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ABSTRACT

There are a lack of reliable and valid clinical outcome measures to assess the effects of

medical interventions in children with cerebral palsy, potentially compromising research and

clinical practice in this area. The objective of this thesis was to identify and develop reliable

outcome measures that could be used to evaluate the effects of botulinum toxin A in children

with cerebral palsy.

Six studies were undertaken in both normative and cerebral palsy populations to address this

aim. Two studies investigated the reliability and validity of commonly used measures of

lower limb function; three-dimensional gait analysis and visual gait assessment. Four studies

investigated measures of upper limb function in children with cerebral palsy. An objective

three-dimensional measure of upper limb function was developed and used to examine the

reliability and validity of additional upper limb measures of muscle tone and arm function and

to complete an objective assessment of upper limb borulinum toxin use in this population.

The results demonstrated that three-dimensional and visual gait analyses are reliable and valid

measures for children with cerebral palsy. For the upper limb this work has resulted in the

development of an objective and reliable three-dimensional kinematic measure of upper limb

function. A reliability assessment of the modified Tardieu scale found this measure to have

poor reliability in detecting dynamic muscle tone in children with cerebral palsy, indicating

limited value as a research tool. The results of the pilot study examining upper limb

botulinum toxin A use in a gtoup of ten children with hemiplegia, found small functional

gains following treatment, as determined by the three-dimensional kinematic measure and

Melbourne Assessment. These two measures were found to have moderate agreement in the

determination of range of motion during specific upper limb functional tasks.
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CHAPTER I.:

INTRODUCTION

1.1. The problem

Cerebral palsy is a group of non-progressive motor impairment syndromes, occurring

secondary to lesions or anomalies of the developing brain (Mutch, Alberman et al.1992).

Although the initial brain injury is a static insult the musculoskeletal changes that occur are

progressive as the child grows and matures. The resulting combination of motor and

occasionally sensory and cognitive impairments can greatly affect the ability of the child to

perform everyday functional tasks. The medical management for a child with cerebral palsy

can be a complicated, painful and emotional experience for the families and child, with the

potential for involvement from a wide variety of clinicians including paediatricians,

neurologists, orthopaedic surgeons and therapists throughout the child's development. Despite

this multidisciplinary approach both the treatment options and outcome measures available to

improve function in children with cerebral palsy are limited in number and poorly understood.

To provide the best and most effective care for their patients clinicians require sufficient

means to assess and re evaluate both the patient and their own practice. Clinical outcome

measures of health are the tools relied upon to evaluate the effectiveness of different

interventions and to classify and discriminate between individuals or groups according to their

health status (Guyatt, Kirschner et al. L992). Ideally these outcome measures must be reliable,

objective and simple to apply. However, in reality, the most frequently used clinical measures

available for the cerebral palsy population are often subjective and unreliable, thereby

potentially compromising the ability to accurately assess outcomes. Thus, there remain



significant gaps in the knowledge that allow medical interventions to be used without

thorough investigation into their effectiveness.

Recently, the pharmacological agent botulinum toxin A has been introduced as part of the

care of children with cerebral palsy. Botulinum toxin A assists with the management of

spasticity in the lower limbs commonly associated with cerebral palsy. Botulinum toxin A

injections result in a temporary relaxation in abnormally tight muscles and have been seen as

a breakthrough in treatment for children with cerebral palsy. There is now widespread use of

botulinum toxin A in this population, in particular in the lower limb, but increasingly in other

muscle groups. However, the objective evaluation of this intervention, as with the majority of

interventions for cerebral palsy has been restricted by a lack of reliable and valid outcome

measures in this patient population. This has hindered clear definitions of indications for

botulinum toxin A use and assessments of the role of additional interventions, such as therapy

and splinting.

The advent of three-dimensional gait or walking analysis has provided clinicians with an

objective lower limb measure for use in older children with cerebral palsy. This measure has

advanced the understanding of the movement patterns found in cerebral palsy and has led to

alterations and improvements in the care of children with cerebral palsy. However, the

measure is difficult to apply in younger children, who are often candidates for botulinum

toxin A. This necessitates the use of other outcome measures, such as visual gait scales, many

of which have been poorly tested for reliability and validity. Similar problems apply to

measures in the upper limb. Currently an objective and repeatable measure of upper limb or

arm function is not available for this population, which limits the ability to evaluate treatment

interventions for the upper limb.



Thus svemll, thqre is a lack of objeotive and reliable clinical outcome measrrres to assess the

effects of botulinum toxin Atrcafine,nt. Thefollowingresearch wiil addrercs this issrreby

critically examirning a selection of clinical outcome measures usedto evaluate botulinum

toxin A fteafinent for ambulatory childrsn with cerebral palsy.
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1.2. Aims of the Thesis

The overall aim of this thesis is to identify and develop, where necessary objective and

reliable outcome measures that can be used to evaluate the effects of botulinum toxin A in the

upper and lower limbs for ambulatory children with cerebral palsy.

The specific aims of the thesis have been identified:

Aim 1: To determine the reliability and validity of clinical outcome measures that are

used to assess lower limb function in children with cerebral palsy following

botulinum toxin A treatment.

Aim 2: To develop an objective and reliable measure of upper limb function for use in

children with cerebral palsy.

Aim 3: To compare current upper limb measures used for children with cerebral palsy

with an objective measure of upper limb function.

4



1.3. Studies Completed to Address Aims:

Study 1: To determine the reliability of 3-DGA in normative and cerebral palsy

populations in our laboratory.

Rationale: Three-dimensional gait analysis (3-DGA) is considered the gold standard measure

for lower limb function in children with cerebral palsy. However, there are limited reliability

studies reported in the Iiterature in this population.

Study 2: To determine the reliabitity and validity of visual gait scores in children

with cerebral palsy, using 3-DGA as the criterion measure.

Rationale: Visual gait scores are cornmonly used to evaluate the effects of botulinum toxin A

treatment in children with cerebral palsy. The reliability and validity of these measures have

not been fully established.

Study 3: To develop an objective three-dimensional measure of upper limb

function.

Rationale: There is no objective upper limb functional measure to determine the effects of

upper limb botulinum toxin A treatment in children with cerebral palsy.

Study 4: To determine the reliability of a three-dimensional upper limb functional

measure in unimpaired children and children with cerebral palsy.

Rationale: The reliability of three-dimensional upper limb movement analysis needs to be

established prior to its use a clinical outcome measure.



Study 5: To assess the reliability of the Tardieu measune in the upper limb.

Rationale: The Tardieu measure has been recommended as a means to identify and quantify

the presence of dynamic muscle tone following botulinum toxin A treatment. The reliability

of this measure has not been established in the upper limb.

Study 6: To investigatc the effects of upper limb botulinum toxin A in children with

cerebral palsy utilising an objective 3-D upper limb measure

Rationale: A three-dimensional objective measure of upper limb function is used to assess the

effects of upper limb botulinrrm toxin A in a pilot study. The results from an objertive upper

limb movement analysis will be compared to the Melbourne Assessment of unilateral upper

limb function.
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1.4. Significance of Problem

This thesis provides additional information to the literature on the reliability of three-

dimensional gait analysis in both normative and cerebral palsy populations. These results are

used to establish the reliability and validity of visual gait assessment in children with cerebral

palsy, which will assist clinicians in the assessment and selection of interventions, such as

botulinum toxin A treatment.

The development of a three-dimensional measure of upper limb function provides clinicians

with a new method to objectively evaluate upper limb function in children with cerebral

palsy. This objective measure has then been used to provide new information on the

reliability and validity of other upper limb measures of function and muscle tone that are used

to evaluate the effects of upper limb botulinum toxin A treatment in children with cerebral

palsy.

The effects of upper limb botulinum toxin A treatment in children with cerebral palsy have

been assessed by a unique objective assessment of upper limb function. The information

gained from this study will contribute to the current knowledge base on the benefits of upper

limb botulinum toxin A treatment in children with cerebral palsy.

1.5. Limitations

There are limitations in applying this work to a wider population of children with cerebral

palsy as subjects with cerebral palsy participating in the following studies were selected on

specific inclusion and exclusion criteria; including diagnosis, age, joint range of motion and

previous surgical history. The limitations to this work will be discussed in further details in

the individual chapters.
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CHAPTER 2:

REVIEW OF THE LITERATURE

2,1. Introduction

The literature review will investigate the clinical condition of cerebral palsy, discussing the

heterogeneous nature of cerebral palsy in both its presentation and aetiology. An overview is

glven on the clinical findings associated with cerebral palsy and how these can affect a child's

functional abilities and performance of activities of daily living. The medical management for

a child with cerebral palsy is then discussed, in particular the use of botulinum toxin A in the

treatment of ambulatory children with cerebral palsy. The scientific evidence behind current

clinical practices will be reviewed, highlighting the lack of supporting evidence for many

interventions available for children with cerebral palsy. A significant influence on the paucity

of scientific evidence is the quality of the clinical outcome measures used and available for

clinicians and researchers. The advantages and disadvantages of common clinical outcome

measures used for upper and lower limb assessments in children with cerebral palsy are

presented, in particular measures that have been used to evaluate the effectiveness of

botulinum toxin A. The use of three-dimensional gait analysis will be discussed as an

example of how an objective lower limb outcome measure can progress the care of children

with cerebral palsy and potentially be used to validate other clinical measures. Finally, the

review will explore how the use of 3-D movement analysis technology could be used to

objectively evaluate upper limb function and validate other measures of upper limb function

in children with cerebral palsy.



2.2 Cerebral Palsy

2.2,1. What is cerebral palsy?

The term 'cerebral palsy' describes a heterogeneous condition that includes a group

of non-progressive, but not unchanging motor impairment syndromes, occurring secondary to

lesions or anomalies of the brain arising in the early stages of development (Mutch, Alberman

et al. 1992). It is the most common cause of physical disability in childhood, with a

prevalence of 1.5 to 2.5 per 1000 live births, (Stanley and Watson 1992; Reddihough and

Collins 2003) increasing considerably for premature births (Hagberg and Hagberg 1984;

Darfow, Horwood et al. 1997). Cerebral palsy is primarily a disorder of movement and

posture, presenting with a combination of upper motor neuron signs and symptoms, including

spasticity, muscle hypertonia, hyperreflexia, muscle weakness and loss of selective motor

control @ax 1964; Goldenberg 2004). The broad definition of cerebral palsy encompasses a

population with varying degrees of motor impairment, the severity of which is largely

dependent on the site, size and timing of the brain lesion. The functional consequences are

varied and can potentially affect all activities of daily living.

2.2.2. Aetiology

One of the earliest descriptions of cerebral palsy was in 1862 from William John

Little, an orthopaedic surgeon in the United Kingdom. Little believed that the condition of

cerebral palsy, which results in 'spastic rigidity', was due to birth complications and

prematurity (Ingram 1984). This description of cerebral palsy led to the long held

unquestioned belief that birth asphyxia is the primary cause of cerebral palsy @haroah and

Cooke 1997; Hankins and Speer 2}}3;Reddihough and Collins 2003). It is now known that a

variety of static insults to the developing foetal brain in the prenatal, perinatal or post natal

period can all lead to symptoms associated with cerebral palsy. Birth asphyxia in the perinatal
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period may only account for up to l\Vo of the more severe cases of cerebral palsy, with

prenatal (before bifth) events contributing to the majority of cases of cerebral palsy (Blair and

Stanley 1993; Gaffney, Flavell et al. 1994; Badawi and Keogh 2001).

Babies born of low birth weight and lower gestational age have a significant increased risk of

cerebral palsy, with the premature infant brain being particularly vulnerable to infection and

circulatory damage (Hagberg and Hagberg 1984; Wood, Marlow et al. 2000). Wood et al

(2000) found up to 23Vo of extremely preterm infants will have cerebral palsy with severe

disability. A New Tnaland based study by Darlow and colleagues (1997) identified a25vo tate

of disability in infants born at very low birth weight, with SVo of these children having severe

disability @arlow, Horwood et al. 1997).

One potential factor in the development of cerebral palsy is intrauterine infection or

chorioamnionitis, which has been implicated in contributing both to preterm labour and to

premature births (Wu and Colford 2000; Nelson, Grether et al. 2003). Chorioamnionitis is a

common bacterial infection involving the chorionic and amnionic membranes and the

amniotic fluid, primarily developing from bacteria found in the lower genital tract progressing

into the amniotic cavity (Gaudet and Smith 2001). The precise pathway that leads from

maternal intrauterine infection to a premature birth to cerebral palsy is unclear. One proposal

is that the chorioamnionitis may lead to a foetalinflammatory response, with inflammatory

cytokines contributing to neonatal white matter damage and the development of cerebral palsy

(Zupan, Gonzalez et al. 1993; Wu and Colford 2000; Gaudet and Smith 2001; Goldenberg

2004). The resulting white matter damage that can be detected on ultrasound is seen as

echolucencies, indicating periventricular leukomalacia @VL) or echodensities, indicating

intracranial haemorrhage (ICFI). Both of these ultrasound findings are strong predictors of
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subsequent cerebral palsy (Pinto-Martin, Riolo et al. 1995; Gaudet and Smith 2OOL;

Goldenberg 2004).

A review of the literature on long term outcome in preterm infants with ultrasound

abnormalities by lrviton and Paneth (Irviton and Paneth 1990) found the presence of grade

IV ICH in the neonatal period results in a 40-l00Vo prevalence rate of cerebral palsy, similarly

62-l00Vo of infants with PVL abnormalities will have cerebral palsy. Unfortunately, the

increasing knowledge of this condition has not yet made a significant impact on reducing the

incidence of cerebral palsy, with minimal evidence suggesting that the treatment of bacterial

infection during pregnancy can prevent a detrimental neurological outcome in the child

(Nelson and Willoughby 2002).

Multiple other pre-birth risk factors for cerebral palsy have been identified, including foetal

growth restriction, maternal or foetal coagulation disorders, multiple pregnancy and

chromosomal or congenital abnormalities. (al-Rajeh, Bademosi et al. 1991; Pharoah and

Cooke 1997 Sinha, Corry et al. 1997; Wu and Colford 2000; Gaudet and Smith 2001). The

complex pathways that are involved in the antenatal causes of cerebral palsy make it difficult

at this stage to define one area to target to reduce the incidence of cerebral palsy.

Incidents in the post natal period, (28 days or more after birth), such as infection, head

injuries or vascular events may account for approximately S-ll%o of children affected with

cerebral palsy (Blair and Stanley 1982 Stanley, Blair et al. 2000; Cans, McManus et al.

zOA4). The small percentage of postnatally acquired children with cerebral palsy is one area

where prevention strategies may be possible. However, the exact aetiology of the majority of
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cases of cerebral palsy is still unclear, once the more obvious post natal events have been

excluded.

To date, there is limited evidence to suggest that the rate of cerebral palsy has decreased over

the last 40 years, even with significant improvements in antenatal and perinatal care.

However, within this static population the subtypes of cerebral palsy presentations may have

changed, with a reported decrease in ataxic cerebral palsy presentation, due to the ffeatment of

kernicutus and increase in spastic diplegia presentation, perhaps secondary to improving

survival of premature infants (Hagberg and Hagberg 1984; Stanley, Blair et al. 1993; Wood,

Marlow et al. 2000; Goldenberg200a)

2.2.3. Motor impairments

The signs and symptoms that present following damage to the central nelvous system

can be collectively described as the upper motor neuron syndrome, with both positive and

negative features (Lance and Mclrod l98l). The so called 'positive features' of the upper

motor neuron syndrome include muscle spasticity and released reflex activity, such as a

babinski response, and mass synergistic movement patterns. The 'negative features' include

muscle weakness, poor motor control, loss of dexterity, and a loss of selective motor control.

The majority of children with cerebral palsy present with some degtee of muscle spasticity.

This positive feature of the upper motor neuron syndrome has long been considered the major

influence on their movement dysfunction. Reflecting this is the significant amount of clinical

interventions that are targeted specifically at reducing spasticity in order to improve motor

function. It is now recognized that the 'negative features' of the upper motor neuron

syndrome, such as muscle weakness have a considerable influence on motor function and the

resulting movement dysfunction is due to a complex interaction between both the positive and

negative features of the upper motor neuron syndrome.
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2.2.4. Spasticity

Spasticity is clinically identified by an increase resistance in the muscle following a

rapid passive stretch, which can restrict the range of movement about that joint. The classic

definition of spasticity from Lance (1981) is of a 'velocity dependent increase in tonic stretch

reflex, exaggerated tendon jerks, resulting from hyperexcitability of the stretch reflex'.

Several neural mechanisms have been proposed to contribute to the presence of spasticity,

including motor neuron hyperexcitability; and / or a loss of the inhibitory input from

descending neural pathways (Katz and Rymer 1989). This suggests that the increased

response of a muscle to stretch found in a spastic muscle could be due to an enhanced

excitatory input or reduction in inhibitory input from a local inhibitory interneuron onto the

muscle. Alpha motor neuron hyperexcitability would mean that a smaller amplitude or slower

velocity stretch would now excite motor neurons, with the threshold point for motor

recruitment occurring earlier.

In addition to the altered central mechanisms, intrinsic factors within the muscle contribute to

the increased resistance detected in a spastic muscle (Sinkjaer, Toft et al. 1988; Lin, Brown et

al. 1994; Mirbagheri, Barbeau et d. 2001). The intrinsic changes within a spastic muscle are

still poorly understood, with no clear consensus on the changes in muscle fibre type and

distribution in a spastic muscle (Tardieu, Huet de la Tour et al. L982; Shortland, Harris et al.

2001). Recent work by Lieber et al (Lieber, Runesson et al. 20O3; Lieber, Steinman et al.

2004) examined spastic and normal human muscle, demonstrating a difference in the intrinsic

properties of spastic muscle fibre bundles and normal muscle bundles, with spastic muscle

bundles having an increased sunounding extra cellular matrix, which was poorly organised

and had inferior mechanical properties. Further work is needed in this area to improve the

understanding of the complex condition of spasticity, including investigating the cause and
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timing of extra cellular and muscle fibre changes, determining if all muscles respond in the

same manner and the effect of age on spastic muscles properties (Lieber, Steinman et al.

2004). A greater understanding on the peripheral effects of spasticity at a muscle and cellular

level is required as although the aetiology of spasticity is central in origin, the majority of

anti-spasticity therapy and management is targeted peripherally (Lieber, Steinman et al.

2004).

2.2,5, Classification of cerebral palsy

The description and classification of cerebral palsy is traditionally based on the type of

tonal changes (e.g. spasticity, ataxia) and the distribution of the motor impairment (i.e.

number of limbs affected) (Un 2003). Spasticity is the most common tonal change in cerebral

palsy, and is one of the main diagnostic features of cerebral palsy. Other rarer types of tonal

change in cerebral palsy include ataxia, dyskinesia or athetoid cerebral palsy (Ingram 1984;

Bleck 1987). These movement patterns are characterised by involuntary movements and

fluctuating muscle tone, resulting in an inability to coordinate and execute simple tasks.

Children are classified as having spastic quadriplegia or tetraplegia, where all four limbs are

affected; spastic diplegia, when the lower limbs are predominantly involved; or spastic

hemiplegia or monoplegia, where one side of the body or single limb is predominantly

affected. A diagnosis of spastic diplegia is generally associated with preterm birth and the

finding of periventricular leukomalacia on MRI scans (Hagberg and Hagberg 1984). Spastic

hemiplegia may be associated with late 3'd trimester prenatal injury to one side of the brain,

possibly as a result of a clotting or thrombotic disorder or a stroke in utero (Lin 2003). The

more severe forms of cerebral palsy, spastic quadriplegia and dyskinetic cerebral palsy can be

associated with an acute hypoxic intrapartum event with birth asphyxia (Hankins and Speer
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2003). Overall, spastic diplegia and spastic hemiplegia are the most cornmon types of motor

involvement in cerebral palsy (Colver and Sethumadhavan 2003; Hagberg and Hagberg

1984).

Classifications that are based on tone and anatomic involvement are widely used in the

orthopaedic and physiotherapy literature and form the basis of many clinical studies of

different interventions. However, reliability studies have shown that these classification

systems have a poor level of inter-observer agreement (Blair and Stanley 1985) and therefore

could not be used to reliably predict functional motor outcome (Wood and Rosenbaum 2000).

Thus, gaining a consensus on the classification of children with cerebral palsy can be difficult

to achieve, perhaps influenced by the varying interpretations of terminology, and motor

impairments that are often not clear cut in their distribution (Bax 1964).

Recently the Gross Motor Function Classification Scale (GMFCS) has been developed by

Palisano and colleagues (1997), to supplement previous classification methods for children

with cerebral palsy and provide an indication of the patterns of functional disability found in

children with cerebral palsy. The child's functional ability is classified into five levels, from

I-evel I, which is the most independent, to level V, which is the most dependent. This

classification is also age appropriate having four separate age divisions up to l2 years ofage.

This scale can be applied to children with all levels of disability and is based on the child's

ordinary motor function, particularly with regards to sitting and walking and generally

requires no additional assessment from the clinician (Palisano, Rosenbaum et al. 1997; Wood

and Rosenbaum 2000). The GMFCS scale has been shown to have high test-retest reliability

of 0.79 and inter-rater reliability of 0.93 (Wood and Rosenbaum 2000). The GMFCS

classification has been found to be stable over time until at least the age of 12 years (Wood
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and Rosenbaum 2000). This scale has also been instrumental in recently providing the first

indication of longitudinal motor development curves for children with cerebral palsy

(Rosenbaum, Walter et al. 2002). The average motor development for a child can now be

predicted according to their GMFCS score. At the age of 4-5 years children of GMFCS level I

can be expected to have achieved 907o of their motor development potential.

Correspondingly, children with more severe disability, GMFCS level V can be expected to

have achieved their motor developmental potential earlier, by 2-3 years of age @osenbaum,

Walter et al.20O2). The authors caution that predictive motor curyes have some limitations in

that they do not take into account many other important factors that may influence the child's

motor function prognosis, such as the child's cognitive ability, parental support and

motivation @osenbaum, Walter et al.2O02). However, the GMFCS does provide valuable

prognostic information to the family and assist clinicians in determining the optimal time for

different therapeutic interventions.

Motor development curves for upper limb function for children with cerebral palsy are also

being developed, using the same procedure. Initial reports, though, have found large inter-

individual variation and differences between hand function and overall upper limb function

development (Hanna, Law et al. 2003).

2.2.6. Clinical presentation of cerebral palsy

Children with lower limb involvement will have gait abnormalities that will change

and progress over time, either due to effects of growth and development or following specific

interventions (Bell, Ounpuu et al.2002). Children with more involved forms of bilateral

cerebral palsy, such as triplegia and quadriplegia, are predominantly classified at the higher

levels m,IV and V on the GMFCS, indicating more functional dependence, with the majority
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of children not able to walk independently (Rosenbaum, Walter et al. 2002; Gorter,

Rosenbaum et al. 2004). In contrast, the functional abilities of children with spastic diplegia,

cerebral palsy can be represented across all levels of the GMFCS (Rodda and Graham 2001),

with the majority being independently ambulatory. From a sample of 217 children with

spastic diplegia, 6OVo could be classified at either a level I or level II on the GMFCS,

indicating independent ambulation, without the need for an assistive device (Gorter,

Rosenbaum et al. 2004). Approximately TVo of children with spastic diplegia were classified

as GMFCS level IV or V (Gorter, Rosenbaum et al. 2004).

Common gait patterns have been identified for children with spastic diplegia, specifically

relating to knee motion, (Sutherland and Davids 1993) and, more recently, detailing patterns

of hip, knee and ankle motion (Rodda and Graham 2001). The four gait patterns give an

indication of the progressive nature of the musculoskeletal changes that occur in children with

cerebral palsy. A young child with spastic diplegia can present with a 'true equinus' gait

pattern, where distal calf spasticity results in excessive ankle plantarflexion during gait

(Rodda and Graham 2001). The child with more proximal muscle involvement, with

additional spasticity in the hamstrings and hip flexors can be classified as having either a

Jump knee' or 'apparent equinus' gait pattern, this can then progress to a 'crouch gait 'where

there is a posture of excessive hip and knee flexion and increased ankle dorsiflexion

throughout the gait cycle (Brown and Burns 2001; Rodda and Graham 2001).

A child with spastic hemiplegia will have weakness and or spasticity predominantly affecting

one side of the body, including the arm, leg and trunk musculature. The majority of children

are independent in both walking and with most activities of daily living (Rosenbaum, Walter

et aL.2002 Gorter, Rosenbaum et al. 2004). However, gait abnonnalities can occur at all
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anatomical levels, with common hemiplegic gait patterns defined by Winters, (Winters, Gage

et al. 1987) Gage (Gage l99l)and more recently updated by Rodda and Graham (Rodda and

Graham 2001)into four subtypes of type I to type 4 gait patterns. Type I and 2 gait

abnormalities are predominantly affecting distal muscles, with spasticity in the calf muscle or

a loss of motor control in the ankle dorsiflexors contributing to a stereotyped true equinus or

foot drop gait pattern.Type 3 and 4 gait patterns have more proximal involvement, with

additional abnormalities at the trunk, pelvis, hip and knee. The reliability of this gait

classification for children with hemiplegia has yet to be established. Anecdotally it is

considered that there maybe greater difficulty in classifying children as either type 2 or type 3

presentation, where the effect of the biarticular muscles, in particular gastrocnemius and

hamstrings muscles needs to be determined. The presentation of the type I classification,

with just the presence of a 'drop foot' during swing phase is considered to be rare, as

predominantly in children with hemiplegia, spasticity is present in the calf muscle complex,

resulting in a 'spastic equinus' gait pattern during the stance phase of gait and a type? - 4 gwt

classification.

Children with spastic hemiplegia can also have significant problems in the upper limb. These

problems include abnormal flexor posturing of the upper limb and difficulties performing fine

motor hand activities @liasson, Gordon et al. 1995; Eliasson and Gordon 2000; Gordon,

kwis et al. 2003; Boyd, Morris et al. 2001; Fehlings, Rang et al. 2000). The increased flexor

posturing of the upper limb primarily occurs during gait and with other activities requiring

increased effort. Although not always functionally limiting, this abnormal posture is an

important cosmetic concern for children with hemiplegia cerebral palsy (Corry, Cosgrove et

al. L997). Spasticity preferentially affects the flexor muscle groups of the elbow, wrist and

fingers and pronators muscles of the forearm, making it difficult to achieve the functional
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position required for reaching (elbow and wrist extension, combined with forearm supination

and finger flexion) (Bleck 1987). The inability to achieve a functional grasp, manipulate an

object in the hand or perform isolated finger movements greatly restricts the functional use of

the hemiplegic upper limb. Children who have hemiplegia often become one-handed experts,

with their affected upper limb acting as a stabilising or helper hand for most everyday

activities.

In addition to the physical abnormalities present in the upper limb, functional deficits are also

thought to arise due to this lack of use of the affected upper limb, or 'learned non-use' of the

limb (Boyd, Morris et al. 2001; Taub, Ramey et al. 2004).Unlike the lower limb, children do

not have to use their upper limb, resulting in reduced sensory input and motor output for the

limb from birth. Other limiting factors in the hemiplegic upper limb can be the presence of

abnorrnal mirror movements, where movement of the affected hand will produce involuntary

mirror movements in the unaffected hand and vice-versa. The persistence of abnormal mirror

movements is thought to be related to the nature and timing of the initial injury in utero, with

neurophysiology studies indicating the development of branching ipsilateral corticospinal

pathways arising from the unaffected hemisphere (Carr, Harrison et al. 1996; Nezu, Kimura et

al. L999: Mayston, Harrison et d. 1999). It has been hypothesised by Thickbroom and

colleagues that sensory-motor integration in some children with hemiplegia may be impaired,

with evidence of motor output for the affected upper limb projecting (abnormally) from the

ipsilateral hemisphere, but normal sensory input continuing to the contra lateral hemisphere,

resulting in what the authors describe as an 'interhemipsheric dissociation' (Thickbroom,

Byrnes et al. 2001).
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2.3. Management of spasticity in children with cerebral palsy

2.3.1. Aimof medical management

Although the initial brain injury in cerebral palsy is a static insult, the motor

impairments are considered progressive. The combination of spasticity and weakness create

muscle imbalances and deforming forces, which act on the developing musculoskeletal

system, resulting in muscle tightness and contractures and bony deformities (Reimers 1973).

The aim of medical management in children with cerebral palsy is to prevent secondary

deformities and thereby maximise the independence and functional abilities of the child.

Spasticity has long been the target of medical interventions for children with cerebral palsy,

with the traditional simple view that the increased tightness in the muscle restricts normal

movement and prevents function. To some degree this philosophy has been successful,

particularly in the lower limb; where reducing muscle tightness or spasticity in the calf muscle

can result in improved walking function (Sutherland, Kaufman et al. 1996; Corry, Cosgtove et

al. 1998; Saraph, Zwick et aL.2002). However, it is now apparent that the motor and

functional impairments result from a complex interaction of spasticity, muscle weakness,

reduced motor control, sensory and cognitive factors. The complexity of the motor disorders

associated with cerebral palsy is now beginning to be reflected in the therapeutic and medical

treatment.

The established medical management for a child with cerebral palsy and their family involves

a combination of therapeutic, surgical and medical input. Therapy has been the mainstay of

treatment for children with cerebral palsy and has required continual adaptation to not only

reflect current motor learning and scientific theories but also to incorporate new medical and

technological progress. Neurosurgical options for spasticity management include the

procedures of selective dorsal rhizotomy (SDR) and use of intrathecal baclofen (Giuliani
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l99l; Flett 2003). Both interventions are not routinely available or used for children with

cerebral palsy in New Tnaland.

Orthopaedic treatment options for children with cerebral palsy have also evolved over the past

twenty years, with a shift from intermittent surgical intervention, once referred to as the

'birthday syndrome', where a child had an operation every year, to a planned team approach

that aims to maximise the child's development and functional abilities by reducing the

number of surgical procedures (Rang 1990). Temporary, less invasive interventions are now

encouraged in the younger cerebral palsy populations to delay surgery and prevent secondary

deformities (Graham, Aoki et al. 2000). Examples of these interventions include the use of

orthotics; walking aids; and the pharmacological agent, botulinum toxin A. There is now

widespread use of botulinum toxin A treatment in all muscle groups to reduce increased

muscle tone associated with cerebral palsy.

2.3.2. Therapy

Therapy in the form of occupational, physical and speech therapy aims to begin,

where appropriate, as soon as a diagnosis of cerebral palsy has been established. For many

children with cerebral palsy this diagnosis can be delayed, as abnormalities may not detected

until the child fails to achieve developmental milestones in an appropriate timeframe and for

some families there may be a prolonged process of differential diagnosis. Therapeutic

involvement aims to maximise the functional abilities and independence of the child. This can

be achieved by a variety of means, from education of the child and caregivers, to assessing

and supplying equipment to improve independence for home, school or community use, such

as wheelchairs, standing frames or modified cutlery. Therapy treatment involves a 'hands on'

approach to assist the child to reach developmental milestones, maintain joint and muscle
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integrity and range of motion through a programme of muscle stretching, strengthening,

splinting and functional activities.

There is a wide spectrum of therapeutic interventions available for children with cerebral

palsy, including neurodevelopmental treatment (NDT) approaches, conductive education

(CE), strengthening programmes, electrical stimulation and constraint therapy (Bobath 1990;

Ken, McDowell et al. 2004; Taub, Ramey et al. 2004; Reddihough, King et al. 1998; Dodd,

Taylor et aL.2002). Usually combinations of treatment principles are employed, depending on

the experience and education of the therapist and the presenting problems and wishes of the

child and family. There is cunently no conclusive answer to which treatment will gain the

most benefit for the child and family and there remain many unanswered questions as to the

effectiveness, type, frequency and length of therapy treatment (Siebes, Wijnroks et al.2002;

Brown and Burns 2001; Kerr, McDowell et al. 2004). The evidence in the literature provides

no clear advantage of one therapeutic intervention over another (Bower and Mckllan 1994;

Ketelaar, Vermeer et al. 2001; Reddihough, King et al. 1998). Reddihough and colleagues

(199S) found that children made developmental gains regardless of the intervention used and

Palmer et al (1988) found no advantage to children receiving therapy to those just receiving

infant stimulation (Palmer, Shapiro et al. 1988). Intermittent intensive therapy for children

with cerebral palsy, as opposed to continued therapy may result in greater improvements in

motor function Mayo 1991; Trahan and Malouin2002).

The American Academy of Cerebral Palsy and Developmental Medicine (AACPDM) has

recently carried out evidence based reviews of NDT and conductive education (Butler and

Darrah 2001; Darrah, Watkins et al. 2004). The outcome of the review of the efficacy of

NDT for the treatment of children with cerebral palsy was inconclusive, with the majority of
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available studies finding no advantage in this form of treatment over other treatments. Butler

and Darrah, (2001) identified limiting factors in their study of NDT treatment, including the

heterogeneity of the study population, small sample sizes and the questionable validity and

sensitivity of the outcome measures used to detect changes. In their review of the efficacy of

the CE approach for children with cerebral palsy Darrah et al (2004) found similar limitations

to those in the NDT review, including the heterogeneity of the population studied and poorly

described interventions and outcome measures.

To date, the supporting evidence for therapy specifically for upper limb dysfunction in

children with cerebral palsy is even more limited @oyd, Morris et al. 2001; Case-Smith 2000;

Law, Russell et al. L997). Children with hemiplegia usually favour the uninvolved hand and

tend to ignore the hemiplegic hand (Wilton 2OO3). Traditional therapy and surgical

interventions, such as muscle lengthening have had varied results in improving function in the

hemiplegic hand (Dahlin, Komoto-Tufvesson et al. 1998; Eliasson, Ekholm et al. 1998; Van

Heest, House et al. 1999; Johnstone, Richardson et al. 2003).

The overall lack of positive results for therapeutic intervention has been attributed in some

degree to the poor quality of the research, which is significantly influenced by the lack of

reliable and objective outcome measures for this population, the heterogeneity of the cerebral

palsy population and the non-standardised treatment approaches. In a review on therapeutic

interventions Seibes and colleagues (Siebes, Wijnroks et al. 2002) discuss the additional

benefits that may be gained from therapeutic intervention which can not be quantified, such as

the value of teaching the parents to cope with the abilities and limitations of their child.

However, in these days of evidence-based medicine, even these tangential benefits need to

measured, to help determine the best type and quantity of therapy interventions.
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Overall, there is a paucity of conclusive, randomised controlled research on therapeutic

intervention in children with cerebral palsy. One contributing reason to this is a lack of

reliable and objective outcome measures, which can accurately quantify changes from a given

intervention (Rosenbaum, Russell et al. 1990). However, therapy continues to remain a

standard treatment for the majority of children with cerebral palsy.

2.3.3. Surgery

The primary aim of orthopaedic surgery in children with spasticity is often thought of

as correcting secondary deformity and contracture. However, surgical lengthening of a

muscle may also possibly influence tone within the muscle. l.engthening and weakening of

an overactive and shortened muscle may alter the tension in the intrafusal muscle spindle,

diminishing the stimulus for overactive muscle contraction and thereby reducing spasticity

(Chambers 1997; Gormley 2001; Sussman and Aiona 2004). The spasticity reducing effect

post surgery can be obscured, as spasticity is difficult to quantify and other variables, such as

pain may have a significant influence on muscle tone and performance (Chambers 1997). The

tone reducing effects of surgery can be short term in a developing child, as muscle growth

could result in an increase in muscle tension (Sussman and Aiona 2004).

Where required, single event multi level surgical intervention for children with cerebral palsy

is recommended between ages of 4-8 years, prior to increased adolescent growth, with the aim

of correcting both soft tissue and bony deformities with just a single rehabilitation period

(Bleck L987; Saraph, Zwicket al-2002). There is evidence of improvement in function and

gait parameters following multilevel surgical intervention. However, rehabilitation
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requirements and progress beyond the original functional level may take up to two years and

beyond to achieve (Saraph, Zwick et al.2002; Schwartz, Viehweger et al.2004). The natural

history of cerebral palsy is still not fully understood and evidence suggests that gait function

will deteriorate in this population without intervention in a short time span (Johnson,

Damiano et al. 1997i Bell, Ounpuu et al. 2002; Gough, Eve et al. 2004). The timing of

surgical intervention and the specific type of deformities that require intervention is

constantly being re-evaluated, The advent of botulinum toxin A has provided clinicians with a

temporary conservative spasticity management option while this surgical evaluation takes

place (Sussman and Aiona 2004).

2.3.4. Botulinum toxin A

In a growing child with cerebral palsy spasticity management aims to prevent the

development of secondary bony and muscle deformity. Intramuscular injections of botulinum

toxin A have been used for children with cerebral palsy for the past l0 years, to address this

aim and reduce the associated increased muscle tone and improve function. However, the

quality of the scientific evidence examining the effects of botulinum toxin A in children with

cerebral palsy has been questioned (Forssberg and Tedroff L997), suggesting that the lack of

objective, reliable and valid functional outcome measures seriously compromises the

evaluation of botulinum toxin A treatment in children with cerebral palsy.

Botulinum toxin is produced by the bacteria Clostridium botulinum and is the most powerfrrl

neurotoxin known (Brin 1997). Botulinum toxin A causes a temporary chemodenervation of

skeletal muscle, by inhibiting the release of acetylcholine, the skeletal muscle

neurotransmitter at the neuromuscular junction. Muscles become clinically weak and atrophic

as neurotransmission is prevented, an effect which lasts for 12 -16 weeks after the initial
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injection (Barwood, Baillieu et al. 2000; Munchau and Bhatia 2000). The major advantage of

the toxin when used in the periphery is that the neurotoxic effects are reversible. Recovery

from localised injection of botulinum toxin A is thought to be by restoration of the original

motor end plates to their previous capability (AngaurPetit, Molgo et al. 1990).

The theoretical evidence that is widely quoted to support the use of botulinum toxin A to

assist in preventing contractures in a cerebral palsy population arises from a study using

hereditary spastic mice as a model for cerebral palsy (Cosgrove and Graham I994).In this

study, Cosgrove and Graham (1994) investigated the effects of reducing tone on anatomical

muscle length in the hereditary spastic mouse. Infant spastic mice were randomised to

receive either botulinum toxin A or saline injections during their growth period and those who

received botulinum toxin A injections were found to maintain normal muscular growth, with

the gains occurring in the length of the muscle belly, rather than the Achilles tendon.

