large improvement 

RS+A 0.72 0.18 Medium improvement 

Tuns 0.22 0.23 Medium improvement 

VAS 0.67 0. 11 Medium improvement 

Chi ld 7 demonstrated a large treatment effect from the baseline to the intervention phase 

for the Balance score. This improvement can clearly be seen to have taken place during 
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the intervention phase. The same trend is seen in the TUDS score, however the AUC 

only indicates a medium treatment effect for this score. 

Child 8 

Child 8 was a 13 year old male in grade 4 with unsatisfactory academic perfonnance. He 

had a left-sided hemiplegia and was class ified at Levelll on the GMFCS. He was 

awarded an MAS score of 2 for the Triceps surae group and had an ankle plantarflexion 

contracture of 10 degrees. He was not required to wear an AFO at the time of data 

collection but had had previous surgery to the upper and lower limb. Child 8 underwent 

the intervention in weeks 3 to 5. 

Table 26: Child 8 Balance. Runnin Seed and A iii TUDS and VAS scores 
Baseline Week Week Week Week Week Week Week 

2 3 4 5 6 7 

b nJ nJ nJ nJ 

Balance 43 42 41 41 43 43 42 44 

RS and A 27 29 29 36 38 38 40 35 

TUDS 14.62 14.51 21.46 20.62 23.9/ 18.38 17 15.58 

VAS 55 65 75 55 55 50 30 50 

Figure II: Child 8 Balance, Running Speed and Agility and TUDS 

JS 

'" 2S 
20 

" to , 
o 

Child 8 

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

• .................... 

~.-' '-
-'-

Basemc Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 82m post 

131 

Week 2m 

8 pOSI 

nJ p 

45 45 

36 35 

14.37 10.79 

55 70 

~B 

. .. • ... RS + A 

-· . ·-TUDS 

Univ
ers

ity
 of

 C
ap

e T
ow

n



Table 27: Child 8 ROC anal sis of Balance, Runnin Seed and A i1itv. TUn S and [ -SO-Y VAS 

AVC Standard Error 95% CI 

Balance 0.6 1 0.27 Small improvement 

RS+A 1.00 Large improvement 

TVDS 0.78 0.25 Medium deterioration 

VAS 0. 11 0. 12 Medium deterioration 

The graph demonstrates an increasing trend in Running Speed and Agility score during 

the intervention phase. The AUe indicates a large treatment effect from the baseline to 

the intervention phase. Both the TUDS and VAS scores demonstrate deterioration over 

time. 

Child 9 

Child 9 was a seven year old male in grade I and therefore the youngest in the study 

sample, He demonstrated unsatisfactory academic perfonnance. Child 9 had a right

sided hemiplegia and was classified at Level I on the GMFCS. He was awarded an MAS 

score of 1 for the Triceps surae muscle group and had a plantarfl ex ion contracture of 0 

degrees (no dorsiflexion range). He was not required to wear an AFO but was medicated 

with Ritalin at the time of data collection. He had had no previous surgeries. Child 9 

underwent the intervention in weeks 3-5. 
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Table 28: Child 9 Balance, Runni n Seed and A ilitv, TUDS and VAS scores 
Baseline Week Week Week Week Week Week Week W('ek 2m 

2 3 4 5 6 7 8 post 

b ni ni ni ni no p 

Ba lance 34 34 33 39 39 41 41 42 41 37 

RS and A 17 19 22 11 17 13 25 27 28 25 

TUDS 27.42 26.37 21.3 1o.a3 11.41 13.41 19.64 19.56 24.01 18.42 

VAS 100 100 100 90 50 95 50 100 100 100 

Figure 12: Child 9 Balance, Runni ng Speed and Agility and TUDS 
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Table 29: Child 9 ROC anal sis of Balance, Runnin Seed and A iii • Tuns and E SD· Y V AS 

Ave Standard Error Effect Size 

Balance 1.00 Large improvement 

RS +A 0.89 0.16 Medium improvement 

TVDS 0.22 0.25 Medium improvement 

VAS 0.00 Large deterioration 

The graph suggests a dramatic improvement in Child 9's Balance score. This increase 

corresponds with the onset of intervention. The AUC for the Balance scores indicates a 
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large treatment effect. The Running Speed and Agility and TUDS scores indicate a 

medium treatment effect. The V AS shows a large deterioration over time. 

Child 10 

Child 10 was an II year old female in grade 4 with satisfactory academic achievement. 

She had a right-sided hemiplegia and was classified at Level U on the GMFCS. She was 

awarded an MAS score of 1 for the Triceps surae and Hamstring muscle groups but and 

had an ankle pJantarflexion contracture of 0 degrees (no dorsiflexion range) and a knee 

flexion contracture of 10 degrees. She had previously worn an AFO but was no longer 

required to do so at the time of data collection. She had also had previous surgeries and 

serial plaster casting on her lower limb. Child 10 underwent the intervention in weeks 5-

7. 

Table 30: Child 10 Balance, Runnin S eed and A iii • TUDS and VAS scores 
Baseline Week Week Week Week Week Week Week Week 2m 

2 3 4 5 6 7 8 post 

b n; n; n; n; n; p 

Balance 29 28 31 35 38 36 38 39 38 39 

RS and A 30 25 27 25 29 25 22 25 26 27 

TUDS 16.98 17.65 16.87 17.83 15.5 1 20.73 21.23 20.35 17.7 17 

VAS 100 100 100 100 100 100 75 95 100 100 
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Figure 13: Child 10 Balance, Running Speed and Agility and TUDS 

Child 10 
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Table 31: Child 10 ROC anal sis or Balance Runnin Seed and A iii ,TUnS and E SD-Y VAS 

Aue Standard Error Effect Size 

Balance 0.90 0.12 Medium improvement 

RS+A 0.13 0.11 Medium deterioration 

TUDS 1.00 Large deterioration 

VAS 0.17 0.17 Medium deterioration 

Chi ld I O's AUC for the Balance score shows a medium treatment effect. However, an 

increas ing trend can already be seen in the baseline phase. The Running Speed and 

Agility, TUnS and V AS scores reveal a marked deterioration. 

Child II 

Child II was an II year old female in grade 5 with unsatisfactory academic 

achievement. She was one of the only two children in the sample who had a congenital 

hemiplegia. Her hemiplegia was right-sided and she was classified at Level Ion the 

GMFCS. She was awarded an MAS score of I for the Triceps surae muscle group but 
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--, 

had full range of motion at the ankle and knee. She had never worn an AFO and had 

never received any previous surgeries. Child II underwent the intervention in weeks 5-

7. 

Table 32: Child II Balance, Runnine: Speed and Ae:i1ity, TUDS and VAS scores 

Baseline Week Week Week Week Week Week Week Week 2m 

I 2 3 4 S 6 7 8 post 

b n; n; no no ; ; ; n; p 

Balance 28 31 32 34 33 42 35 39 38 39 

RS and A 37 33 40 35 37 39 37 38 41 43 

TUDS 11.2 15.2 1 14.55 13.29 13.08 14.75 14.1 13.3 13.87 13.24 

VAS 100 50 90 90 80 100 80 80 80 70 

Figure 14: Child 1 t Balance, Running Speed and Agility and TUDS 
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Table 33: C hild II ROC analvsis of Balance Runnlne: Speed and Ae:iIItv. TUDS and EO-5D-Y VAS 

AVe Standard Error Effect Size 

Balance 1.00 Large improvement 

RS+A 0.73 0.20 Medium improvement 

TVDS 0.67 0.22 Medium deterioration 

VAS 0.50 0.25 No change 
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The graph suggests a marked improvement in Chi ld I I's Balance score during the time 

of intervention. This is confirmed by the AUC Lhat indicates a large treatment effect 

from the baseline to the intervention phase. The Running Speed and Agility score shows 

a medium improvement while the TUDS score deteriorated over time. 

C hild 12 

Child 12 was a 13 year old male in grade 6 with satisfactory academic achievement. He 

had a right-sided hemiplegia and was classified at Level I on the GMFCS. He was 

awarded an MAS score of I for the Triceps surae and a I for the Hamstring muscle 

groups. He had a plantarflexion contracture 0[0 degrees (no dorsiflexion range) but full 

range of motion at the knee joint. He had never been required to wear an AFO but had 

had previous surgery on his lower limb. Child 12 underwent the intervention in weeks 3-

6. The intervention had to be extended since the child missed 3 Wii Fit sessions in week 

4. 

Table 34: C hild 12 Balance, Runnin Seed and A iii , TUDS and VAS scores 
Baseline Week Week Week Week Week Week Week Week 2m 

2 3 4 5 6 7 8 post 

b n; n; no no p 

Balance 45 43 42 41 42 47 44 45 46 47 

RS and A 40 39 40 45 44 41 45 46 47 48 

TUnS 17.7 16.9 1 14.53 13.96 17.84 17.76 14.55 17.33 16.94 19.34 

VAS 95 100 95 100 100 100 100 100 100 100 
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Figure IS: Child 12 Balance, Running Speed and Agility and TUDS 

Child 12 
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Table 35: Child 12 ROC anal sis of Balance Runnin Seed and A iii 

Ave Standard Error 

Balance 0.46 0.25 

RS+A 1.00 

TUDS 0.58 0.26 

VAS 0.83 0.16 

TUDS and E -SD-Y VAS _ 

Effect Size 

Small deterioration 

Large improvement 

Small deterioration 

Medium improvement 

Child 12 showed a large treatment effect on the Running Speed and Agility score. This 

improvement corresponds with the intervention phase. The TUDS score demonstrates a 

medium improvement while the Balance and V AS scores show a deteriorating trend. 

Child 13 

Child 13 was a 12 year old female in grade 5 with satisfactory academic performance. 

She had a right-sided hemiplegia and was classified at Level n on the GMFCS. She was 

awarded MAS scores of 1 for the Triceps surae and Hamstring muscle groups and a I 

for the Quadriceps muscle group. She had a plantarflexion contracture of to degrees but 

138 

Univ
ers

ity
 of

 C
ap

e T
ow

n



full range of motion at the knee joint. She used to have an AFO but was not required to 

wear one at the time of data collection. She did however wear a heel-raise orthotic on the 

affected side. She had had previous surgery on her lower limb. Chi ld 13 missed a 

baseline measurement session in week 3 since she was absent from school that whole 

week. The child underwent the intervention in weeks 6-8 . 

Table 36: Ch ild 13 Balance, Runnin Seed and A iii • TUDS an d VAS scores 
Baseline Week Week Week Week Week Week Week Week 2m 

2 3 4 5 6 7 8 post 

b n; n; n; n; n; p 

Balance 35 30 32 30 33 33 35 34 35 

RS and A 30 28 26 31 32 27 26 29 25 

TUDS 20.35 18.57 17. 17 17.5 22.62 19.52 20.86 2J.72 19.53 

VAS 100 100 100 100 100 100 100 100 100 

Figure 16: C hild 13 Balance, Running Speed and Agili ty and TUDS 
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Table 37: Child 13 ROC analysis or Balance, Runnin Seed and A ilit , TUDS and E -SD-Y VAS 

AVe Standard Error Effect Size 

Balance 0.80 0.17 Medium improvement 

RS+A 0.23 0.19 Medium deterioration 

TUDS 0.73 0.21 Medium deterioration 

VAS 0.50 0.00 No change 

Child 13 showed a medium improvement on the Balance score but a medium 

deterioration on the Running Speed and Agility as well as the TUDS scores. Child 13 

complained of a headache in week 5. No change was seen on the VAS scorc . 

Child 14 

Child 14 was a 12 year old male in grade 5 with unsatisfactory academic achievement. 

Along with Child II , he was one of only two children in the sample who had a 

congenital hemiplegia. He had a right-sided hemiplegia and was classified at Level II on 

the GMFCS. He was awarded an MAS score of 1 for the Triceps sume and 1 for the 

Hamstring muscle groups. Child 14 had a plantarflexion contracture of 5 degrees but had 

full range of motion at the knee joint. He had never been requircd to wear an AFO but 

had had previous surgeries on his upper and lower limb. Child 14 underwent the 

intervention in weeks 6-8. 
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Table 38: Child 14 Balance, Runnin Seed and A iii , TUDS and VAS scores 
Baseline Week Week Week Week Week Week Week Week 2m 

2 3 • 5 6 1 8 post 

b ni ni ni no no p 

Balance 39 35 36 39 38 38 38 40 42 39 

RS and A 24 23 23 21 27 27 26 28 29 28 

TUDS 25.6' 21.7 26.52 15. 18 16.26 17.56 16.95 20.88 17.11 18.9 1 

VAS 100 90 100 100 80 95 100 100 100 100 

Figure 17: C hild 14 Balance, Running Speed and Agility and TUns 

Child 14 
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Table 39: C hild 14 ROC anal sis of Balance, Runnin Seed and A ility, TUDS and E -SD-Y VAS 

Ave Standard Error Effect Size 

Balance 0.83 0.18 Medium improvement 

RS+A 0.83 0.18 Medium improvement 

TVDS 0.39 0.21 Small improvement 

VAS 0.75 0.11 Medium improvement 

Chi ld 14 shows medium treatment effects in Balance as well as Running Speed and 

Agi lity and VAS scores. Looking at the graph, it appears that this improvement 

corresponds with the onset of intervention. 
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4.2.3 Treatment effect 

The table below summarises the treatment effect sizes on the different outcome scores 

for each child. 

Table 40 T calment errect sizes , , 
Child Balance Running Speed and TUDS VAS 

Agility 

Child I Medium Small improvement Small improvement Small improvement 

improvement 

C hild 2 Medium Medium Medium Small deterioration 

improvement delerioral;on improvement 

Child 3 Small improvement Medium Small improvement Medium 

improvement improvement 

Child 4 Medium La rge Improvement Large Improvement Small improvement 

improvement 

Child 5 Medium Medium Medium Small improvement 

improvement improvement improvement 

Child 6 Medium Small improvement Medium Medium 

improvement deterioration improvement 

Child 7 Large impro\'ement Medium Medium Medium 

improvement improvement improvement 

C hild 8 Small improvement Large improvement Medium Medium 

deterioralion deterioration 

C hild 9 Large improvement Medium Medium Lorge delerioration 

improvement improvement 

C hild 10 Medium Medium Lorge deterioration Medillm 

improvement deterioration deterioration 

C hild II Large impro\'emeDt Medium Medillm No Change 

improvement deterioration 

Child 12 Small deterioration Large impro\'e ment Small deterioration Medium 

improvement 

C hild 13 Medium Medillm Medillm No Change 

improvement deterioration deterioration 

C hild 14 Medium Medium Medium Medium 

improvement improvement improvement improvement 
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Eleven of the 14 children in this study demonstrated a medium to large improvement on 

the Balance score. Nine children demonstrated medium to large improvements on the 

Running Speed and Agility measure while medium to large improvements were only 

seen in six children on the TUDS score. Five children showed medium to large 

improvements on the EQ-5D-Y V AS score. 

4.2.4 Post-hoc analysis of treatment effect 

A Friedman 's ANOVA and post-hoc analysis were used to establish whether there was a 

significant difference between the median of the last baseline scores, the last 

intervention scores and the two month post intervention scores. The last baseline score 

was used for this analysis to rule out a practice effect. 

Table 41: Friedman's ANOVA for the Balance Score = 0.00051 

Average Sumof Mean Std.Dev. 

Last baseline score 1.25 17.5 36.1 5.27 

Last intervention score 2.64 37.0 39.3 5.25 

2 m post score 2.1\ 29.5 37.9 6.24 

The results of Friedman's ANOV A of the abovementioned Balance scores were 

accompanied by a p value of 0.0005 1 indicating that there was a significant difference 

between at least 2 of the scores under investigation. 
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Filzure 18: Box and Whisker plot of Friedman's ANOVA for Balance scores 
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Post-hoc analysis of the scores revealed that there was a significant difference between 

the last baseline scores and the last intervention scores indicating that participants 

improved significantly from the baseline to the end of the intervention phase on the 

Balance outcome measure. 

Table 42: Post-hoc anal sis of Balance scores 

Valid 

Last baseline score and 

last intervention score 

Last baseline score and 

two month post score 

Last intervention score and 

two month post score 

14.0 

11 

12.0 
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0.0 3.296 0.001 

7.50 2.27 0.02 
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Similarly the participants improved from the last baseline to the two month 

measurement. The difference between the last intervention score and the two month post 

intervention score was not significant. This indicates that the median Balance score 

dropped somewhat after intervention but was still significantly different from the median 

baseline Balance scores. As a result it can be assumed that children retained the gains 

that were made on the Balance outcome measure. 

The results of the Friedman' s ANOVA for mean Running Speed and Agility. TUDS and 

VAS scores showed no significant differences between the last baseline scores, the last 

intervention scores and the two month post scores. 

Table 43: Friedman's ANOVA for the Runnin Seed and A iii scores ( - 0.61 
Average Sum of Mean Sld.Dev. 

Last baseline score 1.79 25.0 31.1 6.40 

Last intervention score 2.14 30.0 32.7 7.24 

2 m post score 2 .07 29.0 32.2 7.98 

Table 44: Friedman's ANOVA for the TUns scores - 0.61 
Average Sum of Mean Sld.Dev. 

