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Abstract  

Background  

Botulinum Toxin A (BoNT-A) is an established treatment for focal spasticity in 

children and young people with spastic cerebral palsy (CYPwCP). A systematic 

review of the available literature within this thesis highlighted that the 

published evidence for BoNT-A effectiveness is mostly related to short term 

outcomes focused on impairment level, relating to restriction of body functions 

and structures, rather than more meaningful measures of activity and 

participation.  

Aims 

To determine the effect of lower limb BoNT-A on ambulant CYPwCP by evaluating 

outcome across the WHO’s International Classification of Functioning and Disability 

(ICF) domains of body structure and function, activity and participation and change 

in movement quality over a 12-month period and investigate whether clinical 

outcomes reflect children and families’ experience of BoNT-A treatment. 

Method 

A prospective observational mixed methods longitudinal study used a one group 

repeated measures design conducted in two phases.  In Phase I the Quality Function 

Measure and the Canadian Occupational Performance Measure were used to 

evaluate change in movement quality and evaluate goal attainment following lower 

limb BoNT-A treatment. Change was also evaluated throughout the ICF domains of 

body structure and function, activity and participation, using a number of secondary 

outcome measures (64 CYPwCP). In Phase II semi-structured interviews with a 

subgroup of families from Phase I explored CYPwCP and parents experience of 

BoNT-A treatment (Phase II: 18 CYPwCP). 

Results 

There was a significant improvement in movement quality and goal attainment 

across the 12 months following BoNT-A. Spasticity was significantly reduced at 6 

weeks with mixed results at 6 and 12 months, dependent on the muscles injected. 
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Functional balance and gait improvements, although improved at 6 weeks, only 

reached clinical significance at 6 and 12 months, respectively. However, clinically 

significant improvement in motor function and participation outcomes were seen at 

6 weeks post BoNT-A and these were maintained across 12 months. CYPwCP and 

their families described improvements in movement quality and short term reduced 

stiffness following injections which were associated with increased activity, 

improved participation opportunities and increased confidence and self esteem.  

 

Conclusion 

The findings from this study suggest that judicious, targeted use of BoNT-A does 

have a place in improving activity and participation for CYPwCP. Although 

improvement in impairment measures were clinically significant up to six months 

following treatment, the improvement in activity, participation and quality of life 

associated with goal attainment following treatment were maintained for up to 12 

months following treatment. The findings suggest that re-injection intervals of up to 

12 months should be considered in clinical practice. Outcome should be evaluated 

past the short-term post injection period of 6-12 weeks and beyond a change in 

impairment in order to assess the effectiveness of BoNT-A in successfully ‘improving 

functioning and participation’, which was the main driver for families seeking 

treatment.  
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Statement of Impact  

‘If an intervention fails to enhance the quality of life, activity or 
participation for that child or family either in the short or long 
term, is it justifiable?’ 

(Damiano et al., 2021) 
 

The use of Botulinum Toxin A (BoNT-A) to treat muscle stiffness (spasticity) is well 

established in children and young people with cerebral palsy (CYPwCP) but there 

are concerns that BoNT-A may be over prescribed. The long-term effect of repeated 

injections on growing muscle is as yet unknown, with some research suggesting 

potential harm from excessive treatment episodes. It is essential to optimise BoNT-

A use by targeting treatment to the right children at the right time for the right 

length of time, with appropriate intervals between treatments.  

Unlike other studies which have focused only on change at an impairment level 

such as muscle stiffness following BoNT-A, this research has illustrated the 

importance of measuring change in areas that are important to children and their 

families such as activity and participation 

The significant amount of data presented highlights the depth and breadth of this 

study, reflecting true clinical practice. This work has potential benefits for CYPwCP, 

their families and clinicians, with a number of implications for clinical practice. 

The results of this pragmatic study indicated that lower limb BoNT-A injections 

significantly improved activity and participation in CYPwCP.  Changes in ICF body 

structure and function outcomes suggested short- and medium-term improvement 

(up to 6 months) following BoNT-A injections, while changes in a child’s movement 

quality, activity, participation and health related quality of life outcomes appeared 

to show more lasting improvement over 12 months. This was accompanied by 

significant improvement in goal attainment across the 12 months following BoNT-A 

treatment.  
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Results have highlighted that it is essential to consider change in activity and 

participation outcomes as well as change in impairment, if unnecessary injection 

episodes are to be avoided. Decision making regarding re-injection based on 

impairment alone could result in shorter re-injection intervals, when improvement 

in activity and participation, the main drivers for parents and children seeking 

treatment, may well still be evident. 