Although this study provides some valuable information, it should be noted that hereditary

spastic mice have a progressive neurological condition (unlike cerebral palsy). As well, only a

small number of spastic mice survived the length of the study, compared to the normal mice.

Thus, direct extrapolation of this study to human muscle growth is clearly not possible;

however it remains one of the best studies in the literature to date. There are limited studies of

the effect of botulinum toxin A on muscle growth and development when injected locally into

juvenile muscle.

The degree of muscle denervation resulting from botulinum toxin A injections are dose

dependent (Graham, Aoki et al. 2000; Aoki 2001; Bambrick and Gordon 1989). The unit of

measurement for botulinum toxin A is the mouse unit (U), with one Unit equivalent to the

amountof toxinfoundtokill 5OToofagroupof mice(IrthalDose50;LD50)(Aoki 1999).
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There are two brands of botulinum toxin A commercially available, BOTOX@ (Allergen) and

Dysport@ (Ipsen), they have significant differences in their potencies, with one Unit of

BOTOX@ equivalent to three to five Units of Dysportt lcraham, Aoki et al. 2000). The

recommended dose of BOTOX@for children has been established as 3 - 6 U/kg per muscle in

the lower limb, 0.5-3U/kg per muscle in upper limb, with a total dose of approximately l2U -

16U/ kg body weight, with the maximum dose per child per session set at 300U (Wissel,

Heinen et al. 1999; Graham, Aoki et al. 2000). However, increased doses of BOTOX@, of up

to 20-31 U/ kg total body weight have been used safely and effectively in children with

cerebral palsy (Molenaers, Desloovere et al. 2001). The potential for greater spread of the

toxin across muscle fascia to surrounding areas, possibly associated with larger doses and

increased dilution of the toxin may be helped by multiple injections in the muscle to prevent

'saturation' at one injection site (Jefferson 2004).

An attractive feature of botulinum toxin A has been its excellent safety profile when used in

the limbs for children with cerebral palsy (Delgado 1999; Koman, Mooney et al. 2000). The

literature does not report any deaths in ambulatory children with cerebral palsy receiving

botulinum toxin A injections. Minor adverse effects following botulinum toxin A treatment

have been reported to occur in approximately 5-7 7o of children (Bakheit, Severa et al. 2001;

Koman, Mooney et al. 2000; Boyd, Graham et al. 1999). These range from the systemic

effects, including excessive muscle weakening, temporary urinary and faecal incontinence to

more localised effects of pain and swelling at the injection site @oyd, Graham et al. 1999;

Graham, Aoki et al. 2000; Koman, Mooney et al, 2000; Bakheit, Severa et al. 2001).

Generally, these side effects are temporary, often lasting only one to two weeks. As yet there

is no evidence on the long term effects (> l0 years) from either animal or human studies.
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Botulinum toxin A is currently licensed for the treatment of spastic equinus in the cerebral

palsy population in the United Kingdom, Europe, North America, Australia and New Zealand.

However, it is increasingly being used in a number of offlabel indications for other muscle

groups, including use in the upper limb.

2.3.4.1. Botulinum toxin A use in the lower limb

A Cochrane Svstematic Review on the use of botulinum toxin A in the

treatment of lower ti-U *p"rticity in cerebral palsy (Ade-Hall and Moore 2000) identified

only three eligible studies for evaluation that were randomised and controlled @ett, Stern et

al. 1999; Corry, Cosgrove et al. 1998; Koman, Mooney et al. 1994) and concluded that there

was not enough evidence to support or refute the use of botulinum toxin A for the treatment

of leg spasticity in cerebral palsy. Since this Cochrane review, additional randomised trials

have been completed on the use of botulinum toxin A in the lower limbs of children with

cerebral palsy (Sutherland, Kaufman et al. 1999; Koman, Mooney et al. 2000; Ubhi, Bhakta et

al. 2000; Love, Valentine et al. 2001; Baker, Jasinski et al.2O02; Reddihough, King et al.

2002). In this section, an overview will be presented of these studies followed by a summary

of the information relating to use of botulinum toxin A in other lower limb muscle groups and

then an overall summation of the evidence to date and the types of outcome measures that

have been used (See Table 2.1).

In 1994, Koman and co workers published the first study on the use of botulinum toxin A in

spastic equinus. In this study, five of the six subjects showed an improved gait pattern two

weeks after the first injection, measured by the Physicians Rating Scale (PRS) for gait. This

scale was specifically devised to attempt to quantify gait changes in children too young for

three-dimensional gait analysis (Koman, Mooney et al. 1994). The reliability or validity of the
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Physicians Rating Scale was not determined at this time. Koman and co workers have gone on

to do a larger randomised controlled trial for the treatment of spastic equinus, involving I 14

ambulant children with cerebral palsy (Koman, Mooney et al. 2000). The botulinum toxin A

treated group (n=56) had significant improvements in active ankle dorsiflexion with the knee

flexed and in the ankle position and gait pattern of a modified version of the Physicians

Rating Scale (Koman, Mooney et al. 2000). An extension of this study evaluated an extra 76

children and found additional improvements in the hind foot position section of the

Physicians Rating Scale for children glven botulinum toxin A treatment (Koman, Brashear et

al. 2001). No changes in passive ankle dorsiflexion could be shown in these studies.

Two studies have compared botulinum toxin A injections to serial casting in the treatment of

spastic equinus (Corry, Cosgrove et al. 1998; Flett, Stem et al. 1999). Corry et al, (1998)

investigated the interventions in 20 children with diplegic or hemiplegic cerebral palsy

utilising three-dimensional gait analysis and a further modified version of the Physicians

Rating Scale as the major outcome measures. Both the botulinum toxin A and casting group

improved in passive ankle dorsiflexion range and foot contact 2 weeks after onset of

treatment, however improvements were maintained for longer in the botulinum toxin A group.

The results from three-dimensional gait analysis showed that the botulinum toxin A group had

significantly increased ankle dorsiflexion in the stance phase of gait (Corry, Cosgrove et al.

1998). Flett et al (1999) used a wide range of outcome measures, including range of motion

measures, modified Ashworth, Gross Motor Function Measure (GMFM), modified PRS and a

Global Scoring Scale (GSS) of gait function to evaluate casting and botulinum toxin A

treatment in a group of l8 children with spastic, cerebral palsy. They found a similar level of

efficacy in the treatment for dynamic equinus between serial casting and botulinum toxin A

injections, with no significant group differences identified (Flett, Stern et al. 1999).
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In a randomised placebo controlled trial of repeated botulinum toxin A injections into the

gastrocnemius muscle, Sutherland and colleagues (1999) found significant increases in peak

ankle dorsiflexion during the stance and swing phase of the gait cycle in children (n = 10)

who had been treated with botulinum toxin A (Sutherland, Kaufman et al. 1999). There were

no group differences in passive range of motion, electromyography or temporal and spatial

gait parameters (Sutherland, Kaufman et al. 1999). A 3-DGA analysis by Boyd et al (2000)

also found increased peak ankle dorsiflexion during stance and further showed that power

generation in terminal stance at the ankle increased significantly post botulinum toxin A

treatment. This suggests that, by weakening the spastic plantarflexors with borulinum toxin A

injections, the plantarflexors were placed in a mechanically advantageous position, allowing

the muscle to work in a more efficient manner and create greater power generation (Cosgrove

and Graham 1994; Boyd, Pliatsios et al. 2000).

The effects of botulinum toxin A calf and hamstring muscle injections versus placebo

injections were further investigated in a study of 40 children with spastic diplegia or

hemiplegia, cerebral palsy (Ubhi, Bhakta et al. 2000). The primary outcome measure of visual

gait analysis showed an improved foot contact score in the treatment group at l2 weeks post

injection. Correspondingly, significant improvements in the GMFM walking dimension were

found at 12 weeks for the botulinum toxin A group. There were no significant group

differences for passive ankle range of motion or in the Physiological Cost Index (PC[), used

to evaluate energy expenditure during gait (Ubhi, Bhakta et al. 2000).

Three additional randomised studies have focused on functional changes post botulinum toxin

A treatment, all utilising the GMFM measure (Love, Valentine et al. 2001; Baker, Jasinski et

at.2002; Reddihough, King et al.2OO2\. Love et al (2001) compared 12 matched pairs of
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children with spastic hemiplegic, cerebral palsy. For the children who received botulinum

toxin A injections there were significant improvements in measures of impairment, with a

reduction in modified Ashworth scale score at 3 and 6 months and increased passive ankle

range of motion up to 6 months post injections. These improvements were matched with

significant functional improvements in the GMFM at both three and six months post

botulinum toxin A injections.

In contrast to these positive functional results, Reddihough et al (2002) found no group

differences in GMFM scores between the children receiving botulinum toxin A treatment and

therapy and a control group of children receiving therapy alone, in a cross-over randomised

study with 49 subjects. Interestingly, parental perception was more positive in the botulinum

toxin A group, contrary to the lack of 'measured' functional changes (Reddihough, King et al.

2002).

Baker and colleagues (2002) have completed a large study evaluating the effects of calf

muscle botulinum toxin A injections versus placebo, in a dose-ranging study in 122 children

with diplegic, cerebral palsy (Baker, Jasinski et aL.2002). No functional treatment effects

werc found, as determined by no group difference in GMFM scores at 4 and 16 weeks post

treatment. A unique measure of dynamic gastrocnemius muscle length found gains in length

at 4 and 16 weeks following botulinum toxin A treatment (Baker, Jasinski et al.2OO2).

The evidence for the use of botulinum toxin A in the hamstring muscles of children with

cerebral palsy is even more limited than the evidence for use in the calf. Improvements in

knee extension in stance have been reported following botulinum toxin A injections into the

hamstring muscle group (Corry, Cosgrove et al. 1999; Thompson, Baker et al. 1998;
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Cosgrove, Corry et al. 1994). However, there was evidence of knee recurvatum developing in

several subjects who were previously in a crouched position during the stance phase of gait

(Cosgrove, Cony et al. 1994). No significant alterations have been described in pelvic tilt

angle following botulinum toxin A hamstring injections, as measured by three-dimensional

gait analysis (Corry, Cosgrove et al. 1999; Thompson, Baker et al. 1998).

These inconclusive results from hamstring botulinum toxin A injections highlight the fact that

frequently the gait abnormalities observed in cerebral palsy are due to pathological

involvement at several anatomical levels and botulinum toxin A can only be effective if the

most appropriate muscles are selected for treatment. Recently, Molenaers et al (2001)

(Molenaers, Desloovere et al. 2001) reported on the multilevel use of botulinum toxin A

treatment in children with diplegic or hemiplegic cerebral palsy. Preliminary data from this

study indicates that multilevel botulinum toxin A treatment can be successful in improving

walking perfomance but requires further evaluation of long term outcomes.

In summary, the current literature provides moderate evidence for the use of botulinum toxin

A in the lower limbs of children with cerebral palsy. Overall, the evidence supports a

decrease in tone following botulinum toxin A injections, with three out of the four

randomised studies finding a significant decrease in the Ashworth scales scores following

botulinum toxin A injections in the lower limb (Corry, Cosgrove et al. 1998; I-ove, Valentine

et al. 2001; Reddihough, King et al. 2002). Changes in passive range of motion at the ankle

are less predictable, with at least half of the randomised studies to date finding no changes in

passive range of motion (Ubhi, Bhakta et al. 2000; Flett, Stern et al. 1999; Sutherland,

Kaufman et al. 1999; Corry, Cosgrove et al. 1998; Koman, Mooney et al. 2000), and others

finding only small gains in ankle range of motion post botulinum toxin A injections into the
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calf (Love, Valentine et al. 2001; Reddihough, King et a\.2002). However, this is, perhaps,

not surprising as full passive range of motion and no fixed contractures at the ankle were part

of the initial inclusion criteria for the majority of studies.

Significant increases in peak ankle dorsiflexion during the stance and swing phase of the gait

cycle have been found for the treatment group in the two randomised studies that have used

three-dimensional gait analysis as an outcome measure following botulinum toxin A

injections into the calf muscle (Sutherland, Kaufman et al. 1999; Corry, Cosgrove et al.

1998). Similarly, small improvements in gait post botulinum toxin A lower limb injections

have been reported by three studies, as determined by the Physicians Rating Scale and

modified versions of this scale (Koman, Mooney et al. 1994; Koman, Mooney et al. 2000;

Ubhi, Bhakta et al. 2000). However, no group differences in gait parameters could be found

between serial casting and botulinum toxin A groups, using the Physicians Rating Scale

(Corry, Cosgrove et al. 1998; Flett, Stern et al. 1999).

lmprovements in the Gross Motor Function Measure (GMFM) scores @ussell, Avery et al.

2000) following botulinum toxin A treatment have been found in only two randomised studies

rubhi, Bhakta et al. 2000; Love, Valentine et al. 200I). Three additional studies found no

significant group differences in GMFM scores following botulinum toxin A injections @aker,

Jasinski et a\.2002; Flett, Stern et al. 1999; Reddihough, King et aL.2002). However, the

sensitivity of the GMFM as an effective outcome measure has been questioned, both for

detecting changes post botulinum toxin A treatment (Baker, Jasinski et al.20O2) and for use

in higher functioning subjects, and will be discussed further later in the review @amiano and

Abel 1996).
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The specific effects of therapy and rehabilitation post botulinum toxin A treatment have not

yet been fully evaluated. Authors generally believe that the action of botulinum toxin A, in

reducing muscle tone, should enhance the effects and goals of physiotherapy treatment but

this belief is not yet substantiated by any studies addressing this question. It has been

suggested that effective physiotherapy strategies should be established to work in conjunction

with botulinum toxin A ffeatment (Sutherland, Kaufman et al. 19991, Reddihough, King et al.

2002).

Thus, overall, the evidence for use of botulinum toxin A in the lower limb is still only

moderate with many conflicting results in the literature. The subjective nature of the outcome

measures that are available for this paediatric population is one factor that compromises the

results of the current studies. The reliability and validity of a measure such as visual gait

assessment needs to be established, as this measure is commonly used in younger children

who receive botulinum toxin A. Other reliable measures such as the GMFM may be

inappropriate for use in this population due to their potential lack of sensitivity to change.

2.3.4.2. Botulinum toxin A use in the upper limb

The perceived beneficial effects of botulinum toxin A use in the lower limb have led

to increasing pressure to use botulinum toxin A in other muscle groups, particularly in the

upper limb. The theoretical benefits resulting from botulinum toxin A injections in the upper

limb could be a reduction in spasticity leading to better functional use; and improvements in

the associated reactions that occur in a spastic upper limb with effort. This, in turn, could

facilitate current upper limb therapy treatment.
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At the present time, the evidence for the use of botulinum toxin A in the upper limb of

hemiplegic cerebral palsy children is incomplete. A Cochrane Review (Wasiak, Hoare et al.

2004) on the use of botulinum toxin A in the management of the upper limb in children with

spastic cerebral palsy identified two randomised controlled studies to date that have

specifically examined the effects in children with cerebral palsy (Fehlings, Rang et al. 2000;

Corry, Cosgrove et al. 1997), only one has been a randomised controlled double blind trial

(Corry, Cosgrove et al. 1997). Table 2.2 summarises the type of outcome measures used and

results from these two studies on upper limb botulinum toxin A use in children with cerebral

palsy.Two additional randomised controlled trials are still to be fully presented in the

literature (Boyd, Bach et al.20O2; Boyd, Bach et aL.2004; Wallen, O'Flaherty et al. 2004).

Corry et al, (1997) investigated the effects of botulinum toxin A injections compared with

saline injections into a selection of upper limb muscles, including biceps, brachialis, long

finger flexors and thenar muscles (Corry, Cosgrove et al. 1997). Minor functional

improvements were observed at 12 weeks post injection, with a decrease in wrist tone and

improved performance in a grasp and release task. The outcome measures used in that study

included active and passive range of movement, as measured by goniometer, the Ashworth

scale, two functional tasks of coin transfer and grasp and release, and the wrist resonant

frequency, described as an objective measure of muscle tone. The lack of clinically significant

functional improvements in this study may have been influenced by the fact that the

botulinum toxin A injections were not given in conjunction with any therapy or splinting, or

that the functional outcome measures, of grasp and release and coin transfer were either not

sensitive to change or had not been shown to be reliable and valid. However, as the authors

state at the time of the study no other functional upper limb measures were available (Corry,

Cosgrove et al. 1997).
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In the second randomised controlled trial, a total of 14 children with hemiplegia received

botulinum toxin A treatment to biceps, long finger flexors or thenar muscles (Fehlings, Rang

et al. 2000). A significant increase in the total score in the Quality Upper Extremity Skills

Test (QUEST) was found up to one-month following botulinum toxin A injection. However,

on post hoc analysis only one part of the QUEST, 'weight bearing' had a treatment effect.

Nine out of 14 children in the treatment group were said to show an improvement based on a

minimum of 57o increase in QUEST score (Fehlings, Rang et al. 2000). Improvements were

noted in the treatment group, for the parent reported self care domain of the Pediatric

Evaluation of Disability Index (PEDI). There were no significant group differences in other

measures, of passive range of motion, muscle tone and grip strength @ehlings, Rang et al.

2000). This study did utilise validated functional outcome measures (QUEST and PEDI),

although the significance of these results is limited by the single blind design of the study and

the small participant numbers. Additional evaluation of these results identified that younger

children and those with greater initial grip strength had more positive outcomes (Fehlings,

Rang et al. 2001).

40



v
0

tr
tlrr >trAU&,sta6FE

Hv) .b
:5
;d a
H
vt!

v(J.F .Et.{E

Xctdri
ll <.1u) 'E

fr't 
=tr€ri(l) A

5 iE'E .i c)
dHF.+ HTE
(J

Etd?al{ (J rr
\C/)O
.9 €9.>=EE XE,

':H\o)LJ

9 E:"'
3'X. ll .:4u)=E silct..
-9

=;\a)c){ *I9p :r!
.= '= L.

Etr.EH
E.9trD
F E E E":i-Y=x;Y EO
.9 ii Fa rl
E:qilh€frxn'6 l FQtri!e-ijau ;.ri F ita;;AFH b5 E;Eb9Pti] 

' 
oEi',

.E .eT EJ 9"F 56 FYU

+
J4

'€
A

ts
L.-boF
XFca;

HCC)9 AI FE E, K {
d-Ho.iFJA
!tg?qc
=Yahh.=otrEer(J.o.otrtrtru9g

ii-OE./rd
o.o.€!!a=9€
OOlahFoXT
^^=Yzz,Ho

hq)

0)
H

=ia(t) .Z Ei 
=g.i 3E
\x >'x

E n s 't3
O \J t .2=F & lL <r&

<U

v) u)

l+i l+oca
E

Eo .-0)
tt) F=
--^ O .^lJ tl'E:C =^G' E.!J?!I:TE E E

P U# E E 5

^o0
oJd
!bos
X=
MH

FFF.Y
83(Jct
odptr0xcrt G'

Fob
dd9
5 q:i

HHs3
€cl9'f;PE+2
LH r1V

li*e
=o.EF evxA>F E
Cl-lAE.E 3EQ A

&
il)
!J;
T
v

Glo
c! FoEXxc0
8tro
ctxpo
E.o

FL -Gr=aFt6f€Fo;t
x'85trllE
Hal!E9=-E EF V,.9 EH A
d) E.!l E4 E:q 92E *5 iig Ea 5o oa 'E

AH A
.l

9EI
tB

ti
lr{v

V)

>A.E\ HE< U

99660FF&

k

-h 
g

EE H--E-!l ott '=

? gf; ,3

CN CD C/)mma

mmm

.-
rd:.g

g5E 

= 

s5

oF
l.l
(n

&

Fl
frpa
rd
E

F

h
O

PF(t)



Preliminary results of a randomised trial of upper limb botulinum toxin A and upper limb

training have been presented by Boyd et al (2004). Fifteen age-matched pairs of children with

congenital hemiplegia received either botulinum toxin A injections and upper limb training or

upper limb training alone. In addition to using the Melbourne Unilateral Upper limb

assessment to document functional changes, serial functional MRI (fi!m.D scans were also

completed for all subjects pre and post intervention to document central neurovascular

changes (Boyd, Bach et al. 2004). Both groups demonstrated increased activation from

baseline in fMRI, with the botulinum toxin A group additionally having a greater

improvement in Melbourne Assessment functional scores (Boyd, Bach et aL.2004). A wide

range of additional measures were used to document changes, but are yet to be fully reported

on. This study is unique in reporting the central changes following peripheral treatments

(botulinum toxin A and upper limb training) and provides important evidence for not only the

use of botulinum toxin A but also the use of upper limb training'

Recently, Wallen and colleagues (2004) (Wallen, OFlaherty et al. 2004) (Waugh, Wallen et

al.20O4) have presented both the pilot data prior to a randomised controlled trial of upper

limb botulinum toxin A treatment and preliminary data from the trial comparing botulinum

toxin A injections with and without the use of occupational therapy (Waugh, Wallen et al.

2004).In the initial pilot study (Wallen, O'Flaherty et a|.2004), a variety of functional

outcome measures were used to evaluate the effects of treatment in 16 children with cerebral

palsy. Significant changes were found in muscle tone, with increases in the dynamic joint

angle post treatment, as measured by the Tardieu scale and improvements in the parents rating

of performance and satisfaction in the Canadian Occupational Performance Measure

(COPM). Other measures such as the Melbourne Assessment and Child Health Questionnaire

did not show change (Wallen, OTlaherty et al. 2004). Of note, the reliability of the Tardieu
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scale in evaluating dynamic muscle tone in the upper limb of children with cerebral palsy was

not established prior to its use in this study. The same group have gone on to complete a

randomised control trial, allocating 80 children with cerebral palsy into four groups,

botulinum toxin A alone; botulinum toxin A and therapy; therapy alone and no intervention

(Waugh, Wallen et al. 2004). The preliminary results found improvements in the botulinum

toxin A and therapy goup in the COPM and Goal Attainment Scale, however there were no

significant treatment effects, as determined by the Melbourne Assessment, QLJEST or PEDI

scores (Waugh, Wallen et al. 2004).

Several other single group design studies have investigated the pre and post effects of upper

limb botulinum toxin A treatment in children with cerebral palsy (Wong 1998; Friedman,

Diamond et al. 2000; Hurvitz, Conti et al. 2000; Autti-Ramo, Larsen et al. 2001; Chait, de

Aguiar et al.2002; Hurvitz, Conti et al. 2003; Yang, Fu et al. 2003). The results from these

studies are inconclusive, with Yang and colleagues, (2003) demonstrating improvements in

function and self care up to 3 months following botulinum toxin A treatment, as measured by

modified Physicians Rating Scale for upper limb, Bruniniks-Oseretsky Test of Motor

Proficiency and PEDI self care questionnaire, but other studies finding no significant

functional benefits from upper limb botulinum toxin A treatment (Hurvitz, Conti et al. 2003).

From the two published randomised trials, small functional benefits post botulinum treatment

has been noted, including an improved reach and grasp score (Corry, Cosgrove et al. 1997)

and improved QUEST score at I month (Fehlings, Rang et al. 2000). Contrasting evidence is

presented on changes in tone and range of motion, possibly influenced by the limited number

of participants receiving botulinum toxin A (Corrl,et al (1998) n=7; Fehlings et al (2000)

n=14) and varying presentation of children used between both studies (hemiplegia , triplegia
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and quadriplegia, cerebral palsy). The additional I l0 children that have been investigated in

two randomised trials that are yet to be fully published will add to the literature considerably

(Boyd, Bach et al.20O4; Waugh, Wallen et al. 2004).

At present, the evidence for upper limb botulinum toxin A treatment in cerebral palsy is

insufficient, due to the limited number of controlled studies. Similar to the lower limb studies

on botulinum toxin A use in cerebral palsy the majority of the outcome measures available do

not yet have established reliability, validity or objectivity, potentially compromising the

research results. As has become apparent throughout this review of the literature on botulinum

toxin A, the key areas of study design and outcome measures need to be addressed if the

many unanswered clinical questions are to be answered satisfactorily. The outcome measures

used for the evaluation of children with cerebral palsy may be adequate; however, they need

to have the reliability, validity and sensitivity established, if the results from these measures

are to be interpreted with confidence.

In the next section of the literature review the ideal properties of a clinical outcome measure

will be discussed, with particular reference to the International Classification of Functioning,

Disability and Health, known as the ICF, developed by the World Health Organisation, (ICF

2001). The properties of the outcome measures currently available for evaluation of

botulinum toxin A treatment in children with cerebral palsy will then be reviewed and

presented in relation to how they fit into the current ICF model. Finally, the review will

discuss in further detail the deficits in the reliability and validity of many clinical outcome

measures used to evaluate botulinum toxin A treatment.
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2.4 Clinical outcome measures

2.4.1. Requirements of an outcome measure

The quality of the clinical outcome measures used to evaluate the myriad of

intervention options available for children with cerebral palsy is a critical factor in improving

our understanding of this complex motor disorder and ultimately improving patient care.

Krishner and Guyatt (1985) have described a useful 'methodological framework' for the

assessment of health measures. They divided the purpose of health status measures into three

categories, those that are discriminative between subjects or groups; those that arc predictive,

of prognosis or results of other tests; and those that are evaluative of changes over time. An

appropriate evaluative outcome measure for a clinical trial would be one with established

reliability and validity, and with clinically relevant responsiveness to change (Guyatt,

Kirschner et al. 1992). However, in reality, many clinical outcome measures have not been

assessed for these critical properties.

Reliability is defined as the ability to reproduce a measure over time. The reliability or

repeatability of a measure can be determined by repeat administration of a measure on a group

of subjects whose status is believed to remain stable over time (test-retest reliability). Two

important ways of quantifying retest reliability are (i) determining changes in the mean

between the two tests and (ii) calculating the typical error (Hopkins 2000). The typical error

between values can be determined by the use of confidence intervals, which represent the

likely range of tnre change, standard deviation, which quantifies the random variation

between the two measrues or a coefficient of variation, which expresses the error as a percent

of the subjects mean score (Hopkins 2000). Other commonly used statistical measures to

define levels of reliability are a retest correlation. such as Pearson correlation coefficient or
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intraclass correlation coefficient (ICC), where a correlation of 1.00 represents a perfect

agreement between tests (Hopkins 2000). The ICC is reported to not have bias when dealing

with small samples (<15) and both are unaffected by changes in the mean between the two

tests. However, the ICC is generally lower if there is more homogeneity in the sample (Bland

and Altman 1986).

For nominal data (i.e. unordered data, such as gender) a kappa coefficient may be used.

Similar to a correlation coefficient, kappa coefficients quantify the relationship between

variables on a scale of -l to +1 (Maclwe and Willett 1987). The kappa statistic can be used

for reliability and validity assessments, determining the frequency of agreement between two

variables and treating all levels of disagreement as identical (Maclure and Willett 1987). A

weighted kappa uses arbitrary weights to quantify the relative difference between categories

(Maclure and Willett 1987).

The repeatability of an outcome measure can be influenced by the variability found in the

subject, in the observer, in the environment, or in the measure itself @osenbaum, Russell et

al. 1990) In practice, it can be difficult to separate out these sources of error. Use of one

observer is thought to increase reliability across sessions, due to a reduction in observer error

(McDowell, Hewitt et al. 2000). However, this increased reliability does not guarantee that

the measure is more accurate. The question remains as to what level of reliability is required

for a measure to be valuable for use?

ln establishing the validity of a measure the question is asked: is this measure measuring what

it is suppose to measure? Concurrent or criterion validity refers to the comparison between a

measure and the true or criterion measure. Content and construct validity investigate whether
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the measure covers all areas it is attempting to represent and defining the relationship between

the measure and external measures over time (Kirschner and Guyatt 1985). Statistical tests

investigating validity are comparing two measurements methods on the same subjects.

Similar to reliability assessments correlation coefficients can also be used to establish validity

or an alternate method is to calculate the limits of agreement, determining the 95Vo likely

range for the difference between a measure and a criterion measure. The Bland-Altman

analysis is a form of this where the differences between the criterion and new measure are

plotted against the mean value obtained from the two measures combined (Bland and Altman

le86).

A crucial property for an evaluative health outcome measure is its responsiveness or

sensitivity, i.e. its ability to detect a difference or change, when one is present (Guyatt,

Kirschner et al. 1992). Deyo & Centor (1986) state that a measure must not only demonstrate

sensitivity, in being able to detect change, but also specificity, being able to discriminate

between those who improve and those who do not @eyo and Centor 1986). Assessment of

responsiveness can be determined by measuring a treatment of known efficacy, by

comparison of results to other measures, or correlating functional scores to changes in

physiological measures.

A difficulty arises when no 'gold standard' or criterion measure exists and when there are no

treatments with known efficacy, as can be the case when evaluating treatments for children

with cerebral palsy (Rosenbaum, Russell et al. 1990). For all measures clinicians must define

what will be a clinically significant change in the measure and establish what an acceptable

variation over time is. For clinical measures, where reliability is often not l$OVo, it may be
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more relevant for clinicians to establish their own reliability so results obtained from a

measure can be interpreted in relation to this.

2.4.2.International Classilication of Functioning, Disability and Health (ICF)

The International Classification of Functioning, Disability and Health, known as the

ICF, developed by the World Health Organisation, (ICF 2001) provides valuable assistance

for evaluating health and health-related states. The framework considers health at three

perspectives or levels, the level of the body or body part, the whole person or individual and

thirdly the level of function of the whole person in a social or society context. The ICF

classification defines these levels in two parts, with each of these parts consisting of a further

two components. Partl: Functioning and Disability includes the components of 'Body

l, functions and structures' and 'Activities and participation'. Part2 Contextual Factors

includes the components of 'Environmental Factors' and'Personal Factors'. The term

'Functioning' describes all body functions in addition to function in terms of activity and

participation. The term 'Disability' refers to the impairment and resulting activity and

participation limitations of the person.

The ICF classification has an important role in establishing a common language for

describing health and additionally, encouraging researchers and clinicians, in particular to

consider human functioning at the three different levels, of the body, individual and society

(Boyd and Hays 2001; ICF 2001). Thus, the ICF classification provides a useful framework

for the assessment and selection of outcome measures. Clinical outcome measures can be

used to evaluate at the level of the body or body part, e.g. range of movement in ankle

dorsiflexors as measured by goniometer, or at an individual level e.g. walking velocity as

measured by 3-DGA, or importantly at the level of society e.g. use of the Canadian
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Occupational Performance Measure to determine the satisfaction and performance of an

activity as determined by the child or parent.

2.5. Outcome measures in cerebral palsy

A clinical assessment for children with cerebral palsy is used to help determine the most

appropriate interventions and treatment plans for the child and family. The information

obtained, identifies areas where treatment should be targeted and provides a baseline measure

to set treatment goals. In light of the ICF classification an optimal clinical assessment should

include relevant measures evaluating all three 'levels' or perspectives of the child Oody,

individual and society) and across all components of the ICF (body function, activity,

participation and contextual factors).

Traditionally, a clinician's main focus of interest was at the body part or individual level,

evaluating the deficits in body function and activity, but generally not considering the more

holistic view of the child's role in their family, community and society as a whole. The

majority of clinical outcome measures used for children with cerebral palsy reflect this

traditional view and evaluate 'body function', though hopefully since the advent of the ICF a

greater effort and respect is being found for consideration of the child as an individual

participating in society. However, it is still clinically relevant to assess areas of body function

and impairment, in addition to participation measures. The important issue is that all the

measures have demonstrated reliability and validity in this population. The following section

will review the outcome measures that are frequently used to evaluate botulinum toxin A

treatment in children with cerebral palsy, discussing there place according to the ICF

framework. Table 2.3 and 2.4 provide a summary on the evidence of reliability and validity

for both lower and upper limb outcome measures respectively. Highlighting the specific

measures where there is still insufficient evidence available.
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A standard clinical assessment for botulinum toxin A treatment in children with cerebral palsy

can include a combination of measures of spasticity (i.e. Ashworth and Tardieu scale), range

of motion and muscle strength (i.e, Goniometry and Manual Muscle testing) functional

measures (Gross Motor Function Measure; Visual or 3D Gait analysis; Melbourne Upper

Limb Assessment) and participation measures (PEDI and COPM).

2.5.1. Measures of spasticity

Clinical measures used to quantify spasticity in a muscle are considered measures of

'Body function and stru.cture' under the ICF framework (ICF 2001). The accurate evaluation

of spasticity is of key importance when assessing the effects of botulinum toxin A treatment

in children with cerebral palsy. However, spasticity, characterised as a 'velocity- dependent

increase in tonic stretch reflexes, with exaggerated tendon jerks' (Lance and Mcleod 1981),

has proved to be an extremely difficult disorder to quantify in an individual. The most

frequently used clinical scale for grading spasticity is the Ashworth scale (Ashworth L964).

This five point scale grades the resistance in the muscle following a high velocity passive

muscle stretch, with a grade 0 score equivalent to no increase in muscle tone, indicating

normal muscle tone, through to a grade 4, where increased muscle tone results in a rigid limb

(Ashworth 1964). In an attempt to make the scale more discreet at the lower end of the

spectrum the Modified Ashworth Scale, (VIAS) introduced a l+ score and more specific

definitions for each grade (Bohannon and Smith 1987).

Adequate levels of reliability of the Ashworth scales have been found for adult subjects (Katz,

Rovai et al. 1992; Gregson, Irathley et al. 1999; Bohannon and Smith 1987). Bohannon and

Smith (1987) found 87 Vo agreement in the modified Ashworth scale between two

experienced testers at the elbow joint of 30 cognitively intact adult patients with neurological
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disorders. These results do not necessarily translate to other patient populations, such as

children with cerebral palsy, where compliance may be less, affecting the ability of the

clinician to apply a standard passive stretch to the muscle.

The reliability of the MAS has been assessed by six experienced raters in the lower limb

muscle groups of l8 children with cerebral palsy (Fosang, Galea et al. 2003). The MAS had

only fair levels of inrer rater reliability flCC O.27- 0.56) and intra rater reliability (ICC 0.27 -

0.82) when tested in standardised conditions (Fosang, Galea et al. 2003). These levels of

reliability could be considered too low for use as a research outcome measure, and potentially

could be lower when applied to a clinical setting, where conditions are not as standardised.

The validity of the Ashworth scale has been assessedin22 children with cerebral palsy

@amiano, Quinlivan et al.20OZ). Knee extensor Ashworth scores had a moderate correlation

with both the functional measure, GMFM (rho -0.68) and with instrumented measures of

passive muscle resistance, which were used to determine muscle resistance torque and

stiffness at different joint angles (rho r{.53 to 0.80) (Damiano, Quinlivan et al. 2002).

Additional work has found only a fair correlation between Ashworth scores and the GMFM

(rho t 0.19-0.33) (Abel, Damiano et al. 2003). The authors suggest that the relationship

between the amount of spasticity and a child's functional abilities is undoubtedly nonlinear,

requiring impairments, such as spasticity to reach a certain level or threshold before they then

begin to markedly influence function (Abel, Damiano et al. 2003; Damiano, Quinlivan et al.

2002>.

The advantages of the Ashworth and Modified Ashworth scales are that they are quick and

easy to use without any material expense, and are therefore highly suitable for the clinical
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setting. However, both the Ashworth and the modified Ashworth scale assume that changes

in the resistance to passive movement are due to changes in spasticity. This assumption does

not take into consideration the viscoelastic properties of the muscle, soft tissue and joint that

may also greatly influence the resistance felt in a muscle @andyan, Johnson et al. 1999;

Vattanasilp and Ada 1999). Therefore, the Ashworth scales are not considered valid measures

of spasticity, as they are unable to control or quantify the velocity of the passive movement

and lack the ability to distinguish between passive stiffness in a muscle and the 'reflex'

stiffness or spasticity (Pandyan, Price et al. 2001; Pandyan, Price et al. 2003; Damiano,

Quinlivan et al. 2002). Instead they provide a measure of resistance to passive movement.

Alternative measures, such as the Tardieu scale have recently been proposed to provide

further distinction of spasticity in children with cerebral palsy and guide clinicians on which

children will benefit most from botulinum toxin a treatment (Boyd, Barwood et al. 1998;

Damiano, Quinlivan et al.2002). The Tardieu scale uses different movement velocities to

distinguish whether the resistance felt in the muscle is due to velocity dependent spasticity or

due to intrinsic muscle changes. This scale was developed by Tardieu (Tardieu, Shentoub et

al. 1954) for use in adult stroke patients and has recently been popularised as a method of

determining dynamic muscle tone in children with cerebral palsy (Boyd, Barwood et al.

1998).

The scale measures the point of resistance or 'angle of catch' felt in the muscle following a

rapid velocity stretch, using a goniometer. A 5 point grading scale gives an indication of the

resistance felt in the muscle, with 0 equivalent to no resistance in the muscle up to a grade 5,

specifying the joint is immovable @oyd and Graham 1999). A movement 'ratio' is also

established between the range of movement available at the joint following a slow passive

58



stretch (R2 angle) compared to the range of movement measured following a dynamic passive

stretch (Rl angle). This Rl:R2 ratio has been suggested as a method of differentiating the

presence of dynamic muscle tone from a contracture, with a larger difference between the two

angles indicating more dynamic muscle tone.

Preliminary work by Boyd et al (1998) suggested the Tardieu scale had good intra rater

reliability at the ankle joint and was reliable in detecting changes associated with calf muscle

botulinum toxin injections in cerebral palsy children. No significant difference (p<0.8) was

found in repeated measures of the Tardieu scale in a placebo group, indicating good intra-rater

repeatability (Boyd, Barwood et al. 1998). Similarly, Fosang and colleagues (2003) found

moderate to high levels of inter rater (ICC 0.55 - 0.74) and intra-rater reliability (0.38 -0.90)

when applying a measure in lower limb muscle groups in children with cerebral palsy,

although they reported that standardising the force of velocity of the street was difficult. This

high level of reliability was not matched in the study by Kilgour et al (2003) which found

errors up to 30 degrees between sessions in lower limb measures of R2-Rl for popliteal angle.

As the scale relies on goniometry measurement for both the normal passive range of motion

measure and dynamic range of motion measure, there could possibly be 'double' the usual

measurement error in passive range of motion.

The reliability of the Tardieu scale in the upper limb in children with cerebral palsy has not

been established despite its use in studies of intervention in the spastic upper limb (Gracies,

Marosszeky et al. 2000). As well, no work has yet been done on the validity of the measure.