Last baseline score 1.86 26.0 16.8 5.17 

Last intervention score 2.21 31.0 17.3 5.06 

2 m post score 1.93 27.0 15.9 3.89 
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Table 45: Friedman's ANOV A for the V AS scores ( = 0.90) 

Average Sum of Mean Std.Dev. 

Last baseline score 1.86 26.0 16.8 

Last intervention score 2.21 31.0 17.3 

2 m post score 1.93 27.0 15.9 

4.2.5 Variables related to Improvement 

Balance was the only outcome measure that demonstrated notable improvements 

following the Nintendo Wii Fit intervention. It was investigated whether variables 

related to the children's Wii Fit training, demographics or medical history were 

associated with improvements on the Balance score. 

4.2.5.1 Wii Fit training time: 

5.17 

5.06 

3.89 

Total Wii Fit practice time was recorded on a weekly basis (Table 13). The difference 

between the last intervention Balance score and the last baseline Balance score was 

calculated. A Spearman's Rank Order correlation was used to establish whether this was 

correlated with Wii Fit training time. No association was found between total Wii Fit 

training time and difference in Balance score. Therefore it appears that the Wii Fit 

training time was not correlated with improvement on the Balance measure. No 

correlations were found between Wii Fit training time and the remaining three outcome 

measures. 

Table 46: Spearman's Rank Order correlation for Balance score difference and Wii Fit training 
time 

Valid Spearman t(N-2) p-value 

Balance score difference 14.0 0.034 0.118 0.908 

and 

Wii Fit training time 
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4.2.5.2 Demographic and Medical variables: 

A Chi-Square analysis was run of medical information against the degree of 

improvement on an outcome measure. The only significant associations that were found 

were between the Running Speed and Agility score and "Academic Achievement" (p = 

0.038) and the TUDS score and "AFO" (p = 0.042). 

Table 49 suggests that children with satisfactory academic achievement were more 

likely to show no change than they were to show an improvement on the Running Speed 

and Agility measure whereas all children with unsatisfactory academic achievement 

demonstrated an improvement on the Running Speed and Agility measure. 

Table 47: Cross-tabulation of Running_ Speed and Agility and Academic Achievement 

Academic Achievement 

Satisfactory Unsatisfactory Total 

RSandA No Change 5 0 

Improvement 4 5 

Total 9 5 

Value df 

5 

9 

14 

Asymp. Sig. 

(2-sided) (2-sided) (I-sided) 

Pearson Chi

Square 

1 .038 

Table 51 suggests that children who were required to wear an AFO were more likely to 

improve on the TUDS score whereas those that did not wear an AFO or wore one 

previously were less likely to improve on the TUDS score. 
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Table 49: Cross-tabulaton of TUnS and AFO 

TUDS No Change 

Improvement 

Total 

Pearson Chi
S uare 

No 

5 

3 

8 

AFO 

No anymore 

3 

0 

3 

Yes 

0 

3 

3 

df 

2 

Total 

8 

6 

14 

Asymp. Sig. 

(2-sided) 

.042 

A Fisher's exact analysis was done to determine whether there was an association 

between improvement on the Balance score and improvement on the Running Speed and 

Agility score. No association was found (p = 0.23). 

Table 51: Cross-tabulation of Balance and Running Speed and Agility score outcomes 

Running Speed and Agility 

MIL 

No change Improvement Total 

Balance No change 0 3 3 

MIL Improvement 5 6 11 

Total 5 9 14 
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4.2.6 Gaming Score 

Each child's Wii Fit scores were documented during Wii Fit training. The Wii Fit scores 

were found to be quite variable and were therefore not used as an outcome measure. 

However, it was decided that it would be interesting to investigate whether children with 

cerebral palsy were able to improve their Wii Fit scores over time. The Bubble game 

requires multidirectional balance reactions as opposed to anteroposterior and 

mediolateral reactions only. Therefore, the Bubble game was used as a representative 

game to investigate whether the median gaming score increased from the first to the last 

practice session. A Wilcoxon matched pairs test was used for this purpose. 

Table 52: Wilcoxon matched airs test of First and Last Bubble arne scores 

First Bubble game score 

and 

Last Bubble game score 

Valid 

13 

T z 
4.000 2.900 

p-value 

0.004 

The p value of 0.004 indicates that the median Bubble game score increased 

significantly from the first to the last practice session. This indicates that children were 

able to learn and improve on the Balance games. 
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Figure 19' Box and Whisker plot of Bubble game scores (first and last session) . 
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Since the Balance score was the only score that improved significantly, a Speannan's 

Rank Order correlation was used to establish whether improvement on the Bubble game 

was correlated with improvement on the Balance score. The p value of 0.53 

demonstrates that this was not the case. 

Table 53: S earman's Rank Order correlation of Bubble arne score and Balance score 

Diffe rence in Bubble game score 

and 

Difference in Balance score 

Valid Spearman t(N-2) 

14 -0.19 -0.65 
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4.2.7 Therapy preference 

Each child was asked to comment on whether they preferred conventional physiotherapy 

or whether they preferred playing the Wii Fit games as a substitute for therapy. As this 

was not meant to be a qualitative assessment, children were not asked to give reasons for 

their therapy preference. Only four of the 14 children said that they preferred 

physiotherapy over the Nintendo Wii Fit training. The remaining 10 all enjoyed the Wii 

Fit training more than conventional physiotherapy. 

Table 54: Individual thera references 

Child Comment 

Child 1 

Child 2 

Child 3 

Child 4 

Child 5 

Child 6 

Child 7 

Child 8 

Child 9 

Child 10 

Child 11 

Child 12 

Child 13 

Child 14 

Preferred conventional physiotherapy over Wii Fit. 

Preferred Wii Fit over conventional physiotherapy 

Preferred Wii Fit over conventional physiotherapy 

Preferred Wii Fit over conventional physiotherapy 

Preferred conventional physiotherapy over Wii Fit. 

Preferred Wii Fit over conventional physiotherapy 

Preferred Wii Fit over conventional physiotherapy 

Preferred Wii Fit over conventional physiotherapy 

Preferred conventional physiotherapy over Wii Fit 

Preferred conventional physiotherapy over Wii Fit 

Preferred Wii Fit over conventional physiotherapy 

Preferred Wii Fit over conventional physiotherapy 

Preferred Wii Fit over conventional physiotherapy 

Preferred Wii Fit over conventional physiotherapy 
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5. Discussion 

The effect of the Nintendo Wii Fit on the balance control and gross motor function of 

children with spastic hemiplegic cerebral palsy was investigated. The objectives were to 

see whether a Nintendo Wii Fit intervention of 25 minutes, four times a week over three 

weeks would reduce impairments in balance control, reduce activity limitations by 

improving running speed and agility as well as stair climbing and result in an 

improvement in self-perceived health-related quality of life. The last objective was to 

determine whether any changes seen on the outcome measures would be retained over a 

period of 8-10 weeks post-intervention cessation. 

Medium to large improvements in balance were found in 11 of the 14 children under 

investigation. The change in balance score was found to be significant and was retained 

for 2 months after intervention cessation. Results on the Running Speed and Agility, 

TUDS and EQ-5D-Y VAS outcome measures were more variable and not significant. 

Graphical analysis revealed trends that were suggestive of a practice effect in four of the 

14 children under investigation (see section 5.3.1 for details). When questioned, most of 

the children commented that they preferred the Nintendo Wii Fit to conventional 

physiotherapy. Although the Wii Fit gaming score was not used as an outcome measure, 

it was found that children were able to improve their gaming score therefore 

demonstrating motor learning on the Wii Fit balance board. However, amount of 

improvement on the Wii Fit games was not correlated with improvement on the Balance 

score. 

The nature of the study sample and the external validity of the findings are discussed 

below. The results from each of the outcome measures are then discussed under their 
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individual sub-headings. Limitations of the study are presented and finally 

recommendations for future studies are made. 

5.1 Sample 

The two children who were excluded from the initial sample of 16 may have introduced 

a bias to the study sample, however reasons for exclusion were unrelated to the study as 

one child fell ill while another was put into a plaster cast at the time of data collection. 

Therefore their exclusion is unlikely to have influenced the results of this study. 

In other, larger studies investigating children with hemiplegia, males generally 

outnumbered females 86 247 248 and this is in accordance with the sample under 

investigation. Literature on hemiplegic cerebral palsy varies with regards to the 

proportion of children classified at Level I or II 86 247 248. Therefore the group of children 

in this study may be typical of a group of school-aged children with hemiplegic cerebral 

palsy. Although the findings from this study may serve as indicators for future studies on 

other population groups, the external validity is limited to high functioning children with 

spastic hemiplegic cerebral palsy. 

5.2 Individual outcome measure results 

5.2.1 Balance 

The intervention resulted in a medium to large improvement in all but three of the 14 

children under investigation and this was found to be an overall statistically significant 

improvement from baseline to the end of intervention. These improvements were 

retained 2 months after the intervention had ceased. Similar improvements in balance 

were also reported in the study by Nitz et al (2009 - refer to section 2.4.4) following Wii 

Fit training in 30-60 year old healthy women. 
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A study by Hartveld and Hegarty (1996) also demonstrated similar results when 

weightshift practice was used to improve the standing balance of four children with 

diplegic CP 249. Children underwent weight shift training with computerised feedback 

five times a week for half an hour a day over a 70 day period. Similar to the intervention 

schedule in this study, Hartveld and Hegarty used an AB single subject study design 

with repeated measures. Another commonality was that a single leg standing test served 

as the primary outcome measure of balance ability. The authors concluded that 

weightshift practice with the use of a balance board did improve the standing balance of 

children with diplegic CP 249. These results reported in 1996 by Hartveld and Hegarty, 

though specific to children with diplegic cerebral palsy, seem to coincide with the 

findings relevant to children with hemiplegic cerebral palsy in this study. 

Game-like tasks such as the Nintendo Wii Fit games seem to offer subjects affordances 

that they do not have in the real world. The study by Lott et al (2003 - refer to section 

3.4.4) showed that the addition of a game-like task resulted in much larger COP 

excursions than those seen in a real world reaching scenario. It was suggested that 

subjects were more motivated to reach further in response to performance feedback in 

the game-like scenario 60. The improving trends in balance seen following the Wii Fit 

intervention in this study may have been due to similar increases in confidence and 

motivation stimulated during gaming. 

A further study by Lott et al (2003 - refer to section 3.4.4) showed that during a virtual 

snow boarding game, a hemiplegic subject's weight bearing time on the paretic limb had 

increased by 18% within 12 minutes of gaming 60. This fairly rapid and substantial 

increase in weight bearing symmetry is likely to have occurred with the children in this 

study during Wii Fit gaming. Unfortunately no measure of weight bearing symmetry 

was included as an outcome measure. It may be postulated however, that such weight 

shifting practice might have contributed to the gains seen in the balance control of 

children in this study. 
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Learnt disuse is a phenomenon seen in children with hemiplegic cerebral palsy. It was 

therefore anticipated that children with hemiplegia would be a target group that might 

benefit from the active engagement of the hemiplegic side of the body during Wii Fit 

gaming. Balance training activities may require the patient to shift the centre of mass but 

not necessarily the centre of pressure. This allows for continued bias towards the 

unaffected side. The Nintendo Wii Fit however requires the player to shift weight onto 

the hemiparetic leg (thereby shifting the centre of pressure), while engaging the 

hemiparetic side of the trunk for balance and equilibrium reactions. If this is not done, 

the Wii balance board does not react to movement and the player cannot engage in 

gaming. Constraint Induced Movement Therapy (CIMT) studies have demonstrated that 

neural plasticity and cortical re-organisation may take place following active movement 

of the affected limb. Criticism of CIMT however includes that children are required to 

wear a restraint for up to 6 hours a day and that the gains in function of the affected limb 

may come at the expense of disuse of the unaffected limb 250. The Wii Fit however 

stimulates the use of the hemiparetic side without constraining the use of the non-paretic 

side. In this sense, gains in balance control may have come about due to the increased 

integration of the paretic side during Wii Fit gaming. 

In addition to the "forced use" of the affected side, use of the unaffected side of the body 

in children with spastic hemiplegia may facilitate motor learning. Studies on force 

planning have shown that practice with the non-paretic side improves force planning on 

the paretic side 116. Therefore the information gained from weight shift to the unaffected 

side may aid in force planning when shifting weight to the affected side as was seen in 

upper limb studies on force planning 116. As a result, the Wii Fit Balance board may 

have aided in the improvement of motor and force planning which may have resulted in 

the balance improvements that were observed. 

Although the improving trends in Balance discussed here are promising, it must be 

considered that the reliability of the Balance outcome measure was poor and that this 

may have influenced the results. 

156 

Univ
ers

ity
 of

 C
ap

e T
ow

n



Looking at the variables associated with improvement, one might anticipate Wii Fit 

training time to be positively associated with performance on the outcome measures. 

Active repetition is one of the fundamental components of motor learning 57251, 

therefore one would expect a greater amount of practice time to result in greater 

improvements in balance and mobility. However, this was not the case. The above

mentioned study by Lott et al (2003) showed that a hemiplegic subject was able to 

improve his symmetrical weight bearing by 18% within 12 minutes of virtual reality 

gaming. It is possible that such improvements in balance control also take place after 

only a limited time of gaming and as a result small differences in the amount of training 

time may not have had an influence on the child's performance on the balance score. If 

this had been the case, then graphs of repeated measures would depict a sudden increase 

on the outcome measures that would plateau and remain stable, however, visual analysis 

of the line graphs does not suggest such a phenomenon. Conversely, it is possible that 

the brevity of the intervention period did not allow for an association between Wii Fit 

training time and performance on the outcome measures to be revealed. It would be 

interesting to investigate whether an extension of the intervention period to 6 weeks 

would demonstrate a change in the relationship between Wii Fit training time and 

performance on the outcome measures. 

The improvements seen on the Bubble game indicated that children were able to better 

their Wii Fit gaming score. This means that children with cerebral palsy demonstrate 

Wii Fit gaming skill acquisition over time and that Wii Fit gaming is a feasible activity 

for children with cerebral palsy in terms of motor learning. 

Although children had the ability to improve their Wii Fit score over time, there was no 

association between the Wii Fit score and the outcome measure scores. This indicates 

that doing well on the Wii Fit games does not necessarily predict improvements in 

balance and gross motor function. Possible reasons for this are discussed in the 

following section on Running Speed and Agility. 
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None of the demographic or medical variables were found to be associated with an 

improvement on the Balance outcome measure. This is surprising as one would 

anticipate variables such as "GMFCS level" and "Previous Surgery" to have an effect on 

the child's motor learning and performance on the balance outcome measure. A general 

lack of association between these variables may be attributed to the small sample size 

that is likely to have resulted in a Type II error. Only two of the demographic and 

medical variables were found to be associated with the Running Speed and Agility and 

TUDS measures. These will be mentioned under the relevant sections below. 

5.2.2 Running Speed and Agility 

Data analysis showed that medium to large improvements in running speed and agility 

were seen in nine of the 14 children in this study. According to the Friedman's Anova, 

this improvement in running speed and agility was not significant. However, it is likely 

that the small sample number may have caused a type II error to occur. The single 

subject study design was employed in this research project to allow for analysis of 

individual performance because a type II error was anticipated due to small sample 

numbers. Therefore, although no significant difference was detected overall, analysis of 

individual results does suggest a trend towards improvement in terms of running speed 

and agility. 

This trend towards improvement in functional mobility following Wii Fit training is in 

accordance with the study by Deutsch et al (2008) where an adolescent with spastic 

diplegic cerebral palsy underwent Wii Fit training using games such as boxing, tennis, 

golf, bowling and baseball. It was found that visual-perceptual processing, postural 

control and functional mobility all improved during and post intervention 171. IfWii Fit 

upper limb activities contributed to an improvement in functional mobility, then even 

greater gains should be anticipated in functional mobility following Wii Fit balance 

board training, which targets the trunk and lower limbs more than the upper limbs. 
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This idea is supported by a study by Liao et al (1997) who demonstrated that dynamic 

balance ability, specifically rapid weight shifting ability, was significantly correlated 

with walking function in children with diplegic cerebral palsy 252. Eight children with 

spastic diplegia and 16 age matched, 5-12 year old TD peers were included in the study. 

Postural stability was evaluated using the NeuroCom Smart Balance Master system, 

which includes a force plate that measures COP. Dynamic balance was measured in the 

form of lateral rhythmic weight-shifting ability (moving a COP cursor rhythmically 

between two lateral endlines). The ability to perform rapid rhythmic shifting was found 

to be correlated with walking speed 252. Therefore the trend towards improvement in 

running speed and agility that was seen in nine of the individuals in this study may have 

come about due to the intensive weight shifting practice during Wii Fit gaming. 

In this study, six of the children under investigation improved on the Balance as well as 

the Running Speed and Agility score. However a lack of association was found between 

the Balance and Running Speed and Agility scores which was statistically confirmed by 

Fisher's exact test (p = 0.23) and seems contradictory since one would expect 

improvements in balance to lead to equally large improvements in running speed and 

agility, as was seen in the study by Deutsch et al (2008) where concurrent improvements 

in postural control and functional mobility were seen following Wii Fit training 171. 