This research recommends that judicious use of BoNT-A requires routine 

standardised evaluation of impact on quality of life, activity and participation 

following treatment in order to optimise care and avoid unnecessary treatment. 
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Chapter 1 Introduction  

This report presents the work of a 6-year part-time NIHR Funded Clinical Doctoral 

Fellowship. This thesis is written from the perspective of the researcher (LK) who 

has over thirty years’ experience of working as a clinical physiotherapist with 

children and young people with cerebral palsy (CYPwCP).  

1.1.1 Introducing the researcher 

LK’s interest in the use of Botulinum Toxin for the management of increased tone in 

cerebral palsy stems from extensive experience working with this population as a 

lead clinical specialist physiotherapist; through setting up one of the largest services 

for this treatment in the UK and becoming one of the first paediatric non-medical 

injectors. This long standing clinical academic interest in the use of BoNT-A to 

manage dynamic tone began in 1993, as part of the UK Botulinum Toxin and 

Cerebral Palsy Working Party (Carr et al., 1998). LK could see that the novel 

intervention of BoNT-A was potentially useful in reducing spasticity but was keen to 

evaluate the efficacy of BoNT-A beyond the muscle level and explored the effects of 

treatment on improving a child’s motor function (MSc dissertation (Katchburian, 

1997)).  

Since that time BoNT-A has become an internationally accepted treatment 

modality, with an exponential increase in the use of botulinum toxin in children 

with cerebral palsy. However, there have been concerns raised that BoNT-A may 

currently be overprescribed (Multani et al., 2019a) with excessive injection cycles 

and little evaluation of the benefits. Whilst efficacy in terms of spasticity reduction 

has been established there is an increased need to evaluate the efficacy of this 

treatment on other outcomes considered more meaningful to children such as 

improved activity and participation.  

Experience in LK’s clinical practice suggested that parents frequently reported 

changes following BoNT-A in areas such as improved quality of movement, which 

were not evaluated by any of the standardised outcome measures used in clinical 
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practice. There were concerns that in the absence of sensitive outcome measures 

throughout the ICF, and accurate means of evaluating the efficacy of BoNT-A, 

treatment may not be targeted to the right patient, at the right time, or continued 

for the right length of time.  

1.1.2 Overview and context of the PhD 

Cerebral Palsy (CP) is the most common cause of physical disability in childhood 

(Odding et al., 2006). Although the initial brain insult is described as static, the 

effects of the neurological involvement are dynamic and change with time and 

growth of the child (Molenaers et al., 2010). Increased tone (also referred to as 

hypertonia or spasticity) is considered one of the primary motor impairments in 

CYPwCP (Koman et al., 1994) and a significant contributor to secondary 

musculoskeletal impairments (such as ankle, knee and hip contractures) impacting 

on activity and participation (Koman et al., 2003).   

Over the last 20 years intramuscular Botulinum Toxin A (BoNT-A) has become an 

internationally accepted treatment modality for the management of hypertonia in 

overactive muscle groups (Ward et al., 2006).  Historically most of the evidence has 

been related to impairment outcomes (restriction of body functions and structures) 

rather than measures of activity and participation (as defined in the World Health 

Organisation’s Framework (Figure 1-2) International Classification of Functioning, 

Disability and Health- children and youth model (ICF-CY)). In addition, much of this 

evidence has been based on short term outcome (12-16 weeks or less).  

Research suggests that it is essential to assess meaningful outcomes by evaluating 

adaptive skills (such as activity and participation) and quality of life (QOL) following 

interventions for CP in order to improve targeted intervention for CYPwCP 

(Molenaers et al., 2013, Tilton et al., 2017).  

There is little evidence demonstrating that BoNT-A treatment has a positive effect 

on the areas of children’s lives which are most meaningful to them (Tilton et al., 

2017). Whilst the short-term impact of BoNT-A on impairment has been 
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investigated, less is known about the longer term impact of treatment over three 

months or the effect on movement quality, activity and participation. These areas 

have been identified as a priority of research relevance by the CP community, 

identified in the top ten research priorities linked to the James Lind Alliance 

Paediatric Neurodisability research priority setting programme:  

“What is the long-term effectiveness of  Botulinum neurotoxin A in 
children and young people with neurodisability?“ (Morris et al., 2015) 

and within the NICE Spasticity guidelines which stated further research was 

required to evaluate the effectiveness of BoNT-A;  

“Outcomes related to gross motor function and evaluation of 
participation in activities should be evaluated” (NICE, 2012) 

There is an international drive to optimise the use of BoNT-A in CYPwCP by 

providing timely intervention to the right patient groups for the right length of time 

(Multani et al., 2019a, NICE, 2012, Strobl et al., 2015). 