More objective methods of quantifying spasticity have been developed and may have value as

research tool for evaluating the effects of botulinum toxin A treatment in children with
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cerebral palsy. Examples of these instrumented measures of spasticity include the use of

surface electromyography (EMG) to monitor stretch reflex threshold, the measurement of

torque produced by a spastic muscle during passive movement; and the Pendulum test, which

measures oscillations of the limb with an electrogoniometer, as it moves under the influence

of gravity (Katz, Rovai et al. 1992; Graham 2000; Fowler, Nwigwe et al. 2000; Damiano,

Quinlivan et al. 2002). However, evidence on the reliability of these measures in children

with cerebral palsy appears to be limited. A certain level of validity has been indicated by

moderate to high correlations found between instrumented measures of spasticity and the

Ashworth scale (rhot0.53-0.8) (Damiano, Quinlivan et al.2002).

Overall, measures of spasticity are valuable in providing clinicians with a guide on which

children may be appropriate for different interventions, including botulinum toxin a treatment.

However, they form just one part of an overall clinical assessment and should not be used as

an isolated measure in a clinical or research setting. An important question is how all these

measures of impairments or body structure relate to actual function.

2.5.2. Passive range of motion

Measures of passive range of movement are one of the most cotrlmon methods to

assess and monitor outcome in children with cerebral palsy. These measures reflect changes at

the ICF level 'Body function and structures' (ICF 2001). Passive range of movement is a

simple and easy measurement to perform in any setting, requiring only a goniometer or angle

measuring insffument, placed on the limb at the angle of interest. However, the reliability of

repeated measures of passive range of movement has been questioned (Harris, Smith et al.

1985; Kilgour, McNair et al. 2003; McDowell, Hewitt et al. 2000; Stuberg, Fuchs et al.

1983). Kilgour et al (2003) found that changes of more than 15-20 degrees were required to
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indicate a true change in hip and knee measures between sessions for both healthy unimpaired

children and children with cerebral palsy. These results suggested that the major source of

error arises from difficulty in determining the correct joint end-range position to measure and

that the 'normal' weekly variation in range of motion measures must be taken into

consideration when considering treatment effects (Kilgour, McNair et a..2003). The use of

passive range of motion measures as evaluative measures following botulinum toxin A

treatment is debatable, as full passive range of motion, and the lack of joint contractures are

often inclusion criteria for botulinum toxin A treatment (e.g.Fehlings, Rang et al. 2000).

2.5.3. Visual assessment of gait patterns

observational or visual gait assessment can be considered both as a ,Body 
function

and Structure'measure and'Activity and Participation'measure, as defined by the ICF

classification (ICF 2001). This outcome measure can provide both estimates on the range of

motion at specific joints during walking and on the individual's activity level in how far and

how fast they can walk- observational gait analysis is a standard part of any clinical

assessment for a child with cerebral palsy and regularly used as a research tool to evaluate the

effects of lower limb botulinum toxin A treatment (corry, Cosgrove et al. l99g; Koman,

Mooney et al. 2000; ubhi, Bhakta et al. 2000). The advantages of observarional gait

assessment are that it is quick and simple to use in a clinical setting and is appropriate for

evaluating younger children, who are too small or non compliant for instrumented three-

dimensional gait analysis.

However, the information that can be obtained from having the child walk up and down the

clinic room may be of limited value in identifying specific abnormalities and detecting true

changes in the gait pattern (whittle 1996). In abnormal gait patterns such as those found in
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children with cerebral palsy, problems occur at all anatomical levels and across the three

planes of motion, sagittal, frontal and transverse. Abnormalities in the transverse or rotational

plane motion can be very difficult to detect by eye alone, as are high speed motions and more

proximal abnormalities (Whittle 1996). Other limitations of this form of assessment are that

there is often no permanent record of the gait pattem and it is highly dependent on the

experience and skill of the assessor in detecting gait abnormalities.

Not surprisingly then, the assessment of gait parameters by eye alone has shown variable

levels of inter-rater reliability, when used in both adult subjects, (Hughes and Bell 1994:

Lord, Halligan et al. 1998; Eastlack, Arvidson et al. l99l; Saleh and Murdoch l9g5) and in

children with cerebral palsy and other gait abnormalities (Read, Hazlewood et al. 2003; de

Bruin, Russell et al. 1982; Krebs, Edelstein et al. 1985). Factors thought to improve reliability

of visual assessment of gait include split screen video analysis with slow speed viewing,

specific training in normative values of gait parameters, and using one assessor over time

(Krebs, Edelstein et al. 1985; Lord, Halligan et al. l99g; Boyd and Graham lggg).

The use of a score sheet, such as the Physicians Rating Scale (PRS) (Koman, Mooney et al.

1994) or observational Gait scale (oGS) (Boyd and Graham 1999) may add to the

assessment as it specifically guides the clinician on each anatomical level to focus on and

assess. These measures are recommended for evaluating the effects of lower limb botulinum

toxin A treatment in young children with cerebral palsy (Boyd and Graham lggg).However,

the reliability and validity of this forrn of visual gait assessment has been assumed rather than

proven and there is a need to ensure these qualities are present in this frequently used clinical

outcome measure.
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2.5.4. Three-dimensional gait analysis

Similar to observational gait assessment, three-dimensional gait analysis can be

considered both as a'Bodyfunctton and Structure' measure and'Activity and panicipation,

measure' as defined by the ICF classification (ICF 2001). This outcome measure can provide

both body function information, from range of motion data at specific joints and temporal

spatial gait parameters that maybe considered relevant to an individual,s activitv level.

computerised three-dimensional gait analysis (3-DGA) provides information on kinematics

and kinetics, when walking short distances in a laboratory environment. For the last 20 years

3-DGA has been used to provide objective clinical information on the walking patterns of

children with cerebral palsy (Gage l99l). Three-dimensional gait analysis is seen as the gold-

standard or criterion measure of lower limb function and has been used to evaluate the effects

of botulinum toxin A treatment in the lower limbs in children with cerebral palsy (cook,

schneider et al. 2003; Sutherland, Kaufman et al. 1999; Boyd, Graham et al. 1999). However,

it is critical to have an understanding of the Iimitations in the 3-DGA system, in both the

cameras and software and the mathematical assumptions that are made, if clinicians are to

achieve a better understanding of the gait abnormalities and allow correct interpretation of the

results.

Kinematics is the measurement of movement or motion in terms of displacementsn velocities

and acceleration (Nigg, Cole et al. 1999). Early assessment of animal and human motion or

kinematics was completed in the 1800's, by Marey and Muybridge using a variety of different

photography techniques (Whittle 1996; Gage 1993). Kinematic measures today are made with

computer technology, utilising high speed and high frequency cameras to detect reflective

markers placed on the body or object of interest.
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To obtain 3-D kinematic information a minimum of two high frequency cameras are required,

with the combined two-dimensional information obtained from each of these two cameras

determining the three-dimensional (3-D) coordinates (Nigg, cole et al. 1999). The kinematic

measurement system requires a calibration to transform the multiple 2-D information to 3-D

coordinates; it compares a known 3-D coordinate position of a set marker arrangement to each

individual cameras 2-D view of the known marker rurangement (whittle 1996;Nigg, Cole et

al' I999)' In most clinical situations five to eight cameras are used for 3-D kinematic analysis,

they are placed encircling the capture volume area to reduce the error in the 3-D coordinates

obtained and increases the chance that the reflective markers will be seen by one of the

cameras during the movement. The frequency of the cameras collection rate is dependent on

the movement being performed, generally movements such as gait are collected at 60I{2, with

technology now allowing faster movements to be collected up to 1000II2, or 1000 frames/

second.

Small reflective markers are placed on the body or segment of interest, which are detected by

the surrounding high frequency cameras. The 3-D position of the markers are used to describe

the body segment of interest and define a fixed x, y and z coordinate system to each segment.

The body segments are assumed to be rigid bodies and the 3-D joint kinematics are calculated

from the relative motion between two defined rigid body segments. A minimum of three

markers is required to determine an x, y and z coordinate system and to describe 3-D

movement of that segment (Nigg, Cole et al. 1999).

As with all assessment tools there are measurement errors that can affect the accuracy of the

results, most 3-D analysis systems report errors from the cameras that are as low as 2-3mm

when determining the 3-D coordinates of a marker. The errors in the system can be affected
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by errors in camera placement, camera number and in the calibration (Nigg, cole et al. lggg).

Errors also occur when determining the rigid body segment motion from marker positions,

due to the accuracy of marker placement and the underlying skin and bone movement.

Obviously externally placed markers do not give a true representation of the actual skeletal

movement and assumptions and adaptations must be made, for example, placing markers on

easily locatable bony landmarks to reduce skin movement or by using the computer software

to create virtual marker positions that may more accurately represent the joint centre, such as

the hip joint centre position (Nigg, cole et al. 1999;Bell, pedersen et al. 1990).

For 3-D gait analysis the marker positions vary according to the computer software that is

used and preferences of the individual laboratory, two frequently used marker sets for clinical

gait analysis are the Helen Hayes marker set (Davis , Ounpuu et al. 1993) and the Cleveland

clinic marker set (MotionAnalysis). Specialised software is available for processing of 3-D

gait analysis information (e.g. OrthoTrak, MotionAnalysis or polygon, Vicon). This software

provides joint kinematic (oint angle) information for three planes of motion (transverse,

sagittal and frontal) and at 4 - 5 anatomical levels (trunk, pelvis, hip, knee and ankle). The

addition of force platforms will determine joint kinetic information, describing the moments

and powers about that joint during walking and electromyography (EMC) can be used to

describe the activity of the muscles during gait (Davis 2o}A;whittle 1996). A multirude of

temporal-spatial information is available from the 3-D gait analysis software detailing

velocity, cadence, step and stride length ofthe subject.

Three-dimensional gait analysis has been found to be a reliable measure for normal adult

populations (Kadaba, Ramakrishnan et al. 1989; Winter 1984). However, considering the

widespread use of 3-DGA as an outcome measure for children with cerebral palsy there are
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surprisingly few studies examining the reliability in this population (Steinwender, Saraph et

al' 2000)' In this one study, higher levels of repeatability of gait were found for unimpaired

subjects compared to children with cerebral palsy, with joint kinetics found to be more

repeatable between sessions than joint kinematics. Importantly, sagittal plane measures of gait

were found to have moderate to high levels of repeatabitity in children with cerebral palsy,

both within and between sessions (CMC values 0.56-0.98) (Steinwender, Saraph et al. 2000).

Large variability in 3-DGA kinematic data has been found when gait data was collected at

different laboratories for the same subjects, with potential differences of at least 2l degrees

(Noonan, Halliday et al. 2003). Possibly reflecting these differences in joint kinematics,

considerable variability in the interpretation and lreatment following 3-DGA analysis has also

been demonstrated for children with cerebral palsy (Noonan, Halliday et al. 2003; Skaggs,

Rethlefsen et al. 2000).

Recently, the validity of 3-DGA has also come inro question, with pirpiris et al (2003) finding

that children with cerebral palsy and other neuromuscular disease will walk slower during a

longer period, i.e. slower velocities with I0 minutes walking compared to those collected in

l0 meters of walking during a gait analysis (Pirpiris, wilkinson et al. 2003). Thus, how

closely does the laboratory measure correlate with what children are doing in the community

everyday? At present it is the best measure available to objectively evaluate gait in children

with cerebral palsy, but obviously it again forms one part of an overall assessment of

impairment, activity and participation. Further evidence is required to demonstrate reliability

of 3-DGA in different populations of children with cerebral palsy and different laboratories, if
this measure is to be continued to be regarded as the gold standard.
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2.5.5. Gross Motor Function Measure (GMFM)

The Gross Motor Function Measure is an observational evaluative tool designed to

measure change in motor skills over time in children with cerebral palsy (Russell, Rosenbaum

et al' 1989)' A child of 5 years, with no motor delay is expected to accomplish all the items of

the GMFM. Since its development in 1989 it is now one of the most valued and frequently

used clinical measure in both the clinical and research setting for children with cerebral palsy,

particularly in evaluating the effects of lower limb botulinum toxin A treatment (Bower,

Michell et al. 2001; [Ibhi, Bhakta et al. 2000; Love, Valentine et al. 2001; Abel, Damiano et

al. 2003; Bortos, Benedetti et al. 2003; Damiano, euinlivan et al. 2001) .

The original versions of the GMFM examined the ability of the child to perform g5 - gg items

across five different dimensions, which include lying/rolling, sitting, crawling/kneeling,

standing and walk/run/jump (Russell, Rosenbaum et al. 1989). A modified version of the

GMFM now examines 66 items across the same five domains (Russell, Avery et al. 2000).

The GMFM has established reliability (ICC = 0.99), (Russell, Avery et al. 2000; Bjornson,

Graubert et al. 1998) and validity, when compared to expert opinion (0.82) (Russell, Avery et

al' 2000); (0'66-0.79) (Bjornson, Graubert et al. 1998). The measure has also been found to be

responsive to change in children with cerebral palsy, following intensive therapy treatment

(Bower and Mckllan 1994). The GMFM score has been found to correlate highly with the

GMFCS, measures of strength and gait analysis parameters, particularly cadence and velocity

(Damiano and Abel 1996:Palisano, Hanna et at. 2000). As previously mentioned in the

review, a limitation of the GMFM is the described 'ceiling effect' where high functioning

children have little room for improvement on the measure following interventions @amiano

and Abel 1996). This effect may explain the small changes that have been found in GMFM
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scores following botulinum toxin A treatment (Flett, Stern et al.1999;Love, Valentine et al.

200r).

other paediatric measures assess the gross motor function and developmental milestone of the

child, such as the Alberta Infant Motor Scale (AIMS), Bayley Scales of Infant Development,

Movement ABC, Peabody Developmental Motor Scales, Bruininks-Oseretsky Test (Hinderer,

Richardson et al' 1989; Piper, Pinnel et al. L992;Ketelaar, Vermeer et al. l99g; I-eemrijse,

Meijer et al' 1999).These measures are generally not used as evaluative measures for pre and

post botulinum toxin A treatment, rather they monitor the developmental milestones of the

child over time.

2.5.6. Quest and Melbourne upper limb assessment

Children with cerebral palsy can have a reduced capability to perform upper limb

movements, which can severely affect their ability to perform everyday functional tasks, such

as eating, and dressing. There is a paucity of validated and reliable measures of upper limb

function appropriate for use in children with cerebral palsy, meaning accurate evaluation of

different interventions is difficult. With increasing pressure to utilise interventions such as

botulinum toxin A in upper limb muscles in children with cerebral palsy, there is now a

critical need to have appropriate outcome measures available.

Two recently developed upper limb therapy measures include the euality Upper Extremity

Skills Test (QUEST) and Melbourne Assessment of Unilateral Upper Limb function, which

have both been used to evaluate botulinum toxin A intervention in children with cerebral

palsy (Fehlings, Rang et al. 2000; Boyd, Bach et al.2o}z).These measures rely on the
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therapist making a subjective visual assessment of the child's range and quality of upper limb

movement from a video of the child performing the assessment.

The QUEST specifically aims to measure the quality of upper limb movement during

unilateral functional tasks in children with cerebral palsy aged 18 months to 8 years

(DeMatteo, Law et al. 1993). Four domains of movement are assessed, including dissociated

movement, grasp, protective extension and weight bearing. Good inter observer reliability

(ICC of 0.95) and validity (ICC of 0.84) has been demonstrated for the QUEST when used

for children with cerebral palsy @eMatteo, Law et al. 1993). The ability of the QUEST to

detect change is inconclusive, although it has been used as a clinical outcome measure to

assess the effects of intervention for children with cerebral palsy (Fehlings, Rang et al. 2000;

Law, Cadman et al. 1991).

The Melbourne Assessment of Unilateral Upper Limb Function, referred to as the 'Melbourne

Assessment' also evaluates the quality of unilateral upper limb movement in children with

cerebral palsy (Randall, Johnson et al. 1999). The Melbourne Assessment differs from the

QUEST in that it is appropriate for older children, from aged 5-15 years and possibly beyond.

The measure initially evaluated 12 upper limb tasks, but has since been modified to now

include 16 upper limb functional tasks involving reach, grasp, release and manipulation

(Johnson, Randall et al. 1994; Randall, Carlin et al. 2001). High inter and intra observer

reliability has been found for the Melbourne Assessment (ICC's 0.95-0.97), with a I2Vo

change in the total score being required to indicate a true change in the child's upper limb

function (Randall, Carlin et al. 2001). It has demonstrated high construct validity when

compared to other functional measures, such as the Pediatric Evaluation of Disability

Inventory (PEDD (Bourke-Taylor 2003 ).
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Both the QUEST and Melbourne Assessment have importantly demonstrated high inter

observer reliability and are the best available measures to evaluate upper limb function in

children with cerebral palsy. However, they are principally both subjective measures, relying

on the visual assessment of a rater, and have not been compared to a more objective measure

of upper limb function, such as a 3-D upper limb kinematic analysis.

Additional measures of upper limb function that may be appropriate for future intervention

studies in children with cerebral palsy include, the 'Assisting Hand Assessment' which is

specifically targeted at children with one high functioning hand and one dysfunctioning hand,

such as those with hemiplegia, cerebral palsy or obstetric brachial plexus injuries (Krumlinde-

Sundholm and Eliasson 2003). The test quantifies the use of the assisting hand during

bimanual play for children aged l8 months to 5 years, by visual video assessment. Other

upper limb measures focus on the speed and accuracy of an upper limb movement, and do not

take into consideration the performance and quality of the movement. Examples include the

Box and Block test of manual dexterity, which tests the speed of moving blocks in a timed

period (Mathiowetz, Federman et al. 1985) and the Jebsen hand function test, which

evaluates the speed of performance of seven different functional tasks, including card turning,

writing and lifting different weight objects (Jebsen, Taylor et al. 1969; Spaulding, McPherson

et al. 1988).

2.5.7. Three-dimensional upper limb movement analysis

There is currently no objective clinical measure of upper limb function routinely used

for children with cerebral palsy. A three-dimensional kinematic analysis of upper limb

functional movements could provide an objective and quantifiable outcome measure for

children with cerebral palsy, applying the same technology that is used for 3-DGA in the
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lower limb. The use of 3-DGA for children with cerebral palsy has resulted in an increased

understanding of the complex gait pattems associated with cerebral palsy and lead to the

development of new treatment options (Gage, Perry et al. 1987) and the same benefits could

potentially arise from upper limb movement analysis.

Single joint and two-dimensional movement analysis assessments have been used as an

outcome measure to examine reaching tasks in paediatric populations (Kluzik, Fetters et al.

1990; Trombly L992; Ramos, Latash etal. I997i Bernhardt, Bate et al. 1998; Palmieri,

Petuskey et al. 2003; van der Heide, Begeer et al. 2004). Upper limb movement parameters of

velocity, time, movement units, smoothness and trajectory of the task have been examined in

both normative and cerebral palsy populations (Steenbergen, van Thiel et al. 2000;

Schneiberg, Sveistrup et al.2002\. Schneiberg and colleagues (2002) demonstrated that

mature reaching patterns, indicated by reduced movement variability, are evident by

approximately 8 - 10 years of age in normally developing children. Children with spastic

hemiparesis have demonstrated asymmetries, as maybe expected in unimanual versus

bimanual reaching and grasping tasks (Steenbergen, van Thiel et al. 2000). Interestingly,

during bimanual tasks the unimpaired limb mimicked the impaired limb, to complete the

movement at the speed of the impaired limb (Steenbergen, van Thiel et al. 2000). To date,

simple movement analysis of upper limb tasks has provided valuable information on reaching

and grasping motor control and development and could potentially assist in identifying future

rehabilitation strategies. A 3-D upper limb clinical outcome measure could provide further

kinematic information and begin to investigate the effects of therapeutic and surgical

interventions.
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3-D upper limb movement analysis has recently begun to be examined in both paediatric and

adult patient populations (Rab, Petuskey et al. 2002; Rau, Disselhorst-Klug et al. 2000;

Schmidt, Disselhorst-Klug et al. 1999), including in children with cerebral palsy (Nicholson,

Morton et al. 2001). Upper limb movement can be assessed with the use of retro-reflective

markers placed on the upper body that are then detected by high frequency strobe cameras

used for 3-D gait analysis.

Preliminary assessments of a hand to head task in healthy control paediatric subjects found

standard deviations in shoulder and elbow kinematics of up to 25 degrees (Rab, Petuskey et

aL.2002). A 3-D upper limb motion analysis in children with brachial plexus injuries detected

slow and irregular kinematics in the affected arm and the authors summarised that movement

analysis of the upper limb can provide 'relevant information for clinical decision making'

(p.1213) (Rau, Disselhorst-Klug et al. 2000). Nicholson and colleagues (2001) used motion

analysis to examine the effects of lycra bodysuits on upper limb movement in five children

with cerebral palsy. They found the lycra garments improved trunk stability during a reach

and grasp task, as indicated by reduced variability in kinematic movement patterns. The paper

did not provide a full kinematic analysis of the upper limb movement, nor did it provide a full

description of the exact retro-reflective marker positions on the upper limbs. However, it does

provide preliminary evidence that an objective measure of arm function has potential as an

outcome measure for children with cerebral palsy.

Before the routine use of 3-D upper limb movement analysis there are both technical and

practical issues that need to be addressed. The technical limitations to 3-D upper limb

movement analysis have to date limited its routine use in a clinical setting. Errors can arise

due to marker location and marker movement. from skin or bone movement under the marker.
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The large degrees of freedom at the shoulder complex and the considerable skin movement

that occurs during forearm motion and scapular motion in particular, are difficult to accurately

represent with just the use of external markers. Separate to the technical concerns, is the

practical issue of the apparent lack in the upper limb of a standardised, repeatable movement,

such as gait for the lower limb. The potential benefits that may be obtained from an objective

upper limb measure for different patient populations mean that the proposed technical

'difficulties' warrant further investigation. The development of an objective 3-D upper limb

assessment tool, requires finding a marker set suitable for a paediatric population, identifying

simple, functional and repeatable limb tasks and establishing the reliability and validity of the

measure in both control and patient populations.

2.5.8, Pediatric Evaluation of Disability Inventory (PEDI)

In accordance with the ICF recommendations it is important to consider the impact of

an intervention on all areas of a person, not just the physical impairment, but also the impact

of an intervention on the child's functional abilities and participation in society. One of the

most frequently used functional measures in the paediatric population is the Pediatric

Evaluation of Disability Inventory @EDD (Hayley, Coster et al. 1992). The PEDI measure

fits across the spectrum of the ICF classification as it can be used to assess both 'Acriviry and

P afi icipation' and' C ontextual and Envi ronment aI facto rs' (ICF 200 I ).

The PEDI was designed to assess the everyday function of chronically ill and disabled

children aged 6 months to 7 years, although it has been promoted for use in older children

(Ziviani and Wright 1995). The PEDI is in the form of an administered parental questionnaire,

evaluating self-care, bowel and bladder control, mobility and transfers, communication and

social function, each individual section can be measured separately. The measure additionally
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evaluates the child's typical functional skill level

modification or adaptive equipment used and the

(Feldman, Haley et al. 1990).

(not how they achieve the task), the

amount of physical assistance required

The PEDI has demonstrated high inter rater reliability (0.79 - 0.99) (Reid, Boschen et al.

1993) and established concurrent and construct validity, when compared to the other

functional performance measures, such as the Battelle Developmental Inventory Screening

Test and the WeeFM, with correlations from o.62 to0.97 (Hayley, Coster et al. 1992;

Feldman' Haley et al. 1990; Reid, Boschen et al. 1993). The pEDI has been shown ro have

better reliability and validity when compared to other generic paediatric measures, Child

Health Questionnaire (CHQ) and Pediatric ourcomes Data Collection Instrument (poDCI)

(McCarthy, Silberstein et al. 2002). A limiting feature of the PEDI is that it does not take into

consideration how a child achieves a task and an apparent 'ceiling effect' that has been noted

in higher functioning children with disabilities. The item selection is deliberately skewed to

lower functioning abilities (McCarthy, Silberstein et al. 2002). This 'ceiling effect, may limit

the use of the PEDI for evaluating the effects of botulinum toxin A treatment in children with

cerebral palsy, as this intervention is often used in the higher functioning, ambulatory children

with cerebral palsy.

2-5.9. canadian occupationar performance Measure (copM)

The Canadian Occupational Performance Measure (COPM) uses a semi structured

interview to measure self perceived change in areas of self care, productivity and leisure

(Law, Baptiste et al. 1990). This measure can be used to evaluate a child's ,participation/

Participation restriction'at home and in society, according to the ICF classification and is

suitable as an outcome measufe for children with cerebral palsy (ICF 2001) (Law, Russell et
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al.1997). A quantitative score can be determined for each child by a numerical rating of

identified problem areas and goals. Preliminary test-retest reliability of the COPM was high;

with ICC of 0.63-0.84 (Law, Polatajko et al. 1994). The COPM has been found to detect

change in a study investigating the effects of upper limb botulinum toxin A treatment in

children with cerebral palsy (Wallen, O'Flaherty et al. 2004; Waugh, Wallen et al. 2004).

2.5.10. Goal Attainment Scale

The Goal Attainment Scale (GAS) is unique in that it attempts to quantify changes in a

relevant functional task for the subject, following an intervention. This measure has a

potential use as an outcome measure for children with cerebral palsy, as it provides a means

of quantifying goals set in therapy treatment and evaluating interventions at a personal level,

relevant to the child (Wallen, O'Flaherty et al. 2004; Waugh, Wallen et al. 20M). Originally

established to evaluate community mental health programs, it has now expanded into a place

in other clinical areas, particularly in paediatrics (Kiresuk and Sherman 1968). Subjects and

therapists can decide upon a set of functional goals, which are then graded by the therapist

into a scale identifying possible outcomes, from favourable to least favourable outcomes. The

ability to quantify and score the outcome attempts to make the assessment process more

objective.

2.6. Lilmrtartions to previous research

This review of the literature has attempted to highlight the paucity of quality evidence

supporting many common clinical practices for children with cerebral palsy. A contributing

factor is the lack of established reliability and validity of many of the outcome measures used

to evaluate medical interventions for this population. Botulinum toxin A treatment in

ambulatory children with cerebral palsy is presented as an example of how a now widely used
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medical intervention still has limited evidence available on the frequency, timing and most

appropriate candidates for this treatment. Obviously, with all new medical interventions it

takes time and experience to build a sound knowledge base and establish guidelines to

identify the best clinical practice. However, the current and future research into this area is

compromised by the lack of reliable, valid and relevant outcome measures to evaluate this

form of treatment and others.

Measures of lower limb function for children with cerebral palsy have improved considerably

with the advent of three-dimensional gait analysis as a criterion measure and the established

reliability and validity of the Gross Motor Function Measure. However, the summary

provided in Table 2.3 on the evidence of reliability and validity for outcome measures used to

evaluate botulinum toxin A highlights deficits for many measures. There are gaps in the

literature on the reliability and validity of common forms of visual gait assessment, still

routinely used to evaluate botulinum toxin A treatment. Additionally there is surprisingly

minimal evidence on the reliability of 3-DGA in the population of children with cerebral

palsy.

With perceived benefits in lower limb function in children with cerebral palsy resulting from

botulinum toxin A use, there is growing pressure to apply this intervention to other muscle

groups, in particular in the upper limb. Table 2.4 summarises the current status of upper limb

outcome measures used to evaluate botulinum toxin A use and found significant gaps in the

information available on reliability and validity of many measures. This review has revealed

the lack of an objective measure of upper limb function for children with cerebral palsy and

highlighted deficiencies in the reliability and validity of other measures for the upper limb,

including a recommended measure of muscle tone (modified Tardieu scale).
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Further evidence is required on the use of botulinum toxin A in children with cerebral palsy.

To produce this evidence the reliability and validity of primary outcome measures must be

first established. This literature review supports the need for a reliability study of 3-DGA in

both normative and cerebral palsy populations. Once 3-DGA is established as a criterion

measure it can then be used to assess the validity and reliability of more frequent forms of gait

assessment, the Observational Gait Scale. It is apparent that the development of an objective

functional upper limb measure is warranted for this population, to again be used to validate

other outcome measures used for the assessment of upper limb function. Finally a preliminary

assessment of upper limb botulinum toxin A can be completed using the objective measure of

upper limb function.

A series of studies has been completed to address the current gaps in the knowledge base for

both lower and upper limb measures for children with cerebral palsy. The reliability of lower

limb measures of 3-DGA and observational gait analysis were examined to both add to the

limited evidence on this topic and additionally act as a comparison for the reliability

assessment of the use of 3-D upper limb kinematics. It is important to demonstrate our own

reliability and accuracy in the use of the specialised laboratory 3-D equipment and system.

The use of 3-DGA for children with cerebral palsy is now an accepted practice internationally

and by demonstrating a high level of reliability in collecting this data we can have greater

confidence in the process of collecting 3-D upper limb kinematic data.

The following chapters will address the key gaps identified in the literature review in an

attempt to ultimately provide improved medical care and outcome to children and families

with cerebral palsy.
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CHAPTER 3:

IT{VESTIGATION OF TIIE RELIABILITY OF LOWER LIMB THREB-

DIMENSIONAL KINBMATICS IN CHILDREN WITH CEREBRAL

PALSY AND UNIMPAIRBD CHILDREN

3.1. Prologue

The first aim of this thesis was to investigate the reliability and validity of lower limb

outcome measures that have been used to assess the effects of botulinum toxin A in children

with cerebral palsy. Three-dimensional gait analysis (3-DGA) is considered the gold standard

or criterion measure for the assessment of walking in children with cerebral palsy and, as

such, can be used to compare and validate other outcome measures. However, from the

review of the literature in Chapter 2 it is apparent that there are a surprisingly limited number

of reliability assessments on 3-DGA for this population. Prior to using 3-DGA as a criterion

measure for other lower limb measures it was considered necessary to establish our own

reliability in both normative and cerebral palsy populations. The information from this study

will add to the current literature on the reliability of 3-DGA; will enable use of 3-DGA as a

criterion standard against which other lower limb measures can be compared; and will allow

us to compare the reliability found for lower limb 3-D kinematics to that found in upper limb

3-D kinematic analysis.

3.2. Introduction

The term cerebral palsy encompasses a broad group of disorders of movement and posture

resulting from a static insult to the immature brain within the first two years of life (Rang

1990). Therapy and orthopaedic management are considered the mainstay of interventions
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for children with cerebral palsy. As highlighted previously in Chapter 2, one of the major

problems in the management of children with cerebral palsy is the paucity of reliable, valid

and objective measures to monitor treatment outcomes. Frequently used clinical measures,

such as passive range of motion (Harris, Smith et al. 1985) measurement of muscle tone

(Pandyan, Johnson et al. 1999) and even classification of types of cerebral palsy @lair and

Stanley 1985) have all shown poor reproducibility between observers and sessions, even

when tested under standardized conditions.

3-D kinematic gait analysis is now considered the gold standard in movement analysis,

providing clinicians with a reliable and objective measurement tool that can be used to

quantify changes in gait in children with cerebral palsy (Steinwender, Saraph et al. 2000).

However, a review of the literature in PubMed revealed only one study that has reported

reliability in the cerebral palsy population (Steinwender, Saraph et al. 2000). That study

involved the spastic diplegia, cerebral palsy population and the results may not apply to other

groups of children with cerebral palsy.

The aim of this study was to determine the reliability of 3-DGA performed in our University

of Auckland Gait Laboratory in both unimpaired children and children with hemiplegia,

cerebral palsy.

3.3. Methods

3.3.1. Subjects

Ethical approval for the study was granted from the Auckland Ethics Committee, New

Zealand (Auckland Ethics Approval Number: AY\XlOztOllOl5) See Appendix A-D. Informed

consent was obtained from all participants and their guardians. The inclusion criteria for the
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subjects with cerebral palsy included ambulatory children with a diagnosis of spastic

hemiplegia, cerebral palsy aged between 5 to 16 years. Exclusion criteria included any other

form of cerebral palsy or progressive spasticity; any casting or botulinum toxin A injections

within the last twelve months; lack of informed consent and any disabilities that would make

it difficult for the child to understand or cooperate fully with the study. Ten children with

hemiplegia, cerebral palsy (7 left hemipl egla;3 right hemiplegia) were recruited from

orthopaedic and neurological clinic lists and local schools with physical therapy units (6 male:

4 female subjects, mean age 10.2 years, range 5 - 16 years). All subjects were independent

ambulators with a Gross Motor Functional Classification Scale of level I or II (palisano,

Rosenbaum et al. 1997). Ten unimpaired children were recruited from friends and family of

staff at the University of Auckland Gait Laboratory (2male: 8 female subjects, mean age 9.g

years' range 6- 12 years). All unimpaired children had no history of musculoskeletal or

neurological problems.

3.3.2. Testing procedures

Testing was performed in the University of Auckland Gait Laboratory on two

occasions, up to one week apart. Children were seen approximately at the same time of day

to minimise environmental changes that might affect range of movement or dynamic muscle

tone' The same testing protocol was used in both sessions. In each of the two sessions a 3-

DGA was undertaken, using a Cleveland clinic marker set (OrthoTrak 4.2 Reference Manual,

MotionAnalysis Corporation, Santa Rosa, CA, USA) to examine lower limb kinematics

during gait' The child was asked to walk at a self-selected speed along a ten-metre walkway.

At least four walking trials were collected for each participant. All data were collected with

an 8-camera MotionAnalysis video system at60Hz (MotionAnalysis Corporation, Santa

Rosa, CA, USA).
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3.3.3. Data analysis

Processing of the 3-DGA data was completed with EvA software version 6.15 and

OrthoTrak software version 5.1 (MotionAnalysis Corporation, Santa Rosa, CA, USA).

OrthoTrak gait analysis software produces graphs normalised to the gait cycle.

3.3.4. Statistical analvsis

Statistical analysis of the repeatability of the pattern of lower limb movement

waveforms was carried out using the data analysis methodology described in the work of

Kadaba and Steinwender (Kadaba, Ramakrishnan et al. 1989) (Steinwender, Saraph et al.

2000). The adjusted R-squared (Rt") statistic or coefficient of determination was used to

assess the similarity between two representative waveforms for within-session analysis, and

between mean waveforms for between-session analysis. Similarity in the waveforms results

in the adjusted R-squared value tending towards l; dissimilar waveforms result in the adjusted

R-square tending towards 0. The positive square root of the adjusted R-squared value, being

the r value or adjusted coefficient of multiple correlation (CMC) is reported in the text.

Comparisons were made in all three planes, frontal, sagittal and transverse and at five

anatomical levels, ankle, knee, hip, pelvis, and trunk.

For within session analysis, we compared the third and fourth walking trials collected during

the gait analysis. For the between session analysis the mean waveform of the four walking

trials from week one was compared to the mean waveform of the four walking trials at week

two. The mean values were utilised for between-session analyses due to the small variance

found within one session.
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The mean absolute difference both within and between sessions was determined for step

length, stride length, cadence and forward velocity for each subject. The mean absolute

difference (degrees) between the gait kinematic graphs at week one and at week two was also

calculated for each subject. This additional information highlights the testing variation that

can be expected from week to week, and is useful for the interpretation of gait analysis

results.

3.4. Results

3'4.1. Temporal'spatial gait parameters in unimpaired children have high levels

of reliability.

Kinematic gait patterns may be affected by walking velocity (van der Linden, Kerr et

al' 2002). We therefore assessed the intra-sessional and inter-sessional mean absolute

differences in the temporal-spatial parameters to define the level of repeatability between

walking trials, The ten unimpaired children demonstrated high levels of repeatability in

temporal-spatial parameters both within and between measuring sessions, with a mean

absolute difference between sessions in stride length of only 6cm t 4cm. The highest

variability was found for walking velocity, with a mean absolute difference of l3cm/sec t
l0cm/sec between sessions (Table 3.1).
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Table 3.1: Mean Absotute Difference in Temporal-Spatial Gait parameters within and

between sessions for unimpaired children. (n= 10),

Temporal / spatial
Within Session Between sessions

Step Length (cm)

left

right

Stride Length (cm)

Cadence (stepVminute)

Velocity (cm/second)

Mean absolute
difference

3 (2)

3 (2)

s (4)

s (4)

10 (7)

Mean absolute
difference

0-10

0-9
l-16
0- 16

o -22

3 (2)

3 (3)

6 (4)

7 (5)

13 (r0)

0-7

0-8
l-14
l-13
o -28

sd = standard deviation; cm = centimetre

83



3.4.2. Temporal-spatial gait parameters in children with cerebral palsy have high

levels of repeatability.

Children with cerebral palsy demonstrated similar high levels of repeatability in

temporal-spatial parameters. The highest variability was found for walking velocity, with a

mean absolute difference of 7cmlsec t 6 cm/sec within session and l0cm/sec + l lcm/sec

between sessions. The lowest variability was found for step length, both in the affected and

unaffected limb (Tabl e 3.2).

Table 3.2: Mean Absotute Difference in Temporal-Spatial Gait parameters within and
between sessions for Children with Cerebral palsy.

Temporal / spatial
Within Session Between sessions

Mean absolute Mean absolute
difference (sd) difference (sd

Step Irngth (cm)

Affected

Unaffected

Stride I-ength (cm)

Cadence (steps/minute)

Velocity (cm/second)

3 (2)

3 (2)

5 (4)

4 (3)

7 (6)

r1
o-7
0- 12

0- l0
0 -2a

2 (r)

2(2)

4 (3)

e (il)
10 (ll)

t-4
0-6
I -9

0-35
0 -34

sd = standard deviation; cm = centirnetre
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3'4.3. High levels of reliability in lower limb kinematics for unimpaired children.

High levels of repeatability of lower limb kinematic gait patterns were found at all five

anatomic levels and across all three movement planes (Table 3.3). Saginal plane measures at

the hip, knee and ankle had consistently the highest values of repeatability, with CMC values

of 0'95-0'99. @gure 3.1) The lowest repeatable movement pattern was found at the pelvis in

both the sagittal and frontal planes, with pelvic tilt CMC values of 0.3 -0.64and pelvic

rotation CMC values of 0.4 - 0.95.

Table 3'4 shows the overall mean absolute difference in degrees between sessions for lower

limb kinematics in unimpaired children. This table provides clinically relevant information on

the amount of normal variance that can be expected from week to week. Across all three

planes the mean absolute difference in lower limb kinematics both within and between

sessions was only I - 6 degrees for the unimpaired children.
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Table 3.3: Mean Adjusted Coefficient of Multiple Correlation (CMC) for Lower Limb
Kinematic Measures during Gait Analysis for unimpaired children.