Literature on the carry-over of balance ability to functional mobility following force 

platform biofeedback training (which resembles the weight shifting required during Wii 

Fit gaming) is contradictory. A study by Sackley et al (1993) demonstrated carry-over 

from visual biofeedback training to motor performance while a similar study by de 

Weerdt et al (1989) found no improvement in functional abilities following visual 

biofeedback training 156. Generalisation of new movement strategies to functional 

ability, following force platform biofeedback training, may therefore be limited. It is 

likely that the balance reactions stimulated during Wii Fit gaming may result in 
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significant improvents in balance but this may not necessarily translate into equally large 

improvements in locomotion and gross motor function, as was seen in this study. 

Numerous studies involving VR rehabilitation have demonstrated that motor strategies 

developed during VR practice can be translated from virtual environments to the real 

world but carry-over depends on the task specificity of the training 62253. This is 

reflected in the results of this study since the Nintendo Wii Fit training had a more 

profound effect on balance control than running speed and agility, indicating that the 

antero-posterior, lateral and multidirectional movements trained on the Wii Fit balance 

board may not be entirely valid in terms of real-world requirements when performing 

gross motor activities such as running and jumping. Subjects may employ balance 

strategies during gross motor activities that differ from the strategies used during Wii Fit 

gammg. 

Horak et al (1997) suggest that postural responses are task specific and should be 

assessed and treated as such 251. In their article on the use of external postural 

perturbations to improve balance control, the authors warn that reactions to external 

perturbations during standing do not necessarily provide information on the mechanisms 

needed to control balance during voluntary dynamic tasks such as locomotion or 

stepping over obstacles. Equilibrium responses trained in relation to external 

perturbations may not be predictive of the patient's performance in activities of daily 

living 251. Shumway-Cook also reported that two of five children who demonstrated 

improved postural control following similar balance training did not demonstrate 

improvements on the gross motor function measure 54. Although Wii Fit training 

involves self-induced postural perturbations as opposed to external perturbations, it is 

possible that weight shift training has similar limitations in terms of transfer to 

functional mobility and this may have resulted in the comparatively smaller 

improvements on the Running Speed and Agility score. 

160 

Univ
ers

ity
 of

 C
ap

e T
ow

n



In addition to this, the discrepancy between the Balance and Running Speed and Agility 

scores may indicate that the amount of Wii Fit training received by children in this study 

was sufficient to result in improvements in balance but not sufficient to translate to 

significant improvements in running speed and agility. It is possible that carry-over to 

gross motor function requires a greater amount of training time. The study by Deutsch et 

al (2008) employed a longer intervention schedule than the one that was used in this 

study171. Therefore a longer intervention period may have resulted in equally large 

improvements in both the Balance and the Running Speed and Agility outcome 

measures. Unfortunately the multiple baseline, repeated measures design restricted the 

researcher to a short intervention period of three weeks. Extending the intervention 

period would have meant reducing the sample size considerably since the researcher oly 

had four school terms in which to complete data collection and this was not desirable 

since the sample was small to begin with. 

Chi-Square analysis of the Running Speed and Agility measure showed that medium to 

large improvements on this measure were inversely correlated with "Academic 

Achievement". It was found that all children with unsatisfactory academic achievement 

improved on the Running Speed and Agility measure while only 4 of the 9 remaining 

children with satisfactory academic achievement showed improvements. Seeing as none 

of the other demographic or medical variables were correlated with the Running Speed 

and Agility score, it is unlikely that these acted as extraneous variables. Therefore, it is 

unclear why this association occurred. 

5.2.3 TUnS 

In this study, six children demonstrated medium to large improvements on the TUDS 

score but the overall improvements were not significant. Reasons for the lack of 

significant improvement might be similar to those discussed under the Running Speed 

and Agility section. In addition to balance control, stair climbing requires a significant 

amount of lower limb strength and cardiovascular fitness. It is likely that Wii Fit training 
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did not result in great improvements on the TUDS due to the lack of task specific 

training. 

The TUDS was chosen as an additional outcome measure of functional mobility as it 

was anticipated to be more challenging than the items on the Running Speed and Agility 

subtest and was therefore expected to be responsive to change. The TUDS is measured 

in seconds and is heavily dependent on the child's effort. During measurement it was 

found that stair climbing required a high level of exertion for these children. Children 

seemed more focused on energy conservation and safety as opposed to the time to 

completion. In addition to the lack of task specific training, improvements in the ability 

to negotiate stairs might have been masked by a lack of cardiovascular fitness and 

caution. Children may have climbed the stairs at a pace that felt safe as opposed to their 

fastest possible pace. Zaino et al (2004) reported the preliminary validity and reliability 

of the TUDS test but stressed that the responsiveness to change was yet to be examined 

36. Due to the physically taxing nature of the test, it is possible that factors such as levels 

of fitness and motivation influence the test-restest reliability and responsiveness to 

change over time of the TUDS. However, in a study by Gorter et al (2009), 13 children 

with cerebral palsy (GMFCS Level I and II) showed significant improvements on the 

TUDS following nine weeks of circuit training that focused on aerobic endurance, 

walking velocity and distance 254. Therefore the small improvements on the TUDS seen 

in this study are more likely to be attributed to a lack of task specific training than a lack 

of responsiveness of the test. 

Chi-Square analysis did however show an association between the TUDS score and 

"AFO" that suggested that children who were required to wear an AFO were more likely 

to improve on the TUDS score whereas those that did not wear an AFO, or wore one 

previously, were less likely to improve. Again this is contradictory to what may have 

been expected in terms of the child's impairments. These children also did not wear their 

AFOs during stair climbing and therefore could not have had a resultant advantage 

during TUDS testing. Therefore it is unclear why this association occurred. 
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S.2.4 The VAS of the EQ-SD-Y 

In this study, five children demonstrated medium improvements in health related quality 

oflife. No large improvements were seen on the EQ-5D-Y VAS. Post-hoc analysis 

showed that there were no significant differences between the baseline, last intervention 

and 2 month measurements. Closer inspection of the raw scores revealed that a ceiling 

effect occurred in the majority of the children under investigation as many indicated a 

VAS score of 100 at baseline measurement. Similar ceiling effects have previously been 

reported in relation to the EQ-5D-Y and other Visual Analogue Scales II 255256. 

The ceiling effect may not have been the only reason for the lack of improvement on the 

VAS score. Although improvements in HR-QoL following VR rehabilitation have been 

reported in hospitalised children 68, it may have been too optimistic to hope that half an 

hour of Wii Fit training four times a week over the course of 3 weeks would drastically 

improve quality of life of children with a chronic condition such as CP. Such a short 

time of gaming may not have made an impression on these children in terms of their 

self-perceived health and well-being. These results are similar to Nitz et aI's (2009) 

findings that demonstrated improvements in balance and strength but no improvements 

in the participants' sense of well-being 173. However, Eiser and Morse (2001) suggest 

that it is important to incorporate a Quality of Life assessment when testing new 

interventions so that more informed decisions can be made about the appropriateness of 

treatment 216. 

Four of the 14 children in this study preferred their conventional physiotherapy regime 

to the Wii Fit. The remaining ten children enjoyed the Wii Fit sessions more than 

conventional physiotherapy. Even if health related quality oflife did not change on the 

VAS, the Wii Fit intervention might have had a positive impact on the mood and well

being of these ten children that was not detected. Kimman et al (2009) investigated the 

responsiveness of the EQ-5D VAS in breast cancer patients and found that the 
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instrument was not responsive to small changes in health 257. Therefore, it may be 

questioned whether the EQ-5D VAS is an appropriate measure of change over time in 

the HR-QoL of children with cerebral palsy, since it may not be responsive enough to 

small changes. A standardised measure of enjoyment may have been more appropriate in 

the context of this study (this is further discussed in section 5.3.2). 

5.2.5 Two month post intervention cessation measurement 

One of the objectives of this study was to see whether possible improvements following 

the Wii Fit intervention would be retained for at least 2 months after intervention 

cessation. Results showed that the gains made in balance control seemed to have been 

retained two months after the intervention had ended. No significant differences were 

seen between the means of the last baseline, last intervention and two month post 

measure scores for any of the other outcome measures. Therefore no significant changes 

had occurred during and after the intervention phase. 

Deutsch et al (2009) compared the use of the Nintendo Wii Fit with a standard training 

program in 2 individuals in the chronic phase post-stroke 258. Both individuals received 

12 one hour sessions of either a Nintendo Wii Fit program or a standard care balance 

and mobility program. The Wii games included boxing, bowling, baseball, ski jumping, 

ski slalom and tightrope walking as well as strength training (lunges) and aerobic 

activities. The patient who received the regular training program was required to do 

balance and coordination activities in sitting, standing, stepping paced with a 

metronome, using visual distracters, negotiating an obstacle course and using visual 

biofeedback. Participants were tested before training, after training and at three months 

after training. Both individuals benefited from their training programs. However the 

individual that was trained with the Wii-based program had greater improvements on the 

balance and mobility outcome measures whereas the individual on the standard training 

program had better retention of improvements 3 months after training 258. The limited 

retention seen in the study by Deutsch et al (2009) might be due to the task specific 
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nature and lack of transferability of the strategies learnt during Wii Fit gaming. Once the 

Wii Fit training had ended, subjects were no longer required to use these balance 

strategies and subsequently might have reverted back to using older, more familiar 

balance strategies. 

Children in this study however, largely managed to retain the gains in balance control. It 

is promising to see that this is the case, as longer and more intensive treatment protocols 

than the one used in this study may cause even greater improvements and stimulate even 

better balance skill retention over time. 

5.2.6 Additional remarks 

Five of the 14 children under investigation demonstrated improvements on all three of 

the impairment and mobility outcome measures. Two of these children were classified at 

Level I while three were classified at Level II on the GMFCS. This is surprising seeing 

as one might expect improvements on all three outcome measures to be seen in children 

classified at Level I only, since studies have shown that children with milder levels of 

impairment are more likely to show gains following interventions 651 257259-261. It is 

hypothesised that severe levels of impairment in spasticity, paresis, reduced joint range 

and diminished proprioception create barriers to new movement strategies 6. Children 

with lower levels of impairment may have greater physical affordances to develop more 

efficient strategies of movement in a shorter time period. However it is possible that this 

phenomenon was not noticeable in this sample since children classified at Level I and II 

only differ marginally in terms of their impairment levels and therefore seem to have 

been equally likely to improve on the outcome measures. 

This was substantiated by the Chi-Square analysis which showed a lack of association 

between the outcome measure scores and "GMFCS level". Child 1 for instance was 

classified as Level I but did not demonstrate a large improvement on any of the outcome 

measures while some of the children classified as Level II did show large improvements 
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on the Balance or the Running Speed and Agility measures. Therefore level of 

impairment could not have been the only predictor of improvement. Other factors may 

have influenced the child's performance such as the child's enjoyment during Wii Fit 

gaming which might have lead to greater involvement and motivation and therefore 

greater gains in balance and gross motor function. 

Some of the children under investigation demonstrated deterioration on one or more of 

the outcome measures from the baseline to the intervention phase. A possibility might be 

that children initially demonstrated maximum effort upon meeting the researcher. As 

time progressed and the researcher became more familiar to these children, the pressure 

to impress might have dropped leading to a decline in performance on the outcome 

measures. Large deteriorations were only seen on the TUDS score for one child and on 

the EQ-5D-Y VAS for another. All other deteriorations were small to medium in size. 

5.3 Limitations 

5.3.1 Limitations in the study sample and study design 

Single subject research designs (SSRDs) are useful for the rehabilitation researcher 

because these allow for new interventions to be investigated even when sample numbers 

are insufficient for an experimental and a control group. SSRDs have the potential to 

produce logical generality 262. This refers to the tentative assumption that other subjects 

with similar characteristics would benefit from the same treatment 262. Single subject 

research designs are considered to be empirical and evidence based if carried out 

rigorously 263. However, in terms of statistical inference, it is not possible to conclude 

that gains seen in single subject research designs will be seen when the intervention is 

replicated in a larger population. In addition to the small sample size, the homogeneity 

of the sample limits generalisation 262. Any logical generality drawn from the results of 

this study can only be applied to subjects with spastic hemiplegic cerebral palsy. 

Although the results of this study are promising in terms of balance gains, the small 
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sample size, the homogeneity of the sample and the absence of a control group require 

results from this study to be interpreted and generalised with caution. Future 

investigations should involve a greater number of subjects as the RCT still remains the 

ideal study design when testing new interventions. 

An aspect that needs to be considered when performing repeated measures is the practice 

effect. When children are required to repeat the items on an outcome measure, they 

might demonstrate improvements simply because their mastery of the test items 

improves. A review of the BOT-2 states that a small practice effect was noted during 

test-retest reliability of the Body Coordination composite of the BOT _2214. Subtest 5: 

Balance falls under this Body Coordination composite. One of the items of the Balance 

test is a single leg standing test (SLST). Warren et al (2006) investigated whether there 

was a practice effect when performing repeated measures using the SLST. Thirty-two 

healthy males and females (mean age 28.6 years) underwent a two week schedule of 

repeated measures, performing the SLST. Three measures were taken weekly over the 

two week period for a total of six measures. The authors report that over a 3 week 

period, a decrease in SLST scores was seen and that this systematic change indicates that 

the SLST should be interpreted with caution when used to monitor the impact of 

physiotherapy interventions. Although the author mentions that one cannot be certain 

why this trend was seen, he suggests that this trend is likely to have occurred as a result 

of a practice or learning effect 30. The subjects in Warren's study were tested three times 

a week. This might have influenced the amount of learning taking place as a result of 

practice. A study by Falleti et al (2006) investigated the repeated assessment of a 

cognitive function test in Forty-five adults (18-40 years). It was found that when 

subjects were given the test at 10 minute test-retest intervals, their performance 

stabilised after two trials. When subjects were given a one week interval between test 

trials, practice effects were reduced. In this study, the outcome measures were only 

performed once a week. As a result, any possible practice effects may have been 

diminished somewhat by the week long break in the administration of the outcome 

measures. Nevertheless, a practice effect cannot be ruled out. Looking at the line graphs, 

four of the 14 children demonstrated a trend suggestive of a practice effect in at least one 
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of the outcome measures in that improvement appeared to take place before the 

institution of intervention (Child 2: Balance; Child 3: Balance; Child 6: Balance and 

Running Speed and Agility; Child 10: Balance). 

5.3.2 Limitations in the instrumentation chosen 

In addition to a possible practice effect, outcome measures that assess balance have 

repeatedly been shown to be unstable and unreliable 4. There are few balance outcome 

measures that have good psychometric properties 4. Test-retest Reliability of the BOT-2 

Subtest 5: Balance is low to moderate (r = .45 - .61) 188. Therefore the results from this 

outcome measure may have to be interpreted with caution. Future undertakings to assess 

balance and postural stability might benefit from an outcome measure with more 

satisfactory psychometric properties. In their study on test-retest reliability of balance 

tests in children with cerebral palsy, Liao et al (2001), like other studies, found that the 

balance subtest of the BOTMP was unreliable however two of the test items were found 

to be highly reliable with 100% agreement 4. These items were: standing on the 

preferred leg and walking forward on a walking line. The authors suggest that these 

items may be considered reliable when used in isolation as clinical assessment tools in 

children 4. As mentioned above though, the single leg standing test has been shown to be 

associated with a practice effect in healthy subjects 30. This should be taken into account 

when considering the use of the SLST as the only measure of balance ability. 

The items on the BOT -2 Subtest 5: Balance, are designed to measure static balance in 

standing however Nintendo Wii Fit gaming requires subjects to rapidly shift their weight 

from side to side. Skills gained from weight shifting practice should ideally be assessed 

with an outcome measure that challenges the subject in terms of weight shifting activity. 

A study by Cheng et al (2004) demonstrated that dynamic balance training improved 

dynamic balance measures but had no effect on static balance measures in hemiplegic 

stroke patients 264. Although this contradicts the findings of this study, one might 

question whether a measure of dynamic balance would have been more responsive to 
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changes in balance ability than the Balance Subtest of the BOT -2. The study by Liao et 

al (1997) also demonstrated a correlation between weight shifting ability and functional 

mobility. Therefore, it may have been useful to include an outcome measure that 

assesses rapid weight shifting ability in addition to the items on the BOT -2. 

In addition to the limitations of the BOT -2 as a measure of balance ability, the large 

number of items on Subtest 5 and 6 of the BOT-2 may have impacted on the children's 

level of motivation during the measurement sessions. Completing the same extensive 

battery of tests once a week over nine weeks may have resulted in complacency and 

disinterest and therefore an inaccurate reflection of motor performance. Future studies 

should resort to more concise outcome measures with fewer test items. 

When playing the Nintendo Wii Fit games, the player is required to shift weight onto the 

affected limb. Movement of the trunk alone and therefore movement of the centre of 

gravity will not make the balance board react appropriately. As a result, the Nintendo 

Wii Fit is likely to elicit gains in symmetrical weight bearing and improved 

proprioception, motor planning and force grading. Initially, it was thought that the 

symmetrical weight bearing could be assessed from week to week by using the Nintendo 

. Wii Fit body test but this test was found to be unreliable and therefore unfit as an 

outcome measure. No alternative measure of symmetrical weight bearing was found in 

time for data collection. Future investigations into the effect of the Nintendo Wii Fit on 

the symmetrical weight bearing of children with hemiplegia might yield interesting 

results if force plate measurements are included as an outcome measure. 