Lower Limb Kinematics Within session CMC (sd) Between session CMC (sd)

left right left right

Sagittal plane

Ankle dorsilplantar flex

Knee flexion/extension

Hip flexion/extension

Pelvic tilt

Trunk tilt

Frontal plane

Foot progression

Knee varuVvalgus

Hip aMuction/adduction

Pelvic obliquity

Trunk obliquity

Transverse plane

Foot rotation

Knee rotation

Hip rotation

Pelvis rotation

Trunk rotation

0.e5 (0.0)

O.ee (0.0)

O.ee (0.0)

0.64 (0.3)

0.66 (0.3)

0.88 (0.1)

0.87 (0.1)

0.97 (0.0)

0.e6 (0.0)

0.5e (0.3)

0.90 (0.1)

0.e0 (0.1)

0.87 (0.1)

O.es (0.1)

4.79 (0.2)

0.9s (0.0)

0.9e (0.0)

0.ee (0.0)

0.3s (0.2)

0.71 (0.3)

0.87 (0.1)

0.8e (0.1)

0.e6 (0.0)

0.79 (0.1)

0.6e (0.3)

0.e2 (0.0)

0.87 (0.1)

0.90 (0.1)

0.41 (0.2)

0.81 (0.2)

O.es (0.0)

O.ee (0.0)

O.ee (0.0)

0.64 (0.3)

0.72 (0.3)

0.64 (0.4)

0.70 (0.3)

0.9s (0.1)

0.e7 (0.0)

0.6e (0.3)

0.e0 (0.1)

0.8 (0.1)

0.83 (0.1)

0.e4 (0.0)

0.90 (0.1)

0.e6 (0.0)

O.ee (0.0)

o.ee (0.0)

0.3 (0.2)

0.81 (0.2)

0.77 (0.3)

0.70 (0.2)

0.e8 (0.0)

0.77 (0.2)

0.72 (O.3)

0.e4 (0.0)

0.88 (0.1)

0.76 (0.2)

0.40 (0.2)

0.9s (0.0)

CMC = Coefficient of Multiple
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Table 3.4: Mean Absolute Differences in Lower Limb Kinematics between Sessions for
Unimpaired children.

Lowerlimb Kinematics Mean absolute differences in degrees (sd)

right

Sagittal plane

Ankle dorsi/plantar fl exion

Knee flexion/extension

Hip flexion/€xtension

Pelvic tilt

Trunk tilt

Frontal plane

Foot progression

Knee varus/valgus

Hip abduction/adduc tion

Pelvic obliquity

Trunk obliquity

Transverse plane

Foot rotation

Knee rotation

Hip rotation

Pelvis rotation

Trunk rotation

3 (2)

3 (2)

5 (l)
s (l)
2 (r)

I (l)
3 (2)

3 (l)
2(t)
I (l)

3 (2)

4 (2)

5 (1)

5 (l)
2(0)

I (l)
3 (2)

2 (l)
2(r)
I (l)

6 (1)

s (2)

s (2)

2 (L)

3 (1)

5 (l)
5 (2)

4 (2)

3 (1)

3 (t)

sd = standard deviation
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3.4.4. High levels of reliability for lower limb kinematics in children with cerebral

pdsy.

High levels of repeatability were also observed across all three planes in the lower

limb for children with hemiplegia, cerebral palsy (Table 3.5). Sagittal plane kinematics at the

hip, knee and ankle were the most reliable, with CMC values of 0.96-0.99 within and between

sessions for both the normal limb and the hemiplegic limb (Figure 3.2). The frontal and

transverse plane measures had slightly lower levels of repeatability; however the mean CMC

was still 0.7 or greater for these measures. The lowest CMC's between sessions were found

for foot progression and knee varus / valgus position in the frontal plane and correspondingly

for hip and knee rotation in the transverse plane. In contrast to the unimpaired children, high

levels of repeatability were found for pelvic motion, with pelvic rotation CMC values of 0.g7

- 0.95 and pelvic tilt values of 0.82 - 0.93. Similar values of repeatability were found for both

the normal and hemiplegic limb, and in the within-day and between-day variability.

The mean absolute differences, in degrees, between gait kinematic graphs from session one to

session two for children with cerebral palsy are shown in Table 3.6. The 3-D kinematics in

the frontal and saginal plane were most repeatable with mean absolute differences of 4

degrees or less from week one to week two.
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Table 3.5: Mean Adjusted Coefficient of Multiple Correlation (CMC) for Lower Limb

Kinematic Measures during Gait Analysis for Children with Cerebral Palsy.

Kinematics Within session CMC (sd) Between session CMC (sd)

Normal limb Hemiplegic

limb

Normal limb Hemiplegic

limb

Sagittal plane

Ankle dorsi/plantar

flexion

Knee flexion/extension

Hip flexion/extension

Pelvic tilt

Trunktilt

Frontal plane

Foot progression

Knee varuVvalgus

Hip abduction/adduction

Pelvic obliquity

Trunk obliquity

Transverse plane

Foot rotation

Knee rotation

Hip rotation

Pelvis rotation

Trunk rotation

0.e6 (0.0)

O.ee (0.0)

0.e8 (0.0)

0.88 (0.2)

0.84 (0.2)

0.87 (0.2)

0.86 (0.2)

0.e3 (0.1)

O.es (0.1)

0.86 (0.2)

0.8e (0.1)

0.er (0.1)

0.89 (0.1)

0.el (0.1)

0.88 (0.2)

0.e8 (0.0)

0.e8 (0.0)

O.ee (0.0)

0.82 (0.3)

0.82 (0.2)

0.8e (0.2)

0.8e (0.2)

0.92 (0.2)

0.88 (0.2)

0.el (0.1)

0.92 (0.1)

0.8e (0.2)

0.88 (0.2)

0.e0 (0.1)

0.81 (0.3)

0.98 (0.0)

O.ee (0.0)

0.9e (0.0)

0.92 (0.2)

0.92 (0.1)

0.76 (0.2)

0.70 (0.2)

0.e1 (0.1)

0.92(0.2)

0.e3 (0.1)

0.el (0.1)

0.80 (0.1)

0.78 (0.2)

O.es (0.1)

0.e7 (0.0)

0.e6 (0.0)

0.ee (0.0)

0.9e (o.o)

0.e3 (0.1)

0.e4 (o.l)

0.81 (0.3)

0.85 (0.1)

0.es (0.1)

0.er (0.2)

0.89 (0.1)

0.e2 (0.1)

0.82 (0.2)

0.86 (0.1)

0.87 (0.1)

0.83 (0.3)

CMC = Coefficient of Multiple Correlation; sd = standard deviation
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Table 3.6: Mean Absolute Differences (degrees) in Lower Limb Kinematics botween
sessions for Children with Cerebral palsy.

Lowerlimb Kinematics Mean absolute differences in degrees (sd)

Normal limb Hemiplegic limb

Sagittal plane

Ankle dorsi/plantar flexion

Knee flexion/extension

Hip flexion/extension

Pelvic tilt

Trunk tilt

Frontal plane

Foot progression

Knee varus/valgus

Hip aMuction/adduction

Pelvic obliquity

Trunk obliquity

Transverse plane

Foot rotation

Knee rotation

Hip rotation

Pelvis rotation

Trunk rotation

I (0)

4 (2)

3 (l)
2 (r)

3 (l)

2 (L)

4 (2)

4 (1)

2(r)

2 (r)

I (0)

2 (L)

3 (1)

2 (t)

3 (l)

1(0)

2 (r)

3 (l)
2 (l)
3 (l)

s (l)
7 (2)

s (2)

3 (2)

4 (2)

8 (1)

l0 (3)

7 (?>

3 (t)

3 (l)

sd = standard deviation
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3.5. Discussion

In this study we were interested in the reliability of 3-D kinematic gait analysis in both

unimpaired children and children with hemiplegia, cerebral palsy. It is essential to be aware of

the normal variance that occurs in a clinical outcome measure, such as 3-DGA and that the

measure demonstrates acceptable reliability over time in both normative and patient

populations.

Overall, the 3-D lower limb kinematics of gait analysis had excellent repeatability, both

within and between sessions for both unimpaired children and children with cerebral palsy.

Similar to previous studies, the repeatability was highest in the sagittal plane and lower in the

frontal plane (foot and knee) and transverse plane (hip and knee) (Steinwender, Saraph et aI.

2W0; van der Linden, Kerr et aL.2002). Small changes in marker placement at the knee and

ankle can result in significant changes in transverse plane kinematics, and this may have

accounted for the lower repeatability in the transverse plane seen in this study (Kadaba,

Ramakrishnan et at. 1989).

There was no difference in the reliability of gait patterns between healthy unimpaired children

and children with hemiplegia, cerebral palsy. Children with hemiplegia, cerebral palsy can

present with spasticity, muscle weakness and loss of range of movement in their affected

lower limb resulting in altered gait patterns when compared to normal. Reported gait patterns

found in children with hemiplegia, cerebral palsy include a spastic equinus gait pattern, where

increased muscle tightness in the calf muscle results in a toe-toe gait pattern at the ankle, plus

or minus changes at the knee, as a result of the calf muscle tightness (Rodda and Graham

2001). Compensatory pattems can often also be observed in the 'unaffected' lower limb in

children with hemiplegia, cerebral palsy (Graham 2001). The ten children with hemiplegia,
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cerebral palsy participating in this study, all had a high functioning gait, being classified at a

GMFCS level of I or II, indicating they were independent ambulators both in the home and

community (Palisano, Rosenbaum et al. 1997). The changes in the gait patterns observed in

the children with hemiplegia predominantly occurred in the sagittal plane at the knee and

ankle. For some subjects the ankle motion showed increased plantarflexion, particularly at

initial contact with the knee correspondingly having increased extension, indicating the action

of the plantarflexion-knee extension couple (Rodda and Graham 2001). The plantarflexion-

knee extension couple describes the biarticular action of the gastrocnemius muscle results in

ankle plantarflexion and knee extension. However, even with gait abnormalities at the knee

and ankle, the repeatability of the movement pattern is very high in children with hemiplegia,

cerebral palsy (CMC values of 0.98-0.99) and similar to unimpaired children. The presence of

spasticity or increased muscle tone had no influence on the repeatability of the movement

pattern, in fact it has been suggested that children with neurological injury have less

movement patterns available to them and less adaptability and therefore would have highly

repeatable movements (Steenbergen, van Thiel et al. 2000).

The influence of age also appeared not to inlluence the repeatability of the gait patterns; all

children in this study were over 5 years and demonstrated good compliance with the task. The

repeatability results found in this study are similar to those found in adults by Kadaba et al

(Kadaba, Ramakrishnan et al. 1989).

A limitation in this study is the statistical tests used for waveform comparison (CMC value).

There was considerable variation in the levels of repeatability found for pelvic motion across

the three planes of motion, particularly in unimpaired subjects (CMC values of 0.30-0.97).

Closer analysis of the data suggested that one reason for the lower CMC values could be due
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to reduced range of motion at pelvis during gait. Such a problem has been noted before with

this type of statistical analysis (Steinwender, Saraph et al. 2000). Kadaba et al (19g9) found

that pelvic tilt measures had lower CMC values than, for example, sagittal plane knee joint

motion due to both the small range of pelvic tilt measures recorded and the lack of a well

defined movement pattern (Kadaba, Ramakrishnan et al. 1989). Additionally,3-D pelvic

motion is calculated relative to the laboratory coordinate system, so if the subject was not

walking in a straight line there could be greater variability found in the measure.

Having demonstrated the laboratory can collect reliable lower limb kinematics in both

unimpaired children and children with cerebral palsy this information can now be used as a

criterion standard measure to assess the validity of visual gait assessment. Additionally the

information from this study can be used to compare to the reliability of other 3-D movement

analyses, such as upper limb tasks, where standardised movements, such as gait do not exist.
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CHAPTER 4:

IT{VESTIGATION OF TITE RELIABILITY AND VALIDITY OF TIIE

OBSERVATIONAL GAIT SCALE IN CHILDRBN WITH CEREBRAL

PALSY. USING THREE-DIMENSIONAL GAIT ANALYSIS AS TIIE

CRITERION MEASURE

4.1. Prologue

The first aim of the thesis was to assess the reliability and validity of lower limb measures

used to evaluate botulinum toxin A treatment in children with cerebral palsy. From the

literature review two key areas of further investigation were highlighted, firstly the limited

evidence on the reliability of three-dimensional gait analysis (3-DGA) in children with

cerebral palsy and secondly, the lack of established reliability and validity of visual gait

assessment. In Chapter I the first area was addressed, finding high levels of reliability for 3-

DGA in both normative and cerebral palsy populations. This study will progress from the

previous work to use 3-DGA to establish the reliability and validity of a visual gait

assessment, the Observational Gait Scale (OGS). The OGS is a modified version of the

Physicians Rating Scale frequently used to evaluate botulinum toxin A treatment in children

with cerebral palsy.

4.2. Introduction

Work in Chapter 3 has shown that instrumented three-dimensional gait analysis (3-DGA) is a

reliable and repeatable methodology to assess movement patterns in the lower limb in
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children with spasticity. However, 3-DGA is expensive and not available in all centres. In

younger age groups (< 6 years of age), instrumented 3-DGA is also not always appropriate,

due to the children's small size and varying cooperation level (Boyd and Graham 1999). For

this population, and when 3-DGA is not available, clinicians must depend on visual

assessment to evaluate the walking patterns of the child and treatment outcomes. Visual

assessment of gait thus has been used as an outcome measure in many clinical trials using

botulinum toxin A in ambulant children with cerebral palsy(Koman, Mooney et al. 1994;

Corry, Cosgrove et al. 1998).The Observational Gait Scale (OGS) has been recommended for

use in children with cerebral palsy to evaluate the effects of botulinum toxin A rreatment

(Boyd and Graham 1999). The OGS is only one of many visual gait scales in the literature

(Koman, Mooney et al. 1994: Koman, Mooney et al. 2000; Koman, Brashear et al. 2001;

Corry, Cosgrove et al. 1998; Flett, Stern et al. 1999; Ubhi, Bhakta et al. 2000), which are

sirnilar in design but not strictly comparable (Table 4.1). To date, the reliability and validity

of many of these assessments have been assumed rather than proven.

4.2.1. Visual gait scales

Koman et al (1994) first developed the Physicians Rating Scale (PRS) as a method ro

objectively document gait changes in young children following intramuscular injections of

botulinum toxin A for equinus gait. This scale rated the child's walking pattern in six

sections including: Knee crouch; Equinus foot position; Hind foot; Knee recurvatum; Speed

of gait and Gait pattern, based upon assessment of videotapes of the child's gait pre and post

treatment. The original versions of the Physicians Rating Scale were simple to use and

interpret but appeared to lack sensitivity and retiability in detecting specific changes

following botulinum toxin A treatment (Corry, Cosgrove et al. 1998). The pRS was reduced

to four sections by Corry et al (1998) for a randomised controlled trial comparing botulinum
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toxin calf injections to serial casting in children with cerebral palsy. To 'eliminate excess

data' they removed three of the original sections (Equinus foot; Hind foot; Speed of Gait) and

added a section on Change, which aimed to improve discrimination between the two

treatment groups in their study (Corry, Cosgrove et al. 1998). A preliminary assessment of

inter rater reliability for this scale found satisfactory agreement and discrimination in only

two of the four sections, Foot strike and Change (corry, cosgrove et al. l99g).

4.2.2. The Observational Gait Scale (OGS)

The PRS scale has been subsequently been altered to improve sensitivity, with the

modified scale being renamed the 'Observational Gait Scale' (Boyd and Graham 1999). The

original scale was expanded to include eight sections, with a maximum score of 22 for each

leg indicating normal gait. Greater emphasis was given to the foot and knee relationship

during stance phase, as this is where changes from botulinum toxin A therapy in the calf are

expected' This version of the PRS has more complexity and is more time consuming,

however it is not known how these changes have affected the reliability and validity of the

scale.

The aim of this study was to investigate the intra- and inter-rater reliability and validity of the

Observational Gait Scale (OGS) comparing the results of two experienced clinicians to the

criterion standard, 3-DGA.
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4.3. Methods

4.3.1. Subjects

Ethical approval for review of the video archives was given by the Research and

Development Office, Auckland Hospital. All videos were obtained from the video archives at

the University of Auckland Gait Analysis Laboratory and had been collected as part of

clinically indicated 3-DGA with parental informed consent. Videos were edited to avoid

subject recognition and no new video or 3-DGA data was obtained for the purpose of this

study. The original sptit screen videos of 20 children (11 males, 9 females; mean age 12

years; range 6-21 years) with spastic diplegia cerebral palsy undergoing 3-DGA were edited

to produce a five-minute video for each child. All children had a diagnosis of spastic diplegia

and had problems predominantly in the sagittal plane. Atl participants were classified as being

either community or household ambulators, with seven children using an assistive device for

walking. Children with major rotational malalignment were excluded from the study.

4.3.2. Observers

Two experienced observers viewed the edited split screen video of children prepared

from video recordings made at the time of 3-DGA. Both observers chosen for this study

worked in a tertiary level paediatric hospital and had greater than five years experience

observing gait and reviewing gait analyses in the patient population with cerebral palsy. Both

observers have had up to 2 years experience using the OGS in a clinical setting. However, to

ensure consistency, the observers completed a practice and discussion on the OGS prior to the

viewing sessions. The edited video showed the child walking along a lO-metre walkway in

bare feet, with or without the use of a walking aid. Two frontal and two sagittal plane

recordings were viewed for each child both at regular and slow speed with a set time allocated

for viewing of each tape.
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The observers scored the walking ability of each child using the first seven sections of the

OGS. Section 8 of the OGS (Change) was not tested, as only one video was available per

subject. The assessments for each child were made both at time 0 (session l) and 3 months

later (session 2), using the same videos for each assessment. No feedback or fuither

discussion was allowed between the two time points. The video recordings chosen were felt

to be a typical representation of the child's walking pattern. The presentation order of the

twenty subject's 3-DGA video was randomly changed between the two viewing sessions.

4.3.3. Determination of reliability and validity

The OGS seeks to evaluate or measure the amount of change in an individual's gait

pattern over time, and could be classified as an evaluative health index, as described by

Krishner and Guyatt, (1985). As discussed in the literature review in Chapter 2,the

assessment of reliability for evaluative clinical measures requires repeat administration of the

measure using unchanged data from the same subjects. Therefore, in this study, the intrarater

reliability across sessions was determined for both observers by comparing their OGS scores

for viewing session one to their OGS scores for viewing session two. The interrater

reliability was assessed by comparing the OGS scores of the two observers for each of the

twenty subjects for both sessions.

The best demonstration of validity for an evaluative health index occurs when the measure

being evaluated identifies changes in an individual over time, with the same changes being

found using the criterion standard measure (Krishner & Guyatt, 1985). Unfortunately, we

were unable to look at this aspect of validity in this study as only one gait analysis video was

available for each subject. The criterion validity of the OGS was determined by a comparison

with criterion measures obtained from 3-DGA, performed with Ortho Trak software Motion
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Analysis Corporation, Santa Rosa, CA, USA). 3-DGA is an objective and reliable method of

assessing gait patterns in children with cerebral palsy and is the current standard for the

assessment of the gait of children with cerebral palsy, as demonstrated previously in Chapter

3 and in the work of Steinwender and colleagues (2000).

An independent observer, who was not aware of individual's OGS scores, completed the

analysis of the 3-DGA data. The 3-DGA results were converted into an OGS score and used

for statistical analysis. The precise joint angles at specified percentages of the gait cycle were

obtained from the sagittal plane graphs produced from 3-DGA for each participant. Mid-

stance was determined as the mid-point between opposite toe off to opposite foot contact and

this percentage was calculated for each individual. The measure was then used for obtaining

knee and foot position in mid-stance. Initial foot contact was taken as TVo of the gait cycle, for

each leg.

No one anatomical level can be analysed separately during gait analysis. An initial foot

contact with 0o or neutral position at the ankle could be normal heel contact. However, severe

crouch at the knee could mean that a 0 
o ankle position is equivalent to landing on the toes. To

clarify this, the data were viewed as sequential sagittal frames of a walking trial in Ortho Trak

format (version 4.2 MotionAnalysis), Figure. 4.1 in which initial foot contact and timing of

heel rise could be viewed and the position of the foot could be calculated. This was then

combined with the joint angles obtained from the 3-DGA graphs. This allowed further

clarification on the initial foot contact, foot position in mid-stance and the ability to calculate

the timing of heel rise as a percentage of a representative stride length.

r02



4.3.4. Statistical analysis

Weighted kappa statistics were used to determine the level of agreement between and

within the two observers, using the SAS statistical progmm (version 8.IZ). A kappa statistic

assesses the level of agreement for nominal and ordinal data, with benchmarks set to indicate

the strength of agreement (Landis and Koch lg77). Table 4.2 outlines the generally accepled

interpretation of kappa statistics. Summary statistics were performed using a paired t test, or

two factor analysis of variance tests, with a significance value of p < 0.05. Validity of the

OGS was further analysed using Bland and Altman's (1986) limits of agreement, which graph

the difference between the OGS score derived from 3-DGA results and the OGS results from

Observer 2 against the mean OGS score. The mean difference r 2 standard deviafions are

shown in the Bland and Altman (1986) validity graphs.
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Initial foot contact Midstance Toe-off

Figure 4.1: Stick Figure Representation from 3-DGA (OrthoTrak, Motion Analysis).

Gait sequence of one subject shown in OrthoTrak format during 3-DGA, plus resulting

ground reaction force (arrow). OGS score for initial foot contact (left) was rated as (0) for toe

contact. Foot contact at mid-stance was graded as (-1) indicating toe-toe gait pattern. Black

foot = left; White foot = right.
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Table 4.2: Agroeuent Measrlrc$, for Kappa $tattsfics

Kappastatisde $treugth of Agrceuont

0.004.20

o21{.40

0.4tr4_60,

o.6l-0.90

0,8I.1.00

fliaadi

SJight

Fair

Moderato

Substantial

AlmostPe-rfect

rcs



4.4. Results

OGS requires a score for both limbs in all sections. Thus, the OGS scores for the left and right

foot were analysed separately and compared to the OGS score derived from lower limb 3-

DGA. The two observers are referred to as Observer I and 2.

4.4.1. Different levels of intra-rater reliabilitv for each section of the OGS scale

Intrarater reliabilities for the two observers are shown in Table 4.3. As expected, a

perfect correlation (wk 1.0) was found for section 7 (presence of assistive devices). Intrarater

reliability showed moderate to almost perfect agrcement for both observers for initial foot

contact (wk 0.55-0.86) and foot contact mid-stance (wk 0.53-0.91); substantial agreement for

timing of heel rise (wk 0.66-0.69) and moderate to substantial agreement for knee position

mid-stance (wk 0.53-0.72). The most consistent kappas over the two viewing sessions for

both observers were in section 4 (timing of heel rise). lower intra-rater reliabilities were

found for section 5 (hindfoot position) for observer I (wk 0.31-0.37) and section 6 (base of

support; both observers wk 0.3-0.57).

In general, Observer 2 had a higher level of intra rater reliability for all sections except for

section 6 (base of support), when compared to Observer l. The difference in the mean kappa

values between the two observers was statistically different over the seven sections (p=0.03).

Fwther statistical analysis using a two factor ANOVA test showed no significant difference

between the kappa values of each observer for the right and left limb (p=0.10). However, the

kappa scores across individual sections were significantly different for both observers

(p<0.001).
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Table 4J: Intra.rater Reliability of each Observer over Two Viewing Sessions

OGS section Observer 1

Weighted Kappa
(957o Cr)

Observer 2
Weighted Kappa
(95Vo Cr)

Sl: KneeMS

(0.37-0.75) (0.274.80)

52: Initial FC 0.55 0.65

(0.264.8s) (0.384.e3)

53: Foot contact MS 0.53 0.67

(0.20-0.8s) (0.40-0.e3)

S4:Heel Rise 0.69 0.65

(0.494.89) (0.44-0.86)

55: Hindfoot 0.37 0.31

(0.04-0.80) (0.114.73)

0.37

Left
0.72

(0.47-0.88) (0.544.8e)

0.86 0.83

(0.67-l.o) (0.65-1.0)

0.86 0.91

(0.5e-l.o) (0.73-1.0)

0.66 0.69

(0.44-0.87) (0.44- 0.93)

Left
053

56: Baseofsupport

57: Aids

0.57

(0.23-0.8e) (0.01-0.76)

1.00 1.00

(1.00-1.00) (1.00-1.00)

0.50 0.78

(0.144.87) (0.s3-1.0)

0.30 0.30

(0.12-0.72) (0.124.72)

1.00 1.00

(r.00-1.00) (1.00-1.00)

ot Contact; CI' Confidence Intervals
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The95% confidence intervals showed wide variations for some measures, such as hindfoot

position and base of support. In the first four s(rtions, the kappa values for Observer 2 were

higher, and all of the lower 957o confidence intervals were at least 0.4. Figure 4.2 shows

examples of the spread of data for two sections of the OGS. The results from each observer

are shovtn for foot contact in mid stance and heel rise sections, comparing scores from

viewing session I to session 2. Figure 4.2d demonstrates that even with a substantial level of

agreement between the two scores (wk 0.66) the data points are scattered from the line of

equalrty, although importantly there is only one value with a two point difference.
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4.4.Z.Inter-rater reliability varies between different sections of the OGS scale

Statistical analysis showed moderate to almost perfect levels of agreement between

the two observers for knee position mid-stance (wk 0.58-0.82), but with three of the four

results having a lower confidence interval more than 0.4 (Table 4.4). Foot contact in mid-

stance had moderate to almost perfect agrcement between observers (wk 0.49-0'86), with the

lower confidence intervals over 0.4 in two out of the four results. Initial foot contact (wk

0.48-0.75), heel rise (wk 0.43-0.62) and hindfoot position (wk 0.46-0.71) alt hadmoderate to

substantial levels of agreement. Base of support had the lowest level of agreement between

observers with wk 0.2g-O.45 and very wide957o confidence intervals (see Table 4.4).

The interrater mean kappa score was slightly lower than the intrarater mean kappa score

(intrarater mean 0.69; interrater mean 0.62) for the first four sections, although this difference

did not reach significance (p= 0.06).
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Tabte 4.4: Inter-rater Reliability of Two Observert within One Session

OGS section Session 1

Weigbted Kappa
(95Vo Cl)

Session 2
Weigbted Kappa
(95Vo CI)

Sl: KneeMS

52: Initial FC

53: Foot contact MS 0.86

54: Heel Rise

55: Hindfoot

56: Base ofsupport

57: Aids

0.53

0.69 0.s8

(0.s2-0.87) (O.37-0.7e)

0.53 0.75

(0.29-0.79) (0.s0-1.00)

0.70

(0.60-1.0) (0.38-1.0)

0.43

(0.30{.76) (0.17-0.70)

o.1L 0.68

(0.46-0.97) (0.42-0.e6)

0.29 0.40

(0.06{.65) (0.10-0.71)

1.00 1.00

(1.00-1.00) (1.00-1.00)

t

(0.s4-0.s5) (0.694.e6)

0.48 0.50

(0.08{.89) (0.17-0.84)

0.49 0.75

(0.184.80) (0.47-1.0)

0.62 0.60

(0.394.86) (0.39-0-83)

0.48 0.46

(0.09- 0.88) (0.09{.85)

o.4r 0.45

(0.09-0.73) (0.124.79)

r.00 1.00

(1.00-1.00) (1.00-1.00)

Contact; CI' Confidence Intervals
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4,4.3. Vatidity of the first four sections of OGS scale

Only the first four sections of the OGS (knee position mid-stance, initial foot contact,

foot position mid-stance and timing of heel rise) were compared to the 3-DGA results for

each child. We did not assess the validity of sections 5 and 6 (hindfoot position and base of

support). Section 5 (hindfoot position) had acceptable retiability for Observer 2 but significant

limitations to the foot model in 3-DGA meant that hindfoot position could not be objectively

measured by this technique. Section 6 (base of support) had poor intra- and inter-rater

reliability for our two observers, making any assessment of validity difficult to interpret'

Comparison of the OGS scores derived from 3-DGA and the OGS scores from the second

viewing session of both Observer I and2are shown in Table 4.5. Observer t had lower

kappa values than Observer Zfor all sections; however this may have been influenced by the

lower intra-rater reliability scores for Observer 1. We have focussed the discussion on

validity on the results from Observer 2,as this observer had the greatest intra-rater reliability'

Mid-stance was calculated for each individual subject and used to define knee position and

foot position in mid-stance. The average timing of mid-stance for the twenty subjects

occurred at37Vo of the gait cycle for the right and left leg, with the range from}4 - 45Vo' A

moderate to almost perfect level of agreement was found between the two OGS scores for

knee position in mid-stance (right: 0.67, left: 0.54,); foot position in mid-stance (right:0.64,

left: 0.?3); initial foor conract (right: 0.62, left: 0.94) and timing of heel rise (right: 0.78, left:

0.76) (Table 4.5). Components of Figure 4.3 provide a graphic representation of the strength

of agreement for the first four sections of the OGS (left and right foot shown separately)'

The difference between the 3-DGA-derived OGS score and the OGS score of Observet 2 arc

compared to the mean OGS, with the mean difference and +/- 2SD or 957o limits of
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agreement shown. There is consistent agreement for all sections. Initial foot contact (left),

has the highest level of agreement with a mean difference between the two results of only -

0.05. Note there is an outlier in the (left) Foot contact mid stance Saph, with a difference of

three points between the Observer 2 score and the 3-DGA result. Observer 2 recorded the

child had foot flat with early heel rise, but the 3-DGA showed a normal heel-toe roll over.

This apparent difference highfights the difficutties in determination of foot and ankle position

from video when taken in isolation from the 3-DGA kinematic andkinetic results.
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Table 45: Comparison between OGS (observer 1 & 2) and OGS derived from 3-DGA

OGS section Observer 1

Weighted Kappa

(95Vo CI)
Right Left

Observer 2
WeightedKappa

(95Vo Cl)
Right Left

Sl: Knee MS 0.54 0.54 0.67 0.54

(0.32-0.76) (0.2e4.7e) (0.444.8e) (0.314'77)

0.62 0.9452: Initial FC 0.38 0.43

53: Foot contactMS 0.60 0.60

54: Heel Rise 0.57 0.47

(0.094.6S) (0.084.79) (0.37{.89) (0.84-1.0)

o.& 4.73

(0.284.92) (0.24-0.96) (0.31-0'93) (0.42-l'0)

0.78 0.76

(0.33{.81) (0.184.74) (0.5e-0-97) (0'58{.e6)

oGS, Ob*wati"""t c-6t Sa"; nas, nria Stance; FC, Foot contact; CI, Confidence Intervals
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4.5. Discussion

Visual gait scales have been used as major outcome measures in studies of the effect of

botulinum toxin A injections on gait pattems in children with cerebral palsy (Koman, Mooney

et al. 1994; Koman, Brashear et al. 2001; Corry, Cosgtove et al. 1998; Boyd and Graham

1999;Flett, Stern et al. 1999; Ubhi, Bhakta et al. 2000). However, the lack of validation of

these scales means that the results of these studies are potentially compromised (Forssberg

and Tedroff 1997).

In this study, we optimised conditions for reliable visual assessment of gait using edited splir

screen video from 3-DGA viewed at slow speed. All children had problems predominantly in

the sagittal plane, thus avoiding observer errors due to misinterpretation of transverse plane

abnormalities. Our study has demonstrated acceptable intra- and inter-rater reliability for our

two observers in the first four sections of the OGS; knee and foot position in mid-stance,

initial foot contact and timing of heel rise. Determining base of support and hind foot

position proved more difficult for the two observers in this study with these sections having

the lowest intrarater and interrater reliability.

The low level of agreement between observers for the base of support section may partly be

due to the definitions given for this section in the OGS and the subjects used. A 'narrow base

of support' is defined as having poor knee clearance, which raises questions as to whether a

child who walks with their knees together in an adducted position and the feet positioned a

normal distance apart has a nalrow or normal base of support? In older children' the

development of equinovalgus foot deformities and crouch gait might make it difficult to

determine the base of support accurately using this definition. Clearer definitions may
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enhance the reliability of this section, with the base of support possibly being measured as the

width between the two feet during double support.

The position and alignment of the heel during walking is of interest to clinicians, but our

observers found that the hindfoot position in mid-stance was difficult to determine. This result

is despite close-up views of the feet, taken from ankle height and in the coronal plane during

gait, being played at slow speed to the observers. The low reliability in this section suggests

that hindfoot position may be more reliably obtained during static weight bearing in a clinical

assessment, mimicking mid-stance position.

Corry et al (199g) assessed the reliability of the initial PRS scale and found substantial inter-

rater reliability (wk, 0.67) for the foot strike section. This section is the same as section two

(initial foot contact) of the OGS scale, which had moderate to substantial inter- rater

reliability (wk, 0.48-0.75) in this study. The Visual Gait Analysis score (VGA) which rates

initial foot contact with a slightly different scale also has substantial reliability, both intra-

rater (ICC,0.66-0.86) and inter-rater (ICC, 0.61-0.65) (Ubhi, Bhakta et al. 2000). The

similarity of these results suggests that determination of initial foot contact does have at least

moderate reliability between centres and over multiple observers.

Corr),et al (1998) found only a moderate level of agreement (0.55) in the crouch (hip, knee,

and ankle) section of the originat PRS scale and a large disagreement in determining knee

recurvatum. In this study, the determination of knee position in mid-stance had moderate to

almost perfect inter rater reliability (0.58-0.32). The disagreement on knee hyperextension

was not apparent in the current study, although as there were only four subjects with knee

hyperextension during stance phase from 3-DGA, it is possible that any significant

disagreement might nor have been highlighted. Alternatively, modifications to the definitions
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in the original PRS scale might have improved the reliability of this section in the OGS scale.

The previous versions of the PRS did not clarify at which point in the gait cycle knee position

should be observed, whereas the OGS specifically grades the knee position at mid stance.

This is the first study to analyse validity of the OGS. Correlation of 3-DGA data with OGS

scores for the first four sections showed high validity for our most reliable observer. We did

find some conflict between the OGS definition of normal knee position in mid-stance as

neutral and the definition of normal knee position in mid-stance from 3-DGA. Using the

OGS definitions a mild crouch at the knee in mid-stance would be less than 10o knee flexion,

but 3-DGA norrns (Motion Analysis) and other definitions consider the normal knee position

in mid-stance to be slightly flexed (Whittle L996). We defined neutral knee position as 0-5

degrees in keeping with the definitions of the OGS. This highlights the importance of

clarifying normal ranges prior to using gait scales.

The OGS scale was developed primarily as a simple low technology tool to aid in the

biomechanical assessment of botulinum toxin A treatment in the clinical setting, being

particulady relevant for younger children not suitable for 3-DGA. One limitation of our study

is that we have included older children in the study. We chose this older age group

specifically to facilitate assessment of validity by 3-DGA. Videos of smaller children are

often more difficult to make and standardise due to lack of compliance. This may be a

confounding factor in the use of the OGS in small children.

The data from this study suggest that the first four sections of the OGS scale can be used in a

reliable and valid manner to assess gait in children with spastic diplegia with problems

principally in the sagittal plane. However, the inclusion of less reliable sections potentially

compromises this scale as an outcome measure, when a single total score is used as the

outcome measure.
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CHAPTER 5:

THB DBVELOPMENT OF A THRBE-DIMENSIONAL UPPER LIMB

MODEL AND PILOT STI]DY OF RELIABILITY OF THREE'

DIMENSIONAL UPPER LIMB KINEMATICS IN CHILDREN WITH

CERBBRAL PALSY

5.1. Prologue

The first section of the thesis addressed the gaps highlighted in the literature on lower limb

ourcome measures used to evaluate botulinum toxin A treatment in children with cerebral

palsy. The data obtained from that work found that 3-DGA is a reliable measure for this

population and secondly that visual gait assessment, using the OGS scale has moderate

reliability and validity when compared to 3-DGA. Based on what we learnt from our

evaluation of three-dimensional analysis for the lower limb, we wished to apply the same

technology to the upper limb and develop a three-dimensional upper limb model to examine

upper limb function. The second aim of the thesis was to develop and establish the reliability

of an objective measure of upper limb movement that can be used in children with cerebral

palsy, as there is currently no criterion or gold standard measure of upper limb function

available for this population. This study reports on the development of the three-dimensional

upper limb model and the initial pilot study investigating the reliability in children with

cerebral palsy, both in the measurement of arm swing in gait and during simple upper limb

tasks such as hand to head and hand to mouth.
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5.2. Introduction

Children with hemiplegia, cerebral palsy have varying combinations of weakness, sensory

loss, and spasticity, involving the arm and leg on one side of the body (Boyd, Morris et al.

2001). In this group of children, treatment and intervention is often primarily focused on the

lower limb. However, the upper limb dysfunction can be equally disabling, affecting

everyday functional tasks that involve reaching, grasping and manipulating objects @ehlings,

Rang et al. 2000; Autti-Ramo, Larsen et al. 2001;Boyd, Morris et al. 2001). The disability in

the upper limb is often not addressed in clinical studies of children who have hemiplegia,

cerebral palsy.

5.2.1. Upper limb outcome measures

Therapy and orthopaedic management are considered the mainstay of interventions for

the upper limb in children with cerebral palsy. However, there are few reliable, valid and

objective measures to monitor treatment outcomes, particularly for the upper limb. The

modified Tardieu Scale has been used to assess dynamic contracture in the biceps (Gracies,

Marosszeky et al. 2000) but has not been assessed for reliability and validity in the upper

limb. Two recently developed upper limb therapy measures, Quality Upper Extremity Skills

Test (QUEST) and Melbourne Assessment of Unilateral Upper Limb function have

demonstrated high levels of reliability in the cerebral palsy population @eMatteo, Law et al.

1993; Randall, Johnson et al. 1999). However, both of these measures rely on the therapist

making a subjective visual assessment of the child's range and quality of upper limb

movement. Thus there is potential bias if the therapist is aware of the treatment given to the

child.