Although children were asked whether they preferred regular physiotherapy over the 

Nintendo Wii Fit therapy, no objective measure of motivation or enjoyment was 

included. It has been demonstrated that movement strategies are associated with 

motivational levels 265. A study by Levac et al (2010) however found that motivation to 

succeed at gaming did not affect the relationship between Wii Fit game play experience 
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and movement quantity and quality 265. Of the four children who expressed that they 

preferred conventional physiotherapy, only one demonstrated a large improvement on 

the Balance score. This may indicate that motivation during Wii Fit training may have 

influenced training outcome. It would have been interesting to see whether children who 

improved significantly on the outcome measures also expressed greater enjoyment on a 

standardised measure of enjoyment. 

5.3.3 Limitations in the intervention schedule 

Although 11 of the 14 children in this study demonstrated a medium to large 

improvement on the balance outcome measure, large improvements in balance control 

were only seen in three of the 14 children under investigation. It is possible that the 

chosen treatment schedule might have been too short for large changes to occur in the 

remaining children who only demonstrated a medium treatment effect. Due to school 

terms, class time-tables and academic requirements, the researcher was limited to a 

certain amount of time to carry out the intervention. The study design and availability of 

one Wii Fit console only, imposed limitations on the size of the treatment groups. 

During a 9 week school term, a minimum of 3 baseline measures had to be taken which 

left the researcher with 6 weeks for a multiple baseline design. All children could have 

concurrently received the treatment for a longer period of time, however this would have 

prevented randomisation to different treatment schedules. As a result, the researcher 

would not have been blinded and this would have raised concerns regarding bias. As 

mentioned above, the brevity of the intervention schedule used in this study might have 

influenced the results. Numerous studies have shown that increased intensity of therapy 

leads to greater gains in motor learning 266-271. Future studies might benefit from 

scheduling the Nintendo Wii Fit sessions as an extracurricular activity. In this way, 

longer sessions may be implemented and greater gains may be seen without having the 

concern of encroaching on the child's academic learning. 

170 

Univ
ers

ity
 of

 C
ap

e T
ow

n



5.3.4 Limitations in the statistical analysis 

Statistical analyses of SSRDs seem to be controversial mainly due to the small sample 

sizes and serial dependency of data points inherent in single subject research designs 235 

272 273. Although many methods of statistical analyses have been proposed, critics of the 

single subject research design point out that an ideal method of analysis has not yet been 

found 272. There is also no consensus as to whether effect size calculations and meta

analysis are applicable to single subject research design 272. Wolery et al (2010) 

compared four overlap methods for quantitatively synthesising single-subject data 

(PND, Pairwise data overlap squared, percentage data exceeding the median and 

percentage of data exceeding a median trend) with visual analysis. According to Wolery 

et al (2010) this had previously been done by Parker and Vannest (2007). Parker and 

Vannest however used a three level rating system for visual inspection (little to no 

improvement, moderate improvement, strong or major improvement) whereas Wolery et 

al used a binary system (Change or No Change). Wolery et al (2001) found that all four 

overlap methods had unacceptably high levels of errors 272. As a result, Wolery et al 

(2010) concluded that single subject research does not currently have a suitable method 

of data synthesis to calculate effect size. The method of data analysis used in this study 

(NAP) was not included in the article by Wolery et al (2010). Parker and Vannest (2009) 

found this method to be superior to all other Overlap Methods. Although this method 

appears to be the best option thus far and was therefore the statistical method of choice, 

it may not yet be the ideal method for analysing single subject research data. 

5.3.5 General Limitations 

It should be noted that during the baseline phase the participants were receiving routine 

physiotherapy so that the intervention was compared to this and not to a "no treatment" 

condition. It was deemed unethical to deprive the children of this therapy in the baseline 

phase. This implies that the intervention was not compared to no treatment but to routine 

treatment and this could have masked the effect of the novel intervention. 
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The therapy that the participants were receiving was either individual or group-based 

physiotherapy and some had been discharged from therapy because they had plateaued 

in terms of their motor development. As a result there was a lack of homogeneity in the 

sample regarding the type of conventional therapy that children were receiving at the 

time of data collection. A Chi-Square analysis however showed that there was no 

association between the outcome measure scores and the child having undergone 

conventional therapy at the time of data collection or not (See Section 8.6 Chi-Square 

analysis tables). This means that children who had been discharged from conventional 

therapy were not at a disadvantage to children who were receiving either group therapy 

or individual therapy during the baseline phase. 

In this study, the only impairments measured were joint range and level of spasticity. 

Spastic paresis is characterised by weakness of the muscle tissue that may be masked by 

spasticity 101. Therefore, some variability would have been present in the sample with 

regards to lower limb muscle strength. Manual muscle testing requires an isometric 

contraction and this merely measures the capacity of the muscle to produce force at a 

particular joint angle and muscle length and cannot necessarily be extrapolated to 

dynamic muscle strength 274. However, isokinetic dynamometry has been shown to be 

reliable in children with spastic CP 274. Therefore it might have been informative to 

include isokinetic dynamometer readings of each child's Gastrocnemius, Hamstring and 

Quadriceps strength. 

5.4 Recommendations for Wii Fit applications and future studies 

Although this study was limited to children with hemiplegic cerebral palsy, the positive 

responses received from therapists and children during the course of this study were 

encouraging and suggested a versatility in the Wii Fit functions that has not yet been 

fully explored. It would seem that the Wii Fit was at least as effective if not more 

effective, than conventional physiotherapy for some of the children, since improvements 

in balance control were seen when conventional therapy was substituted by Wii Fit 
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training. Other children however demonstrated deteriorations during the intervention 

period and this must be considered when using the Nintendo Wii Fit as the sole form of 

therapy. Unfortunately it was not possible to identify variables which distinguished the 

children who benefited from the intervention as this would assist therapists in 

identifying which children would most benefit from Wii Fit training. 

Although significant improvements in balance were seen, the Wii Fit did not lead to 

adequate improvements in gross motor function whereas one would hope that 

conventional physiotherapy targets function more effectively since it can be adapted to 

be more task specific. Therefore it is not suggested that Nintendo Wii Fit training should 

replace conventional physiotherapy but instead may enhance and contextualise therapy 

for children. Interspersing conventional therapy with intensive Wii Fit training may 

maximise the benefits seen in balance control. The Nintendo Wii Fit may also be seen as 

a more affordable and accessible alternative to balance control therapies such as 

hippotherapy. Other suggested uses may include scheduling ten minutes ofWii play 

towards the end of a therapy session. This may serve as a motivating factor for the child 

during the conventional Physiotherapy exercises. Therapists often use outmoded 

incentives such as stickers and puzzles for this purpose. These might offer 

encouragement but do not contribute to motor skill improvement. Using the Nintendo 

Wii Fit as an incentive maximises the duration of the treatment session while masking 

therapy as fun. Future studies are needed to further establish possible uses and ascertain 

the most appropriate and effective application of the Nintendo Wii Fit. 

Recommendations for such studies are made below. 

In this study, the effect of the Wii Fit was tested solely on hemiplegic children and only 

the Balance games and one Aerobic game (hoola hoops) were incorporated in training. 

During the period of data collection, therapists were allowed to use the Wii Fit balance 

board with children not included in this study. One therapist commented that the Ski 

jumping game was particularly useful for children with diplegia. Diplegic children tend 

to adapt a crouched gait position with hip and knee flexion and ankle dorsiflexion 115. 
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The Ski-jumping game requires the player to rapidly extend the hips and knees from a 

flexed position in order to launch the avatar off the ski slope. This may aid in 

strengthening the quadriceps and gluteal muscles while reducing the time spent in a 

crouched position. Investigating the use of the Wii Fit for different target groups such as 

diplegic children might be worthwhile in future studies. 

Another aspect of the Wii Fit that should be considered for future studies is the use of 

the Nunchuck and remote for the Wii Fit sports games that require upper limb activity. 

The Nunchuck is a hand-held controller that is part of the Wii Fit console. It allows the 

player to engage in games such as boxing, tennis, baseball and golf. Hemiplegic children 

with marked learned disuse and neglect of the upper limb may benefit from these video 

games where bilateral upper limb activity is required. These activities may be a child

friendly alternative to constraint induced movement therapy, stimulating upper limb 

activity without restraint of the unaffected limb. 

The Wii Fit applications extend beyond the balance games used in this study. Strength 

training and aerobic fitness games were not included during Wii Fit training. It is 

possible that these games might be effective to improve strength and physical fitness in 

children with cerebral palsy. Future investigations to this effect would be interesting. 

The type ofWii Fit games chosen from session to session might also have influenced the 

outcome. A study by Levac et al (2010) demonstrated that children showed significant 

differences in movement quantity between the soccer heading and ski slalom games. 

Greater center of pressure displacements were seen during the soccer heading game than 

during the ski slalom game 265. This may indicate that movement requirements are game 

specific and that some games may improve dynamic balance more than others. 

Comparisons of the Nintendo Wii Fit games in terms oftheir benefit and ability to 

improve balance control might provide useful information for clinicians regarding game 

choices. 
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It is possible that the amount of verbal instruction and facilitation given by the research 

assistants during the intervention might have influenced the extent of the child's 

engagement in gaming. Instructions to research assistants allowed them to coach and 

facilitate the child through the first few sessions of gaming. In some cases, research 

assistants felt it was necessary to place their hands on the child's pelvis to guide true 

centre of pressure shifting as opposed to just centre of mass shifting. Studies 

investigating the effect of the degree of encouragement and instruction may be relevant 

particularly when considering the Nintendo Wii Fit as a potential tool for home-based 

rehabilitation where the patient is alone and has no input from the therapist. 
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6. Conclusion 

The objectives of this study were to investigate the effect of the Nintendo Wii Fit on the 

balance control, gross motor function and health-related quality of life in children with 

hemiplegic cerebral palsy and to establish whether possible improvements would be 

maintained over a two month period. It was found that the Nintendo Wii Fit intervention 

has some potentially therapeutic effects for the balance control and gross motor function 

of some of the 7-14 year old children with spastic hemiplegic cerebral palsy who were 

included in this study. Although the Nintendo Wii Fit, as it was used in this study, 

seemed to have no effect on health related quality of life, these findings warrant further 

investigation on the efficacy ofWii Fit training for children with cerebral palsy. 

Eleven of the 14 children showed medium to large improvements on the Balance score 

and nine children showed medium to large improvements on the Running Speed and 

Agility score. This is an improvement in a substantial number of the children under 

investigation, when taking the relatively short period of intervention into consideration. 

Improvements in balance were found to be significant and were sustained two months 

post intervention cessation. Extending the intervention period may have allowed for 

significant improvements to be seen in a greater number of children. It is therefore 

recommended that future studies investigating the effect of the Nintendo Wii Fit employ 

a more intensive and longer period of block therapy. Studies with greater sample 

numbers and control groups are also required so that results may be generalised to 

hemiplegic children at large. 

Considering that the Nintendo Wii Fit intervention seemed to promote improvements in 

balance control and gross motor function, it may be seen as an affordable and accessible 

form of balance control therapy. Studies investigating other forms of virtual reality 

rehabilitation have yielded great successes and promising results. What sets this study 

apart from virtual reality studies is that the equipment is commercially available, cost 
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effective and easy to operate in contrast to specialised laboratory equipment. No 

extensive training is required for therapists and maintenance of the equipment is 

inexpensive and effortless. The versatility of the Nintendo Wii Fit has not yet been fully 

investigated. However, if children with hemiplegic cerebral palsy seem to benefit from 

this form of therapy, then children with other forms of neurological disability might 

benefit in a similar way. Apart from the batteries that need replacement, the Nintendo 

Wii Fit is a versatile, once-off expense that could be used regularly and diversely in 

schools and rehabilitation centers to augment conventional therapy. 

Although cerebral palsy is a chronic disorder that cannot be cured, it is important that 

rehabilitation professionals keep finding new and exciting approaches to engage these 

children in movement. Novel approaches should be effective but reasonable in terms of 

cost, time consumption and demands made on the child. For effective motor learning to 

take place, therapy should not be tedious and children should be enticed to actively 

participate in their rehabilitation. The Nintendo Wii Fit engages children in this way. 

The gaming tasks add a playful and contemporary aspect to therapy. Children benefit 

from the challenges that are presented, with a great amount of enjoyment. 

Proponents of conventional forms of therapy may question the concept of video game 

rehabilitation. However, looking to other fields of science for new approaches to 

treatment may contribute to progression in neurorehabilitation as well as remedy the 

current paucity in evidence based physiotherapy treatment techniques for children. 

Therapy with a modem edge may give these children a sense of inclusion in an era of 

technological advances. As the disability campaigner and activist Ken Davies once said: 

"See the ability - not the disability" 275 
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8. Appendices 

8.1 Surgical and Non-surgical treatment for children with spastic hemiplegic cerebral 

palsy 

8.2 Parent Information leaflet and Consent Form 

8.3 Child Information leaflet and Consent Form 

8.4 Weekly data collection sheet 

8.5 Individual Log Sheet of Gaming 

8.6 Chi-Square Tables 

8.7 GMFM Scoring Sheet 

8.8 Original BOT-2 Subtest 5: Balance and Subtest 6: Running Speed and Agility 

8.9 The Modified Ashworth Scale 

8.10 The EQ-5D-Y VAS 
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8.1 Surgical and non-surgical treatment of children with spastic 

hemiplegic cerebral palsy 

There are a number of interventions commonly enlisted in the treatment of children with 

spastic hemiplegic cerebral palsy. The surgical treatments may be classified as 

temporary or permanent and as focal or generalised. 

8.1.1 Tenotomies 

The surgical release of a tendon is referred to as a tenotomy. Tenotomies are commonly 

carried out in upper and lower limb deformities where shortening of the 

musculotendinous unit prohibits conventional range of movement. Common upper limb 

deformities that are surgically treated include elbow flexion contractures, forearm 

pronation, wrist flexion and ulnar deviation, thumb in palm and swan-neck deformities 

in the digits. In the upper limb, surgery is generally used to improve cosmetic 

appearance and hand function 276. In the lower limb, a common surgical intervention is 

the elongation of the Tendon Achilles (ETA) 277. This is used to correct equinus 

deformities at the ankle 277 . Hamstring tenotomies may be used to correct knee flexion 

contractures 278. The goal of these procedures is to provide sufficient plantarflexor range 

to allow a conventional 'heel to toe' progression with sufficient dorsiflexion during the 

gait cycle as well as increased knee extension at initial contact 277 278. The Achilles 

tendon should not be lengthened excessively however, because this results in the 

disruption of the propulsive activity of the plantarflexors 277. There are a number of 

different surgical techniques used to lengthen the tendon Achilles. These include open or 

closed percutaneous procedures, coronal Z-lengthening and sagittal Z-lengthening 279. In 

some instances only the Gastrocnemius tendon is lengthened as opposed to the entire 

Achilles tendon 279. Gastrocnemius lengthening alone allows for the maintenance of 

propulsion during toe-off 279. It is however associated with an increased rate of recurrent 

deformity 279. Lengthening the entire Achilles tendon is associated with less recurrence 

of deformity but a greater chance of over-lengthening 279. The correct choice of 

technique for a given patient is controversial 279 and techniques are often chosen on the 
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basis of the skill of the surgeon. The degree of lengthening is detennined by the amount 

of dorsiflexion range achieved during surgery 279. The tendon is then sutured after 

lengthening 279. Tendon lengthening procedures may be following by a recurrent equinus 

in approximately 10-30% of cases 280. Significant gains in gross motor function have 

been found following tendon release procedures of the lower limb 281. 

8.1.2 Selective Dorsal Rhizotomies 

Selective dorsal rhizotomy (SDR) is a neurosurgical method to manage generalised 

spasticity of the lower limbs 282. This type of surgery has a pennanent effect in reducing 

spasticity 283. A laminoplasty is perfonned in the lumbar spine from Lito S 1 and then 

20-40% of the dorsal rootlets which make up the Ll to SI posterior nerve roots are cut 

282. The laminae are then replaced to prevent defonnity of the spine 282. Spasticity is 

markedly reduced following this type of surgery but is accompanied by weakness in the 

lower limb 282. An intensive physiotherapy regime is required to regain muscle strength 

and function 282. The reduction in spasticity allows for greater joint ranges in the lower 

limb and results in a positive effect on mobility and gait function 282. hnprovements that 

have been reported following SDR include increased walking speed, increased stride 

length, a reduction in dynamic equinous, increased hip, knee and ankle range of 

movement and a reduction in energy expenditure during walking 282. 

8.1.3 Botox 

Botox injections are intramuscular injections of phenol and BTX-A 282. Phenol is a 

neurolytic agent 282. The BTX-A is a powerful neurotoxic substance produced by the 

Clostridium botulinum bacterium 282. BTX-A attaches itself to cholinergic nerve endings 

and blocks the release of acetylcholine 282. The body responds to this by sprouting new 

nerve endings in an effort to restore neurotransmission 282. This process takes about 3 

months 282. As a result, the effects of bot ox are completely reversible and are dose

dependent 282. The aim of injecting botox is to convert paresis with muscle hyperactivity 

to paresis with muscle hypo activity 282. Botox is often used in the management of 
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dynamic equinous deformities, adductor spasticity, and hamstring spasticity which lead 

to toe-walking, scissoring and crouching gait respectively 282. The decreased muscle tone 

in the lower limbs leads to improved gait function 284.Upper limb spasticity may also be 

treated with botox injection 282. However, studies investigating the effect of bot ox paired 

with rehabilitation opposed to rehabilitation alone have found no significant differences 

in the outcome of upper limb function. It was found that botox causes weakness and as a 

result does not necessarily aid in improving gross and fine motor function of the upper 

limb 285 286. 

8.1.4 Casting 

Casting is used to stretch muscles in the upper and lower limb for short periods of time 

287. This is done by fixing the ankle in a plantargrade or dorsiflexed position in a cast 288. 

Casting in children with hemiplegic cerebral palsy is most commonly used to stretch the 

ankle plantarflexors with the aim of reducing the equinus deformity at the ankle 288. 

Only mild fixed ankle plantarflexor contractures are usually treated with casting 288. A 

minimum period of 2 weeks of permanent casting is suggested although casting may last 

up to 10 weeks 288. The cast is removed and reapplied at intervals of 2-14 days and the 

ankle is progressively positioned in increased dorsiflexion range to stretch the calf 

muscle gradually 288. The period of permanent casting may be followed by splinting or 

casting for shorter periods during the day 288. Serial casting has been found to improve 

ankle dorsiflexion as well as stride length during the gait cycle 288. It has however been 

reported that these gains following lower limb casting may only be short-lived 287. Other 

studies have reported significant improvements in gait function for up to 12 months post 

casting 288. The same was found for upper limb casting: when paired with 

physiotherapeutic or occupational therapeutic measures, upper limb casting only has 

short-term effects on quality and range of movement 287. Upper limb serial casting alone 

has not yet been proven to be beneficial 289. 
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8.1.5 Ankle-Foot Orthoses 

Ankle plantarflexion or 'drop foot' deformities are often treated with Ankle-Foot 

Orthoses 290. These are usually made ofpolypropelene and cover the posterior calf and 

mediolateral borders and sole of the foot 291. In this way the orthotic provides a 

mechanical force, counteracting the plantarflexion and resultant shortening of the 

Tendon Achilles caused by increased tone in the calf muscles 276291 . Alternatively, in l 

cases of poor selective control of the dorsiflexors, the AFO may maintain the ankle in 

plantargrade, preventing a drop foot during the swing phase 290. Orthotics may be fixed 

or may be hinged at the ankle joint to allow dorsiflexion during gait 276. AFO's have 

been shown to improve balance ability in children. Hinged AFO's seem to be 

particularly helpful in this manner 276. They also improve stability during the stance 

phase of the gait cycle as well as improved ankle position during the swing phase and 

initial contact 276. AFO's have been shown to reduce the energy expenditure required 

during walking 292. As a result ankle"foot orthoses are commonly prescribed for children 

with spastic hemiplegic cerebral palsy to improve quality and efficiency of movement. 

8.1.6 Upper limb orthoses 

Upper limb orthoses and splints are generally used to prevent contractures and deformity 

that occur as a result of muscle shortening and spasticity 276. Splinting is based on two 

approaches 293. The first is the Biomechanical approach 293. The rationale behind this 

approach is to prevent deformity by mobilising and stretching soft tissue structures tend 

to shorten due to spasticity or increased tone in the hemiplegic upper limb 293. The 

second approach is a neurophysiological approach 293. This aims to reduce spasticity by 

keeping the limb in a reflex inhibiting position under sustained stretch 293. Splints may 

be pliable or rigid 293. Soft splints are made of neoprene or lycra 293. Rigid splints may 

include a hinged component 293. Wrist and hand splints as well as thumb splints are 

commonly used for children with hemiplegic cerebral palsy 276. Time prescriptions vary 

but a minimum of 4 to 8 hours of wear a day is usually prescribed 276. Splinting is 

believed to improve sensory and proprioceptive awareness, increase proximal stability 

and enhance hand function but evidence to support these claims is not yet available. 
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According to the evidence, upper limb splints rarely provide functional benefit 276. They 

serve largely to prevent severe cosmetic deformity of the upper limb 276. 

8.1. 7 Constraint Induced Movement Therapy 

The inability to effectively use the hemiplegic upper limb may lead to frustration and 

learned non-use whereby hand use becomes heavily biased towards the unaffected hand 

6. It is believed that this diminished use of the hemiparetic hand furthers the degradation 

of neuromotor pathways from the affected brain hemisphere to the hemiplegic hand 6. 

The rationale for Constraint-Induced Movement Therapy is to reduce learned non-use of 

the hemiplegic upper limb 6. This type of therapy involves an intensive period of massed 

practice over a short period of time. The patient is required to wear a restraining device 

(mitt, cast, splint, sling) to prevent use of the unaffected upper limb during therapy 6. 

The idea is that intensive repetition of movement with the previously neglected upper 

limb allows for the emergence of new motor skills 6. The active involvement of the 

subject is thought to stimulate re-organization of sensory and motor areas of the brain 6. 

Studies have shown positive results, however, the standard therapy regimen requires 

practice of up to 6 hours a day for a period of2 weeks 6. This has been criticised due to 

concerns that young children cannot participate in such prolonged periods of 

concentration and practice 6. 

8.1.8 Strength Training 

Muscle paresis or weakness is a clinical characteristic of cerebral palsy 294. 

Neurosurgical procedures such as dorsal rhizotomies have made it even more evident in 

recent years seeing as these procedures reduce spasticity and expose the underlying 

muscle weakness 294. Studies investigating the effects of strength training on spastic 

muscles suggest beneficial effects that contradict the dated belief that strengthening 

increases spasticity 282. It has been found that muscle strength can be measured reliably 

in children with cerebral palsy 282 and that children with cerebral palsy can improve their 

muscle strength at a rate similar to that of persons who have muscle weakness of non-
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neurological origin 294. Gains in strength have been reported to result in improved gross 

motor function 282. Some studies have demonstrated a correlation between the muscle 

strength of children with cerebral palsy and their walking efficiency 20. Knee extensor 

strength in particular has been found to be related to walking efficiency 20. However, 

training protocols and methods vary widely 295. As a result, the effects of strength 

training are still under debate. 
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8.2 Parent information leaflet and consent form 
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University of Cape Town 

School of Health and Rehabilitation Sciences 

Division of Physiotherapy 

The effect of the Nintendo Wii Fit on the balance control and gross 
motor function of children with spastic hemiplegic cerebral palsy 

Dear Parent 

My name is Marieke Pronk. I am a Physiotherapist doing a Masters in Physiotherapy at 
the University of Cape Town. As a part of my Masters degree, I would like to complete 
some of my data collection at the school that your child is attending. I ask you kindly to 
consider your child's participation in this study. 

Purpose of this study: 

Children with cerebral palsy are known to have trouble with their balance. In addition to 
this, children with hemiplegia tend to put more of their body weight on their good leg 
when they are walking. This can make the muscles smaller and weaker on the 
hemiplegic side. Therefore, Physiotherapists often try to get hemiplegic children to take 
more weight through the hemiplegic leg and to improve their balance during treatment. 

Nintendo has recently brought out a gaming console that requires the player to move 
around in order to play the TV game. The Nintendo Wii Fit is a balance board that 
consists of four force plate sensors that measure the patient's centre of gravity and 
weight. This information is then used in balance games such as snowboarding, skiing or 
heading a soccer ball while the patient stands on the balance board. The user plays the 
game by shifting his weight from front to back and side to side as he slides down ski 
slopes for example. 

Hospitals and rehabilitation clinics in Germany, the UK and the USA have already 
started using Nintendo Wii Fit exercise sessions in the treatment of patients who have 
poor balance. It is possible that children with hemiplegic cerebral palsy might also 
benefit from such a gaming system. We would like to investigate whether using the 
Nintendo Wii Fit can improve symmetrical weight bearing and balance in children with 
hemiplegic cerebral palsy. 
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What would be expected from your child? 

This study will be 9 weeks long and consists of a measurement phase of 6 weeks and a 
treatment phase of 3 weeks. In the measurement phase, the researcher will come to your 
child's school once a week on a Monday to do the Timed Up and Down Stairs test, The 
Gross Motor Function Measure Dimensions D and E and the Nintendo Wii Fit body test. 
These include activities such as climbing up and down a flight of stairs, standing on one 
leg and kicking a ball, hopping on one leg and walking backwards and forwards without 
support. Your child will also be asked to answer a quality of life questionnaire consisting 
of 6 questions. The assessment process is expected to take roughly half an hour. Your 
child's teacher will be asked to allocate a sensible time for your child to leave the 
classroom. During the measurement phase, your child will continue with their regular 
physiotherapy schedule. 

When the treatment phase of the study begins, your child will no longer receive 
conventional physiotherapy. Instead, the physiotherapists at the school will play the Wii 
games with your child during their time slots. The treatment phase of this study is only 3 
weeks long, meaning that only 6 of your child's physiotherapy sessions will be replaced 
with the Wii Fit games and then he/she returns back to their conventional physiotherapy 
routine. In these 3 weeks, we will also ask your child to come and play on the Nintendo 
Wii Fit during 2 break times per week. This will allow us to increase the time spent on 
the Nintendo Wii Fit balance games without having to use more of their class time for 
out study. In effect, your child will only be outside ofhislher class for an additional half 
an hour per week for measurement purposes on a Monday over a period of 9 weeks. No 
additional time outside of school hours will be used for this study. 

What would be expected from you? 

You will be asked to sign a consent form that will allow your child to take part in this 
study. Your child will also be given Quality of Life questionnaires to take home. We ask 
you kindly to complete these questionnaires on behalf of your child, but from your point 
of view. Over the course of9 weeks, you will be asked to complete 3 of these 
questionnaires, consisting of 6 questions each. You will be given instructions along with 
the questionnaire to ensure that you understand what is required from you. Parents' 
completion of these questionnaires will allow us to compare Health Related Quality of 
Life reports given by children and their parents. 

How would your child benefit from taking part in this study? 

Although it has not yet been proven, we expect and hope to confirm that the use of the 
Nintendo Wii Fit will improve the balance and symmetrical weight bearing in the 
children who take part in this study. Previous trials done by us have shown that children 
enjoy the Wii Fit games tremendously. The variation in exercise routine might be 
welcomed by your child. Your child will not be paid to participate in this study. 
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Are there any risks involved? 

The fact that your child is required to be outside the classroom for half an hour more 
than usual, might be a cause for your concern. If you feel that your child's academic 
work will suffer due to this, then you are free to decline participation in this study. 

If your child does take part in this study, he/she will not miss any important tests or 
assessments for the purpose of this study. Every effort will be made to arrange the most 
appropriate times for your child to leave the classroom for half an hour on a Monday. 
Otherwise his/her conventional physiotherapy time slots will be used over a course of 
three weeks for the purpose of this study. 

People with epilepsy may suffer from seizures or blackouts caused by flashing lights. If 
your child has epilepsy or seizures, he or she will not be allowed to take part in this 
study. Therefore, we urge you, to inform us if your child is an epilepsy sufferer. 

Children may complain of delayed onset muscle soreness or muscle ache after playing 
the Nintendo Wii Fit games. This is a harmless and common consequence of doing a 
new exercise that one has not done before. It means that your child is activating muscles 
that he/she might previously not have used as much. If your child gets tired during the 
Wii Fit sessions, he/she will be allowed to rest, drink water or have bathroom breaks. 

The Nintendo Wii Fit is 5 cm in height. This means that your child will have to balance 
on a surface that is slightly raised above the ground. Although falls are unlikely, 
Physiotherapi~ts who monitor the gaming will be asked to stay alert and prevent falls 
where possible. The area around the balance board will be cleared so that no serious 
injury can occur, should the child fall. All children who take part in this study will be 
covered by the VCT Group Insurance plan and will be compensated in the unlikely 
event of an injury. 

Your child's name will not be used in conjunction with any ofhislher assessment scores. 
Each child will be given a number for identification purposes, therefore they will remain 
anonymous. Your child's information and assessment sheets will be kept in an 
individualised folder that only the researcher will have access to. 

Is there a reason why my child should not take part in this study? 

If you have a Nintendo Wii Fit at home, we ask you to bring this to our attention. We 
will then have to exclude your child from participating in this study. Children who are 
accustomed to using the Wii Fit might not display any additional improvements and we 
will not be able to see a treatment effect. 
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Does your child have to take part in this study? 

Your child's participation depends entirely on your consent. Your consent is voluntary. 
If you change your mind about your child's participation in the study, you may withdraw 
your consent at any time. If your child decides that he/she does no longer want to 
participate, then he/she is free to discontinue the study at any time. There will be no 
consequences to withdrawal from the study. Refusal to take part in this study will not 
affect the quality of education or treatment that your child will receive in future. 
However, we kindly ask you to consider your child's participation favorably. 

If you have any questions or would like to know more about this study, please do 
not hesitate to call or email the researcher at: 

Cell: 072 497 2260 e-mail: prnmarOl1@uct.ac.za 

I hope that I will have the privilege of working with your child. 
Yours sincerely, 
Marieke Pronk 
(BSc Physiotherapy, UCT) 

Supervisor: Prof. Jennifer Jelsma 
School of Health and Rehabilitation Science 
Division of Physiotherapy 
Faculty of Health Sciences 
University of Cape Town 
Anzio Road 
Observatory, 7925 
Tel: 27-21-4066401 
Fax: 27-21-4066323 

Marc Blockman 
Research Ethics Committee 
Faculty of Health Sciences 
E 52-23 Old Main Building 
Groote Schuur Hospital 
Observatory 7925 
Tel: +27- 21- 4066492 
Fax: +27- 21- 4066411 
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University of Cape Town 
School of Health and Rehabilitation Sciences 

Division of Physiotherapy 

Parent/Guardian Consent Form 

This study serves to investigate the effect of a Nintendo Wii Fit intervention on the 
balance control of 7 -14 year old independently ambulating children. By signing this 
form, you agree that: 

• Your child may participate in this study 
• Your child agrees to participate in this study 
• You agree to share information regarding your child's quality oflife as 

accurately and truthfully as possible 
• Participation in this study means that your child has to miss half an hour of class 

on a Monday for 9 weeks in a row. 
• Your child will be receiving the Nintendo Wii Fit treatment as a different form of 

therapy to their conventional physiotherapy for a period of 3 weeks. 
• You have received an information leaflet describing the purpose and procedure 

of this study 
• You have been given the opportunity to ask questions you might have related to 

the study 
• You have been told that your consent for your child's participation in this study 

is voluntary and that you have the right to withdraw at any time without having 
to justify your decision to do so 

• You have been told that your declining to take part in this study will not have 
any consequences for you or your child in the future 

• You were informed that you and your child would not be paid for taking part in 
this study 

• You were informed that data related to your child's motor function and quality of 
life will remain confidential 

• You were informed that all parents and children will remain anonymous on 
publication of this study 

I hereby declare that I am the child's legal guardian. I give my consent for the child 
in my care to take part in this study. 

Signed by Parent Date: ----------------------

Signed by Researcher ________________ _ Date: ----------------------

Signed by Witness __________________ _ Date: ____________________ __ 
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8.3 Child information leaflet and consent form 
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University of Cape Town 
School of Health and Rehabilitation Sciences 

Division of Physiotherapy 

The effect of the Nintendo Wii Fit on the balance control and gross 
motor function of children with spastic hemiplegic cerebral palsy 

Dear -----------------

My name is Marieke Pronk. I am a Physiotherapist and I would like you to take part in 
my study. 

What is this study about? 
I would like to test whether we can help children with hemiplegia get better balance by 
letting them play on the Nintendo Wii Fit. 

The Nintendo Wii Fit is a balance board that you stand on. It feels your movement and 
lets you play TV games like skiing, snowboarding and soccer. 

What would we expect from you? 
For 9 weeks, I will come to your school every Monday and ask you to join me in the 
physiotherapy room. This will mean that you will miss half an hour of class time on a 
Monday. I will arrange this time with your teacher before we start the study. In this half 
an hour, we will do activities such as jumping on one leg and climbing stairs so that I 
can test how good your balance is. 

For 3 of the 9 weeks that we will be testing your balance, the physiotherapist at your 
school will play the Nintendo Wii Fit games with you in your physiotherapy session. 
This means that you will not get your conventional physiotherapy for 3 weeks. In these 3 
weeks we will also ask you to come and play on the Nintendo Wii Fit in some of your 
break times. 

Why should you think about it before you say "yes" to taking part in this study? 
• You will be outside of class for half an hour every Monday. This means that you 

might have to catch up on the class work that you have missed. 
• You will have to come and play on the Nintendo Wii Fit during some of your 

break times. 
• Although the Nintendo Wii Fit is not difficult to play on, some people get sore 

muscles from doing a new exercise that they have not done before. 

Do you have to take part in this study even if you do not want to? 
No, you do not have to take part in this study if you do not want to. We can only let you 
take part if you want to and if your mother or father allow you to take part. If you decide 
that you do not like taking part in this study, then you can stop taking part at any time. 
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University of Cape Town 
School of Health and Rehabilitation Sciences 

Division of Physiotherapy 

Child Consent Form 

In this study we would like to see if we can help children with hemiplegia get better 
balance by letting them play on the Nintendo Wii Fit. 