Lzl



5.2.2.Upper limb kinematic analysis

In the lower limb, three-dimensional gait analysis (3-DGA) is considered the gold

standard in movement analysis, providing clinicians with a reliable and objective

measurement tool that can be used to quantify changes in gait in children with cerebral palsy

(Steinwender, Saraph et al. 2000). Currently this technology is not routinely applied to upper

limb movement analysis. Potential problems encountered in obtaining upper limb kinematics

include the large degrees of freedom at the shoulder; the complexities of defining the shoulder

joint centre using external markers and the lack of a cyclical movement task akin to gait in the

lower limb (van der Helm 1994;Rau, Disselhorst-Klug et al. 2000). However, recently 3-D

upper limb kinematic models have been used in clinical populations to assess (i) movement

limitations following burn scar contracture (Palmieri, Petuskey et al. 2003) and (ii) changes in

movement pattern in one child with brachial plexus palsy @au, Disselhorst-Klug et al' 2000)'

The aim of this chapter is to report on the development and reliability testing of an upper

limb 3-D kinematic model for use in children with hemiplegia, as a prelude to assessing the

reliability of other outcome measures in the hemiplegic upper limb and the outcome of

treatment interventions, such as botulinum toxin A'

5.3. Methods

5.3.1. Subjects

Ethical approval for the study was granted from the Auckland Ethics Committee, New

Zealand(Auckland ethical approval number: AK)U02|01/015) See Appendix A,C,D'

Informed consent was obtained from all participants and their guardians. The inclusion

criteria included ambulatory children with a diagnosis of spastic hemiplegia' cerebral palsy

aged between 5 to 16 years. Exclusion criteria included any other form of cerebral palsy or
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progressive spasticity; any casting or botulinum toxin A injections within the last twelve

months; previous upper limb surgeryi elbow flexion contracture greater than 20 degrees; lack

of informed consent and any disabilities that would make it difficult for the child to

understand or cooperate fully with the study. Ten children with hemiplegia, cerebral palsy (7

left hemiplegia; 3 right hemiplegia) were recruited from orthopaedic and neurological clinic

lists and local schools with physical therapy units (6 male subjects, mean ageg + 4 years and

4 female subjects, mean age I2t 3 years). All subjects were independent ambulators with a

Gross Motor Functional Classification Scale of level I or II (Palisano, Rosenbaum et al'

1997).

5.3.2.Upper limb 3'D kinematic model

Twenty-one retro-reflective markers were placed on the child's trunk and upper limbs

to create a 3-D mathematical model for the examination of upper limb movement. The 3-D

upper limb model consisted of seven segments, including right / left trunk; right / left upper

arm; right / left forearm and pelvis (Table 5.1). Each segment was assumed to be a rigid body

defined by three markers, generally representing proximal and distal ends of the segment plus

a third non-collinear marker to allow for rotational orientation (Nigg, Cole et al. 1999)' The

coordinate system defining each segment is shown in Figure 5.1' A joint coordinate system

was implemented to describe relative angles between segments (Grood and Suntay 1983)

(Cole, Nigg et al. 1993). The coordinate system defining each segment is shown in Figure

5.1, with joint flexion-extension measured about the medial-lateral axis (y axis); joint rotation

about the longitudinal axis (x axis) and the final perpendicular axis (z axis) determining

abduction-adduction at the joint (Nigg, Cole et al. 1999)'
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Upper limb joint centres, at the shoulder, elbow, wrist and neck were defined as virtual

markers calculated from offsets of two external marker positions (Table 5.1). In accordance

with other upper limb models described in the literature (Schmidt, Disselhorst-Klug et al.

1999; Lloyd, Alderson et al. 2000; Rab, Petuskey et al.2002), assumptions were made for the

assessment of shoulder movement, with both scapulo-thoracic and acromion-calvicular

motions being discounted. The shoulder joint was therefore assumed to have only three

degrees of freedom. Previous upper limb models have calculated the shoulder joint centre as

an estimated offset from a single external marker on the acromion (Schmidt, Disselhorst-Klug

et al. 1999; Rab, Petuskey et al.2002). For this upper limb model the shoulder joint centre

was calculated as the mid point between two external markers placed on the anterior and

posterior aspect of the gleno-humeral joint (A1 and A2) @gure 5.1). Marker placement was

determined by palpation of bony landmarks, on the inferior aspect of the acromion, anteriorly

and the posterior aspect of acromion, as it joins the spine of scapula, posteriorly (Figure 5.1).

The aim of using two bony landmarks to define the shoulder joint centre was to further

standardise the joint centre position in children of different ages, rather than estimating a set

offset from one external marker. This shoulder marker set up is similar to that described

previously by Lloyd et al (2000) to complete a 3-D biomechanical analysis of cricket

bowling.

The elbow joint centre was defined as the mid point between markers on the outside edge of

the medial and lateral condyles of the humerus and the wrist joint centre set as the mid point

between medial and lateral wrist joint markers (Schmidt, Disselhorst-Klug et al. 1999; Rab,

Petuskey et aL.2002). A rotational wand was placed on both the upper and lower arm

segments of each arm. The upper arm wand was placed in the middle of the upper arm

segment, in line with the shoulder joint centre proximally and lateral epicondyle of the elbow
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distally. The forearm wand was placed on the distal third of the pronated forearm, in line

with the lateral epicondyle of the elbow, proximally and wrist joint centre, distally. The distal

placement of the forearm wand was used to better represent forearm rotation.

The use of a rigid set of triad or cluster markers on the upper arm and forearm has been

previously used to describe 3-D upper limb kinematic movement (Lloyd, Alderson et al'

2000; Schmidt, Disselhorst-Klug et al. 1999). The proposed advantage of the triad marker set

is that it allows the additional markers at the wrist and elbow joint to be removed during

movement and thus attempts to minimise skin movement artefact.

In this study triad markers were not utilised, instead a single rotational wand was placed on

the arm and forearm, and the wrist and elbow markers remained in position during the

subject's movement. The short upper limb tasks required to be completed by the child and the

specific placement of the rotational wand on the distal end of the forearm were attempts to

minimise skin marker artefact. The decision not to utilise triad markers was based on our

own preliminary testing of triad markers which found that the rigid markers on the forearrt

interfered with the cluster of rigid markers on the upper arm, during maximum elbow flexion

and disrupted the kinematic data collected. Additionally, children reported that the bands

holding the rigid triad markers in place were uncomfortable during movement. The abnormal

posturing of the upper limb often present in children with hemiplegia which results in

excessive elbow flexion, forearm pronation and shoulder internal rotation, contributed to the

discomfort and disruption of the kinematic data when utilising the triad marker set' Other

models examining 3-D upper limb kinematics in paediatric populations have also not utilised

triad marker sets (Rab, Petuskey et a1.2002).
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5.3.3. Upper limb tasks

The upper limb tasks chosen were required to be both simple and functional, to

represent everyday upper limb movement that would have been practised by the child many

times. The two upper limb tasks of taking the 'hand to head' and 'hand to mouth' met the

above criteria and have both been described in previous studies of Rau et al, (2000) and Rab

et al (2002) (Rau, Disselhorst-Klug et al. 2000; Rab, Petuskey et al.2002)'

Iland to Head (Task 1): The child sat on a raised stool in the centre of the capture volume

area. The child started with the affected hand on the ipsilateral knee, and was asked to reach

and touch the top of their head and return the arm to the ipsilateral knee'

Hand to Mouth (Task 2): The child sat on a raised stool in the centre of the capture volume

area. The child started with the affected hand on the ipsilateral knee, and was asked to take

their hand to their mouth and then return the hand to their knee.

For both task 1 andl,a small box was placed in front of the children to rest their feet on and

ensure they felt secure sitting on the stool. In an attempt to standardise the upper limb

movement the therapist stood in front of the child demonstrating the task to be performed'

Each task was carried out three times in a single session.
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Frontal view: Sagittal view:

Figure 5.1: Schematic Diagrams (frontal and lateral view) of the Upper Limb Model used for

Three-Dimensional Kinematic Analysis. Al-Acromion back; A2-Acromion front; C7-

Cervical spine 7; SN-Sternal Notch; UW-Upper arm wand; LW-Lower arm wand; EL-Elbow

Lareral; EM-Elbow Medial; WL-Wrist Lateral; WM-Wrist Medial; S-Sacral; ASIS- Right and

I-eft Anterior Superior Iliac Spine. The insert of the dorsum scapulae details bony landmarks

used for palpation to guide the placement of shoulder markers (A1 and A2)'

o = Retro-reflective external markers placed on the skin'

o = Virtual markers created at the neck; shoulder; elbow and wrist.
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Table 5.1: Segment Definitions and Joint Centre Offsets for the Upper Limb Model

Segment Markers

R. Upper Arm

R. Forearm

R. Trunk

L. Upper Arm

L. Forearm

L. Trunk

Pelvis

R. Shoulder JC R. UW K' tltbow ru

R. Elbow JC R- LW

Neck JC R. Shoulder JC C7

R. Wrist JC

L. Elbow JC

L. WristJC

L. Shoulder JC L. UW

L. Elbow JC L. LW

Neck JC L. Shoulder JC C7

Sacral R. ASIS L. ASIS

Oefrning Joint Centres (JC) Markers (Fig. 5.f)

Shoulder JC

NeckJC

Elbow JC

Wrist JC

A1

C7

EL

WL

A2

SN

EM

WM

Midpoint

Midpoint

Midpoint

Midpoint

ASIS = anterior superior iliac spine; IJW = upper wand; LW = lower wand; C7 = seventh

cervical vertebra; JQ = joint centre
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5.3.4. Testing procedures

Testing was performed in the University of Auckland Gait Laboratory on two

occasions, one week apart. Children were seen on the same day and time, one week apart' to

minimise environmental changes that might affect range of movement or dynamic muscle

tone. The same testing protocol was used in both sessions. The 21 markers described above

in rhe upper limb model were first applied to the subject's upper limbs. Each child then

completed the two upper limb functional tasks in sitting (hand to mouth and hand to head)'

To examine arm swing during gait a 3-DGA was then undertaken. The 21 markers applied to

the upper limbs were left in place and additional lower limb markers were applied using a

Cleveland clinic marker set (OrthoTrak4.ZReference Manual, MotionAnalysis Corporation,

Santa Rosa, CA, USA). The child was asked to walk at a self-selected speed along a ten-

meter walkway. At least four walking trials were collected for each participant' All data

were collected with an 8-camera MotionAnalysis video system ai60llz (MotionAnalysis

Corporation, Santa Rosa, CA, USA).

5.3.5. Data analYsis

Kinematic information for the two upper limb tasks in sitting and the 3-D position of

the arm during gait was collected using EvA software version 6.15 and analyzed using

KinTrak software version 6 (MotionAnalysis Corporation, Santa Rosa, CA' USA)'

5.3.6. Statistical analYsis

Statistical analysis of the repeatability of the pattern of upper limb movement

waveforms was carried out using the data analysis methodology described by Kadaba et al

(19g9) and Steinwender et al (2000). This form of statistical analysis has been previously
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described in Chapter 3. The adjusted coefficient of multiple correlation (CMC) is reported in

the text. Comparisons were made in all three planes, frontal, sagittal and transverse and at

three anatomical levels, trunk, shoulder and elbow.

For within session analysis, the final two repetitions of the upper limb tasks were compared'

For the upper limb tasks between session analyses, the mean of the three repetitions from

week one was compared to the mean of the three task repetitions in week two. The mean

values were utilised for between-session analyses due to the small variance found within one

session. The repeatability of the pattem of movement of these tasks was the main interest of

this study, which was best represented by the previously described CMC statistic'

5.4. Results

The protocol for 3-D upper limb kinematic analysis was developed as outlined in the methods

section and as summarized in Figure 5.1 and Table 5.1. The first set of experiments was

designed to verify that the angle measures obtained from the 3-D upper limb analysis

correlated with the same measure by goniometric analysis' Subsequent experiments were

designed to test the repeatability of upper limb 3-D kinematic measures during gait and during

the repetition of two simple tasks, hand to head and hand to mouth.

S.4.1.3-D upper limb kinematic measures correlate with goniometric measures

The ability of the upper limb model to produce valid measures at the elbow and

shoulder in the sagittal plane was initially evaluated. To validate the measures of elbow

flexion by the upper limb model, retro reflective external markers were applied to the

dominant arm of three subjects. For each measure, the subject was asked to hold the elbow in

a randomly chosen position of flexion while the measure was recorded with the 3-D upper
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limb model. The elbow marker was removed, taking care to mark the position on the skin and

then the elbow position measured twice with the same plastic goniometer (Invacare Ltd,

Auckland, New Zealand). The marker was then replaced and the elbow position checked

again with the 3-D kinematic analysis model. Thirty different elbow angles were measured in

total at 3 separate measuring sessions. Linear regression showed a strong correlation (r =

0.93) between the elbow angle measured with the goniometer and the same angle measured

by the 3-D upper limb model (Figure 5.2A). Figure 5.28 showstheg1%o limits of agreement

between the goniometer and 3-D kinematic measures, plotting the difference in measured

elbow angle measures versus the mean elbow angle measured by goniometer and the 3-D

kinematic model.

To validate the sagittal and frontal measures at the shoulder joint, a similar procedure was

completed to that described for the elbow joint. For sagittal plane measures of the shoulder

the reflective markers used to define the shoulder joint centre, placed on the anterior and

posterior aspect of the acromion did not have to be removed for the comparison to goniometer

measures. For these measures the centre of the goniometer axis was placed on the lateral

aspect of the shoulder, located at a position thought to represent the head of the humerus'

Linear regression showed a good correlation (r = 0.74) between the goniometric measures and

the 3-D measures of frontal and sagittal plane movement at the shoulder (Figure 5'2C and D)'
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5.4.2.Iland to head and hand to mouth tasks are repeatable

Simple hand to head and hand to mouth tasks were used to assess the repeatability of a

simple motor task in the upper limb (Figure 5.3). Table 5.2 shows the mean and standard

deviation of the CMC values comparing waveforms within and between sessions' Moderate

to high levels of repeatability were found for the upper limb kinematics of these two

functional tasks. Sagittal plane elbow and shoulder kinematics had the highest levels of

repeatability for both tasks within and between sessions, with CMC values ranging from 0'87

- 0.96. Lower levels of repeatability were found for frontal and transverse plane kinematics,

with shoulder rotation having the lowest values of repeatability in both tasks with CMC

values of 0.49 - 0.63.

Although the pattern of movement was repeatable between sessions, variation was se€n in the

starting position of the arm, particularly at the shoulder joint (Figure 5.4). The mean absolute

difference in the starting position of shoulder flexion from session I to session 2 for the hand

to head task was 26 degrees difference (range I - 48 degree) and for elbow flexion starting

position, 14 degrees difference (range 5 - 45 degree). For the hand to mouth task the mean

absolute between session difference in shoulder flexion was 16 degrees difference (range3-52

degrees) and 9 degrees difference (range 0 -22 degrees) at the elbow joint'

5.4.3. Upper limb position in gait is reproducible

A 3-D analysis of the upper limb position in gait found moderate repeatability both

within and between sessions (Table 5.3). Repeatability was highest at the shoulder in the

sagittal and frontal planes with CMC values of 0.52 to 0.87' Transverse plane elbow

supination and pronation had the lowest repeatability within and between sessions, with CMC

values of 0.42to 0.61. The repeatability of the elbow flexion position during gait was similar

for the affected (CMC,0.58) and unaffected upper limb (CMC,0'60) between sessions'
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wifli the solid line represending the first trial and the two dotted lines indicating the seoond

and third trials. The pattern of movemEnt is similar ia the three trials completed in one

session.
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Table 5.2: Mean Adjusted Coefficient of Multiple Correlation (CMC) for Affected

upper Limb Movements during and to llead and Hand to Mouth Task.

Task L: Iland to head Task 2: Hand to mouth

Within session Between Within session
CMC (sd)

Between
sessionCMC (sd) session

Kinematic session I session 2 cMC (sd) session I Session 2 cMC (sd)

Sagittal plane

Elbow

flex./extension

Shoulder

flex./extension

Frontal plane

Shoulder

aM./adduction

Transverse plane

Elbow

sup./pronation

Shoulder rotation

0.96 (0.0)

0.95 (0.0)

0.94 (0.0)

0.90 (0.1)

0.e2 (0.1)

0.87 (0.2)

0.90 (0.1) 0.88 (0.1) 0.63 (0.3)

0.72 (0.2) 0.63 (0.3) 0.63 (0.3)

0.93 (0.1) 0.e6 (0.1) 0-e5 (0.0)

0.90 (0.1) 0.94 (0.1) 0.91 (0.0)

0.76 (O.2) o.eo (0.1) 0.74 (0.3)

0.6? (0.3) 0.72Q.2) 0.49 (0-3)

0.71 (0.2) 0.77 (0.1) 0.76 (0.2) o'74 (0.2) 0.74 (0'l) 0'62 (0'3)

CMC = coefficient of multiple correlation; sd -= standard deviation
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Table 5.3: Repeatability of upper Limb Position during Gait

WithinSession CMC (sd) Between Session CMC (sd)

Kinematics Unaffected limb Affected limb naffectOUmt Affectedlimb

Sagittd plane

Elbow flexion

Shoulder flexion

Frontal plane

Shoulder
abduction / adduction

Trnnsverse plane

Elbow
supination / pronation

Shoulder rotation

0.58 (0.3)

0.80 (0.2)

0.52 (0.3)

0.48 (0.2)

0.s8 (03)

0.60 (0.2)

0.67 (0.3)

0.6s (0.3)

0.61 (0.3)

0.67 (0.3)

0.60 (0.3)

0.87 (0.1)

0.66 (0.3)

0.4e (0.3)

0.57 (0.3)

0.s8 (0.3)

0.68 (0.3)

0.s4 (0.3)

0.42 (0.3)

0.57 (0.2)

CMC = coefficient of multiple correlation; sd = standard deviation
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5.5. Discussion

In this study we developed and piloted a 3-D upper limb kinematic model in children with

hemiplegia. The pilor data showed a high degree of reproducibility in the pattern of sagittal

plane movement during hand to head and hand to mouth tasks across the two testing sessions,

suggesting that 3-D kinematic analysis can be used reliably to assess sagittal plane motion at

the elbow and shoulder in an individual carrying out such a task' However, there was some

variability in the starting position of the arm used to achieve the task, both between subjects

and between sessions. This result was similar to data reported by Rab and colleagues (2002)'

which showed between subject standard deviations of up to 25 degrees for elbow and

shoulder motion in normal children during a hand to head task @ab, Petuskey et al' 2002)'

From the pilot data, it was clear that greater standardization of both the starting and the

finishing points for the task would be required to improve the repeatability of the starting and

ending points of this type of movement.

The repeatability of upper limb motion in the frontal and transverse planes was lower than

that in the sagittal plane. Even within one session, the repeatability was less suggesting that

this was not related to variations in marker placement or camera position but rather to

differences in patterns of movements between each trial. In the lower limb, the motor

strategies that can be used to complete a task are limited. In contrast, a large number of

different motor strategies can be used to achieve the same motor task in the upper limb'

Bernstein (1967) has described the anatomical redundancy present in the upper limb as the

'degrees of freedom' or 'motof equivalence' problem (Bernstein 1967)' The large number of

degrees of freedom in the upper limb exceeds that required for performance of a task and thus

the position of the hand in space can be determined by an infinite number of joint angles

(Gielen, van Bolhuis et al. L995;Robertson and Miall 1997;Gtea, Desmurget et al' 2000)'
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The explanation for this joint redundancy is not fully understood, but it has been proposed

that this flexibility permits a better response to random changes in the final target position

(Robertson and Miall 1997).

During gait, the arm swings reciprocally to act as a counter force to minimise the rotational

displacement of the body during gait. Considerable variation has been shown amongst

individuals in the amount of elbow and shoulder flexion and extension used, with an

increased walking velocity leading to increased arc of motion at the shoulder and elbow' The

posturing of the hemiplegic arm into an increased flexion or high guard pattern during gait is

well known but not often recorded in gait analysis. We found only moderate levels of

repeatability for the shoulder position during gait, with slightly lower CMC values for the

elbow position. The lower CMC values could be due to the reduced range of motion of the

elbow joint during gait compared to the shoulder; a similar phenomenon has been found

before (Kadaba, Ramakrishnan et al. 1989) and was identified in Chapter 3. when looking at

the repeatability of pelvic motion during 3-DGA in unimpaired subjects'

This study piloted a model to allow a 3-D kinematic analysis of upper limb movements and

assess the reliability of these tasks. The results from this pilot study show that 3-D kinematic

analysis of upper limb movements during a simple task or during gait can have moderate to

high repeatability between sessions in the hemiplegic population. Similar to work on the

reliability of kinemarics in the lower limb (see Chapter 3), the repeatability was highest in the

sagittal plane and lower in the transverse and frontal planes. However, the pilot study did

highlight variations both within and between subjects in the starting and finishing position for

the upper limb tasks. The next Chapter will discuss changes that were subsequently made

from this pilot study to the model and the upper limb tasks to improve repeatability'
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CIIAPTER 6:

MODIFICATION OF TIIE THREE-DIMENSIONAL UPPBR LIMB

MODEL AND STANDARDISATION OF UPPER LIMB TASKS TO

IMPROVE RELIABILITY: ASSESSMENT IN UNIMPAIRED

CHILDREN AND CHILDREN WITH CEREBRAL PALSY

6.1. Prologue

This study continues to address Aim 2. of the thesis, in the development of an objective

measure of upper limb function in children with cerebral palsy' In this study the upper limb

three-dimensional (3-D) kinematic model described in the pilot study in Chapter 5 has been

modified to improve marker placement at the shoulder and the reliability of additional

functional upper limb tasks is assessed. The upper limb tasks were modified to i) correlate

better with activities described in the Melbourne Assessment of Unilateral Upper Limb

Function (Randall, Johnson et al. 1999) ii) allow for a more detailed examination of trunk

motion during reaching activities iii) accommodate different arm lengths iv) achieve greater

standardisation and repeatability of the task. The specific modifications to the upper limb

marker set were the addition of a hand marker and the use of a single marker, placed on the

superior aspect of the acromion to define the shoulder joint centre, replacing the two markers

that were trialled in the pilot study. Thus, twenty-one retro-reflective markers were still

placed on the child's trunk and upper limbs to create a 3-D mathematical model for the

examination of upper limb movements. The reliability of the new upper limb tasks is

reviewed in both unimpaired children and children with hemiplegia, cerebral palsy'
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6.2. Introduction

The results in the previous chapter identified that a 3-D kinematic analysis of simple upper

limb tasks could be repeatable both within and between measuring sessions in children with

cerebral palsy. However, the pilot study highlighted the need for further modifications of the

upper limb tasks to standardise the start and end points of movement. As well, there was a

need to simplify marker placement, particularly at the shoulder, in an effort to prevent

potential marker placement error due to difficulties in locating the bony landmarks' In this

section a description of the modified upper limb model and an assessment of the repeatability

of the modified upper limb tasks will be presented.

The aim of this study is to improve the repeatability of upper limb kinematics in children with

cerebral palsy and compare these results to upper limb kinematics obtained in unimpaired

children.

6.3. Methods

6.3,1. Subjects

Ethical approval for the study was granted from the Auckland Ethics Committee, New

Tnaland(Auckland ethical approval number: AK)il02i011015 - Unimpaired subjects'

Appendix B); (Auckland ethical approval number: AKYlO3tO4tlO4 - Children with cerebral

palsy. Appendix I). Informed consent was obtained from all participants and their guardians'

The inclusion criteria for this study included ambulatory children with a diagnosis of spastic

hemiplegia, cerebral palsy aged between 8 to 17 yeals; the presence of increased muscle tone

in the affected upper limb (Minimum Modified Ashworth Score of level l) (Bohannon and

Smith 1987) and the presence of abnormal posturing of the affected upper limb during gait'

Exclusion criteria included any other form of cerebral palsy or progressive spasticity; any
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casting; botulinum toxin A injections or surgery in the upper or lower limb within the last

twelve months; elbow flexion contracture greater than 20 degrees; lack of informed consent

and any disabilities that would make it difficult for the child to understand or cooperate fully

with the study. Ten children with hemiplegia, cerebral palsy (Four left hemiplegia; six right

hemiplegia) were recruited from orthopaedic and neurological clinic lists; paediatric

physiotherapists; and via local newspaper advertisements. Seven subjects were male and three

female subjects, overall mean age 13.3 years; range l0 - 17 years. All subjects were

independent ambulators with a Gross Motor Function classification scale of level I (Palisano,

Rosenbaumet al. 1997).

Ten unimpaired children were recruited from friends and family of staff at the University of

Auckland Gait Laboratory (2 male: 8 female subjects, mean age 9'8 years' range 6- l2 years)'

None of the unimpaired children had a history of musculoskeletal or neurological problems'

6,3.2.Modification of 3'D upper limb model

The pilot study reporred in Chapter 5 highlighted difficulties in positioning the

shoulder markers on the anterior and posterior aspects of the gleno-humeral joint' A small

modification was made to the upper limb model to address this issue, with the shoulderjoint

centre determined from one marker positioned on the superior surface of the acromion' rather

than from the two markers previously described in Chapter 5. The only other change to the

upper limb marker set previously described was the addition of a right and left hand marker at

the base of the 3'd metacarpal, to give an indication of hand position'

Thus, the total number of markers remained the same, with twenty-one retro-reflective

markers placed on the child's trunk and upper limbs to create a 3-D mathematical model for

the examination of upper limb movements (Figure 6.1 and 6'2)' The 3-D upper limb model
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now consisted of nine segments, including right / left trunk; right / left upper arm; right / left

forearm; right / left wrist and pelvis. The right / left wrist segments were new additions from

the previously described model (Table 6.1).

In rhis modified upper limb model the determination of upper limb joint centres at the elbow'

wrist and neck remained the same as described in the previous model (Chapter 5. section

5.3.2)where a virtual marker was calculated from offsets of two external marker positions' As

the modified upper limb model now had only one shoulder marker, on the superior aspect of

the acromion, the shoulder joint centre was calculated individually as a lOVo offset (of arm

length) from this single marker, in the inferior, x axes direction (Offset range 3-6cm for ten

subjects). The use of a single marker to estimate the shoulder joint centre location has been

reporred in previous upper limb models (Schmidt, Disselhorst-Klug et al. 1999; Rab, Petuskey

et al.20O2), though there is minimal evidence specific for paediatric subjects. Rab et al (2002)

determined the shoulder joint centre by an offset L71o (ofthe segment length) inferiorly, from

an acromion marker. Schmidt et al (1999) measured shoulder joint centre as 7cm offset from

the acromion marker, in adult subjects. The Ll?aoffset described by Rab et al (2002) was

considered too large for our paediatric subjects, when compared to palpation and

measurement of the gleno-humeral joint position distance from the acromion marker with a

ruler. Therefore a lO 7o xaxes inferior offset from the acromion marker was considered

sufficient, as all the subjects calculated offset was less than the 7cm described by Schmidt et

al (1999) for adults.

As previously described, assumptions were made for the assessment of shoulder movement'

with both scapulo-thoracic and acromion-calvicular motions being discounted' The shoulder

joint was therefore assumed to have only three degrees of freedom.
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Figure6.2:MarkerSetusedfor3-DUpperLimbDataCollection

l4s
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6.3.3. Modification of upper limb tasks

The results in Chapter 5 demonstrated moclerate to high repeatability of several upper

limb tasks, including taking hand to mouth, and hand to head, but significant variations were

noted in the starting position of the movement at the elbow and shoulder joint between

sessions (Elbow joint 9-14 degrees difference and shoulder joint 16-26 degrees difference, see

chapter 5. section 5.4.2).From these results it was concluded that there was a lack of

standardisation of the movement and modifications were thus made to the data collection set-

up to improve the repeatability of upper limb kinematics'

An adjustable table was placed in front of the subjects to allow 'goal-directed' movements;

i.e. the subjects were able to reach and grasp an actual object and reach towards a target a set

distance away (Figure 6. 3). The position of the objects was defined based on the length of the

subjects arm and a similar setup has been previously described by Schneiberg and colleagues

(2002)(schneiberg, sveistrup et al. 2002). Additional tasks were also tested that

corresponded to tasks completed in the Melbourne Assessment of Unilateral Upper Limb

Function (Randall, Johnson et al. 1999). Three upper limb movements were examined' hand

to head; hand to mouth and reaching. The task of taking the hand to mouth was subdivided

into 3 specific movements, by varying the position of the object on the table' Thus' the

reliability of five upper limb functional movements was examined in total'

Task l: (Unilateral) Hand to Head: The child is sitting on a stool in the centre of the

capture volume area. The child's hands are positioned on a table placed in front of them

(midline position). The child takes one hand to their forehead and back over their head, as if

'brushing their hair', then returns the hand to the table'
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Task 2: (Unilateral) Hand to mouth (1), (2) & (3): The child is sitting on a stool in the

centre of the capture volume area. The child's hands are positioned on a table placed in front

of them (midline position). The child reaches forwarcl to grasp a wooden block (l) and takes

block to mouth and then returns the block to table, as if taking a bite of a biscuit' Three

variations of this task are completed by adjusting the distance of the block trom the child'

Hand to Mouth (l) = block is positioned a distance'/3 arm length of the child

HandtoMouth(2)=blockpositionedadistancelxarmlengthofchild

Hand to Mouth (3) = block positioned a distance l2lr arm length of child

This set up allowed examination of kinematics at a close and standard reaching distance and

for an object deliberately out of reach of the chilcl, to investigate the effects of the trunk and

other compensatory strategies used to reach the object. The size of the small rectangular

wooden object to grasp was 4cm x 4cm x 2cm; this size was chosen as it could be easily

grasped in the hand, with a gross power grasp and approximated the size of a standard biscuit'

Task 3: (Unilateral) Reaching: The child is sitting on a stool in the centre of the capture

volume area. The child's hands are positioned on a table placed in front of them (midline

position). The child reaches forward to a marker (diameter lOcm) placed at shoulder height

one arms length distance away from the child and then returns hand to the table'
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Figure6.3:SetUpfor3.DUpperLimbKinematicDataCollection
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6.3.4. Modiflrcation to testing procedures

To evaluate the repeatability of the upper limb tasks, testing was performed in the

University of Auckland Gait Laboratory on two occasions, one week apart' We attempted to

see each child on the same day and time, at least one week apart, to minimise environmental

changes that might affect range of movement or dynamic muscle tone' An identical testing

protocol was used in both sessions. The 2l external retro-reflective markers (diameter 2cm)

were applied to the subject's upper limbs by the same therapist. For collection of 3-D upper

limb kinematic analysis the child was seated on an adjustable stool in the centre of the capture

volume area. The seat was adjusted to a height to ensure the child's feet could be placed flat

on the floor. A table was placed in front of the child, with adjustable height to ensure the child

could rest their elbows comfortably on the table top. The table was positioned at a measured

distiurce away from the child; the distance was recorded and used for each measurement

session. prior to the initial data collection the arm length of each child was determined from a

measurement on the upper limb from the axilla to the wrist joint line (unaffected upper limb

in children with cerebral palsy). The three blocks required for the Hand to Mouth (l); (2) and

(3) task were positioned on the table top relative to the arm length of the child'

Each of the 5 unilateral tasks (Hand to Head; Hand to Mouth (l); Hand to Mouth (2); Hand to

Mouth (3) and Reaching) was completed by the child three times per measurement session' in

random order at a self selected speed. All tasks were completed with the unaffected upper

limb and then with the affected, hemiplegic upper limb for children with cerebral palsy and

dominant and non-dominant hand for the unimpaired subjects.
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6.3.5. Data and statistical analysis

All data was collected with an 8-camera MotionAnalysis video system at60112

(MotionAnalysis corporation, santa Rosa, cA, usA). Kinematic information for upper limb

tasks was collected using EvA software version 3.12 (MotionAnalysis Corporation, Santa

Rosa, CA, USA) and further biomechanical analysis was completed using KinTrak software

version 6 (MotionAnalysis Corporation, Santa Rosa, CA, USA). The maximum, minimum'

total range of movement and time to complete movement was calculated at each joint (trunk'

shoulder and elbow) for all tasks. As children completed each task at a self-selected speed, the

movements were visually edited in the data collection software (EvA software version 3'12'

MotionAnalysis) to represent the start and end point of the movement'

The statistical analysis of the repeatability of the pattern of upper limb movement waveforms

was identical to that described in Chapter 3 (section 3.3.4) and Chapter 5 (section 5'3'6)' The

adjusted coefficient of multiple correlation (CMC) is reported in the text' Data comparisons

were completed with ANOVA and post hoc tests. Statistical significance was set at p<0'05'

6.4. Results

6.4.l.Repeatability of upper limb tasks in unimpaired children

Within session repeatability of the upper limb kinematics was determined by

comparing the two repetitions of each of the five tasks within one session. There was no

significant difference in the intra-session repeatability of upper limb tasks obtained at session

I and session 2 (p>0.3), with the results from session one reported on in this section' There

was no significant difference between repeatability values for dominant and non-dominant

limbs (p>0.4), with non-dominant limb results presented, to be comparable to the affected

upper limb in children with cerebral palsy.
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Table 6.2 shows the Coefficient of Multiple Correlation (CMC) values used to describe the

within and benveen session repeatability of the upper limb kinematics for each of the five

tasks (Table 6.2(A) Hand to head and hand to mouth l; Table 6.2(8) Hand to mouth 1' 2 and

Reach).

Unimpaired children demonstrated moderate to high levels of repeatability for all of the five

tasks examined across the three movement planes. The highest levels of repeatability were

consistently found for shoulder and elbow motion in the sagittal plane, with a range in cMC

values of 0.66 to 0.95 within session and CMC 0.68 to 0.97 between sessions. Slightly lower

levels of repeatability were found in the shoulder and elbow motion in the transverse plane

between sessions (CMC range 0.66 - 0.87). Sagittal plane trunk motion during hand to mouth

tasks (H-M 1,2 and3) had the lowest levels of repeatability in movement waveforms'

between sessions (CMC range 0.46-0.69).

The most repeatable task was Task 3 (Reach), indicated by the largest minimum CMC value

across the three planes of movement, with all of the between sessions values greater than

CMC 0.61. The least repeatable task, using this criteria was Task 2 (Hand -Mouth 1)' with

all between sessions values grcater than only CMC 0'46'
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Table 6.2: Repeatability of Upper Limb Kinematics (Non-dominant Limb) in

Unimpaired subjects.

A. Task 1. (Hand to Head) and Task 2 (Hand-Mouth 1)

Hand-Head
CMC (sd)

Hand-Mouth 1

CMC (sd)

Within Between Within Between

Trunk flex

Shoulder
Flexion
Elbow
flexion

0.68(0.21)

0.86(0.16)

0.66(0.37)

0.64(0.27)

0.e2(0.06)

0.71(0.18)

0.43(0.35)

0.92(0.07)

o.74(0.23)

0.46(0.2e)

o.8e(0.07)

0.78(0.13)

Shoulder
Abduction

0.s6(0.33) 0.s6(0.2e) 0.64(0.28) 0.s6(0.26)

Transverse
Shoulder
Rotation
Elbow
Rotation

0.58(0.26)

o.76(0.23)

0:t2(0.26) O.77(0.r2) 0.73(0'16)

o.7r(0.29) 0.80(0.08) 0.74(0.15)

B. Task 2: (Hand - Mouth 2 and Hand-Mouth 3) and Task 3: (Reach)

Hand-mouth 2

CMC (sd)
Hand-mouth 3

CMC (sd)
Reach

CMC (sd)

within Between within Between within Between

Trunk flex

Shoulder
flexion
Elbow
flexion

0.41(0.26)

0.8e(0.07)

0.81(0. t8)

0.s7(0.30)

0.8s(0.27)

0.84(0.rs)

0.s3(0.26)

0.85(0.07)

0.87(0.0e)

0.s0(0.30)

0.8s(0.13)

0.8e(0.07)

o.76(0.27)

0.es(0.03)

o.eo(O.16)

0.61(0.35)

0.93(0.07)

o.e4(0.0s)

Shoulder
Abduction

0.,14(0.33)0.5s(0.24)0.69(0.19)0.63(0.1s)0.89(0'07)0'82(0'18)

Transverse
Shoulder
Rotation
Elbow
Rotation

0.71(0.17)

0.7e(0.12)

0.80(0.15) 0.s7(0.21) 0.64(0.28)

0.81(0.12) 0.s4(0.07) 0.86(0-11)

0.81(0.20) 0.74(0.18)

0.91(0.06) 0.87(0.1e)
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6.4.2.Repeatability of upper limb tasks in children with cerebral palsy'

Both the within and between session repeatability of the five different upper limb

tasks was determined for the ten children with hemiplegia' cerebral palsy for both the

affected and unaffected limb. (See Tables 6.3A and B) There was no significant difference

found in the repeatability between the unaffected and affected upper limb for any of the five

tasks or the CMC values found within and between sessions (p>0.1). The values for the

affected limb are reported in the following text, as determining the repeatability for the

affected limb during the upper limb tasks was of most interest as this is where future

interventions would be targeted.

Children with cerebral palsy were found to have moderate to high levels of repeatability for

the five upper limb functional tasks. Similar to what was found in the unimpaired children;

higher levels of repeatability were found in the sagittal plane for shoulder and elbow motion

particularly in Task l(Hand-Head), CMC values 0.71-0.86 and Task 3 @each)' CMC values

0.87-0.89. Moderate levels of repeatability were found for Task 2 (Hand-Mouth l, 2, 3) in the

sagittal plane for the shoulder and elbow (CMC range 0.45-0'75)' Lower levels of

repeatability were found for shoulder and elbow motion in the frontal and transverse plane'

ranging from CMC 0.36-0.50 in Task 2 (Hand -Mouth 2) to CMC 0'62-0'78 for Task 3

(Reach).

Overall, the most repeatable task was Task 3 (Reach), with a minimum CMC value across all

planes of movement of 0.62 (for between sessions, elbow rotation). The least repeatable task,

according to this criteria was Task 2 (Hand-Mouth t), where the lowest CMC value across all

three planes of movement was 0.34 (for between sessions, trunk flexion)'
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Table 6.3: Repeatability of upper Limb Kinematics (Affected limb) in children with

Cerebral Palsy

A. Task 1. (Hand'Head) and Task 2 (Hand'Mouth 1)

Hand-Head
CMC (sd)

Hand-Mouth I
CMC (sd)

Within Between Within Between

Trunk flex

Shoulder
flexion
Elbow
flexion

0.s1(0.27)

0.77(0.23)

0.6s(0.24)

0.63(0.26)

0.86(0.07)

0.71(0.18)

0.40(0.32)

0.65(0.31)

0.43(0.3e)

0.34(0.28)

o.73(0.27

0.47(0.29)

Shoulder
Abduction

0.6e(0.2s) 0.67(0.30) o.4e(0-26) 0.36(0.20)

Transverse
Shoulder
Rotation
Elbow
Rotation

0.44(0.31)

0.60(0.30)

0.ss(0.2s) 0.sl(0.31) 0.s0(0.23)

o.s4(0.27) 0.48(0.2S) 0.48(0.25)

B. Task 2: (Hand'Mouth 2,3) and Task 3: (Reach)

Within Between Within Between

Hand-Mouth 2
CMC (sd)

Hand-Mouth 3
CMC (sd)

Reach
CMC (sd)

Within Between

Trunk flex

Shoulder
flexion
Elbow
flexion

o.s8(0.22)

0.82(0.12)

0.6e(0.16)

0.46(0.27)

0.7s(0.14)

0.4s(0.25)

0.47(0.2e)

0.84(0.1s)

0.74(0.26)

0.49(0.32)

0.75(0.2s)

0.62(0.26)

0.68(0.30)

0.89(0.17)

0.91(0.06)

0.82(0.14)

0.8e(0.10)

0.87(0.07)

Shoulder
Abduction

0.55(0.26)0'39(0.16)0.60(0.34)0.59(0.19)0.87(0.11)0.78(0.17)

Transverse
Shoulder
Rotation
Elbow
Rotation

0.61(0.2s) 0.sl(0.2e)

0.63(0.17) o.4s(0.27)

0.72(O.26\ 0.71(0.21)

0.6s(0.26) 0.s6(0.14)

0.7s(0.16) 0.67(0.14)

0.70(0.33) 0.62(0.24)
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6.4.3.Duration 1s qsmplete upper limb tasks in normative and cerebral palsy

populations

The mean duration (seconds) to complete each of the five upper limb tasks was

calculated for the ten unimpaired children and ten children with cerebral palsy (table 6'4)'

Although children were asked to complete the task at a self selected speed' values from

unimpaired subjects provide a gurde to normative time to complete each task, which can then

be compared to the affected upper limb in children with cerebral palsy, who were given the

same task instructions.

For unimpaired children the time taken to complete the upper limb tasks ranged from 2'4 to

3.4 seconds, with minimal variation between subjects (0.6-0.7 seconds). The time taken to

complete each of the tasks was significantly slower for the children with cerebral palsy

(Range 4.2 -7 .7 seconds), with increased within subject variability (I.3-2.3 seconds)' (Iask 1:

p<0.05; Task 2: H-Ml p4.05; H-M2 p <0.05; H-M3 p<0.05; Task 3: p <0-05)'
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Tabte 6.4: Mean Duration to complete upper Limb Tasks for unimpaired children and

Children with Cerebrat PalsY.

Task 1 Task 2 TaskS

'o' Hand'Mouth 3 $frT*Subject Seconds (sO Seconds (sd) Seconds (sO Seconds (*) (*, ---

Unimpaired 2.5 (0.7)
(Non-Dominant)

4.2 (1.8)*

2.e (0.7)

5.9 (1.8)*

3.4 (0.6)

7.0 (2.1)*

2.4 (0.7) 2.4 (0.7)

7.7 (2.3\* 4.2 (r.3)*Cerebral Palsy

sd = standard deviation.

* = significant difference in time between Unimpaired and Cerebral palsy subjects
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6.4.4.Range of motion during upper limb tasks for unimpaired children and

children with cerebral PalsY

For each of the upper limb tasks the minimum and maximum range of joint excursion

was calculated for the trunk, shoulder and elbow motion, across the three planes of

movement. The mean total range of movement (or difference between minimum and

maximum joint excursion) was also calculated. The kinematic data from session one, for Task

1 (Hand to Head), Task 2 (Hand-Mouth I,2,3) and Task 3 (Reach) are shown for the non-

dominant and affected limb for unimpaired and children with cerebral palsy respectively

(Tables 6.5 A-E).

For unimpaired children, the Hand to Head task (Task l.) required an arc of flexion at the

shoulder averaging 79 degrees (from 26 - lO5 degrees of flexion) and arc of flexion at the

elbow averaging 58 degrees (from approximately 90 degrees to full flexion)' Children with

hemiplegia used a similar degree of sagittal plane motion to complete the Hand to Head task

with their affected limb. This task required supination of the forearm to bring the hand to the

head, on average children with hemiplegia had significantly less range of elbow supination

(66 degrees) than unimpaired children used (90 degrees) (p<0'04)'

The Hand - Mouth tasks (1, 2 and,3) began with an extension action to reach the object and

then a combined flexion and forearm supination to bring the object to the mouth' The Hand -

Mouth tasks I andZ,required reaching for the object atz13 and I arm lengths distance away

respectively. To complete these tasks unimpaired children had an arc of shoulder flexion of

4248degrees and arc of elbow flexion from 63-99 degrees. children with hemiplegia had a

significant increase in arc of shoulder flexion (52-66 degrees) for the Hand to Mouth 2 task

(p<0.03). Trunk morion was significantly greater for children with hemiplegia for both Hand
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to Mouth I and 2 tasks (H-M 1: unimpaired = 7 degrees; hemiplegia=14 degrees' p<0'04; H-

M 2: unimpaired = 6 degrees; hemiplegia = 15 degrees, p<0'01)'

For the Hand-Mouth 3 task a gleater arc of trunk flexion was required for both unimpaired

and hemiplegia subjects, reflecting the increased distance away of the object (l2tz atm

length), however hemiplegia children still had increased trunk flexion during this task

compared to unimpaired subjects (unimpaired = 14 degrees; hemiplegia = 24 degrces'

p<0.02). For this task the total range of sagittal plane shoulder and elbow motion was similar

to unimpaired subjects; however hemiplegia children achieved significantly less elbow

extension during the task (Minimum elbow extension: unimpaired = 5 degfees, hemiplegia =

3l degrees, p<0.05).

The reaching task (Task 3.) required the greatest elbow extension to reach the object and then

elbow flexion, in bringing the hand back to the starting position' The unimpaired group

utilized a range of elbow motion from 3 to 140 degtees and the hemiplegia children had a

range of elbow motion fromZ4-119 degrees with their affected limb, achieving significantly

less elbow extension during completion of the task (p<0.01). There were no differences in

shoulder motion, in all three planes between groups. Mean joint excursion in trunk flexion

wasZldegrees for unimpaired subjects (minimum-maximum range of L2 -34 degrees) and

for hemiplegic subjects was 30 degrees, with a range of 8-39 degrees.

High repeatability in performance of the tasks was also evident by small mean absolute

difference in the starting position of shoulder and elbow motion between the two sessions

@gure 6.4). (Task l. Hand-head: shoulder flexion = 0 degree difference; elbow flexion = 14

degrees between session difference); (Task 2. Hand-mouth 2: shoulder flexion = 1 degfee
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difference; elbow flexion = 0 degree between session difference); (Task 3. Reach: shoulder

flexion = 6 degrees difference; elbow flexion = 3 degrees between session difference)'
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Table 6.5: Total Range of Motion during Upper Limb Tasks and Minimum-Maximum

Joint Excursion for Unimpaired children and Children with Cerebral Palsy

A. Task 1. (Hand -Head)

Control Cerebral PalsY

-dominant limb) (Affected limb

Kinematics Tgi?jf Min-Max
Total ROM Min_Max
Mean (sd)

Trunk Flexion

Shoulder Flexion

Elbow Ext. - Flexion

e (5)

79 (10)

s8 (22)

20-29

26-105

108-166

r7 (8)

82 (13)

5s (12)

26-43

30-l I I

95-150

Shoulder Abduction

Transverse plane

Shoulder Rotation

Elbow Rotation

2e (16)

e0 (25)

37-66

t3-r02

4r (2r)

66 (26)

t3-54

41-106

B. Task 2. Hand-Mouth (1)

Cerebral PalsYControl
Non-dominant limb Affected limb

Trunk Flexion

Shoulder Flexion

Elbow Flexion

7 (4)

42 (rs)

62 (18)

26-34

23-65

96-158

14 (10)

s2 (r7)

63 (25)

30-45

32-83

80-143

Frontal plane

Shoulder
Abduction

12 (6) 27-39 r8 (s) 27-46

Transverse plane

Shoulder Rotation

Elbow Rotation

30 (16)

81 (19)

45-75

24-rO5

28 (14)

63 (32)

27-56

50-1 13
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C. Task 2. Hand-Mouth 2

Cerebral PalsYControl
on-dominant limb) Affected limb

Total ROM Min_MaxTg":,?if Min-Max Mean

Trunk Flexion

Shoulder Flexion

Elbow Flexion

6 (3)

48 (13)

ee (20)

22-28

23-70

53-153

1s (l 1)

66 (2r)

82 (2e)

27-42

26-91

59-l4l

Shoulder
Abduction

r7 (7) 28-46 22 (s) 29-5r

Shoulder Rotation

Elbow Rotation

36 (16)

104 (28)

39-75

1l-95

34 (15)

77 (44)

2r-56

37-rr5

D. Task 2. Hand-Mouth 3

Control
Non-dominant limb

Cerebral PalsY
Affected limb)

T*.,?Jf Min-MaxKinematics Tg"i?# Min-Max

Trunk Flexion

Shoulder Flexion

Elbow Flexion

14 (s)

66 (13)

146 (le)

17 -3r

20-86

5-151

24 (r2)

73 (18)

107 (3e)

32-54

28-l0l

3l-138

Frontal
Shoulder
Abduction

27 (s) 3 1-58 3l (e) 26-57

Transverse plane

Shoulder Rotation

Elbow Rotation

3e (r7)

118 (29)

32-7r

26-93

3e (17)

8e (57)

20-59

25-108
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E. Task 3. Reach

Control Cerebral PalsY

-dominant limb Affected limb

THSjf Min-MaxKinematics T*i?jf Min-Max

Trunk Flexion

ShoulderFlexion

Elbow Flexion

22 (r0)

74 (6)

r37 (28)

t2-34

20-94

3-140

30 (14)

6e (16)

e8 (41)

8-39

32 - l0l
24-LL9

Frontal
Shoulder
Abduction

30-58 2e (6)

Transverse plane

Shoulder Rotation

Elbow Rotation

38 (10)

r17 (41)

33-71

24-r03

33 (11)

66 (37)

2l-54

26-92

ROM = Range of Movement; sd = standard deviation; min= minimum joint range achieved

(mean); max = maximum joint range achieved (mean). Note: Full elbow extension = 0

degrees and full elbow flexion = 160-180 degrees. Full elbow supination = 0 degfees and full

elbow pronation = 180 degrees.
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6.5. Discussion

Two-dimensional forms of movement analysis have been widely used to investigate the motor

control strategies involved in reaching and grasping in both normal paediatric populations and

in the paediatric hemiplegic population. Three-dimensional upper limb kinematic analysis has

been used by several pilot studies as a clinical assessment tool, particularly for burns patients

and a patient with brachial plexus palsy (Palmieri, Petuskey et al. 2003; Rau, Disselhorst-

Klug et al. 2000). However, this is the first work to develop a model for use in the hemiplegic

population and to look at the reliability of 3-D upper limb kinematics in a paediatric

population with hemiplegia, cerebral palsy.

The marker location for this upper limb model differed slightly from those previously

described by Schmidt et al, (1999); Rau et al, (2000) and Rab et al, (2O02). Rab and

colleagues, (2002) included external markers on the head and did not use rotational wand

markers. An external head marker was not included in this upper limb model, meaning that

specific information on individual head motion was not obtained from this model. However

markers placed on the trunk (C7 and Sternum markers) can provide information on forward or

posterior trunk lean, which may occur during upper limb tasks. Rau et al, (2000) and earlier

work from colleagues Schmidt et al (1999) described an upper limb model with marker triads

on hand, forearm and upper arm segments, with additional markers placed at the elbow and

wrist joint to determine joint centres. Marker triads were not utilised for our model, as

preliminary testing in our laboratory with paediatric subjects found that they prevented full

comfortable elbow movement.

There are limitations to the use of a 3-D kinematic upper limb model that need to be

considered when interpreting the results obtained from this measure. The assumptions made
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at the shoulder joint, in disregarding scapulo-thoraic movement' mean the model does not

fully represent anatomically correct shoulder motion. The estimated joint centfes determined

from an external marker offset may also be a source of error, due to the lack of availability of

precise joint centre offsets for paediatric subjects and also skin movement of the external

marker. Measurement e11or as a result of skin movement was minimised through placement of

the markers on bony landmarks, where possible, such as the superior aspect of the acromion'

Taking these limitations into consideration, overall, this model showed good reliability in

both the normative and hemiplegic populations that were studied. The more repeatable tasks

in both populations were reaching and taking the hand to head, though overall there was a

similar high level of repeatability across all tasks. Children with hemiplegia were as reliable

in completing the tasks as unimpaired children.

By standardising the task, with a table positioned in front of the child and measwed distance

of objects to reach for the starting position of shoulder and elbow motion improved from the

previous pilot studY.

The additional temporal data and kinematic range of motion information indicated that

children with hemiplegia are slower at performing upper limb tasks than unimpaired children'

using their non-dominant hand. However, the dynamic range of shoulder and elbow

flexion/extension used during the tasks is generally equivalent to that used by unimpaired

subjects, provided the task does not require full extension'

Significant group differences did occur in sagittal plane elbow motion, where children with

hemiplegia had reduced extension during the Reach task, and Hand-Mouth 3 task' both
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requiring greaterextension to complete the task. Children with hemiplegia achieved less

forearm supination than unimpaired children when completing the hand-mouth and hand-head

tasks, although all were still able to satisfactorily complete this task' The lack of full elbow

extension and reduced forearm supination seen in the children with cerebral palsy may have

been due to increased muscle tone in the elbow flexor and pronator muscle gloup,preventing

full joint excursion.

In the hemiplegic upper limb in cerebral palsy, increased muscle tone or spasticity

preferentially affects the flexor muscle gloups and pronators (Bleck 1987)' The ability to

supinate the forearm is critical to having a functional hand and upper limb' allowing

manipulation of objects in the hand and bringing objects to the mouth (Wilton 2003)'

Spasticity in the pronator muscles, pronator teres and pronator quadratus' distally' plus

contracture in interosseous membrane and corresponding muscle weakness in supinators

create a muscle imbalance in the forearm (Chin and Graham 2003; Wilton 2003)' Clinically it

is often apparent in children with hemiplegia that restrictions in upper limb movement or joint

contractures generally first occur in forearm supination, with a lack of distal forearm

supination to turn the hand being most disabling'

Children with cerebral palsy were found to have increased shoulder motion and trunk flexion

in the hand to mouth tasks compared to that used by unimpaired subjects' The hand-mouth

task was perhaps a more complicated task requiring accuracy in bringing the object to the

mouth. The increased shoulder motion in the children with hemiplegia during the task may

have indicated compensation for lack of more distal movements such as forearm supination'

or alternatively an inability to selectively isolate specific movements'
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This study confirms that 3-D assessment of upper limb functional tasks is repeatable over

time in both normative and cerebral palsy populations. Additionally, this study higilights that

children with hemiplegia have problems with speed of movement in the hemiplegic upper

limb, even when the arc of motion used is similar to that used by unimpaired children' Thus it

may be that areas of motor control, such as timing, onset of muscle contraction, and isolation

of specific movements have a greater influence on function than do restriction in range of

motion. It remains to be seen if reduction of spasticity in the upper limb can influence the

performance of upper limb functional tasks. In the following studies the 3-D kinematic upp€r

limb model is used to validate other upper limb clinical measures and evaluate the effects of

botuLinum toxin A in the upper limb.
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CHAPTER 7:

II.{VESTIGATION OF THB RELIABILITY OF THE MODIFIED

TARDIEU SCALE IN TIIE I.]PPER LIMB OF CHILDREN WITH

IIEMIPLEGIA USING THRBE.DIMENSIONAL I'JPPER LIMB

KINEMATICS AS THE CRITERION MEASURE.

7.1. Prologue

The purpose of this study was to address Aim 3. of the thesis, to compare current upper limb

measures used for children with cerebral palsy with an objective measure of upper limb

function. This study used the previously developed 3-D upper limb kinematic model'

described in chapter 5. to investigate the reliability and validity of the modified Tardieu scale

for the assessment of biceps spasticity in the upper limb of children with hemiplegia' cerebral

palsy. As highlighted in the review of the literature in Chapter 2, the modified Tardieu scale

has been used as an assessment tool for children having botulinum toxin A treatment'

Although, there have been previous assessments of the reliability of this measure in the lower

limb in children with cerebral palsy, the reliability of this measure in the upper limb has not

been determined. The use of the 3-D upper limb kinematic model as a criterion measure

allowed us to complete a unique reliability assessment of the modified Tardieu scale in

children with cerebral palsy for both the velocity applied during the passive stretch and the

resulting joint angle.
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7.2. Introduction

Children with cerebral palsy often have a combination of fixed muscle contractures' due to

muscle shortening, and dynamic muscle contractures due to spasticity (Love, Valentine et al'

2001). Traditionally, goniometric measures have been used to document fixed contracture

while the Ashworth scale or modified Ashworth scale has been used to quantify spastic

muscle tone (Ashworth 1964; Bohannon and Smith 1937). However the inter-observer

reliability of the Ashworth scale has been questioned (Pandyan, Johnson et al' 1999; Johnson

Z111),possibly because the clinician cannot be certain if the resistance felt in the muscle is

due to .reflex' changes associated with spasticity or whether it is due to intrinsic changes

within the muscle @amiano, Quinlivan et a:.2002). The modified Tardieu scale (Boyd and

Graham 1999) has become popular as a technique to quantify the difference between dynamic

contractures due to increased muscle tone and fixed contractures in children with CP

(Tardieu, Shentoub et al. 1954; Boyd and Graham 1999). Despite use in the upper limb, this

scale has not been yet been tested for reliability or validity (Gracies, Marosszeky et al' 2000)'

7.z.l.The modified Tardieu scale

The modified Tardieu scale determines the passive range of movement at different

movement velocities, with the relative difference between a slow and a fast velocity passive

stretch determining the dynamic component of contracture in the muscle (Love, Valentine et

al. 2001). with the modified Tardieu scale, two resulting joint angles are measured by

goniometer: the Rl angle, defined as the 'angle of catch' after a fast velocity stretch and the

R2 angle, defined as the passive joint range of movement following a slow velocity stretch'

The R2-R1 value indicates the level of dynamic 'contracture' in the joint' The Tardieu

measure specifies three velocities that can be applied to the muscle; (1) as slow as possible

(V1); (2) the speed of the limb falling under gravity (V2) and (3) as fast as possible (V3)
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(Boyd and Graham 1999). Vl velocity is used to determine the R2 joint angle and either V2

or V3 is used to determine the angle of catch (Rl angle), depending on the muscle to be

tested. The 'catch' following a fast velocity stretch is hypothesised to be the result of an

overactive stretch reflex present in spastic muscles (Lance and Mclrod 1981; Boyd and

Gratram 1999).

Although the modified Tardieu scale has been used both in the upper and lower limb to assess

suitability for intervention and as an outcome measure (Gracies, MaroSszeky et al' 2000;

Love, Valentine et al. 2001), the reliability and validity of the measure in the upper limb has

not been well documented.

The aim of this study was to examine the intra-observer reliability of the modified Tardieu

scale when used to assess biceps spasticity in ten children with hemiplegic cerebral palsy over

two measuring sessions, one week apart. In each session, the modified Tardieu scale was

measured twice. We utilised the 3-D upper limb kinematic movement analysis tool, described

previously in Chapter 5. to assess both the measurement error in the resulting joint angle and

the angular velocity being applied to the limb.
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7.3, Methods

7.3.1. Subjects

Ethical approval was given for the study by the Auckland Ethics Committee

(Auckland Ethics Approval Number AK)V02I01/015; Appendix A). All families signed an

informed consent. Children included in the study were ambulatory with a diagnosis of spastic

hemiplegic, cerebral palsy aged between 5 to 16 yeals. Exclusion criteria included any other

form of cerebral palsy or progtessive spasticity; any casting or botulinum toxin injections

within the last twelve months; previous upper limb surger!; elbow flexion conffacture greater

than 20 degrees; and any disabilities that would make it difficult for the child to understand

the study or cooperate fully. Ten children (6 male: 4 female subjects, mean age tO'2 years'

range 5 - 16 years) with hemiplegic, cerebral palsy (seven left side; three right side) were

recruited from orthopaedic and neurological clinic lists and local schools with physical

therapy units in the Auckland region.

7 .3.2. Three'dimensional upper limb model

The 3-D upper limb measure that is used in this study has previously been described in

full in Chapter 5 of this thesis.

7 .3.3. Testing Procedures

Testing was performed in the University of Auckland Gait Laboratory on two

occasions, one week apart. Informed consent was obtained from the parents and child prior to

testing. Children were seen on the same day and time, one week apart' to minimise

environmental changes that might affect dynamic muscle tone' An experienced paediatric

physical therapist completed all measures for the ten subjects in both testing sessions' Retro-
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reflective markers were placed on the child's trunk and upper limb (as described in Chapter 5)

to examine the upper limb kinematics. The child was seated on a raised stool (l'5m high) in

the centre of the video capture volume area. A small box was placed in front of subjects to

ensure the feet were flat on a surface and the child felt secure. To stabilise the affected arm

the therapist supported the upper arm with one hand and moved the forearm with the other

hand. The therapist moved the elbow joint from a starting position of elbow flexion towards

elbow extension at each of the three velocities (V1, V2 and V3), holding the limb at the end

of available range (R2) for the slow velocity or at the 'angle of catch' (Rl) after the faster

velocity stretches. The therapist performed the elbow stretches twice in each session for each

of the three velocities.

The modified Ashworth score was also graded at each session by the same therapist for the

biceps muscle of the affected upper limb in all subjects' The modified Ashworth scale

(Bohannon and Smith 1987) is regarded as the current clinical criterion standard in measures

of abnormal muscle tone, so results of this measure were included to act as a comparison to

the modified Tardieu scale.

7.3.4. Data analYsis

Initial processing of the 3-D motion capture data was completed with EVA software

(version 6.15; MotionAnalysis Corporation, Santa Rosa, CA, USA)' Analysis of upper limb

kinematics (degrees) was completed using KinTrak software (version 6; MotionAnalysis

Corporation). A specifically designed upper limb project defined the limb segment

coordinates according to the external markers. Angular velocity was calculated from the final

downward movement from elbow flexion to elbow extension, determined by change in

position over change in time information. The elbow angle was defined as the minimum

elbow extension angle held by the therapist following completion of the movement, being
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either the 'angle of catch' (R1) in the muscle or the full range available (R2)' Mean angular

velocity of each passive movement applied to the child's upper limb, is reported in both

degrees/second (deg/s) and radians/sec (rad/s) with I radian = 57 '3 degrees' The M-Rl value

was calculated as the difference between the R2 angle, achieved after a slow velocity stretch

(V1) and rhe Rl angle, determined after a fast velocity stretch (V3) (Boyd and Graham 1999)'

7 .3.5. Statistical analYsis

Intra-sessional repeatability for the angular velocity and joint angle (Rl and R2 angle)

was calculated by determining the absolute difference between two measures taken in one

session at each velocity (V1, V2, and V3). Inter-sessional repeatability was established by

determining the absolute difference between session one and session two for both angular

velocity and measures of Rl and R2. Paired t-tests and /or repeated measures ANOVA were

used to test for significance, where data had a normal distribution. However, where the data

sets were small, for example, intra- and inter-sessional repeatability, non-parametric tests

including the Mann-$/hitney u and Kruskal wallis rest were used to test for significance and

median values reported. This was because non parametric tests make fewer assumptions about

the distribution of the data. Significance level was set at p<0.05.
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7.4. Results

Three-dimensional kinematic analysis of elbow motion during testing was used to determine

the Rl and R2 angle at the elbow, and the angular velocity applied by the therapist for each

movement. Figure 7.1 shows a representative trial for child one, showing the elbow position

trace at the slow velocitY (V1).

7.4.1.R1 and R2 measurements at the elbow have only moderate reliability

Table 7.1 shows the median absolute differences in the measured elbow joint angles at

the three velocities, within and between the two sessions. Intra-sessional repeatability of the

measured joint angle was calculated as the absolute difference between the first and second

measure made in the same session. Mann Whitney U tests demonstrated no significant

difference between the median absolute differences at session one and those obtained at

session two, for each of the three velocities (vt) p=Q'2; (v2) P=0'8; (V3) p=a'3)' The intra-

sessional differences from session one were therefore combined with the intra-sessional

differences in session two to give data sets containing twenty intra-sessional differences for

each of the three velocities. Median error in measurement of the elbow joint angle within one

session ranged from 3 to 5 degrees (at Vl and V3 respectively)' Ninety percent of the

measurement differences were below 12 degrees for the three velocities' No significant

differences in errors were found between the three movement velocities (p=0'5)'

The inter-sessional repeatability of the measured elbow joint angle was determined as the

absolute difference between the mean of the two measures in session one and the mean of the

two measures in session two. Median difference between sessions increased from intra-

sessional results at both the slow (vl), and fast (v3) velocities (median of 10, and 13 degrees
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r€speetivsly) but di-d.notchange at the gravity, velocity (V2) (nedian of 4 degrces). Ninety

percent of the mea$unement differences were below 17 degrees at the slow velooity (V1); 10

degrees atthc gravity velmity (V2) and 25 degreeo atthe fast velocity (V3), There ws a

tend fsr the error in measurement of R2 to be less than the error of the two measwements of

Rl, h,o,wever, this wae not significant (pE:04).
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Figure 7.1: Representative Elbow Position Trace for one subject during Single Trial of the

ModifiedTardieu Scale. Angular velocity was calculated as change (A) in position / change

(A) in time.

Table 7.1: Intra- and Inter-sessional Absolute Differences in 3-D Kinematic Measures

of Joint Angle

Absolute differences (degrees)

Intra-sessional Inter-sessional

Movement ilIedian Range Median Range

Slow

Gravity

Fast

v1

v2

v3

1- 16

1-30

0 -20

0-18

I -31

2 -27

3

4

5

10

4

13
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1.4.Z.The R2-Rl calculation has poor reliability in this population in the upper

limb.

The aim of the modified Tardieu scale is to quantify the presence of dynamic muscle

tone by establishing the proportion of change between the slow passive stretch and a fast

velocity stretch. Such a calculation is termed the R2-Rl difference' The R2-Rl difference

was calculated for each subject at session one and two, with the Rl value (the angle of the

first ,catch' in the muscle following a fast velocity (V3) stretch) being subtracted from the R2

value (the joint angle following a slow stretch). Table 7'2 shows the R2-Rl values from

session one and two for each of the ten subjects. Five out of the ten participants (pafticipants

1,4,5,6, and 10) consistently had a R2-Rl value greater than or equal to l5 degrees'

suggesting a dynamic component to the muscle tone. However, in three of these five subjects

there was a gleater than 20 degrees change in the R2-Rl value from week one to week two'

178



Table ?Jc Inrtfrr-scsqional Absolut3 Difftnences in IUl"'Rl V'alues

(deerccs) (dcsr€e$) absolute dffierenes

$esslon o-ne Session two

1

2

3

4

5

6

7

8

9

2

0

0

2

2

2

1+

0

0

56

6

7

l14

26

I6

ll
6

6

58

48
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80

2L

39

I

0

5

r5

I
8

4

34

5

23

10

6

1
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7.4.3.The therapist applied angular velocity is variable across subjects'

The modified Tardieu scale requires the application of distinct and repeatable angular

velocities to determine the Rl and R2 angle. Results for the l0 participants over the four

trials (two trials per session) were combined to give datasets of 40 sepafate measures for each

angular velocity. Analysis showed that our therapist could apply three distinct angular

velocities, with a mean slow (Vl) angular velocity of 89 SD 59 deg/s (l'5 SD 1'0 rad/s); a

mean gravity velocity of 166 SD 78 degls (2.9 SD 1.4 rad/s) and a mean fast velocity of 298

sD 165 degls (5.2 SD 2.8 rad/s) (Figure 7.2). Repeated measures ANOVA showed that there

was a significant difference between the three mean angular velocities (p=0.0001) with post

hoc analysis confirming that all three velocities were significantly different from each other

(p<0.001). However, an overlap was seen between the three angular velocities such that the

fast angular velocity for some subjects was equivalent to the slow angular velocity in other

subjects.

Figure 7.3 shows a box and whisker plots that represent graphically the range of within

subject, intra- and inter-sessional differences in the angular velocity applied by the therapist'

This dara highlights the difficulties the therapist had in consistently applying set angular

velocities, both within and between sessions, for each subject' Intra-sessional differences

indicate the ability of the therapist to reliably apply each angular velocity twice in one session

and were determined for each subject by calculating the absolute difference in velocity

between the first and second trials in one session. At the 'slow' angular velocity, V1' the

absolute difference ranged from I to 118 deg/s (0.02-2.0 rad/s) with 90 percent of differences

falling at or below 51 deg/sec (0.9 rad/s). For gravity angular velocity, V2, the intra-sessional

differences ranged from 3 to g5 deg/s (0.5- 1.5 rad/s) with 90 percent of differences falling at

or below 72 deglsec(1.3 rad/s). At the fast angular velocity, v3, the intra-sessional absolute
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differences ranged from r to 1g5 deg/s (0.02 -3.2ndrs),with 90 percent of differences falling

at or below 176 deglsec (3.0 rad/s).

There was considerable variability in the angular velocity applied to each subject between two

measuring sessions, with the therapist having the most difficulty in consistently applying a

fast velocity ry3). At Vl, the absoluie differences between the slow angular velocitY applied

at the first session and the slow angular velocity applied at the second session ranged from 1

to l4g deg/s (0.02-2.6 rad/s) with 90 percent of differences fatling at or below 140 deg/sec

(2.4 radts).For V2, the absolute differences betlveen gravity angular velocity applied at the

first session and the gravity angUlar velocity applied at the second session ranged from 13 to

g6 degls (0.2-1.5 rad/s) with 90 percent of differences falling at or below 83 deg/sec (l'4

rad/s). For V3, the absolute differences between the fast angular velocity applied at the first

session and the fast angular velocity applied at the second session ranged from 5 to 185 deg /s

(O.g-3.Zradls) with 90 percent of differences falling at or below 180 deg/sec (3'1 rad/s)'
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Figure 7.3: Box and Whisker Plots showing within subject, Intra-and Inter-sessional

Differences in Joint AngularVelocity applied to the Elbow for the Thee Conditions (slow

velocity (V1), gravity velocity (V2) and fast velocity (V3)). Solid box is 25h to 75e

percentile, and whisker bars are 90e to 10fr percentile. I = rlsao velocity and horizontal line =

median velocity.
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To investigate further the velocity dependent nature of the "catch", linear regression was used

to investigate the association between the angular velocity applied (Gravity V2; and Fast V3)

and the resulting angle of catch. Each measure was recorded four times for each subject

(twice per session) giving a combined total of 80 measures for analysis (40 V2 measures and

40 V3 measures). A negative correlation (r = -0.46) indicated that faster angular velocities

had a moderate association with a decreased Rl 'angle of catch'. Some of the fastest angular

velocities were associated with minimal or no catch. For participants with a modified

Ashworth score of 0 or 1+ (participant s 2,3,7, 8 and 9), increasing angular velocity did not

increase the Rl 'angle of catch' (Figure 7.4-A).The remaining five participants with an

Ashworth score of 2 (participants 1,4, 5, 6 and 10, see Table 7.2) had slower gravity and fast

velocities than subjects with low tone. For these five participants, the 'fast as possible'

angular velocity (V3) did result in a significantly greater Rl 'angle of catch' at the elbow joint

than those with an Ashworth score of 0 or 1+ (ANOVA p=0.001) (Figure' 7 '+B)'
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7.5. Discussion

In this study, we were interested in the reliability of the modified Tardieu scale as a measure

of biceps spasticity to better understand its usefulness as a possible outcome measure

following botulinum toxin A treatment in the hemiplegic upper limb' The results from this

study show considerable variability from week to week in the assessment of both the

'dynamic' (R1) and the 'fixed' (R2) contracture in the biceps muscle' In three of the 10

participants, this variability in measurements led to large inter-sessional differences in the R2-

Rl calculation. Our therapist was able to apply three distinct angular velocities to the elbow

joint of individual subjects but there was overlap even between the slow and the fast velocity,

with difficulties in reproducing fast velocity in some children with "high" tone'

In this study, a wide range in inter-sessional variations in the measured elbow angle (Rl and

R2) was found, with errors of up to 25 to 30 degrees for some subjects. changes in marker

placement between sessions are unavoidable and can lead to small elTors in 3-D kinematic

measures, which can bias the measures into more or less flexion (Kadaba, Ramalaishnan et al'

1989; Nigg, Cole et al. 1999). However, our initial pilot data suggests that when one

experienced clinician consistently applies all markers, the error in marker placement accounts

for less than five degrees of difference in measures from week to week' In this study the

children were seated, rather than lying down to facilitate the 3-D movement analysis, and this

could also have affected the measurement error. Overall, however, it is likely that a significant

component of the error in measurement is in the determination of "angle of catch" or "end

range", as shown in previous studies (Kilgour, McNair et al. 2003).
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Although the study was not designed to look at the correlation between Ashworth scores and

the Tardieu scale, it was evident that the five children with Ashworth scores of 2 had

significantly higher R2-R1 differences than did the five children with Ashworth scores of 0 or

1+. Further studies in a larger group of subjects are required to confirm if the R2-R1 scores

can be used to reliably discriminate these two groups. The R2-Rl difference from week to

week proved highly variable in three of the five children with Ashworth scores of 2' This

variability suggests that caution is required when interpreting the actual R2-Rl value' which

may limit the use of this value as a quantifiable outcome measure in a research setting'

Measures of spasticity often assume that the velocity dependent nature of spasticity is a linear

relationship, i.e. as velocity of the movement increases, the spasticity or resistance to passive

movement increases (Lance and Mclrod 1981; Katz and Rymer 1989)' However' we found

that there was a negative association between the angular velocity applied and the angle of

catch measured, with 'slower' angular velocities being associated with higher angles of catch'

In a spastic muscle, there may be an inability to apply a fast velocity movement due to the

stiffness or resistance felt in the muscle, whereas higher velocities may be applied to a limb

with minimal resistance or norTnal tone (Peny 1993). This finding has significant

implications for the modified Tardieu scale, which is based on the application of discrete and

reproducible angular velocities to the limb (Boyd and Graham 1999)' Although our therapist

was able to apply three separate mean angular velocities to the elbow' the speed of these

velocities varied considerably between subjects, with faster angular velocities being applied to

subjects with 0 or 1+ Ashworth scores.
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It is not clear from our data whether there is an angular velocity that can be used consistently,

and reliably, to achieve a spastic catch. We were unable to locate a peer-reviewed

publication indicating the recommended dynamic velocity (V2 or v3) to assess the biceps

muscle, so the V3 velocity that is recommended for the ankle plantarflexors was used to

establish the R2-Rl value (Boyd and Graham 1999). As it was difficult for our therapist to

distinguish between the two velocities it may be more appropriate to use a single generic fast

velocity and be aware that this velocity will be dependent on the amount of tone and

resistance in the muscle of each individual.

ln summary, this study has shown large inter-sessional variability in the Tardieu scale

measufes of R2 and Rl as well as the R2-Rl difference. The unique use of a 3-D upper limb

analysis has highlighted the difficulties in applying three standardised angular velocities to the

upper limbs of children with different levels of tone. From this study' we conclude that the

modified Tardieu scale may be of limited value as a research measure in the upper limb of

children with cerebral palsy. Clearly, this is only a small group of subjects and other studies

need to be done to confirm this finding in a wider group of subjects and with different

therapists. In the meantime, studies investigating the effects of upper limb for botulinum

toxin A treatment should first establish their own reliability across sessions and therapists

before considering using this measure as a research tool' The use of the 3-D upper limb

measure has been able to objectively assess the reliability in determining both the range of

motion and velocity component of the modified Tardieu scale.
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CHAPTER 8:

A PILOT STT]DY ON THE EFFECTS OF UPPER LIMB BOTULINT]M

TOXIN A INJECTIONS ON UPPER LIMB FI.]NCTION IN CHILDREN

WITH IIEMIPLEGIA: A COMPARISON OF 3-D UPPER LIMB

ANALYSIS AND MELBOURNE ASSBSSMENT

8.1. Prologue

The overall purpose of this thesis is to identify and develop where necessary' objective and

reliable outcome measures that can be used to evaluate the effects of botulinum toxin A in

ambulatory children with cerebral palsy. In the previous chapters it has been shown that 3-D

movement analysis of upper limb functional tasks is a repeatable and valid measure in both

normative and cerebral palsy populations. This 3-D measure has then been used to provide

objective information on a recofilmended measure of dynamic muscle tone, indicating that the

modified Tardieu scale is not sufficiently reliable as a research tool in the upper limb for

children with cerebral palsy. The purpose of this final study was twofold, firstly to complete a

pilot study on the functional effects of upper limb botulinum toxin A injections in children

with hemiplegia and secondly, to compare the results obtained from a current upper limb

measure, namely the Melbourne Assessment to a 3-D upper limb movement analysis' This

study will therefore provide a preliminary appraisal on the validity of the Melbourne

Assessment and add to the evidence on the use of botulinum toxin A in this population'

8.2. Introduction

There is increasing interest from both families and clinicians for the offJabel use of

botulinum toxin A injections in the upper limb muscles of children with cerebral palsy' As
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previously discussed in the literature review the evidence to support this practice is still

limited and it has been recommended that the use of botulinum toxin A treatment in the upper

limb remain part of a clinical trial (Wasiak, Hoare et al. 2004). There remain many

unanswered questions on the use of botulinum toxin A injections in the upper limb for

children with cerebral palsy, particularly regarding the actual functional benefits' subject

selection, muscle selection and the most appropriate age for treatment'

A limitation of the previous studies has been the lack of appropriate upper limb functional

outcome measures, to provide an objective assessment of the effects of upper limb botulinum

toxin A treatment in children with cerebral palsy (Chin and Graham 2003). Two recently

developed upper limb function measures, specific for children with cerebral palsy are the

Quality upper Extremity Skills Test (QUEST) and Melbourne Assessment (DeMatteo' Law et

al. 1993; Randall, Johnson et al. 1999). Both measures assess the quality, speed and range of

movement of different upper limb tasks from a video taken at the time of assessment'

However, these measures provide a subjective assessment of upper limb movement' and the

validity, in terms of accuracy in assessing range of movement has not been previously

assessed. The previous chapters of this thesis have shown that 3-D movement analysis of

selected upper limb functional tasks is a reliable and objective measure in children with

hemiplegia. The use of 3-D kinematic analysis as a clinical outcome measure to detect change

post intervention is yet to be tested.