Please read through the following points and see if you agree with them: 

• You understand what this study is about. 
• You understand that you will miss half an hour of class on a Monday for 9 

weeks. 
• You understand that you will meet the Physiotherapist who is doing this study in 

the physiotherapy room every Monday to do the balance tests. 
• You understand that you will be asked to play the Nintendo Wii Fit games 

instead of getting your conventional physiotherapy for 3 weeks. 
• You understand that, in these 3 weeks you will also have to come in during 

some of your break times to play on the Nintendo Wii Fit. 
• You understand that if you do not like taking part in this study after trying, you 

can tell the Physiotherapist and then you will be allowed to quit this study. 

If you agree with all the points that you have just read and you would like to take part in 
this study, please sign your name on the first line. 

Signed by Child Date: ---------------------

Signed by Researcher ________________ _ Date: ---------------------

Signed by Witness _________________ _ Date: ---------------------
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8.4 Data collection sheets 
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Baseline Measures - MAS, ROM and GMFCS 

Name: Date: -------------------- -------------------
Side of Hemiplegia: ______ _ 

Modified Ashworth Scale 

Muscle Score 
Quadriceps 
Hamstrings 
Gastrocnemius 

The Modified Ashworth Scale: 

0 No increase in muscle tone 
1 Slight increase in muscle tone, manifested by a catch and 

release or by minimal resistance at the end of range of motion 
(ROM) when the affected part(s) is moved in flexion or 
extension 

1+ Slight increase in muscle tone, manifested by a catch, followed 
by minimal resistance throughout the remainder (less than 
halt) of the ROM 

2 More marked increase in muscle tone through most of ROM, 
but affected part(s) easily moved 

3 Considerable increase in muscle tone, passive movement 
difficult 

4 Affected p_art(s) rigid in flexion or extension 

Quadriceps: With the patient in supine, move the knee from full extension to 
full flexion 
Hamstrings: With the patient in supine, move the knee from full flexion to full 
extension 
Gastrocnemius: With the patient in supine, move the ankle from full 
plantarflexion to full dorsiflexion (measured with the knee extended) 

Speed of movement: the movement should take roughly 1 second to complete 
Number of repetitions: each movement may be repeated 2 times before a score 
is given 
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ROM: 
Joint and movement Rlimb 

I 
Llimb 

ROM ROM 
Ankle Dorsiflexion 
Ankle Plantarflexion 

Knee flexion 
Knee extension 

GMFCS Level: 
1. Have you ever used a hand-held mobility device to walk eg a crutch, cane or 

walker? : 

Yes: No: -----

2. Do you use a mobility device (crutch, cane, walker) or a wheelchair when 
you walk long distances outside? 

Yes: No: ----- -----

3. Do you need assistance when stepping up or down a curb? 

Yes: No: ----- -----

4. Do you have to hold onto the rail or banister when walking up and down 
stairs? 

Yes: ----- No: ____ _ 

5. Do you play any kind of sport? 

Yes: ----- No: ____ _ 
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Weekly Data Collection Sheet 

Date of this assessment: -----
Week: ----
Name: 
Identification number: 
Date of Birth: 
Age: 
Side of hemiparesis: 
MAS score as measured in Week 1: 

I Triceps .Surae 

Quadrice s 

ROM as measured in Week 1: 
Right Left 

Measurement Outcomes: 

Timed Up and Down Stairs: 

Time to complete in seconds: _______ _ 

Adapted BOT -2 Subtest scores: 

Balance: ------

Running Speed and Agility: _____ _ 

EQ-5D-Y: 

VAS score (out of a 100): _____ _ 

Additional Comments: 
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of Subte,t 5: Balance of the BOT-2 

1 ) Standing wi th feet apart on a 

I ,;,; - E,~ ""'" 
2) Walking Forward on a line 

I 3) Standing on Unafft (led Leg 
I;:.,;,,· 

:;i) Standing with fecI apa rt on a ,;;, 

Total Point 

Notes and Comments: 

sees sees 

o 
"", "'I" p,,", 

o 
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Aoapleo versIOn 01 i:)UmeSl 0: Kunnme ~peeo ana A lilly 01 me IIV I ·~ 
Activity Trial Trial Point 

1 2 """ 1) Shuule Run - = Row >1- 14.0· 13.0. 12.0. 11 .0. 10.0· 9 .0· 8.0- 7.S· 7.0· 6.S· 6.0- <I-
16.0 IS.9 13.9 12.9 11 .9 10.9 ••• 8.' 7.' 7.' 6.' 6.' s .• 

Point 0 1 2 J 4 5 6 7 8 9 10 II 12 
2) Stepping Sidewa)'$ over I """ .. "" ","w 0 1·2 '-S 6-' 10. 14 15-19 20- 2S- ,0- 40- >1-

24 29 " 49 SO 
balance beam 

Point 10 0 1 2 J 4 5 6 7 8 9 

3) One-Legged Slatiooary Hop- h"", 

""'" 
Row 0 1-2 3-S 6-. 10. 14 ]S-19 20- 2S- ,0- 40- >1-

24 29 " 49 SO UnafftUt(\. Ltg 
Point 0 1 2 J 4 5 6 7 8 9 10 

4) One-Legga1 Slationary Uop _ h"", 

""'" 
Row 0 1-2 '-S 6-. 10.14 15-]9 20- 2S- ,0- 40- >1-

24 29 " 49 SO 
Affedrd Leg 

Point 0 1 2 J 4 5 6 7 8 9 10 
5) One-Leggrd Side Hop - ho," ho," Row 0 1-2 3-' 6-. 10.14 ]5-19 20- 2S- 30- '0- >1-

24 29 " 49 SO 
Unaff«led Leg 

Point 0 1 2 J 4 5 6 7 8 9 10 

6) One-Legged Side Hop- hops ho," Row 0 1-2 ,-, 6-. 10-14 ]5-19 20- 2S- ,0- 40- >1-
24 29 " 49 SO 

Arr«ted LeI: 
Point 0 1 2 J 4 5 6 7 8 9 10 

7) Two-Legged Side Hop ho," ho," Row 0 1-2 ,-, 6-' \().14 \5-\9 20- ll- ,0- 40- >1-
24 29 " 49 SO 

Point 0 1 2 J 4 5 6 7 8 9 10 
Total Point Score: 172 

Notes and Comments: 
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8.5 Individual log sheets ofgaming order 
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Individual Log Sheet of Gaming 

Name of Child: 
Date of Birth: 
Physiotherapist monitoring gaming: 

Log of gaming order: 
To guarantee that balance is trained in all directions fairly equally, please ensure that: 

• Each section of weight shifting is played at least 6 times. 
• Each game should be played for at least 10 minutes and each session the child 

may choose 2 different games. 
• At the end of the 3 weeks, each section should have at least 6 ticks and each 

game should have been played at least once. 

• Try to rotate through games as much as possible. Do not allow the child to play 
the same game 2 sessions in a row. 

Weight shift section Number of times played (indicate with a 
tick) 

Antero-posterior weight shifting Snowboarding: 

Lateral weight shifting Skiing: 

Penguin game: 

Soccer: 

Multidirectional weight shifting Bubble game: 

Roola-hoops (under cardio games): 
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WeekI 
Session 1 

Total time spent on Wii Fit 
Resting time 
Game 1: 
Score I I I I I I I I 
Game 2: 
Score I I I I I I I I 

Session 2 
Total time spent on Wii Fit 
Resting time 
Game 1: 
Score I I I I 1 1 I I 
Game 2: 
Score 1 I I 1 I I I I 

Session 3 
Total time spent on Wii Fit 
Resting time 
Game 1: 
Score I I I I I I I I 
Game 2: 
Score I I I I I I I I 

Session 4 
Total time spent on Wii Fit 
Resting time 
Game 1: 
Score I I I I I I I I 
Game 2: 
Score 1 I I I 1 1 I I 
If the child was absent for any of these session, please state how often and why: 
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Week 2 
Session 1 

Total time spent on Wii Fit 
Resting time 
Game 1: 
Score I I I I I 1 I I 
Game 2: 
Score I I 1 I I I 1 I 

Session 2 
Total time spent on Wii Fit 
Resting time 
Game 1: 
Score I I I I I I I I 
Game 2: 
Score I I I I I I I I 

Session 3 
Total time spent on Wii Fit 
Resting time 
Game 1: 
Score I I I I I I I I 
Game 2: 
Score J I I I I I I I 

Session 4 
Total time spent on Wii Fit 
Resting time 
Game 1: 
Score I I I I I I I I 
Game 2: 
Score I I I I I I I I 
If the child was absent for any of these session, please state how often and why: 
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Week 3 
Session 1 

Total time spent on Wii Fit 
Resting time 
Game 1: 
Score I I I I I I I I 
Game 2: 
Score I I I I I I I I 

Session 2 
Total time spent on Wii Fit 
Resting time 
Game 1: 
Score I I I I I I I I 
Game 2: 
Score I I I I I I I J 

Session 3 
Total time spent on Wii Fit 
Resting time 
Game 1: 
Score I I I I I I I I 
Game 2: 
Score I I I I I I I I 

Session 4 
Total time spent on Wii Fit 
Resting time 
Game 1: 
Score I I I I I I I I 
Game 2: 
Score I I I I I I I I 
If the child was absent for any of these session, please state how often and why: 
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8.6 Chi-Square analysis tables 

To investigate which demographic and medical variables were predictive of a medium to 

large improvement on the Balance, Running Speed and Agility or TUDS outcome 

measures, Chi-Square analyses were done of each of the variables against the outcome 

measure scores. The only significant associations that were found were between Balance 

and "Previous Surgery" (p = 003) and Balance and "Academic Achievement" (p = 

0.009). All other scores did not demonstrate significant associations. Therefore only 

Balance Score Chi-Square results are presented below. Complete tables of Demographic 

variables and MAS scores can be found in the Results section. 

c b I • ross-ta u ation 0 fB I a ance an d S·d fH . I . leo emlplegla 

Side of Hemiplegia 

Left Right Total 

Balance No Change 2 1 

Improvement 5 6 

Total 7 7 

3 

11 

14 

Asymp. Sig. 

(2-sided) 

Exact Sig. 

(2-sided) 

Exact Sig. 

(I-sided) 

Pearson Chi-Square .424" .515 
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C b I . rossta u abon 0 fB I a ance an dA . dlC cqUire 

Balance No Change 

Improvement 

Total 

sis of Balance and Ac 
Value 

Pearson Chi-Square 
.009" 

Cross-tabulation of Balance and AFO 

No 

Balance No Change 

Improvement 

Total 

Pearson Chi-Square 

't I H . I . ongem a emlplegla 

Acquired or Congenital 

Acquired Congenital 

1 

4 

5 

.923 

AFO 

Not anymore 

2 1 

6 2 

8 3 

Value 

1.131 " 

236 

2 

7 

9 

Exact Sig. 

(2-sided) 

Yes 

0 

3 

3 

df 

2 

Total 

3 

11 

14 

Exact Sig. 

(I-sided) 

Total 

3 

11 

14 

Asymp. Sig. 

(2-sided) 

.568 

,.~ 

! 
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C b I . ross-ta u atlon 0 fB I a ance an dP revlous S urJ~ery 

No 

Balance No Change 

Improvement 

Total 

sis of Balance and Previous Sur er 
Value df 

Pearson Chi-Square 
.636" 

Cross-tabulation of Balance and Medication 

Balance No Change 

Improvement 

Total 

sis of Balance and Medication 
Value df 

Pearson Chi-Square 
.636" 

237 

Previous Surgery 

0 

2 

2 

Asymp. Sig. 

(2-sided) 

.425 

Medication 

Yes 

No Yes 

3 

9 

12 

Asymp. Sig. 

(2-sided) 

.425 

0 

2 

2 

3 

9 

12 

Exact Sig. 

(2-sided) 

Exact Sig. 

(2-sided) 

Total 

Total 

3 

11 

14 

Exact Sig. 

(I-sided) 

3 

11 

14 

Exact Sig. 

(I-sided) 
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Cross-tabulaton of Balance and Academic Achievement 

Academic Achievement 

Satisfactory Unsatisfactory 

Balance No Change 2 

Improvement 7 

Total 9 

sis of Balance and Academic Achievement 
Value df Asymp. Sig. 

Pearson Chi-Square 
.009" 

Cross-tabulation of Balance and GMFCS level 

Levell 

Balance No Change 

Improvement 

Total 

sis of Balance and GMFCS level 
Value df 

Pearson Chi-Square 
.009' 

238 

(2-sided) 

.923 

GMFCS level 

Level II 

1 

4 

5 

Asymp. Sig. 

(2-sided) 

.923 

1 

4 

5 

Exact Sig. 

(2-sided) 

2 

7 

9 

Exact Sig. 

(2-sided) 

Total 

3 

11 

14 

Exact Sig. 

(I-sided) 

Total 

3 

11 

14 

Exact Sig. 

(I-sided) 
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c b I . ross-ta u ation 0 fB I a ance an d Th erapya tB r ase me 

Conventional therapy 

Therapy No Therapy 

Balance No Change 1 

Improvement 9 

Total 10 

at Baseline 
Value 

Pearson Chi-Square 
.099 

c b I . ross-ta u ation 0 fB I a ance an dT' rIceps S urae MAS score 

Triceps Surae MAS score 

0 1 

Balance No Change 0 2 

Improvement 1 7 

Total 1 9 

s Surae MAS score 
Value df 

Pearson Chi-Square 
.306' 2 

239 

2 

2 

4 

2 

1 

3 

4 

Total 

3 

11 

14 

df 

Total 

3 

11 

14 

Asymp. Sig. 

(2-sided) 

.858 
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C t b I f ross- a u a Ion 0 fB I a ance an dH t' MAS ams rmg score 

Hamstring MAS score 

0 

Balance No Change I 

Improvement 2 

Total 3 

sis of Balance and Hamstrin MAS score 
Value 

Pearson Chi-Square 
.321' 

Cross-tabulation of Balance and Quadriceps MAS score 

Quadriceps MAS score 

0 

Balance No Change 3 

Improvement 6 

Total 9 

sis of Balance and Quadrice s MAS score 
Value 

Pearson Chi-Square 
2.121' 

240 

I 

2 

9 

11 

df 

I 

0 

5 

5 

df 

Total 

3 

11 

14 

Asymp. Sig. 

(2-sided) 

.571 

Total 

3 

11 

14 

Asymp. Sig. 

(2-sided) 

.145 
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Cross-tabulation of Running Speed and Agility and Side of Hemiplegia 

Side of Hemiplegia 

Left Right 

RSandA No Change 2 3 

Improvement 5 4 

Total 7 7 

sis of Runnin S ili and Side of Hemi Ie ia 
Value df Asymp. Sig. Exact Sig. 

(2-sided) (2-sided) 

Pearson Chi-Square 
.311 " .577 

Cross-tabulation of Running Speed and Agility and Acquired/Congenital Hemiplegia 

RSandA No Change 

Improvement 

Total 

sis of Runnin S 
Value 

Pearson Chi-Square 
.062" 

Acquired or Congenital 

Acquired 

241 

Congenital 

2 

3 

5 

Asymp. Sig. 

(2-sided) 

.803 

3 

6 

9 

Exact Sig. 

(2-sided) 

ia 

Total 

5 

9 

14 

Exact Sig. 

(I-sided) 

Total 

5 

9 

14 

Exact Sig. 

(I-sided) 
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Cross-tabulation of Running Speed and Agility and AFO 

AFO 

No Not anymore Yes 

RSandA .00 2 2 1 

1.00 6 1 2 

Total 8 3 3 

andAFO 
df 

Pearson Chi-Square 
1.659a 2 

Cross-tabulation of Running Speed and Agility and Previous Surgery 

Previous Surgery 

No Yes 

RSandA No Change 0 5 

Improvement 2 7 

Total 2 12 

sis of Runnin S ili and Previous Sur er 
Value df Asymp. Sig. Exact Sig. 

(2-sided) (2-sided) 

Pearson Chi-Square 
1.296a .255 

242 

Total 

5 

9 

14 

Asymp. Sig. 

(2-sided) 

.436 

Total 

5 

9 

14 

Exact Sig. 

(I-sided) 
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Cross-tabulation of Running Speed and Agility and Medication 

RSandA No Change 

Improvement 

Total 

Chi-S uare of Runnin S 
Value 

Pearson Chi-Square 
.207" 

Medication 

None 

4 

8 

12 

and Medication 
df Asymp. Sig. 

(2-sided) 

.649 

Yes 

1 

1 

2 

Exact Sig. 

(2-sided) 

Cross-tabulation of Running Speed and Agility and Academic Achievement 

Academic Achievement 

Satisfactory Unsatisfactory 

RSandA No Change 5 0 

Improvement 4 5 

Total 9 5 

sis of Runnin S ili and Academic Achievement 
Value df Asymp. Sig. Exact Sig. 

(2-sided) (2-sided) 

Pearson Chi-Square 
4.321 " .038 

243 

Total 

5 

9 

14 

Exact Sig. 

(I-sided) 

Total 

5 

9 

14 

Exact Sig. 

(I-sided) 
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Cross-tabulation of Running Speed and Agility and GMFCS level 

1.00 

RSandA No Change 

Improvement 

Total 

Chi-S 

Pearson Chi-Square 
.837a 

GMFCS 

I 

4 

5 

Asymp. Sig. 