The purpose of this study was to complete a pilot assessment on the effects of upper limb

botulinum toxin A injections and a therapy program in children with hemiplegia' utilising the

previously developed 3-D functional measure of upper limb kinematics as the primary

outcome measure. A secondary aim was to complete a preliminary validity evaluation of the
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Melbourne Assessment (Randall, Johnson et al. 1999), by comparing the 3-D movement

analysis kinematics to the results from three corresponding sections of the Melbourne

Assessment (Randall, Johnson et al. 1999)'

8.3. Methodologt

Ten children received botulinum toxin A injections into selected upper limb muscles on one

occasion, followed by 6 weeks of occupational therapy. Each children attended a baseline

assessment and four follow up assessments at 2,6,12 and24 weeks post botulinum toxin A

injections.

8.3.1. Subjects

Ethical approval for the study was granted from the AucklandEthics committee' New

Tnaland(Auckland Ethics Approval Number: AKY/03/04/104; Appendix E-tI)' Informed

consent to participate in the study was obtained from all children and families' The inclusion

criteria included ambulatory children with a diagnosis of spastic hemiplegia, cerebral palsy

aged between 8 to 17 years; the presence of increased muscle tone in the affected upper limb

(Minimum Modified Ashworth Score of level l) and the presence of abnormal posturing of

the affected upper limb during gait. Exclusion criteria included any other form of cerebral

palsy or progressive spasticity; any casting; botulinum toxin A injections or surgery in the

upper or lower limb within the last twelve months; elbow flexion contracture greater than 20

degrees; lack of informed consent, presence of any contraindications to botulinum toxin A

treatment and any disabilities that would make it difficult for the child to understand or

cooperate fully with the study. The inclusion age range of 8-17 years was selected to attempt

to achieve greater active participation and compliance with the post botulinum toxin A

treatment therapy. Additionally it was felt that a high level of compliance may be required to
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allow for the 3-D kinematic movement analysis. previous work of schneiberg et al (2002) has

also suggested that mature and less variable reaching patterns occur in children at

approximately the age of eight years.

Ten children with hemiplegia, cerebral palsy (4l,eft hemiplegia; 6 Right hemiplegia) were

recruited from orthopaedic and neurological crinics; paediatric physiotherapists; and via local

newspaper advertisements. Seven subjects were male and three female subjects, mean age

13.3 years; range I0 - l? years (see Table S.l). All subjects were independent ambulators

with a Gross Motor Function classification Scale of level I (Palisano, Rosenbaum et al'

re97).

8.3.2.Upper Limb botulinum toxin A injections

Following the baseline assessments and identification of treatment goals' the

orthopaedic surgeon and therapists made a clinical decision on the upper limb muscles to

receive boturinum toxin A treatment. confirmation on the muscle selection for botulinum

toxin A treatment was obtained by sending video clips of each child's assessment to a clinical

centre with expertise and experience in the use of upper limb botulinum toxin A treatment for

children with cerebral palsy (Dr M-C Waugh, Westmead Children's Hospital' New South

Wales, Australia).

Children received the upper limb botulinum toxin A injections from the orthopaedic team at

the Starship children's Hospital day stay unit, Auckland, New 7-ealand' starship children's

Hospital protocol requires that all children receive a general anaesthetic for administration of

the injections. All children received the upper limb botulinum toxin A injections on one single

occasion, with multiple muscles and sites within the muscles injected' The range of muscles
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selected for bonrlinum toxin A injections included biceps; brachialis; pronator teres (PT);

pronator quadratus (PQ); flexor carpi radialis (FCR) and flexor carpi ulnaris (Fcuxsee Table

8.1).

The bonrlinum toxin A @otox@) dose was determined from reported clinical guidelines

(Graham, Aoki et al. 2000). A total of 2 units per kilogram of bodyweight (units/kg/bw)

(Botox@) was used for the biceps muscle, over 2-3 injection sites; 2 units/kg/bw (Botox@) for

brachialis muscle over 2-3 injection sites; I unit /kglbw (Botox@) over 1 r'njection site for PT

and PQ muscles; 1-2 units/kg/bw (Botox@) for FCR and FCU muscles over 1 injection site' A

maximum of 50 units @otox@) was used per injection site. For the ten children a mean dose

of 215.5 Units (Botox@) was administered, with a range of 150 -275 Units (Botox@)' The

botulinum toxin A (Botox@) was administered with a single use 37mm x27 gauge injection

needle from Botox@, Allergan. For every subject a combination of muscle palpation and a

muscle stimulator were used to locate all muscles prior to botulinum toxin A injection @raun

Stimplex stimulator; Settings of 5 mamps; I Hertz; lmsec)'
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Table 8.1: Subject Details for Upper Limb Botulinum Toxin A Study

Subject Age(years) Hemiplegia Muscles injected: Botoxw

Brachialis Biceps PT PQ FCU FCR (Units)

I

2

3

4

5

6

7

8

I
10

T2

1t

l6

16

13

L7

13

L2

T2

9

Right

Right

Rieht

Right

I.eft

I-eft

kft
Right

Left

Right

{<*

*:f

**

:t

*

*!F

,lc *

* tl.

*:$

**

240

275

250

150

2W

220

240

180

200

200

*tF

rt

FCU = Flexor Carpi Ulnaris; FCR = Flexor Carpi Radialis; PT = Pronator Teres; PQ Pronator

Quadratus.
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8.3.3. Post injection therapy

The therapy programme began in the week following the injections, and included six

individual weekly sessions of up to one hour. In addition, the therapist, child and family

designed a home prograrnme of 2-3 exercises to continue with during the week. The main

focus of the therapy programme was towards two functional goals identified by the child and

family prior to treatment. The individualised therapy program aimed to encourage maximum

use of the affected hemiplegic upper limb in everyday functional tasks, with a combined

approach of both stretching and strengthening the upper limb muscles and encouraging use of

the affected arm.

Stretching of the agonist muscles groups that had received the botulinum toxin A treatment

was achieved through the combination of splinting, weight bearing activities, manual

stretches and functional tasks, such as wiping the bench to maintain wrist and finger

extension. Thermoplastic and neoprene hand splints were used for three of the children

following the botulinum toxin A injections to maintain muscle stretch and position the hand in

a functional position. Muscle strengthening was achieved through loading the muscle, with

resistive exercises, free weights and functional activities, to incorporate the use of the affected

upper limb into everyday activities.

8.3.4. Outcome Measures

A 3-D movement analysis and a full clinical assessment were completed at baseline,

2,6, 12 and24 weeks following the injections both at the University of Auckland Gait

Laboratory or child's home. For the first six weeks following botulinum toxin A injections all

follow up assessments were completed in addition to the weekly therapy session.
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8.3.4.1. Three-Dimensional upper limb analysis

To complete an objective assessment of upper limb function a 3-D movement analysis

was performed on selected upper limb functional tasks. At each assessment point in the study

all children completed the 3-D movement analysis of five upper limb functional tasks (hand to

head; hand to mouth 1, 2 and 3 and reach task). The upper limb tasks and collection protocol

have been previously described in full in Chapter 6 (section 6.3.3). The upper limb model and

retro-reflective marker set required to obtain upper limb kinematics has also been fully

described in Chapter 6 (section 6.3.2).

Each of the 5 unilateral tasks (hand to head; hand to mouth 1; hand to mouth 2; hand to mouth

3 & reach) was completed by the child three times per measurement session, in random order.

All tasks were completed with the unaffected upper limb and then the affected, hemiplegic

upper limb. The total time for data collection of the 3-D kinematic analysis was between 45

minutes - t hour. The retro reflective markers were placed on the upper limbs and trunk by

the same therapist for all subjects, at all five data collections.

8.3.4.2. Melbourne Assessment

Upper limb function pre and post intervention was also evaluated using the Melbourne

Assessment of Unilateral Upper Limb Function or Melbourne Assessment (Randall, Johnson

et al. 1999). This assessment requires the child to complete 16 unilateral upper limb tasks

with the affected hemiplegic limb, which are videoed and scored at a later time based on the

quality, accuracy and range of motion in the upper limb. The 16 items are scored individually

and then the total Melbourne Assessment score for each assessment were calculated as a

percentage score. The range of items in the Melbourne Assessment includes reaching and

grasping, in hand manipulation, precision grip and functional movements, such as taking their
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hand to their bottom. For each subject a total of five Melbourne assessments were completed

(lx baseline and 4x post botulinum toxin A) either at the child's home or University of

Auckland Gait Laboratory. The measure was administered by the same paediatric

occupational and ph ysiotherapist.

8.3.4.3. Additional outcome measures

To quantify the changes in the performance of everyday activities of upper limb

botulinum toxin A the child and families completed the Pediatric Evaluation of Disability

Inventory (PEDD questionnaire, self care domain (Hayley, Coster et al. 1992). This

questionnaire was completed at all five assessments (baseline and2,6J2 and24 weeks post

botulinum toxin A) by both the child and family together. A total score out of 73 was obtained

for the self care domain of the PEDI. A clinical assessment of the upper limb was completed

by the therapist at each assessment. The assessment included measures of range of movement

(goniometer) at the shoulder, elbow and wrist joint; modified Ashworth scale (MAS); gnp

strength, using a hand held dynamometer; manual muscle strength testing using Oxford scale

(0-5); sensory assessment, including stereognosis and light touch. The modified Tardieu scale,

measure of dynamic tone was not used as an outcome measure after previous work (Chapter

7) demonstrated it to be unreliable as a research tool, in our hands. A basic assessment for the

presence of muscle tone was provided by use of the modified Ashworth scale.

8.3.5. Adverse effects

The families were contacted on the day after the botulinum toxin A injections to check

for adverse effects following treatment. The presence of any adverse effects was

monitored and reported to the lead investigator by the occupational therapist at each

therapy session visit.

197



8.3.6. Data and statistical analysis

All 3-D kinematic data was collected with an 8-camera MotionAnalysis video system

at11lfz(MotionAnalysis Corporation, Santa Rosa, CA, USA). Kinematic information for

upper limb tasks was collected using EvA software version 3.12 (MotionAnalysis

Corporation, Santa Rosa, CA, USA) and further biomechanical analysis was completed using

KinTrak software version 6 (MotionAnalysis Corporation, Santa Rosa, CA, USA)'

For the 3-D upper limb kinematic analysis the maximum, minimum and total range of

movement was calculated at each joint (trunk, shoulder and elbow). The time to complete

movement (seconds) was determined for each of the five tasks over the assessment period. As

children completed each task at a self-selected speed, the movements were visually edited in

the data collection software (EvA software version 3.12, MotionAnalysis) to represent the

start and end point of the movement.

For the Melbourne Assessment, the videos of each subject were scored independently by an

experienced paediatric physiotherapist blinded to both the aims of the study and the timing of

the assessments. To complete a preliminary validity analysis the range of movement scores

from three items in the Melbourne Assessment (Item 2: Reach forwards to elevated position;

Item l l: Hand to Head and Item 16: Hand to Mouth) were used for comparison with identical

tasks performed using 3-D movement analysis (Task 3: Reach, Task 1: Hand to head and

Task 2: Hand to mouth 1).

Table 8.2 summarises the specific scoring criteria and range of movement required for the

three selected items, as stated in the Melbourne Assessment manual (Randall, Johnson et al.

1999). The assessor gave a range of movement score for each child (from 0-4), dependent on

the range of motion achieved during the task, as estimated from the video analysis. For the
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three tasks a corresponding score was obtained from the 3-D kinematic information for each

subject, over the five assessments (baseline, 2,6, 12 and24 weeks post botulinum toxin A).

The agreement between the scores given in the Melbourne Assessment and the scores

obtained from 3-D analysis were then compared for all ten subjects on the five assessments.

For example, in the 3-D analysis reach task (task 3), a maximum range of movement score

was given if the trunk flexion range was < 30 degrees, shoulder flexion was between 80 and

145 degrees, elbow extension was between 0-45 degrees, plus there was shoulder internal

rotation and forearm pronation during completion of the task.

For the Melbourne Assessment item 16 (Hand to Mouth), a score is also given for the time to

complete the task, time is assessed as being normal, excessively slow or fast or unable to

complete the task. The time of the 3-D analysis hand to mouth task (task 2) was also

calculated and compared to the score given in the Melbourne Assessment. Normal time to

complete the task was taken as between 2 - 4 seconds, as this was the time taken by

unimpaired subjects to complete the hand to mouth 3-D kinematic task, as established in

previous work (see Chapter 6.).

Pre and post intervention data comparisons were made for all other outcome measures. All

comparisons were made with repeated measures ANOVA and post hoc test, Tukey-Kramer

Multiple comparison test or student t-tests. Statistical significance was set at p<0.05.
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Table 8.2: Summary of Metbourne Assessment ltems to be used for Validity Assessment

(Randall, Johnson et al. 1999)

Melbourne Assessment

Item 2: Item I l: Item 16:

Reach to elevated position Brush forehead to back of neck Hand to mouth and down

Scoring criteria:

r Range of Movement o Range of Movement

r Fluency

. Target Accuracy

o Fluency

o Range of Movement

o Fluency

o Target Accuracy

o SPeed

Range of movement assessment details (degrees):

Trunkflexion < 30 Trunk flexion < 30 Trunk flexion 0-15

Shoulderflexion 80-145 Shoulderflexion 90-180 Shoulderflexion 0-45

Shoulder internal rotation Shoulder external rotation Shoulder intemal rotation

Elbow extension 135 -180 (045) Elbow flexion 90-135 Elbow flexion l10-150

Wrist extension or neutral Wrist extension or neutral Wrist extension or neufial
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8.4. Results

Ten children completed all aspects and follow up assessments in this study. No serious

adverse effects were reported by any child in the study. One child reported feeling unwell on

the day following botulinum toxin A treatment which subsequently resolved after a day.

The results from the 3-D kinematic analysis, Melbourne Assessment and additional outcome

measures are discussed. Then a preliminary validity comparison is presented between the 3-D

kinematic measures and three sections of the Melbourne Assessment.

8.4.1. Significant reduction in muscle tone following BTX A treatment

Baseline and post treatment comparisons were made for measures of muscle tone and

passive range of movement at the elbow joint for all ten subjects. The modified Ashworth

scale was used to quantify muscle tone for the elbow flexors, all children had to have at least

a level I grade of increased muscle tone to be included in the study. Overall, there was a

statistically significant reduction in muscle tone in elbow flexor muscle group at2,6, and 12

weeks post botulinum toxin A injections (p <0.5). Muscle tone reduced from a mean MAS

value of 2 atbaseline to a mean MAS value of I at 2,6, and 12 weeks post treatment.

Passive range of movement was measured by goniometer at the elbow joint, to determine

elbow extension and supination. Elbow extension improved from baseline by a mean of 3 - 6

degrees post botulinum toxin A treatment (range of improvement 0-30 degrees), this was not

a significant improvement (p=Q.f;. Five of the subjects improved their elbow extension post

injections, with the remaining 5 subjects already having full passive elbow extension. Elbow

supination had the greatest improvement from baseline of 12-25 degrees (range 0-90 degrees)'

thoughthiswasnotastatisticallysignificantimprovement(p=Q'l;'overall5subjects

improved in elbow supination post botulinum toxin A treatment, with the remaining 4

20r



subjects maintaining full movement from baseline and L subject reducing in range (-30

degrees) at 24 weeks post treatment.

8.4.2.No change in time of 3'D upper limb tasks

The mean time and standard deviation to complete each task was calculated from the

ten subject results (Table 8.3). Overall, there were no significant differences in the time taken

to complete the task from baselinetoZ4weeks post botulinum toxin A injections (p>0.15)

(Figure 8.1).

Correspondingly, the changes in time to complete the tasks were variable when looked at on

an individual basis. The greatest individual improvements were found during the hand to

mouth (2) task, with two subjects (subjects 6 and 9) completing the task up to 4 seconds faster

by 24 weeks post ffeatment. One subject (subject 3) was found tobe 2 - 6 seconds slower in

performing all hands to mouth tasks at 2 weeks post treatment. This reduction in speed

corresponds to a marked reduction in her Melbourne Assessment score, also at 2 weeks post

treatment, which will be further discussed in the following sections'
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Table E3: Mean Time to complete Each Task (seconds * standard dwietion)

TASK Baseline 2 weeks 6 weeks 12 wecks 24 weeks

Hand-Head

Hand-Mouth I

Hand-Mouth 2

Hand-Mouth 3

Reach

3.8 (l.l)
5.6 (1.2)

6.8 (3.0)

7.8 (2.6)

4.0 (1.3)

4.2 (1.0)

6.7 (2,0)

6.8 (1.4)

7.e (2.r)

4.s (1.3)

4.2 (r.r)

5.e (l.l)
6.1 (1.8)

7.8 (2.1)

4.r(1.6)

4.s (1.3)

6.1 (1.1)

6.4 Q.0)

7.2 Q.r)

4.3 (1.7)

3.8 (0.e)

6.1 (1.6)

6.3 (1.4)

7.2 (1.8)

3.8 (1.3)

+
+ l-bnd-l-lead
-r- Fbnd-Mouth 1

* l-bnd-lt/buth 2
-e- Fbnd-ltlouth 3
--x- Reach

Baseline 2 weeks post 6 weeks post 12 weeks post 24 weels post

Data cnllection

Figrre 8.1: Mean Time to complete Five Tasks in 3-D Movement Analysis from Baseline to

24 weeks Post Botulinum Toxin A Treatnent'

(Time in seconds and positive standard deviation error bars shown)
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8.4.3. No change in 3-D analysis range of movement during upper limb tasks post

BTX A

The mean total range of movement during each task and the minimum and maximum

joint range of movement were calculated for each of the five tasks from the 3-D movement

analysis. Overall, there were no major differences found in the mean measured range of

motion following botulinum toxin A injections, for any of the five tasks.

Table 8.4, 8.5 and 8.6 show the mean (of 10 subjects) range of movement at the five

measurement times of baseline, 2 weeks, 6 weeks, 12 weeks and24 weeks post botulinum

toxin A injections for three representative tasks (Task 1: Hand-Head; Task 2: Hand-Mouth I

and Task 3: Reach).

performance of the hand to head task (Task l) requires elbow flexion and rotation combined

with shoulder flexion and abduction. The mean total range of shoulder flexion significantly

increased from baseline (87 degrees + 24) to 24 weeks post botulinum toxin A treatment (114

degrees x,23) (p<0.02). There were no significant changes in elbow motion over the six

month period (Baseline mean elbow rotation 69 degrees + 27; Post 24 weeks mean elbow

rotation 72 degrees + 2l) (Table 8.4).

The hand to mouth (l) task involves reaching towards an object just less than an arms length

distance away and then bringing the object to the mouth, requiring forearm supination. The

changes following treatment in these movements were of interest to determine if subjects

would use less trunk motion to initially reach the object and have greater forearm supination

to bring the object to the mouth. However, there was no significant differences were found in

either trunk flexion over the 5 assessments (p-0.3) or in elbow rotation (p=0.9) (Table 8'5)'
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Shoulder flexion and elbow extension are the main movements required for completion of the

reaching task (task 3). There were no sigruficant changes found in the mean measured range

of motion between any of the five assessments. Botulinum toxin A injections into the elbow

flexor muscles may help improve elbow extension during reach, however there was no

significant d.ifferences found in measured elbow extension from baseline (mean minimum

elbow extension - 2l degrees) to any of the post injection measures (range post treatment

minimum elbow extension = 18-24 degrees) (p=0.4) (Table 8.6)'

Although the mean overall changes in range of movement were minimal, improvements were

apparent for some individual subjects. Subject 3 (selected as an exalnple of a subject who

improved in overall Melbourne Assessment score, see Table 8.5) was found to improve from

baseline to 24 weeks post treatment in both shoulder flexion (82 degrees to 120 degrees) and

elbow rotation (61 degrees to 140 degrees) respectively during the hand to head task. Similar

gains in movement, from baseli ne to 24 weeks post treatment were found for completion of

the hand to mouth (1) task (Shoulder flexion increased from 58 to74 degrees; Elbow rotation

increased from 64 to 140 degrees).

However, other subjects were consistent in the range of motion used to complete each task'

Subject 8 (representative of a subject who did not significantly improve in overall Melbourne

Assessment score, see Table 8.5) had small changes in shoulder flexion and elbow rotation

from baseli ne to 24 weeks post reatment during the hand to head task (Shoulder flexion

increased from ll0 degrees to 118 degrees; Elbow rotation decreased from 115 degrees to

I 12 degrees).
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Examples of movement kinematics comparing baseline and post botulinum toxin A injections

for three tasks (Hand-Head; Hand-Mouth and Reach) are shown from representative

individual subjects in Figures 8.2-8.5.

The kinematic graphs demonstrate the small changes in range of motion following botulinum

toxin A injections over the 6 month period for the three tasks. Figure 8.4 shows improvement

in the smoothness of movement trajectory from baseline to follow up assessments' even

though the range of motion at the joint did not change. Although there was no significant

change in range of motion in performing the task following botulinum toxin A injections, the

graphs do show a very high level of repeatability in performing this task over the 6 month

period. Figure 8.5 presents an example of one subject with near identical movement patterns

for elbow motion during the reaching task'
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8,4.4.Small changes in Melbourne Assessment post BTX A

The individual Melbourne Assessment item raw scores and total percentage scores

were calculated at five time points during the study, l'or all ten children. (Table 8.7 and Figure

8.6).Overall, there were only small improvements found in the Melbourne Assessment score

for the l0 subjects following botulinum toxin A injections'

Seven out of the ten subjects improved their total Melbourne Assessment score from baseline

to 24 weeks post injection (range from I - l47o incrcase), with two subjects having a l4%o

increase over this period (subject I and 3) and one subject having a 12 Vo improvement from

baseline to l2 weeks post treatment (subject 5). Three subjects were found to have a reduced

total score at 24 weeks from baseline (percentage decrease of -2, -5, and -7). The largest

decrease in Melbourne Assessment score was seen for subject 3, who had a l67o reduction

from baseline to 2 weeks following the injections, this subject went on to make clinically

significant gains by 24 weeks post treatment.

The time points when children achieved their maximum Melbourne Assessment score were

variable, due to the overall small percentage changes. At 2 weeks post treatment 6 children

had achieved their maximum functional score (subjects 2, 6, 7, 8, and 9), or were within 170

of it (subject 3).

Specific changes were looked at in the three items (item 2, I I and 16) to be used for

comparison with 3-D kinematic analysis. In item 2 (elevated reach) there is a maximum score

of 9, which 6 subjects achieved over the assessment period, however, 3 subjects had achieved

this score at baseline. For item l l (hand to head), 4 subjects achieved the maximum score of 7

for this section at baseline, one further additional child scored 7 in the time period. Overall,
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three children improvecl in this item. Item l6 r'equires the child to take an object from the

table to their mouth, with a maximum possible score of I L Six children improved in this

section from their baseline scores, 2 of these children had achieved a maximum score at

baseline.
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Tabte 8Jl lVlelbournc Assessment Pr:rcentage Totat Scores Pre and Post Upper Limb

Botulinum Toxin A lqiections.

SUBJE'CTS 1

TIME

l0I62

93sil96748474936943Baseline 39

FOST

2 w,eek 4L 52 53 96 79 93 ?8' 98 61 93

6 week 43 4:8

X2 w.eek 31 47

24wcek 52 49 82 sz 82, 84 67 98 52 98

7o Chmge
naseUneio.L46L4aBl:7'2-54
24 week

70 97 Tl

7'4 97' 86

89 78 95 57 93

90 78 98 54 97
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8.4.5, No change in PEDI scores or grip strengths post BTX A treatment

There were no significant changes in PEDI self-care scores at any of the five

assessments (p= 0.4). All children scored highly on this measure (range of 67-73), with four

children achieving the maximum score of 73 at baseline. Two children (subjects 3 and 9)

improved their PEDI score from baseline, improving by 2-4 points.

The hand-head dynamometer was used to evaluate grip strength for both the affected and

unaffected hand. As expected the unaffected hand grip strength was significantly greater then

the affected hand (p>0.5). There was no significant change in the unaffected hand grip

strength from baseline scores to post botulinum tleatment scores (p=0'6)'

8.4.6. Validity comparison between 3-D analysis and Melbourne Assessment

A preliminary validity analysis was completed by comparing the range of motion

subsections for three items of the Melbourne Assessment to the same tasks measured using 3-

D movement analysis. The three items in the Melbourne Assessment of reach (item 2); hand

to forehead (item I l) and hand to mouth (item 16) were compared to the matching 3-D

analysis tasks of reach (task 3), hand to heacl (task l) and hand to mouth I (task 2)'

Comparisons were made at all five assessment times (baseline,2,6, 12, and24 weeks post

botulinum toxin A). For each subject a corresponding Melbourne Assessment 'score' was

given to each task when performed using the 3-D kinematic measure, as determined by the

range of movement criteria described in Table 8.2. The agreement between the two measures

was determined by the number of times the 'scores' matched over the five assessment times

for each subject.
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For the reach task (item 2 in Melbourne Assessment versus Task 3. in 3-D analysis) there was

a high level of agreement in the range of movement, estimated visually from the video and

that measured by 3-D analysis. For the ten subjects there was a mean agreement in range of

movement scores at 4 out of the 5 assessment tlmes (range across the ten subjects = I - 5)'

The range of movement required for this task was <30 degrees trunk flexion, shoulder flexion

(80 -145 degrees) and elbow extension from 0-45 degrees. shoulder flexion and elbow

extension was generally overestimated by the visual analysis Melbourne Assessment score'

compared to what the subjects achieved as measurecl by 3-D analysis' Figure 8'7 shows the 3-

D analysis range of movement for one subject during this task, compared to the movement

requirements stated in Melbourne Assessment.

The hand to head task (item I I in Melbourne Assessment versus Task l. in 3-D analysis)

requires a combination of trunk (< 30 degrees), shoulder (90-180 degrees)' elbow flexion (90-

135 degrees) and supination to complete the task. For the ten subjects there was a mean

agreement in 3 out of the 5 assessment times, between the range of movement scores obtained

from the two measures (range across ten subjects = 0-5)' The amount of trunk flexion used

during the task appeared to be under estimated when scoring from visual assessment alone,

with 6 children using greater than 30 degrees of trunk flexion when performing this task' as

measured by 3-D analysis.

The total time to complete the task and range of movement were compared for the hand to

mouth task (item 16 in Melboume Assessment versus Task 2. in 3-D analysis). There was low

agreement found in the time to complete the task. with a mean agreement in only I out of 5

assessment times (range 0 -5) for the ten subjects. The 3-D analysis results found that all ten

subjects completecl the five assessments at a less than normal speed (i'e'>2 - 4 seconds)' as
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determined frorn previoqs unimpaired subject data. In contrast, the ther: int who scoredthe

Melb.ourne Asaessment consi.de,red that 8 out of the ten su$ects wtsFe cornpleting the task at a

norrral spoed.

For the hand-mouth task there was a rnoderate agrcemegt in range of motisn scotres estimated

by video analysis and those meas.urod from 3-D analysis, With agreement in 3 out of the 5

assessrnent seseisns (range 0 -5). Figure 8.8 presents the 3-D analysis fang€ of nrotion

achieved during this task from a representative subject, highlighting lack of aBlgemsnt in

dgtonnination of trunk flexion, but agrooment in range of motion achievedf.or shoulder and

elbsw motion.
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Figure 8.7: Validity Assessment of Range of Movement during Reach Task, Comparing

Melbourne Assessment and 3-D Analysis. Figure showing trunk (A), shoulder (B) and elbow

flexion (C), from a representative subject (subject 3). Green bar represents required

movement, as stated in Melbourne Assessment (Randall, Johnson et al' 1999). Grey bar

represents normative data, collected from unimpaired subjects previously (see Chapter 6)'

Blue bars represent subjects' range of movement over 5 assessment times as measured by 3-D

analysis. This subject received a Melbourne Assessment range of movement score of 2 (out of

a possible 3) for this task, indicating an abnormaliqv in movement at one or more joints. The

3-D analysis is in agreement with this score, finding that the subject does not achieve the

required elbow extension during any of the five assessments (C)'
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Figure 8.8: Validity Assessment of Range of Movement during Hand to Mouth Task'

Comparing Melbourne Assessment and 3-D Analysis. Figure showing trunk flexion (A)'

elbow flexion (B) and shoulder flexion (C) and abduction (D), from a representative subject

(subject 4). This subject was given the mar<imum score of 3 for range of movement estimated

visually in the Melboume Assessment for all time periods. However, as is evident in (A) the

subject has increased trunk flexion at all time frames when completing this task' compared to

unimpaired children and the requirements for maximum score in Melbourne Assessment'
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8.5. Discussion

This is the first study to report on the effects of upper limb botulinum toxin A treatment in

children with cerebral palsy utilising an objective 3-D kinematic outcome measure' The

combined treatment of upper limb botulinum toxin A and therapy was found to significantly

reduce muscle tone and increase passive range of motion, though not significantly' However'

the treatment had a minimal effect on upper limb function, as determined by a 3-D kinematic

analysis and the Melbourne Assessment over the six month assessment period. [n addition, it

was found a visual estimation of range of movement. used for three tasks of the Melbourne

Assessment had a moderate to high agreement with upper limb range of movement obtained

from 3-D kinematic analYsis.

This study used an objective 3-D kinematic analysis of functional movements to assess the

effects of botulinum toxin A treatment. The measure has been found to be reliable in both

nornative and cerebral palsy populations, as clemonstrated in the previous chapters (Chapter 5

and 6). Overall, there were no major changes cletected with the 3-D kinematic measure

following botulinum toxin A treatment, excluding a significant increase in shoulder flexion

during the hand to head task. The only previous work that has investigated upper limb

movement characteristics following botulinum toxin A, found delayed improvements (after

12 weeks) in forward reach using a basic 2-D analysis (Hurvitz, Conti et al. 2003)'

The question arises as to whether the 3-D measure is sensitive enough to detect change or if

no actual change occurred following treatment. Preliminary results from Boyd et al (2004)

suggest that the Melbourne Assessment measure can detect change following upper limb

botulinum toxin A treatment. In this study, the use of the Melbourne Assessment acted as a

comparison measure, with results from this assessment indicating only small improvements in
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upper limb function following botulinum toxin A injections. This suggests that limited

functional changes may have occurred following botulinum toxin injections and therapy in

this group of older children with hemiplegia, cerebral palsy'

The authors of the Melbourne Assessment found that a minimum change in the total

percentage score of I4Vo isrequired to indicate a true change following treatment (Randall,

Johnson et al. 1999). In this study only two children were found to have a l4Vo improvement

in the Melbourne Assessmen t at24 weeks post treatment (subject I & 3). Interestingly,

subject 3 had a significant reduction (-I6Vo) in Melbourne Assessment score at 2 weeks post

botulinum toxin A. The cause of this initial detrimental effect on upper limb function could be

due to possible spread of the toxin through muscle f ascia layers (Jefferson 20A4) and that the

pharmacological action of botulinum toxin A, has been found to be most potent at l0 -14 days

post injection (Aoki 1999; Munchau and Bhatia 2000). This action of the toxin could also

have influenced the fact that 6 of the subjects in this study achieved their maximum functional

score on the Melbourne Assessment at 2 weeks post botulinum toxin A injections'

In agreement with the results presented in this culrent study' the only two published

randomised and controlled trials of upper limb botulinum toxin A use in cerebral palsy have

also found small to moderate functional benefits from treatment, with Fehlings et al, (2001)

finding an improvement in QUEST score at I month post treatment (Fehlings, Rang et al'

2001) and Corry et al (1997) finding improvements in a grasp and release task (Corry'

Cosgrove et al. 1997). Preliminary work from Boyd et al (2004) and Waugh et al (2004)

presents contrasting results, with one study reporting evidence of improved Melbourne

Assessment scores (Boyd, Bach et al. 2004) and the other finding no change between
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unimpaired gfoups and botulinum toxin A treated children in Melbourne Assessment

results(Waugh, Wallen et al. 20U).

The differing types and age of cerebral palsy populations used in these studies may have

influenced the results. Corry and colleagues (1997) found that although the functional

improvements were small, the range of change amongst subjects was large' indicating that

treatment may be effective in selected subjects. Two studies had participants of mixed age

and presentation of cerebral palsy, with Corry et al ( 1997) examining children with

hemiplegia, triplegia and quadriplegia, aged from 4 - 19 years and Waugh et al (2004)

investigating 80 children, age 2-14 years with all forms of cerebral palsy' Similar to this

current work, the remaining two controlled studies have focused treatment on children with

hemiplegia, cerebral palsy, with Fehlings and colleagues (2002) studying 29 children from

age2 - l0 years and Boyd et al (2004) studying 30 matched pairs of children aged 5 -15

years. However, it is very difficult to achieve a homogenous group when investigating

children with cerebral palsy. Although children in this study all had hemiplegia, cerebral

palsy their individual hand function variecl which needs to be taken into consideration when

interpreting results for a small subject population'

The recommendations for botulinum toxin A use in the lower limbs for children with cerebral

pafsy suggest the best responders are younger children, less then 6 or7 years of age without

fixed joint contractures (Graham, Aoki et al. 2000). However, this target age may be different

for the upper limb, as older children may have a higher compliance with post injection

therapy and be more motivated to use their aff'ected upper limb in everyday tasks' Unlike the

lower limb, which is required for walking, children with cerebral palsy do not have to use the

affected upper limb in everyday tasks and an apparent 'learned non-use' of the upper limb
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may ocsur, which could be difficult to address in a younger subject post botulinum toxin A

treatment. Older children (age 8-17 years) were inclucled in this study, to ensure repeatability

when using the 3-D kinematic measure and improve therapy compliance' However' the age of

the children may be an influence on the minimal functional changes noted in this study'

In this study, children were found to have a reduction in muscle tone and improved elbow

extension and supination following botulinum toxin A treatment. Previous studies have also

found a reduction in muscle tone (Corry, Cosgrove et al. 1997; Friedman, Diamond et al'

2000: Hurvitz, Conti et al. 2003) and early gains in elbow and wrist range of motion (Chait'

de Aguiar et al. 2002). The transfer of these 'structural' changes to functional changes and

benefits appears more difficult to achieve. The changes in muscle tone and range of

movement reported in this study do not appear to be 'clinically significant'. This is evident by

both the minimal changes found in the two functional measures (3-D analysis and Melbourne

Assessment) and by the lack of significant change in the PEDI, self care assessment score

over the 6 month period. The use of the PEDI may be inappropriate for the population

assessed in this study, due to the ceiling effect that has been previously reported in higher

functioning children (McCarlhy, Silberstein et al. 2002), although previous studies have found

a significant reduction in caregiver assistance following upper limb botulinum toxin A

injection(Yang, Fu et al. 2003). All ten subjects in this study scored highly in the PED[' with

four of the children in this study achieving the maximum score at baseline'

This study provided the first basic validity analysis on the range of movement assessment

used in three items of the Melboume Assessment, by comparing the range of movement

assessed visually from a video to that obtained from 3-D analysis. A high level of agreement

was found for one item (reach) and moderate agreement was found for the two other tasks
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(hand to head and hand to mouth). A limitation of this comparison is that the two movements

being compared were completed at different times, although every effort was made to

replicate the tasks as closely as possible. Obviously, the range of motion assessment only

makes up one part of the overall functional assessment, and should not be interpreted in

isolation. The most inaccurate estimation from the Melboume Assessment occurred in

determining the time to complete the hand to mouth task, with all subjects taking significantly

longer than a considered nnormaln time. Our previous work has shown children with cerebral

palsy take longer to complete selected upper limb tasks than unimpaired subjects (Chapter 6)'

This current study has found that the time to complete each task did not change over the 6

month period, and this parameter was not affected by the use of botulinum toxin A treatment'

This study has shown that a 3-D upper limb kinematic analysis is a reliable measure over an

extended period in children with cerebral palsy and has potential to be used as a clinical

outcome measure. The ability of the measure to detect change can not be truly evaluated from

this study, as major changes in the 3-D measure were not found following botulinum toxin A

treatment; however, they were also not indicated in other measures of function used in this

study.
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CHAPTER 9:

SUMMARY, CONCLUSIONS AND RBCOMMENDATIONS FOR

FUTURE RESEARCH

9.1. Summary

There is a paucity of reliable and valid clinical outcome measures to assess the effects of

different medical interventions in children with cerebral palsy, potentially compromising both

research and the current clinical practice in this area. The main aim of this thesis was to

identify and develop objective and reliable outcome measures that can be used to evaluate the

effects of interventions, in particular botulinum toxin A in the upper and lower limbs for

ambulatory children with cerebral palsy. Specifically, the thesis firstly addressed the

reliability and validity of two common measures used for lower limb assessment, visual and

three-dimensional gait analysis. A review of upper limb measures identified that an objective

measure of upper limb function was not available, leading to the development of a three-

dimensional upper limb kinematic analysis measure. This objective three-dimensional

measure has then been used to determine the reliability and validity of additional upper limb

measures and act as a primary outcome measure in a pilot study investigating the effects of

upper limb botulinum toxin A treatment. The fbllowing chapter will summarise the

conclusions and inferences presented in this thesis, in regards to the reliability and validity of

lower limb clinical outcome measures, and then upper limb clinical measures used to assess

children with cerebral palsy. Finally in light of what has been presented in the thesis, areas of

future research are identified and discussed.
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9.2. Lower limb outcome measures

The first specific aim of the thesis was to determine the reliability and validity of clinical

outcome measures that are used to assess lower limb function in children with cerebral palsy

following botulinum toxin A trearmenr. The review of the literature identified two key deficits

in regards to lower limb clinical outcome measures, namely the surprising lack of evidence on

the repeatability of three-dimensional gait analysis in normative and cerebral palsy

populations and secondly the limited reliability and validity assessments on visual gait

analysis, one of the most frequent outcome measures used by clinicians for children with

cerebral palsy.

Three-dimensional gait analysis is considered the criterion measure of lower limb function for

children with cerebral palsy and the work presented in this thesis has confirmed the high level

of repeatability of gait kinematics, both within and between two measuring sessions' The

effects of spasticity or other pathology did not influence the reliability, with norrnative and

cerebral palsy populations both demonstrating high levels of reliability, in particular for

sagittal plane motion. Having established our own level of reliability for use of 3-DGA in a

clinical population it could then be confidently used to validate other more frequently used

measures of visual gait analYsis.

The Observational Gait Scale and other versions o1'this measure are used in both a clinical

and research setting to evaluate the walking pattern of children with cerebral palsy, before and

after interventions. This form of visual gait analysis has provided some of the key evidence

supporting the use of lower limb botulinum toxin A in ambulatory children with cerebral

palsy (Koman, Mooney et al. 1994;Corry, Cosgrove et al. 1998), however, there is minimal

evidence available on the reliability of validity of such a measure' The work in this thesis has
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addressed this problem and established that observational gait analysis in children with

cerebral palsy has acceptable reliability within and between raters. A unique validity

assessment of observational gait analysis was performed' by comparing results to three-

dimensional gait analysis. The results of this analysis found acceptable validity for the

majority of sections used in the Observational Gait Scale, namely the estimation of knee and

foot position in mid stance, initial foot contact and timing of heel rise. The visual assessment

of movement patterns in clinical population is always going to be a skill heavily relied upon

by clinicians. Having established the reliability and validity of this gait analysis measure, it

allows the clinician to interpret results from a visual assessment with greater confidence'

9.3. Upper limb outcome measures

The final specific aims of the thesis were to develop an objective and reliable measure of

upper limb function for use in children with cerebral palsy and then compare current upper

limb measures with the newly developed 3-D objective measure of upper limb function'

The review of the literature highlighted that there were less objective and reliable measures

available to assess upper limb function than that found for the lower limb. The current

measures of upper limb function, including the QUEST and Melbourne Assessment are useful

tools in a clinical seting (DeMatteo, Law et al. 1993; Randall, Johnson et al. 1999); however

they both provide a subjective assessment of arm function and as such have the potential for

bias. There was a need to develop an objective three-dimensional measure of arm function' to

allow for the further validation of current subjective measures and for the possible future use

as a clinical outcome measure. Chapters 5 and 6 of the thesis addressed this specific issue'

with the development and subsequent reliability testing of a 3-D upper limb kinematic model'

The results from an initial pilot study found a high degree of repeatability in upper limb
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kinematics between measuring sessions, particularly in the sagittal plane, similar to what was

found previously in the assessment of 3-D lower timb kinematics. However, the large degrees

of freedom available at the shoulder joint meant that it was difficult to accurately represent

movement using the 3-D kinematic analysis system and it was apparent that further

standardisation of the tasks and set up was required if the tool was to be developed as an

evaluative outcome measure.

The investigation of additional upper limb tasks in an individualised and goal directed set up

resulted in improvements in the 3-D upper limb movement kinematics from week to week'

particularly in the measured starting position at the shoulder joint' This work demonstrated

that contrary to what was previously thought, upper limb kinematics are equally reliable over

time in both normative and cerebral palsy populations. The data obtained from 3-D upper

limb analysis provided information on the actualjoint range of motion during an upper limb

task, plus the timing and pattern of the movement. Although the repeatability of the tasks was

similar between unimpaired and cerebral palsy populations there were significant differences

in timing and range of motion used in the tasks. Children with cerebral palsy are significantly

slower in performing upper limb tasks and have less measured range of motion, particularly at

the elbow joint. The question arises as to how muclr do the t'actors of motor control, increased

muscle tone and reduced range of motion influence actual arm function?

Measures of increased muscle tone are standard assessment tools used to assess the effects of

different interventions in children with cerebral palsy. The modified Tardieu scale, has been

recommended as a measure of dynamic tone that would assist in the subject selection of

botulinum toxin A treatment (Boyd and Graham 1999). The measure requires the therapist to

move the limb of interest at different velocities to detect resistance in the movement and then
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to quantify the corresponding joint angle with the use of goniometer. Potential areas of bias

are immediately apparent, in not only the velocity the therapist would apply, but also in the

accuracy of the goniometer measure. The reliability of the Tardieu measure had not been

established for the upper limb in children with cerebral palsy, although it had been used in

previous studies (Gracies, Marosszeky et al. 2000) and could be used to influence which

subjects are most appropriate for botulinum toxin A tl'eatment.

The work presented in Chapter 7 of this thesis provicled a unique examination on the

reliability of the modified Tardieu scale, making use of the newly developed objective 3-D

upper limb measurement tool. The results found that the modified Tardieu scale has limited

reliability when used to detect dynamic tone in chilclren with hemiplegia, cerebral palsy'

Variations were noted in both the velocity applied by the therapist and in the measured joint

angle, indicating this measure would be of limited value as a quantifiable research tool'

The next step was to evaluate the validity of another clinical upper limb measure, namely the

Melbourne Assessment, by comparing it to the 3-D kinematic functional measure' To achieve

this evaluation a pilot study on the effects of upper limb botulinum toxin A injections on arm

function in children with cerebral palsy was completed, using both the 3-D kinematic measure

and Melbourne Assessment as outcome measures.

Similar to previous studies on upper limb botulinum toxin A use (Corry, Cosgrove et al'

lgg1),our study found only small improvements in upper limb function following botulinum

toxin A injections, although significant changes were found in the reduction of muscle tone

and increasing passive range of motion. Due to the lack of significant functional change there

is not yet sufficient evidence to state that 3-D upper limb kinematic analysis is a 'sensitive' or
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responsive clinical measure. However, further studies evaluating treatment where a known

change occurs may assist with this, for example following a specific surgical intervention'

Small changes in the Melbourne Assessment results also support that minimal functional

changes actually occurred post botulinum toxin A treatment. This study provided the first

information on the validity of sections of the Melbourne Assessment. The validity comparison

between two functional measures indicated there was moderate agreement in visually

estimated range of movement compared to an objective kinematic analysis'

The results obtained from the 3-D kinematic analysis further suggest that key aspects of motor

control, such as speed of movement, and possibly onset of muscle contraction will influence

upper limb function more than range of motion and increased muscle tone. This is important

information when considering which interventions to offer children with cerebral palsy'

Obviously, this study was completed in a specific population of older children with

hemiplegia cerebral palsy and the results can not be directly applied to other populations' such

as younger children with cerebral palsy or other neurological conditions'

The results from the pilot study on the eff-ects of upper limb botulinum toxin A treatment and

the reliability data collected on the use of the 3-D upper limb kinematic measure also now

importantly provide information on the number of subjects that would be required to power

future randomised controlled trials on the etfects of upper limb botulinum toxin A treatment

using an objective outcome measure. The mean absolute difference and standard deviation in

the starting position of elbow flexion motion between two sessions during the reach task was

found to be 3 t 10 degrees (see Chapter 6). Incorporating this information in a subject power

analysis set at a 0.05 significance level, a future trial would require a minimum of 30 subjects

to be g0 Zo confident that a 10 degree clinically significant difference would be detected'
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9.4. Conclusions

This thesis has examined in detail the clinical outcome measures available for children with

cerebral palsy, attempting to address the well recognised problem of the lack of valid and

reliable evaluative measures. Frequently used measures of gait analysis have been shown to

be reliable and valid measures for children with cerebral palsy and can be used with greater

confidence in a research and clinical setting. For the upper limb this work has resulted in the

development of an objective and reliable 3-D kinematic measure of upper limb function'

which has been used to examine the reliability and validity of additional upper limb measures

of muscle tone and arm function and complete an objective assessment of upper limb

botulinum toxin use in this population. The use of valid and reliable outcome measures will

provide a greater understanding of the complexities of cerebral palsy and ultimately lead to

improved outcome and greater treatm€nt opportunities for families and children with cerebral

palsy.

9.5. Recommendations for future research

As with all research investigations the work presented in this thesis has answered many

questions of interest however, in doing so it has cleated even more questions and areas for

future research.

In recognising the heterogeneity of the cerebral palsy population it would be remiss to

consider applying the results from the above studies to all cerebral palsy populations' and

further work needs to be done on specific populations of cerebral palsy' The growing

understanding of the aetiology and pathology associated with the types of cerebral palsy

suggests that these individual populations may respond differently to interventions' This was

highlighted in the upper limb botulinum toxin A study presented in this thesis' where some
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children responded better to treatment than others and

understood.

the reasons for this are not yet clearly

The development of the 3-D measure provides a reliable tool to further investigate motor

unimpaired in children with cerebral palsy. The deficits in the timing of upper limb

movements in children with cerebral palsy and the failure of this parameter to change

following botulinum toxin A treatment warants flrther investigation, as does the influence of

bilateral upper limb movements on task performance. Both of these parameters can now be

readily examined using the 3-D upper limb kinematic model developed in this study'

As was discussed in previous chapters there are limitations to 3-D kinematic movement

analysis, due to the actual mathematical model, marker placement, joint centre estimations

and skin movement. For lower limb 3-D gait analysis it is recognised that the current foot

model provides limited information on the comptex foot pathology that can be associated with

cerebral palsy and further work is required to address this. In the upper limb, the assumptions

made at the shoulder joint complex and the limited examination of individual finger

movements during upper limb tasks needs to be furrher investigated. The use of computer

modelling to provide patient specific analysis of movement to predict results of surgical

intervention and the development of 'marker-less' 3-D movement analysis are also both

exciting future prospects to advance the use of 3-D movement analysis in different

populations.

Finally, the International Classification of Functioning, Health and Disability now provides a

clear framework for clinicians when evaluating health conditions (ICF 2001), emphasising

that no one assessment tool should be considered in isolation and assessments should attempt

to evaluate all spectrums of the child and family. This current investigation into the outcome
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mrea.sures available for children with cerebral palsy has highlighted thatlinle is known about

how these lDoisuf€,g relate to the chi'ld's aetual fr:lnqtion, at home on in the Community' Further

resgareh is therefore required to address this important issue and establish ho-w for example, a

3-D measr.ue of gait oJ affn funotion relates to how far thechild can walk at school or how

often the child uses their affected upper limb in everyday activjties' Not only must the

outcome measr11e$ be valid and relidble, but they must also be re,levartt to the child and family

concerned.
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APPENDIX B:
Subject Informed Consent Fo rms (AnV02/0 1/0 15)

Control Subiect Research Consent Form

The reliability of a clinical scale used to measure dynamic
muscl; length in children with cerebral p_alsy.

lnvestigators' Inna Mackey, Dr Sharon Walt, and Dr Susan Stott

lwish to have an interPreter
f niania ana ahau ki tetahi Kaiwhakamaori/

iwhakapakeha korero.
Ou te mana'o ia iai se fa'amatala u
'Oku fiema'u ha fakatonulea
Ka au itetai tangata url reo
Treaetahatagatalakahokohokot!!r.

Name: D.O.B:

I have read and understood the information sheet provided explaining what is required of me

in this research Project.
I have understood the explanation of the study given to tne and have been given the opportunrty to

discuss this study and ask questions. I understancl the conrpensation provisions for this study'

I understand that taking part in this study is my choice and that I may withdraw from the

study at any time and tn?i tnis will in no way affect my continuing health care'

I consent to take part as a subiect in this research study'

Name: Signature:
(cHlLD)

Date: Signature:
(PARENT)

Consent obtained bY: Name:

Signature:

Name:

Signature:

Witnessed by:
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APPENDIX C:
Patient Informed Consent Forms (ArcV02/0 l/0 I 5 )

Patient Research Consent Form

Name: D.O.B:

Name: Signature:

Date: Signature:
(PARENT)

Consent obtained bY: Name:

Signature:

A pilot study on the reliability of the Modified Tardieu

Scaie, a measure dynamic muscle length in children with
cerebral PalsY.

lnvestigators: Anna Mackey, Dr Shlron Walt, and Dr Susan Stott

I have read and understood the information sheet provided explaining what is required of me

in this research Project.
I have understood ttie exptanation of the study given to me and have been given the

opportunity to discuss this study and ask queitions. I understand the compensation

provisions for this studY.
I understand that taking part in this study is my choice and that I may withdraw from the

study at any time and tnli tfris will in no way affect my continuing health care'

I consent to take part as a subiect in this research study'

(cHlLD)

I wish to have an
ffi ki tetahi Kaiwhakamaori/
Kaiwhakapakeha korero.
Ou te mana'o ia i ai se fa'amatala
'Oku fiema'u ha fakatonulea
Kai o au itetai tangata uri reo

ta fakahokohop ryq1

Witnessed by: Name:
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APPENDIX D:
Information Sheet (AKV02/01/015)

General Information Sheet

The reliability of a clinical scale used to measure dynamic
muscle length in children with cerebral palsy

lnvestigators. Anna Mackey and Drs Sharon Walt, Susan Stott

You and your child are invited to participate in a study on upper limb measures used

on children with cerebral PalsY.

I am a children's physiotherapist and am currently doing research towards my PhD at

the University of Au-ct<tanO. As part of my research l. am looking at clinical measures

used by theripists and doctors on children with cerebral palsy, particularly measures

for the upPer limb.

Dr Susan Stott, Orthopaedic surgeon (starship children's Hospital) and Dr sharon

Walt, Lecturer & Gait Laboratory Manager (Department Sport & Exercise Science'

University Of Auckland) are supervising this study'

Background for the Research:
theralpists and doctors frequently use upper limb measures in clinical practice to

assess a child before and after medical or therapy intervention'

The Modified Tardieu scale is a clinical scale used to measure dynamic muscle

length, it has been found to be useful in assisting clinicians in .selecting 
which

chil-dren with cerebral palsy would benefit most from certain treatments'

Reasons for your child's involvement:
This study aims to investigate how reliable therapists are at using a clinical measure

of dynamic muscle length'in the upper limb of children with cerebral palsy'

It is hoped that this measure can be used in future studies we wish to do

investigating the effects of botulinum toxin A treatment in the upper limb'

What will it involve for Your child?
This study witt require each chitd to attend the lJniversity of Auckland Gait

Laboratory two times, separated by one week. The examination should take 30

minutes foi each visit. All travel costs will be reimbursed.

An experienced children's physiotherapist will measure the range of movement in

each child's affected arm. while the therapist is moving the arm, eight surrounding

cameras will record the movement. These cameras give us a three-dimensional

picture of the movement and allow us lo calculate the exact joint angles'
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To achieve this three-dimensional picture we need to place small reflective markers

on the joints of the arm, The markers are small and light and taped onto the skin with

hypoallergenic tape. This is not a painful or invasive procedure.

This process will be repeated one week later to check how reliable the therapist is at

measuring the range oi movement in the arm of the child.

To get an idea of how your child uses their affected arm they will also be asked to do

a si-mpte reaching 
"nd 

gta.ping task with their hand and to walk along a 1g-metre

walkway so we can dete-rmine the position of the arm while they are walking'

At the end of the two sessions you will be sent a copy of the results for your child' All

the results are confidential and will only be available to those investigators in the

study.
This study has received ethical approval from the Auckland Ethics Committee'

Risks:
There are no known risks if your child participates in this study'

Compensation:
ln the unlikely event of physical iniury as a result of your participation in this study'

you will be covered by the accident compensation legislatiol with its limitations' lf

you have any questions about ACC please feel free to ask the researcher for more

information.
You will be asked to sign a consent form if you decide to take part in the study'

At any stage you or your child may withdraw from the study'

Health Advocates Trust
lf you have any queries or concerns regarding your rights as a participant in this

study, you may wish to contact the Health Advocates Trust, phone 0800 555 050

Northland to Franklin.

If you have any further questions please contact:

Anna Mackey, University of Auckland Gait Laboratory, (09) 3737599 ext' 82561
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APPENDIX E:
Auckland Ethics Approval (AKY/03/0 41104)

Please htclude the refercnce nc. anc! study
title in all correspondenceftelephone calts'

I May 2003

Ms Anna MackeY
Department of Sport & Exercise Science
Tamaki Campus, Building 734
University of Auckland
Private Bag 92109
Auckland

Dear Anna

Full StudY title:

A*nc$<ilatr?d

ffi*faucs #$il1fnx?aFt*eeE
PilV'r [C B'1C r'l :r:i ?;]

'lJe I letlc'/ :;1. rE:1 |

/i I l(: I( l.i :'l O

De I iv"l^./ -r\C!d rtrs:'
c"o lvlill!'itrv cl' i{e.'ilil'

-lr'(.1 Ftoor tJllisvs Eliilclill!j
650 Crl-';l( 5()uth Rosd' Pell'o1e

Ft'lot'te {09) 500 :i 105

Filx (Og) iBO licO'l

cor.r-tln i ttse x Et-11.:it | : l);lt clri illev(,lrYloh. Qovr. nz

C()!ntlti t tei(i Y En)A | | : VvO l1 ilG 1i1'; 1 Q 1 1(id floh -fJOV!-' tr ;

Apilotstr-rdytoinvesligatethesensitivityofathree-dimensiona|
arm measure. Io cleteJt change following upper |.imb botulinum

toxin A injections in the affected arn of chilcjren with hemiplegia'

cerebal PalsY.
lnvestigators: Ms Anna MackeY
Ethics Reference No: AKY/O3/04/104

The above study has been given ethical approval by the Aucklancl Y Ethics Committee'

Approved Documents
General Information sheet - version 2, dated 23 April 20O3

lnformation Sheet for Kids - version 2, dated 23 April 2003
Patient Research consent Form - version 2, dated 23 April 2003

Paediatric Evaluation of Disability lnventory (PEDI) Questionnaire
BOTOX@ Data Sheet / version dated 14 November 2001

Certitication
The Committee is satisfied that this study is not being conducted principally for the benefit

ol the manufacturer or distributor of the medicine oi it"m in respect of which the trial is

being carried out and may be considered for coverage under ACC.

Accreditation
This committee is accredited by the Health Research coutrcil ancj ts constituted and

operates in accordance with the operational standarcl for Ethics conrmittees' March 2OO2'

Progress RePorts
The study is approved until 1 May 2005. The.contmittee will review the approved

application annually. A progress ,up'ort is required for this study on 8 May 2OO4' You will

be sent a form reqiesiln'g ttiis information prior to the.revier,v clate. Please note that failure

to complete and retum tfiis form 1nuy r"..it in the withdrawal of ethical approval A final

report is also required at the conclusion of the stucly'

\ctrctlitcrl ltv I lt':rlllr ttt'scltrclt ('t;ttntil
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Requirements for SAE RePorting
Please advise the committee as soon as possible of the

. afly study in another country that has stoppecj due

events
r withdrawal of investigational product for continued development

o withdrawal from the market for any reason

r all serious adverse events which result in the investigator or sponsor breaking lhe

blinding code at the time of the SAE or which result in hospitalisation or death'

following:
to serious or unexpected aclverse

study must be advised to the committee prior to their

the case where immediate implementation is required fo!

cases the Committee must be notified as soon as possible of

Amendments
All amendments to the
implementation, excePt in
reasons of safetY. ln such
the change.

General
It should be noted that Ethics committee approval does not imply any resource

commitment or administrative facilitation by any'healthcare provider within whose facility

the research is to be carried out. Where applicable, authoiity for this must be obtained

separately from the appropriate manager within the organisation'

please quote the above reference number in all correspondence relating to this study'

please note a new version of the applicatiorr form (EA0502) is now available either by

emair f rom the Administrator or f rom the Hearth Research council website,

www.hrc.govt.nz. Form EA0699 will not be accepted after 31 December 2002'

Yours sincerelY

: /\'.' /., ..li i i tt -'-'t' "'-
i

I

,''l
lYvonne Erixon
{ Cornmittee Y Administrator

GC: Auckland DHB
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APPENDIX F:
Patient Informed consent (Eth ics A pproval A KYl03/04/104)

Patient Research Consent Form

Name:

Signature:

Signature:

palsy

lnvestigators: Anna Mackey, Dr Sharon Walt, and Dr Susan Stott

Name:
lhavereadand,nd"o@ovidedexp|ainingwhatisrequiredofme
in this research Project.
I have understood the explanation of the study given to me and have been given the

opportunity to discuss this study and ask questions'
I understand the compensation provisions for this study'

I understand that taking part in this study is my cholce and that I may withdraw from the

study at any time and tnli tfris will in no way affect my continuing health care'

I understand that the treatment will be stopped if it should appear harmfulto me'

I know who to contact if I have any side etfects to the study.

I know who to contact if I have any questions about the medication or the study'

I consent to my assessment being video-taped. YES / NO

I wish to receive a copy of the res-ults 
- -'' YES / NO

I agree to my GP being informed of my participation in this study YES / NO

I agree to my therapist being informed of ty participation in this study YES / NO / N/A

I consent to take part as a subiect in this research study'

A pilot study on the effects of botulinum toxin A iniections

and therapy for the affected arm in children with cerebral

Date:

(cHlLD)

(PARENT)

wroffi#ffi

h tn harro an intcrnrcter Yes No
Enqlish

Ae Kao
Maori E hiahia ana ahau kitetahi Kaiwhalcamaorl/

Kaiwhakapakeha korero.

Samoan Ou te mana'o ia iai se fa'amatelq u1g loe Leai

Tonqan 'Oku fiema'u ha fakatonulea lo lkai
Ae Kare

Cook lslands
E Nakai

Niuean Fia manako au ke fakaaoga e taha tagata laKanoKonoKoMu'
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General lnformation Sheet

A pilot study on the effects of botulinum toxin A treatment and

in.rupy for the affected arm in children with cerebral palsy

INVESTIGATORS: Anna Mackey; Dr sharon walt; Dr N. Susan Stott

you and your child are invited to participate in a study investigating the effects of

botulinum toxin Atreatment in the arm combined with a therapy programme'

I am a children's physiotherapist and am currently doing research towards my PhD. ?! thg

University of Aucktand. As part of my research I am looking at the.sensitivity and reliability of

a three-dimensionai i3-ol upper limb measure in children with hemiplegic cerebral palsy

following upper limb botulinum toxin A injections Td ? specific therapy programme'

Dr Susan stott, orthopaedic surgeon (Starship children's Hospital; Department of surgery'

University Of nuclfai1Oj anO 6r Sharon Wa[, Lecturer & Gait Laboratory Manager

iOepartment Sport & Exercise Science,) are supervising this study'

Taking part in this study is voluntary and you may withdraw your child from the study at any

time and this will in no way affect future h'ealth cire. we reaiise that taking part in this study

is a big commitment to all the family and would ask you to read all the information carefully

and to please feelfree to ask questions.

Research Plan:
. For the first six weeks of the study the children will receive no specific treatment'

During this time we will do two urr"rrr"nts of their arm movements (At baseline & 6

weeks). fnis wiff provide us with information on the reliability of using the 3-D

measure over time.

After six weeks the children will receive upper limb botulinum toxin A treatment

(includes several injections of botulinum toxin A into 2-4 sites in the selected muscle)'

One week later they begin a six week therapy program. There will be four follow up

assessments of the arni mou"ment, (at 2, d,' 1'2 ind 2a weeks) after the botulinum

toxin A injection.

The botulinum toxin A injections will be given to the child at the starship children's

hospital by Dr Susan Stott, Paediatric Orthopaedic Surgeon'

APPENDIX G:
Information sheet (Bthics Approval AKY/03/0 41 104)
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Background to the research:
The aim of the study is to look at the sensitivity and reliability of a three-dimensional

(3-D) upper limb measure in children with hemiplegi-c cerebral palsy following upper limb

botulinum toxin A treatment and a therapy program'

Botulinum toxin A is inlecteo in small uh'olntJ into 2 - 4 different places in the muscle belly,

resulting in a temporary relaxation of the tight muscle. The toxin works by temporarily

blocking the release of a chemical at the nervi / muscle junction in the muscle' The effects

are temporary, generally lasting about 3 - 4 months, after this time the nerve recovers and

the tightness in the muicle can return. However, in some children the beneficial etfects of

relaxing tight muscles have lasted for longer than 3-4 months and they continue to have

improved function.
Botulinum toxin A treatment is not a cure, but by relaxing tight muscles it can help to delay

surgery; assist therapy and the wearing oi sptinti and.hopefully improve function' Botulinum

toxin A is used tor a wide variety of clini-ical conditions, including reducing muscle tightness or

spasticity in children with cerebral palsy.

over the past 10 years botulinum'toxin R has been used safely in the calf muscle of the leg

to help improve walking in children with cerebral palsy. At this stage the use of botulinum

toxin A treatment in the arm is limited; more evidence is still needed to show that it will have

a beneficial effect. We know that botulinum toxin A can relax the arm muscles but we do not

yet know if this relaxation in the muscle will mean you can do more things with the hand and

arm. By combininj notutinrt toxin A treatment with specific therapy we aim to make the

most of the relaxed muscle, by stretching out the previously tight muscles and strengthening

the muscles that have not been used.

RISKS:
what are the side eftects of botulinum toxin A treatment?
Botulinum toxin A has an excellent safety record in children with cerebral palsy.

The most frequent reactions are pain from tne injection site and excessive muscle weakness

due the effects of the treatment, these generally occur a week after the injection and are

temporary. Occasionally children may ha"ve a teeting of general malaise and I or mild fever

wniih may persist for several days after the treatment'

Transient incontinence of bowel and bladder has been reported, this has been following

botulinum toxin A injections into the tfriifr muscle of the legi. Tnere.have been no reported

deaths relating to botulinum toxin A injeitions in children with cerebral palsy'

Botulinum toxin A contains small amounts of human albumin, a derivative of human blood'

Based on effective donor screening and product manufacturing processes, it carries an

extremely remote risk for transmission of viral diseases.

Botulinum toxin A treatment is contra indicated in individuals:
- with known hypersensitivity to any ingredients in.the formulation

(BotutinumtoxinA;HumanAtbumin;Sodiumchloride)
- with myasthenia gravis or Eaton Lambert Syndrome

- in the presence of infection at the proposed injection site

- on concurrent antibiotics
Botulinum toxin A iniections can not be given if you are pregnant, due to the unknown

risks on the unborn foetus. Any child with known contra indicaiions will be excluded from

the studY.
What aie the risks of a general anaesthetic?
All children will be given- the botulinum toxin A injection under general anaesthetic at the

starship children,s Hospital. The risks of a general anaesthesia will be described to you at

the time of the injection by the anaestheti-st. Informed consent for the operation will .be

obtained on the OuV oi inieciion. There is a risk of nausea, vomiting and sore throat following

general anaesthesia. Iniernationally, deaths in children due to anaesthesia have been

estimated at approximately 0.25 p"t iO, OOO. fo the best of our knowledge there have been

no major anaesthetic adverse events in children having BTX A injections in the lower limb

over the last four years at Starship Children's Hospital'
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Th ree- di m e n si on al m ove m e nt a sse ss me nt?
There are no known risks to this form of assessment

Therapy programme?
There'aie no known risks from your child undertaking a therapy programme'

Reasons for your child's participation:
Taking part in this study would help increase our knowledge on treating the affected arm in

childr6n with hemiplegia and on ways of measuring any changes after treatm.ent'

current treatment for the arm in children with hefiiplagia is limited, as priority is often given

to improving walking skills. we do not yet know which treatment for the arm gives the most

beneiit andh whatiime in a child's development it should be started'

What will it involve for you and your child?
Week

1 Baseline assessment

6 Second assessment

6 - 8 Botulinum toxin A injection, Starship Hospital

Weeks post botulinum toxin A

1 Therapy begins / weekly for 6 weeks

2 Assessment

6 Assessment

12 Assessment

24 Assessment

Time

1 -2 hours

1-2 hours

Total stay max. 4 hours

6 theraPY sessions = 6 hours

3 assessments (2,6, 12 wks)

1-2 hours

1-2 hours

1-2 hours

1-2 hours

I

{ No intervention
L

Therapy Programme:
Each child will be seen by an experienced children's therapist once / week for six

weeks. At weeks 2, 6 and 12 there will be an additional assessment at the University of

Auckland Gait Laboratory. Each child will also be given a home therapy programme'

Therapy sessions will be done either ui tn" Starship Children't Hospital, the University of

Auckland Gait Laboratory or on home visits depending on which location is easier for you

and your child.

Assessment:
1). All children will have a standard clinical assessment, including measuring the range

of movement and completing a set of everyday activities with the arm'

2). Three-dimensional analysis of arm movement:

This will be completed using three dimensional cameras, which are based at the

University ol Auckland Gait Llboratory, Tamaki campus, Merton Road' Glen Innes'

Eight cameras are placed around the room to record the arm movement' These

cameras give us a three-dimensional picture of the movement and allow uS to

calculate the exact joint angles. To achieve this three-dimensional picture we need to

place small reflective marliers-on-the joints of the arm. The markers are small and

light and tapeJ onto the skin with hypoillergenic tape. This is not.a painful or invasive

procedure. We will look at the position of the arm while your child is walking and then

look at the arm movement wnite tney do set tasks with the arm, including reaching

and Placing ditferent objects.
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Compensation
ln the unlikely event of a physical injury as a result of your participation in this study,

you may be covered uv ncc uno"ithe InjuryPrevention, Rehabilitation and Compensation

Act. ACC cover is not iutomatic and your caie will need to be assessed by ACC according

to the provisions of the 2002 lnjury Prevention Rehabilitation and Compensation Act' lf your

claim is accepted by ACC, you stitt might not get any compensation' This depends on a

number of factors such as whether you are an earner or non earner. ACC usually provides

only partial reimbursement of costs and expenses and there may be no lump sum

compensation payable. There is no cover for mental injury unless it is a.result of physical

i.lri lf you havoACC cover, generally this will affect your right to-sue the.investigators'

lf you have any questions anotit ACC, bontact your nearest ACC office or the investigator'

Health Advocate Trust
lf you have any queries or concerns regarding your rights as a-participant in this

study, you may wish to contact the Health Advodates irust, phone 0800 555 050 Northland

to Franklin
You will be issued a card to confirm your participation in the study. This card should

be presented at the time of any medicil treatment received during your participation in

the trial.

This study has received ethical approval from the Auckland Ethics committee'

Extra i mPortant information :

. An interpreter can be provided at any time if required'

o All travel costs to and from the University of Auckland Gait Laboratory will be

provided, including Parking fees'

. No material which could personally identify you will be used in any reports on this

study. All records and data r"futing to the study will be stored confidentially and

securelY.

. A copy of the study results will be sent to participants at the end of the study and the

researcher will be available to explain any results in more detail with all participants'

There is often a delay between data collection and the results becoming available'

Please feel free to contact the researcher if you have any questions about this study

or require further information

Contact Details of Lead investigator:
Anna Mackey
University of Auckland Gait Laboratory, Tamaki Campus, 71 Merton Rd' Glen Innes'

Tel - 09 SZSZSSS ext 82561; a'mackey@auckland 'ac'nz

248



APPENDIX H:
Information sheet for chilclren (Ethics Approval AKY/03/04/104)

23 April 2003

THE UNIYERSITY ol a9SXLAND

Info sheel f or k ids

A study to f ind out if botulinum toxin A &

theroPy con moke your orm move better

By: Anno MockeY (Children's PhYsio)

Dr Shoron Wolt & Dr N. Suson Stott

I om o children's physio ond om doing o study ot the university of Aucklond looking ot

different woys to meosure how your J.. 
^ou"t 

and ways to moke your orm work better

You ore invited to join o study to see if we con moke your orm move better

ReodontoseeifyoumightIiketotokeportinit'........
Whot is the studY obout??

A medicine would be put into the tight muscles of your orm to see if we con relox the

muscles ond let you move your orm more f reely'

The nqme of the medicine is Botulinum toxin A, this is given by injection into your Grm

muscles. we will put you to sleep for o short while to moke sure it doesn't hurt when you

hove the injections.
You will then see o theropist once o week for 6 weeks to do exercises for your orm

The medicine in your orm usuolly tokes owoy the muscle tightness for 3-4 months' after

this time the tightness con return. You moy have hod this medicine in you leg muscles to

help you wolk better, now we ore looking to see if it helps orm muscles'

" Being in the studY will toke

up some of Your free'lime &'

will meon You hove to do

exercises for Your orm
* Toking Port in

this study is YOUR

choice & You con

stop of onYtime

Hey
remember!
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Whot do I hove to do if
I toke Port in the

studY??

1. You & your fomily will visit us ot the University of Auckland 6oit Loborotory

We look at people wolking ond moving using speciol comeros thot moke o three-

dimensionol picture of you moving. Wl will look ot how you move your arm during

different qctivities, like during walking, playing, reoching ond eoting'

we will see you of week 1 ond then ogoin 6 weeks loter to check on your orm

movement ogoin

Six weeks ofter your first visit, you d your fomily will come to the Storship

children's hospitol for a morning to hove the injections into the tight muscles in

your orm.

Afteryou hove the injections you will stqrt hoving theropy once o week for your

orm. You ond the therlpist wilithinl up gomes ond exercises to help you use the

orm more ond moke it stronger'

4. You will see the theropist for 6 weeks, during this time you will visit the 6oit Lob

ogoin for us to look of your orm movement

Dr's to moke sure that it is OK for you to hove'

poin on your orm. Your orm may feel weok ond floppy for o while ond then it will

start to get strong ogoin.

Moke sure you let-yolr Mum & Dod know how you oref eeling after the injections'

* Note: we con not use this medicine if you noy be pregnont'

Pleose tolk to us if yotr hove ony other questions

Anno AAockey - Tel - 09 37375gg ext 8256t; o.mockey@oucklond'oc'nz

This study hos received ethicolopprovol from the Aucklqnd Ethics Committee'

Heolth Advocote Trust: If you hove ony queries or concerns regording your rights os o

subject in this study, you moy wish to contqct the Heolth Advocotes Trust, phone 0800

555 O5O Northlond to Frqnklin

2.

3.

How will I feel ofter the iqiections
s it OK for me to hove this treotm"nt?j
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APPENDIX I:
Publisher Article Permission - Gait and Posture

Dccembcr I, ?004

Mi:s Anna FI MackcY
University of Auoklsnd, DePl of Surgcry

PrivEtc Bag 92019
Auckland, Now Z,saland 10O5

Fa,x: +64 I36n159

Dear Ms. MackeY:

Our ref: MeckoYUAucktrndMl I ?'04

lffii
| :r-ssvlEn i

Publbation: AAIT AND POSTU&E, ln prcss, Muchep a oI; "Retitbitlty of uppcr a"d""" coyyrlght

2004 Elsevier B-V

As pcr your le$er datcd Nove mbct 22' 2004, wc hereby gfenl you permissiOn to r€Print the

albrcrnernioned material at no chargc in your tbcSis subjcot to the following conditions:

L lf any pad of tJre material to be uscd (for exarnple, figures) has appcarcd T.:* publication with

crcdir or acknowledgoment * *o,irJ |tttt.lp.[tistiixr mGt ofi.5" soug]rt frorir that sot'ce' If

such permission is nit obtaincd thon thw msterial ,,."y *rb" includsd in your publication/eopies'

?. suirable aclcnowlcdg;rncnt to thc sourco fius! bc m8de, sither as a footnote or in a raferencc tist at

the end of your publica{on, as follor*'s:

..Reprinied from Publication iitls, vol. number, Author(s), Title of article, Pages No" copyrigttt

(Ycar), with pcrmisrion frorn Elsevier"'

3. Reproduction of this mstarial is confined to the purpose for which parmission is hcreby givcn'

4. This permission is granted ior non-exclusivo lr'orld Eu4lisb rights only' . For other languagco

pleasc reapply seperately ro, 
"aclr'ois 

Guired. porr,i-t-"xc'iudcs use in an clectronic form'

Shoul,J you have a specific tt"atooic-pt"l..i i" mind please reapply for permission'

5. This iucludcs permission tbr University Microfitms to supply s.inglc copies' on detnand' of thc

complotc thosii. shculd your theeis bo plbtisrr"a comrn"r"ielly, pleas" reapply for permission'

Yours sinccrelY'

**ffi
for Elscvier
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APPENDIX J:
Published Articles Request and Permission - Developmental Medicine Child Neurologt

rhe Editor ffiMac Keith Press V
3'd Floor

30 Furnival Street

London EC4A 1 JQ

16 November 2004

Dear Editor,

Re: Request for use of Developmental Medicine & Child

Anna Mackey
Depl of Surgery
2" Ftoor FMHSc Buitding, Rm 3243
85 Park Road, Grafton
The University of Auckland
Private Bag 92019
Auckland
New Zealand,

www. health.auckland.ac. nz

Telephone: 64 I 373 7599 extn 2561

Facsimile: €493737662
Email: a.mackeY@ auckland.ac.nz

Neurology article

I would like to request permission to use my two articles listed below from Developmental

Medicine and Child Neurology iournalfor inclusion in part, in my PhD thesis'

I am a Doctor of Philosophy student in the Department of Surgery, University of Auckland'

New Zealand and would like to include these papers as part of my PhD thesis for submission

towards this degree. I am the first author of both papers'

l.Mackey,A-H.,Lobb,G.L.,Watt,S'E',&Stott,N'S'(2003)'
Reliability and validity ol the Observational Gait Scale in children with spastic

dipfegia. Dev Med Child Neurol, 4q1r,4'11'

2. Mackey, A- H., Walt, S.E., Lobb, G', & Stott, N'S'(2004)'

Intraobseruer reliability of the modified Tardieu scale in the upper limb of children

with hemiplegia. Dev Med Child Neurol,4qq,267'272'

Thank you very much for your assistance,

Yours sincerely,

wruffiffi

Anna Mackey
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---Original Message---

From: Michael Pountney [mailto : allat @ mackeith'co'uk]

Sent: Friday, 26 Novembet2004l:07 a.m.

To: a.mackey @ auckland. ac.nz

Subject: permission

Dear Anna MackeY

Thanks for your letter of l6th November.

we are happy for you to use your two DMCN articles in your thesis - you

will, I'm sure, give full details of where they were published'

Good luck with the doctorate.

Michael PountneY

Michael Pountney, Managing Editor, Mac Keith Press

30 Furnival Street, London EC4A lJQ

Phone: +44 (0)20 7405 5355; Fax: +44 (0)2O74A5 $65

Email: allat @ mackeith.co.uk

Publishers of:

Developmental Medicine & Child Neurology

Clinics in Developmental Medicine

International Review of Child Neurology (for ICNA)

Distributed by: Cambridge University Press
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