(2-sided) 

.360 

2.00 

Cross-tabulation of Running Speed and Agility and Therapy at Baseline 

Conventional therapy 

Therapy No Therapy 

Running Speed and No Change 4 

Agility Improvement 6 

Total 10 

4 

5 

9 

Exact Sig. 

(2-sided) 

1 

3 

4 

at Baseline 

Pearson Chi-Square 
.597 

244 

Total 

5 

9 

14 

Exact Sig. 

(I-sided) 

Total 

5 

9 

14 

df 
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Cross-tabulation of Runnin2 Speed and Agility and Triceps Surae MAS score 

Triceps Surae MAS score 

0 1 2 

RSandA No Change 0 4 1 

Improvement 1 5 3 

Total 1 9 4 

s Surae MAS score 
df 

Pearson Chi-Square 
1.054" 2 

Cross-tabulation of Running S~eed and Agility and Hamstri~ MAS score 

Hamstring MAS score 

0 1 

RSandA No Change 0 5 

Improvement 3 6 

Total 3 11 

sis of Runnin S 'Ii and Hamstrin MAS score 
Value df Asymp. Sig. Exact Sig. 

(2-sided) (2-sided) 

Pearson Chi-Square 
2.121 a .145 

245 

Total 

5 

9 

14 

Asymp. Sig. 

(2-sided) 

.590 

Total 

5 

9 

14 

Exact Sig. 

(I-sided) 
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Cross-tabulation of Running Speed and Agility and Quadriceps MAS score 

RSandA No Change 

Improvement 

Total 

sis of Runnin S 
Value 

Pearson Chi-Square 
.062" 

Tuns d S·d fH . I . an 1 eo em1pl~ia 

0 

Quadriceps MAS score 

3 

6 

9 

Asymp. Sig. 

(2-sided) 

.803 

Side of Hemiplegia 

1 

Left Right 

TUDS No Change 

Improvement 

Total 

sis of TunS and Side of Hemi Ie ia 
Value df 

Pearson Chi-Square 
1.167" 

246 

3 

4 

7 

Asymp. Sig. 

(2-sided) 

.280 

2 

3 

5 

Exact Sig. 

(2-sided) 

5 

2 

7 

Exact Sig. 

(2-sided) 

Total 

5 

9 

14 

Exact Sig. 

(I-sided) 

Total 

8 

6 

14 

Exact Sig. 

(I-sided) 

Univ
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C b f ross-ta ulahon 0 TUn S d an . dlC Ace Ulre . IH . I . ongemta emtplegla 

Acquired or Congenital 

Acquired Congenital 

TUDS No Change 3 

Improvement 2 

Total 5 

sis of TUnS and Ac 
Value 

Pearson Chi-Square 
.026" .872 

Cross-tabulation of TunS and AFO 

AFO 

No No anymore 

TUDS No Change 5 3 

Improvement 3 0 

Total 8 3 

Value 

Pearson Chi-Square 
6.344" 

247 

5 

4 

9 

Exact Sig. 

(2-sided) 

Yes 

0 

3 

3 

df 

2 

Total 

8 

6 

14 

Exact Sig. 

(I-sided) 

Total 

8 

6 

14 

Asymp. Sig. 

(2-sided) 

.042 
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C t bit' ross- a u a Ion 0 fTuns d P an revlOUS S urgery 

Previours Surgery 

No 

TUDS No Change 

Improvement 

Total 

sis of TUnS and Previous Sur er 
Value df 

Pearson Chi-Square 
.049' 

Cross-tabulation of TUnS and Medication 

None 

TUDS No Change 

Improvement 

Total 

sis of TUnS and Medication 
Value df 

Pearson Chi-Square 
3.111 ' 

248 

1 

1 

2 

Asymp. Sig. 

(2-sided) 

.825 

Medication 

8 

4 

12 

Asymp. Sig. 

(2-sided) 

.078 

Yes 

Yes 

7 

5 

12 

Exact Sig. 

(2-sided) 

0 

2 

2 

Exact Sig. 

(2-sided) 

Total 

8 

6 

14 

Exact Sig. 

(I-sided) 

Total 

8 

6 

14 

Exact Sig. 

(I-sided) 
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Cross-tabulation of TUnS and Academic Achievement 

Academic Achievement 

Satisfactory Unsatisfactory 

TUDS No Change 6 

Improvement 3 

Total 9 

Pearson Chi-Square 
.933" .334 

Cross-tabulation of TUnS and GMFCS level 

TUDS No Change 

Improvement 

Total 

Chi-S uare of TUnS and GMFCS level 
Value 

Pearson Chi-Square 
.026" 

GMFCS level 

Levell 

df 

249 

Level II 

3 

2 

5 

Asymp. Sig. 

(2-sided) 

.872 

2 

3 

5 

Exact Sig. 

(2-sided) 

5 

4 

9 

Exact Sig. 

(2-sided) 

Total 

8 

6 

14 

Exact Sig. 

(I-sided) 

Total 

8 

6 

14 

Exact Sig. 

(I-sided) 
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c b I . ross-ta u ation 0 fTUDS d Th an erapyat B Ii ase ne 

Conventional therapy 

Therapy No Therapy 

TUDS No Change 4 

Improvement 6 

Total 10 

at Baseline 
Value 

Pearson Chi-Square 
.040 

c t b I f ross- a u a Ion 0 fTUDS d T . an nceps S urae MAS score 

Trice~s Surae MAS score 

0 1 2 

TUDS No Change 0 6 

Improvement 1 3 

Total 1 9 

s Surae MAS score 
Value df 

Pearson Chi-Square 
1. 750' 2 

250 

4 

0 

4 

2 

2 

4 

Total 

8 

6 

14 

df 

Total 

8 

6 

14 

Asymp. Sig. 

(2-sided) 

.417 
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c b I . f ross-ta u atton 0 TUD S and HamstrlD2: M S A score 

Hamstring MAS score 

0 

TUDS No Change 2 

Improvement I 

Total 3 

sis of TUDS and Hamstrin MAS score 
Value df Asymp. Sig. 

(2-sided) 

Pearson Chi-Square 
.141 " .707 

c t b I . ross- a u atton 0 fTUDS dQ d· an ua nceps MAS score 

Quadriceps MAS score 

0 

TUDS No Change 6 

Improvement 3 

Total 9 

sis of TUDS and Quadrice s MAS score 
Value df Asymp. Sig. 

(2-sided) 

Pearson Chi-Square 
.933" .334 

251 

I 

I 

6 

5 

II 

Exact Sig. 

(2-sided) 

2 

3 

5 

Exact Sig. 

(2-sided) 

Total 

8 

6 

14 

Exact Sig. 

(I-sided) 

Total 

8 

6 

14 

Exact Sig. 

(I-sided) 
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GROSS MOTOR FUNCTION MEASURE (GMFM) 
SCORE SHEET (GMFM-88 and GMFM-66 scoring) 

Version 1.0 

Child's Name: 10 #: ----------------------------------------- ------------

Assessment date: GMFCS Level 1 

year . month day DDDDD Date of birth: 
year . month day II III IV V 

Chronological age: ________________ _ 
years/months 

Testing Conditions (eg, room, clothing, time, 
others present) 

Evaluator's Name: 

The Gf ... 1FM is a standardized observational instrument designed and validated to measure change in 
gross motor function over time in children with cerebral palsy. The scoring key is meant to be a general 
guideline. However, most of the items have specific descriptors for each score. It is imperative that the 
guidelines contained in the manual be used for scoring each item. 

SCORING KEY 0 = does not initiate 
1 = initiates 
2 = partially completes 
3 = completes 
NT = Not tested [Used lor the GMAE scoring"] 

It is now important to differentiate a true score of "0" (child does not initiate) 
from an item which is Not Tested (NT) if you are interested in using the 

GMFM·66 Ability Estimator Software. 

'The GMFM-OO Gross Motor Ability Estimator (GMAE) software is available with the GMFM manual (2002). The advantage of 
the software is the conversion of the ordinal scale into an interval scale. This will allow for a more accurate estimate of the child's 
ability and provide a measure thai is equally responsive to change across the spectrum of ability levels. Items !hat are used in the 
calculation of the GMFM-OO score are shaded and identified with an asterisk (0). The GMFM-06 is only valid for use with children 
who have cerebral palsy. 

Contact for Research Group: 
Dianne Russell, Can Child Centre for Childhood Disability ResearCh, McMaster University, Institute for 
Applied Health Sciences, McMaster University, 1400 Main St W., Rm. 408, Hamilton, L8S 1C7 
Tel: North America - 1 905525-9140 Ext: 27850 
Tel: All other countries - 001 905525-9140 Ext: 27850 
E-mail: canchild{Q)mcmaster.ca Fax: 1 905 522-6095 

Website: wwwJhs.mcmaster.caicanchild 

1 GMFCS level is a rating of severity of motor function. Definitions are found in Appendix I of the GMFM manual (2002). 

© Mac Keitb Press. 2002 Page 1 GMFM SCORE SHEET 
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Check ({) the 3ppropri3te score: if an item is not tesled (Nn. circle Ihe item number in the righl c:oIumn 

' ,m A: L YRiG , ROLlING SCORE NT 

I. SUP. HEAD IN MIDLINE: M'tSI€l(JI'II1'HUMlMTU~ __ -_ .. _-_ ....•...• ,0 ,0 ,0 ,0 1. 

l SUP: 1QiGIii .... 'U IOYClR,~OI'III!: _nt! CI"I'S •. ____ ••.• ____ ••.• __ • ____ ,0 ,0 ,0 ,0 l 
3. SUP: ~t£o\D 4S" ...•.. .. _. __ ....•... __ ........ _._. ___ •.....• _ •.... __ ._ .. _ ...... _._ .. _ .......• _ .. . ,0 ,0 ,0 ,0 3. 

•• SUP: nvu R IWIHl IOEfr~MlRAHOf _________ . ___ ,0 ,0 ,0 ,0 •• 
5. SUP: P\llU l HPA.'G 'N!I! IIfICI.Ot "W MQ. _._. ____________ , 0 ,0 ,0 ,0 5. 

•• SUP: I!E.IO-IaCVI wm; R NMIWIl CIIOSSfS IoD.JIE roNMDlOI' ._ ••.•• _. __ .•.•. _ .... _ ..•... _ •. _ . ,0 ,0 ,0 ,0 •• 
1. SUP; REIoCt&CVI '1m! l N\IoI,1IiI'Il(:lllOSSfS YD.N! TOI'iOo'lIlOI' _____ ._._. ___ . ______ .. _ ... ,0 ,0 ,0 ,0 1. 

•• SUP: IIO.I.S TOPltOlf'R R SIDE . __ •• __ .. __ • __ • __ .•.•.. _. ____ .. _. ____ .. _ .. ______ . ,0 ,0 ,0 ,0 •• 
•• SUP: IIO.I.STO PII (1,@ L SIDE .. _ .... __ ........ .. __ ........ _ .... _ •.....• ____ ._ ...• _ .. _. ___ .• _. __ ..• ,0 ,0 ,0 ,0 •• 

10. PR: UI'TIi~1I'IIOfT _________ .. __ ._ .•. _._ .... _ •••.• __ .•.•.• _ • __ .. _ .•. _. __ • ,0 ,0 ,0 ,0 10. 
11 . PR ON FOREARMS I.I1i 1£IrO\P.I:O-1". rucws 00". Ct6t IWZ __ .. ________ .. _. ,0 ,0 ,0 ,0 11 . 

12. PR ON FOREARMS. woo.1"cr< R fOIIUo""- A.U.TW9IllS<J>P06ITf~~ ..... _ ......• ,0 ,0 ,0 ,0 1l 

Il. PR ON FOREARMS: IlED-!fQol L I'a'I9f\W. A.U.T OOBO CR'OUTf.J..Ii:W "OI!WMtI ___ .• ___ ,0 ,0 ,0 ,0 ll. 
14. PR: ItCU.5 TOSUP (MJI R SIDE _____ ._ .. _ .. _ .....•. __ •.• _ ..... _ .• ____ .• ____ .. ____ •. ,0 ,0 ,0 ,0 " 15. PR: IICll5 TOSU'(MJI l SIlE. ...••. _ .•••.• _ .••.•..••••• _ •••••••••. _ .• _ ••. _ .• _ .•..•• ___ .•••.••..•.• ____ .•. ..• ,0 ,0 ,0 ,0 15. 
16. PR: PMmTO R goo ~~ __ •... ___ .. __ .. ____ .. ____________ . ,0 ,0 ,0 ,0 I ' . 
11. PR: PNCr.S TO l goo """' ~s .. _ ..... ___ . __ ... _ ... _ .. __ .... ________ .. __ ._. ,0 ,0 ,0 ,0 11. 

TOTAL DIMENSION A I 
bm B: SrTTlNG SCORE NT 

I • . SUP, HANDS GRASPED BY EXAMINER. I\U1SflF TOSliTNGWITH t£/IDCOITlIa. ...•. _ .•• ,0 .0 ,0 ,0 I • . 

I' . SUP: NlUi TO R SU,AITIot£SITTH3 ••• ____ ._ •. _ •. _ •• ______________ • ,0 .0 ,0 ,0 I ' . 
lO. SUP: II(W; TO l SU,AITAI.~ r.rm;o .. _ .......... _ ...... _. ___ .. _ .. ___ .. _. ____ ,0 ,0 ,0 ,0 lO. 

21. srr ON MAT, SUPPORTED AT THORAX BY TliERAPIST: 1lJi1£lrO'-"""IfI. w.:IIf.li.~ ,0 ,0 ,0 ,0 21. 3 SI!!XIIIlS ••• ____ •. __ •• __________ •• _ ••••• __ ••• _ .... _. _____ .•.•• _____ .. _ ••• ___ 

22. SIT ON MAT, SUPPORTED AT THORAX BY THERAPIST: I.ImI£'rOIo'4/!E. WoII'l"Jo.'fS ,0 ,0 ,0 ,0 22. 10 S8:XI()I; •.• _______ .• ___ •... ___ ...•. _ .• _ .•••.•. ___ ....... ______ .•.. _ ••• ___ •• _ .... _ •• __ •• 

23. SIT ON MAT, ARM(S) PROPPING: I ..... r.«t:rc. S 158X1U .. ____________ . ,0 ,0 ,0 ,0 2J. 

24. SIT ON MAT: 1ItU((.Arc. NtII$f1!£f. 3 &ECO«IC __ ••.• _ .• _____ ._ •..••. ____ .•.. ____ •. _ •. _ .• _ .• _ ,0 ,0 ,0 ,0 24. 

25. SIT ON MAT WITH SMAll TOY Ri FRONT: w.>ISR:RWM;I. TCII.06rQr.1tUI\fCT$ ,0 ,0 ,0 ,0 25. RmOIf _P!'ICJ'O'INI) ______ • ____ • ___ •• _______________ •• _. 

26. SIT ON MAT: TCII.06lO1'P.J.CEl)4S-I19tN)QUS R su'~wnl«T ......... _ .. _ ..... ,0 ,0 ,0 ,0 26. 

21. SIT ON MAT; TO..OUlOI' P--"'El4Se lI&NICM.Dsl Ulf.~TOnl«T . ________ . ,0 ,0 ,0 ,0 21. 

28. R SIDE SIT; INIT.uc. ~f1!£f. S RIXIOi ___ ... _____________ . ____ . ,0 ,0 ,0 ,0 28. 
29. L SlOE SIT: IWNfAtlS.4"tMi1'l'U, SIiEONJ5 .... _ ..• __ . ___ .• ___ .........• _ ...• __ .•. __ .......•• ,0 ,0 ,0 ,0 29. 
ll. SIT ON MAT: 1.0'16510 PIt wm;00IflRCL...... •.•• __ ._ •..• ___________ .• _. __ •. _ ... '0 ,0 ,0 ,0 >I. 
31. SIT ON MAT WITH FEET IN FRONT; ... fTA.."'f$ -4 PQNl" a.et R SIDE ___________ . '0 ,0 '0 '0 31. 

J2. SIT ON MAT WITH FEET IN FRONT:"'fTA!!C4 "OHTO'oeIl UJI! _ .• _ .••. _ •..••. __ •. __ •.••• '0 '0 '0 '0 l2 
33. SIT ON MAT: I'Mm 90'". "M1K1M'_~ _. __ .... _ .• ____ .. _____________ • 

:8 ,0 :8 :8 33. 
34. SIT ON BENCH. WoIM ...... _A.'IlfE'ET fREE. 10 1iEX:Mll _ •• _____ .• _ •• ______ .• __ • ,0 34. 
35. STD: ATl .... "fS6ITO'I SItIIrU I!JBjQI •• _M ••••••• __ ••••• M ........ .. _ •• ______ •• ___ H •••••••••••• _ ••• _ ••••• ,0 ,0 ,0 ,0 35. 
J8. ON THE Fl<X>R: AfT.uiS gr(\frl swu Il80l ___ ._ .... ____ ._. __ _ .. _-- -- ,0 ,0 ,0 ,0 J8. 

31. ON THE flOOR: ... fT_srtO'ltNlOE'lIIBOI .•.•. ___ _ ••• _. _____________ H ___ H_. ,0 ,0 ,0 ,0 31. 

TOTAlD .. ENSIOH B 
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'.m C: CRAWUNG & KNEELING SCORE NT 

38. PR: CItW$~ ISm (S') _____ ._._ •...• .•. _. __ .. _____ .• _ .• _ .• ___ .• __ .0 ,0 ,0 ,0 38. 
39. 4 POINT: WoNTloIG,l'EOITOIlWClSofHl!l1e$. 10 se::oa ___ . _____ .. _. _____ .... _. 00 ,0 ,0 , 0 39. 

". 4 POINT: ArrUlSiSlt ~1'l'IEf. ._._._ .. __ ..... _ .. _ •. _._ ....•. ____ .... _____ .....•........ _. __ . ·0 ,0 ,0 , 0 40. 

". PR: AnllfiS 4 POfil, \'o!.OfT ON ..... uW)I'H:ES ••.•• _ •• _. __ ._ .• ____________ •. ___ ...••• _ •.• .0 ,0 ,0 ,0 ". ". 4 POINT: REIoCt£SI'aIWW!N:IH R IoIOtI, hA.'IlNKNE SHCl.UJBI:l.E\ti. . ........... _ .. _ ........ _ ....... .0 ,0 ,0 ,0 42. 

<3. 4 POINT: RE.IO£SRlIMoI.'lDWTH l-.hI..'IlMKM: ~1.B8. __ .• ___ . ________ .• __ • .0 ,0 ,0 ,0 4l. 

44. • POINT; Q\MIIlS~lfTOUfOIM'NI!l l.8m (6') ____ . _____ ._. __ ._ .. ___ .0 ,0 ,0 ,0 44. 

45. 4 POINT: (::IUW.SRRfIIIOC,IUYI'O'MNtD 1.8m (6') ________________ .. ___ •. __ • ___ .0 ,0 ,0 ,0 ". , 
46. 4 POINT: C1!JO'U!,p4 S1S'S(Wtwa .tMl~s.fm' • _________ .. _____ . __ . ______ • .0 ,0 ,0 , 0 46. 

". 4 POINT: CIWU~CICYi:'I4 SlU'SONt'MU.oKI!OftI.mT. __ .. _____ ...... _ .... __ . .0 ,0 ,0 , 0 ". 
46 SIT ON MAT: "'TT~$tO>~I.oUJl ~I¥.NT"""IS,NlUS "'f!. 10 SlCO!()S; ...... _ ................. .0 ,0 ,0 ,0 46. 

49. HIGH KN:An .... 'fSI-.II.1!t'1Ori R I'N!!IUI3AR11&,w.r.-r....s,wcAl!£. 10 s&X:MlS . _____ .•• .0 ,0 ,0 ,0 49. 

50 HIGH KN ... n .... ~~ ...... II.'ICl\' l .o.HUSN:lIWAS,_ T.\NS.w.aoRia 10 SEIXKlS ______ . .0 ,0 ,0 ,0 50. 

51. HIGH KN KH WltXSIClrI'WMl 10 ~ IrIURIEL __ • __ • ________ ._ .••. ____ • .0 ,0 ,0 ,0 5,. 

TOTAL DIIENSION C 

"m D: STANDING SCORE NT 

5l ON THE FlOOR: PW.Iirosm. TL.-WJ:1EIOi . ____ •.•.• _ .... _ •• _,._ ... _-_._---..... -.. _. . 0 ,0 ,0 ,0 5l 

53. STD: -''lAN, _ RIff. 3 SfCOU ........ _ .. _ ........................... ___ .. __ .... _ ........ _ ............ . 0 ,0 , 0 ,0 53. 

". S1O: tt::J.JlIIo(lON ro\.NIIZ aEMCH I'«lHONE ..... 'll.lfTi R R:lOI'. 3 SfCX)(l$ .... _. _______ ...... _. . 0 ,0 , 0 , 0 ". 
55. SID: IQ.DI!oIGON ro l..IIIOt: 1IfI'O(1'«lH0IE ~'ll.LfT$l l'OO'l . 3 Gl:ClC:IU ..... __________ • . 0 ,0 , 0 ,0 55. 

58. 510: _ T».$._ II&. 20 SECO()C ..... _____ •• _. __________________ • . 0 ,0 ,0 , 0 56. 

51. Sm: Lrn- l FOOT ~~ 10 S8XN:l$. __ • __________________ •. _. . 0 ,0 , 0 ,0 51. 

58. SID: II'liR FOOT~."IIE!. 10 R«HI&. __ . ___ .. __ .. _. _______ .. ___ .. __ .. __ ._ .. _ .. _. . 0 ,0 ,0 , 0 58. 

59. SIT ON SMAll. BENCH: An.\INS5lO'MfHOOTur.N3A11:1.1S ........ __ .. _ .. __ .....•........... _ ....... . 0 ,0 , 0 , 0 59. 

60. HIGH KN: .nAl.o's5lO TIfICIU(J; 1W11iJt0N R IGft. v.m1DUTU5NURIoIil ....•••. __ .•..•• __ .• _ ..•.. . 0 ,0 , 0 , 0 60. 

61 . HIGH KN: AnlrHimllHllUllj IW1 ~ON L tH:E, v.mosrUIiNIIRMS. ________ .• ______ . . 0 ,0 ,0 , 0 61 . 

"- STU; "awl!!S 10 51!' ONt'I.OOR I'«lH00HiRQ., AlllllSRe __ ._ •• _______ • __________ • .0 ,0 ,0 ,0 .2. 
63. SID: .TTJrN>SWl.l, ""'!!IEE ____ ._ .. ___ .. ___ • _______ ... __ .. ____ . . 0 ,0 ,0 , 0 83. 

64. 510: PlCXSU'a!.El' fIIOYPUXlI!. _ RtEE.1IfIUIIH& TO Sf.wc .• ___ • _______ .. ___ .... _. . 0 ,0 ,0 , 0 ... 
TOTAL DIMENSION D I I 
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h.m E: WALKING. RUNNING & JUMPING SCORE NT 

55. STD. 2 HANDS ON lARGE BENCH: C!\IlI&f5 5 mPSTO R ................ .0 ,[] ,0 ,0 65. 
66. sm, 2 HANDS ON lARGE BENCH: CllUSfS 5 Sm>STo l ................ ·0 ,0 ,0 ,0 66. 
61. STD, 2 HANDS HELD: WAlXSFORWo\!II) 10 $iEF'$. ... -.•........... ·0 ,0 ' 0 '0 67 . 
66. STD, I HAND HELD: WAlXSfCIIIYiARO 10 S1&$... •• .................... .................... .0 ,0 ,0 ,0 66 . 
69. STO: WAl.KS fOR\'IJoRD 10 StEPS, .................. .......................... - 00 ,0 ,0 ,0 69 . 
70. STO: WALKS fM'IMO 10 $l'6>S, STG'S, lIIV'S ISOO, R..~~ ........... 00 ,0 ,0 , 0 70. 

". STD: 'l;Al.X$I\.IoCIM'-"'tI 10 $16'& M ••••••••••••• ............................................... M.M •••••• 00 ,0 ,0 , 0 " 72. sm: WAlXSfatWNlD 10 Sl5'5,CNl:R'!'I.'«lJ,tNIOEOII.Efwmt 2 ~A'Oi ...•...•..••.••...• 00 '0 '0 '0 72. 
7J. STD: ~ FOR\'IMO 10 CONSEOJTNE SlEl'SBET'W"-fNPlrRAU..B. llNES 20cm (81 N'NfJ 00 ,0 ,0 ,0 73. 
74. SID: w.II.J<SFan'>'N!D 10 CONSfQJIM.WJ'$OIA$lRAOiTi.n 2an (3141 WIlE. ____ 00 ,0 ,0 ,0 74. 
75. STD: S1B'SCNER S1lCI(AT f'1fl1.l\t:L R fO:lTIUIlNl .••. 00 ,0 ,0 ,0 75. 
78. SID: Slt:PS WEll fil'ICIlATIWOf lE\e., l fOOTl9ONG ,_ 00 ,0 ,0 ,0 16. 
71. STO: RI.HS 4.5m {I Sl $lCPS& RflI.f\.'IS •••. ......................... .0 ,0 ,0 ,0 17 . 
78. STD: IIJCo(S!AU.WITk R fOOT ................................. .................... _ ................... .0 ,0 ,0 ,0 18 . 
79. sm: IOQ($ 8AU. wm.l fOOT .•. ................ _ ............ ............................ _ .... .0 ,0 ,0 ,0 79 . 
BO. sm:.ANPS3Ocm (1 2") ~1IOlIi FET6M.lTNEOU61.Y. .................................. .0 ,0 ,0 ,0 BO . 
8>' sm: J.M'Sf(Jt\\"ARD 30 an (12"). BOTHRETSlw..lTNBlUSLY ..•.•................... .0 ,0 ,0 ,0 8>' 
82. STD ON R FOOT: tIOPS~ R FOOT 10 TltJfswmtf'u.6Ocm (24, CF.Clf . 0 ,0 ,0 ,0 82. 
83. STD ON l FOOT: tIOPS~ l RlOT 10 TUoES_A 60cm (24') CIRCt.E ••. 00 ,0 ,0 ,0 83. 
84. STD, HOlDING I RAil: WW(Sup 4 $TS'$,1CUlf«) llULN..lf;lW,rHlfW". 00 ,0 ,0 , 0 84. 
85. STD. HOlDING I RAil: WAlJ($OOWN 4 STEPS,1tCUlfIG I AAI....oI..~T\NI3FW ._ ..• .0 ,0 ,0 ,0 85. 
88 STD: w.ou;s up 4 $ID'$,N.."iEJN,1N)fW" •...•.••.•....•..•.. _ ••... _ ••..•.••.•..•• ................• 00 ,0 ,0 ,0 88 . 
87. STD: w.ou;sOOWN 4 SW'$ N..TERNATNJI'EfT ..•.••....••••.•••••• ........... _ .... 00 ,0 ,0 , 0 87 . 
88. STD ON 15cm (6") STEP: ~OF!' BOTHFETINl.TA/<EOO:SlY 00 ,0 ,0 ,0 88. 

TOTAL DIMENSION E 

Was this assessment indicative of lhis c:hid·s "regula( performance? YES 0 NO 0 
COMMENTS: 
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A-

B. 

c. 

D. 

E. 

.. 
, ' 

GMFM RAW SUMMARY SCORE 

DIMENSION CAlCULATlON Of I)I.IEHSION 'II. SCORES 

LyWlg&~ 
Total Dimemioo A " 100 - % 

51 51 

""'" 
Total Dimemion B • ~ 100- % 

'" '" Crav.flng & Kneeling Total DifTlemion C • · 100- % 
42 42 

SIandiog 
T alai Di'nerI$ion 0 • . 100 · % 

'" '" Walkirg. Runnilg & Total 0imeruJi0n E • ,.. 100 . % 
J ...... 72 72 

TOTAL SCORE - %A+%B+%C+%O+%E 
Total Ii 0( Oimensiom 

• • 
5 5 

GOAL TOTAL SCORE. &In of % !ICtJf85 for eacn Omensm ldenlifiad as a goal araa 
, of Goal areas 

• • % 

GMFM-66 Gross Motor Ability Estimator Score ' 

pteVbus GMFM-66 Score : 

--=,,=-.-=_:-:-::" ....... 

95% Conr.doi!:.e-:.~",,--:,,-

' from fie Gros$ Mot!.l' Ability EslimalOl' tGMAE) Softwarl! 

P.,.5 
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GOAL AREA 
..... ri"cNoiI 

A- D 
B. D 
c. D 
D. D 
E. D 

• -_ '% 
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TESTING WITH AJOSIORTliOSES 
hj:allt be!ow WIIh I chtd: ( .f ) .. tIIctI aKrorfIosis was ustd and !MIa1 d:mension .. was ~rst applied. (llItft NY bI! IIlOft tIan OM). 

AID DIMENSION ORTHOSIS DIMENSION 

RobIorlPushtf... .._ ... ............ _...... .... 0 Hip Conll"oL ... ___ .... ____ ........ _ .... _.. 0 
Waler ..... _ .... ___ . ___ .... _....... 0 ""' """"' ___ .... ____ ___ __ 0 
H Framt CI\IIches ....... _ .. ___ .. _ 0 Ank!e-Foot Cont.'oL ____ .__ 0 
eM"'" .. _ ._ .. _____ ....... __ ...... ____ . 0 Foot Conrol .,,_ .. _ .. __ .. ___ ....... _ 0 
Ouad Cant ..... _.... 0 """ ... _ .. _ .... _ ....... .............. _ ... _ .... 0 
""" .-.... -- .. --....... ------.... .. ---. 0 .... ... __ .. _ .. ___ ......... ____ .. __ 0 
.... ----.... --------------- 0 """ 0 

o --
GOAL AREA 

iM:DI ri-l <NOll 

% A- D 
% B. 0 
% C. 0 
% D. 0 
% E- D 

---:,--- • --% 

GMFM-66 Gross Motor Ability Estimator Score I 
GMFM~ Srore " 

' !rom !he Gross Mob' Ability Estimator (GMAE) So/I"oIIare 
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115'110 Confiderlce Intervals 

-,,--," - -
115'110 Confijence ~lerva's 
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8.8 Original BOT-2 Subtest 5: Balance and Sub/est 6: Running Speed 
and Agility 
188 
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.. 
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Subtest S: Balance:; 
.' 

Cortdud !~ lfflIr!d 11101 only 1/ lIlt uammu 
don rIO! wn lilt mluimum JaJft 011 1M 

1 StiJnding with feet Ap;irt 
on ~ lXIe-Eyes Open 

2 W,'king FOIWlrd on a tint: 

SUndinl on One LeI 
001 Line-Eyes Optn 

4 Standil'lg with Fttl A~rt 
on a Line- Eyes Dosed 

5 Walking FONIlIld Heel-to-Toe: 
011 iI Line 

6 SUnding on Doe L.q; 
.01'1 iI tine- Eyes CJoscd 

7 SUnding on Ont lq on iI 
Salina Btam-£yes Open 

8 S~nding Hed·to-Toe 
on iI Balance Bellm 

9 SUMing on DIM: leg on iI 
BOllana klm-EyesQosed 

1 Shuttlt Run 

Sttpping Sidtways 
am a 841lance Ikilm 

3 Ooe:.lqg~ 
, , 

Stiltiorwy Hop 

4 Qne·Legged 
Side Hop 

5 r ... """ 
' , 

"'Hop 
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8.9 The Modified Ashworth Scale 
297 
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The Modified Ashworth Scale: 

0 No increase in muscle tone 
1 Slight increase in muscle tone, manifested by a catch and release 

or by minimal resistance at the end of range of motion (ROM) 
when the affected partes) is moved in flexion or extension 

1+ Slight increase in muscle tone, manifested by a catch, followed by 
minimal resistance throughout the remainder (less than half) of the 
ROM 

2 More marked increase in muscle tone through most of ROM, but 
affected partes) easily moved 

3 Considerable increase in muscle tone, passive movement difficult 
4 Affected partes) rigid in flexion or extension 

Quadriceps: With the patient in supine, move the knee from full extension to full 
flexion. 

Hamstrings: With the patient in supine, move the knee from full flexion to full 
extension. 

Gastrocnemius: With the patient in supine, move the ankle from full plantarflexion 
to full dorsiflexion (measured with the knee extended). 

Speed of movement: the movement should take roughly 1 second to complete. 

Number of repetitions: each movement may be repeated 2 times before a score is 
gIven. 

267 

Univ
ers

ity
of

Cap
e T

ow
n



268 

Univ
ers

ity
 of

 C
ap

e T
ow

n



8.10 The EQ-5D-Y 
298 
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EQ-5D-Y 

Describing your health today 

Under each heading, mark the ONE box that best describes your health TODAY 

Mobility (walking about) 

I have no problems walking about 
I have some problems walking about 

I have a lot of problems walking about 

Looking after myself 

I have no problems washing or dressing myself 

I have some problems washing or dressing myself 

I have a lot of problems washing or dressing myself 

Doing usual activities (for example, going to school, hobbies, 

sports, playing, doing things with family or friends) 

I have no problems doing my usual activities 

I have some problems doing my usual activities 

I have a lot of problems doing my usual activities 

Having pain or discomfort 

I have no pain or discomfort 

I have some pain or discomfort 

I have a lot of pain or discomfort 

Feeling worried, sad or unhappy 

I am not worried, sad or unhappy 

I am a bit worried, sad or unhappy 

I am very worried, sad or unhappy 

271 

o 
o 
o 

o 
o 
o 

o 
o 
o 

o 
o 
o 

o 
o 
o 

Univ
ers

ity
 of

 C
ap

e T
ow

n



EQ-5D-Y VAS 

I How good is your health TODAY 

• We would like to know how good or bad your health is 

TODAY 

• This line is numbered from a to 100 

• 100 means the best health you can imagine 

• a means the worst health you can imagine 

• Please mark an X on the line that shows how good or 
bad your health is today 
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The best health 

you can imagine 
1O0 

95 

90 

85 

80 

75 

70 

65 

60 

55 

50 

45 

40 

35 

30 

25 

20 

15 

1O 

5 

o 
The worst health 

you can imagine 
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