LK’s experience in an established tertiary referral motor disorder service suggested 

that lower limb BoNT-A injections could be beneficial for ambulant CYPwCP with 

accurate patient selection, goal setting and evaluation of response. However, there 

remained many unanswered questions regarding BoNT-A’s impact on activity, 

participation and QOL, together with uncertainty about the duration of response 

and possible adverse effects both in the short and long-term.  

1.1.3 Aims and objectives of the PhD 

A comprehensive review of the literature was undertaken to determine the existing 

evidence regarding the use of BoNT-A in CYPwCP (Chapter 1.2). This suggested a 

lack of information evaluating the benefits of BoNT-A treatment on activity, 

participation and quality of life. This was then followed by a systematic review of 

the existing literature to determine the benefits of BoNT-A treatment when 

evaluated through all domains of the ICF (Chapter 2). This highlighted a paucity of 
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high quality studies investigating change in all of the ICF domains following lower 

limb BoNT-A.  

The subsequent research programme developed within the PhD aimed to 

contribute to this evidence base. It did this  by investigating the multidimensional 

response to BoNT-A treatment in ambulant CYPwCP within all domains of the ICF 

over a 12 month period using standardised outcome measures in an established 

tertiary level service. Through identifying response patterns to BoNT-A in key 

aspects of health across all domains of the ICF and by not restricting outcome to 

change at impairment level, this study aimed to provide clinicians and families with 

more meaningful information to inform future treatment planning and optimise the 

use of BoNT-A in CYPwCP 

This evidence was further supplemented by the introduction of a novel validated 

outcome tool the Quality Function Measure (QFM), not previously reported in the 

literature following BoNT-A use in CP. The QFM evaluated change in movement 

quality, considered an essential component of effective gross motor skills in 

children with CP, following the use of BoNT-A. 

1.1.4 Research Questions  

Specifically the aims of this research  were: 

1. To investigate clinical and patient reported outcomes throughout the ICF 

domains (body structures and function, quality of movement, activities and 

participation and quality of life) at 6 weeks, 6 months and 12 months. 

following lower limb BoNT-A injections in ambulatory CYPwCP.  

2. Determine the factors (including GMFCS level, age, injection history) 

associated with a response to BoNT-A treatment over a 12-month period  

3. Explore families’ experience of BoNT-A treatment and investigate how 

standardised clinical outcome measures relate to child and parent 

perceptions of response following BoNT-A treatment. 
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Evidence was generated as to the responsiveness of standardised outcome 

measures in relation to change post BoNT-A, as well as the relationship between 

standardised outcome measures used to capture treatment effect and children’s 

and families’ perception of outcome. Change was analysed following adjustment for 

clinical confounders and was related to established clinically significant parameters. 

1.1.5 Patient and public involvement and engagement (PPIE) 

CYPwCP and their parents were involved in the development of this research, 

exploring the importance of the research, the appropriateness of the research 

questions, the acceptability of the research methods and best methods for 

disseminating findings. Fifteen ambulant CYPwCP receiving BoNT-A at GOSH and 

their parents were consulted. A wider population of CYPwCP and their parents were 

also consulted via the SCOPE website, the advisory group for CYPwCP at Brunel 

University and Young People’s Advisory Group (YPAG) at GOSH.  

Reference Group/ Steering Group 

Three parents (all mothers) and three CYP (two boys and one girl -not participants) 

agreed to continue advising on the study through membership of the study steering 

group (parents) or reference group (CYP). Three professionals (two physiotherapists 

and one doctor) also formed part of the steering group. By including children and 

families perspectives together with regular contributions from practicing clinicians 

within the service we guaranteed the inclusion of important values and preferences 

from families and clinicians alike. This ensured that the findings of the study 

remained relevant and applicable to the management of CYPwCP (INVOLVE, 2016, 

Nguyen et al., 2018, Wright et al., 2008) 
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1.1.6 Thesis outline 

This thesis consists of twelve chapters and is divided into three sections: 

• A Systematic review of the existing research evaluating BoNT-A efficacy 

within all ICF domains.  

• Phase I   Quantitative study exploring the effects of lower limb BoNT-A use 

over a 12 month period with outcomes reflecting all domains of the ICF 

• Phase II Qualitative study exploring children and families’ experience of 

BoNT-A use.  

Structure  

This PhD thesis takes the following structure: 

 

• Chapter 1 provides a background to the study undertaken with a summary 

of the current literature regarding the use of lower limb BoNT-A use in 

ambulant CYPwCP. 

• Chapter 2 is a systematic review of the literature regarding the efficacy of 

BoNT-A as measured using all domains of the ICF 

• Chapter 3 defines the aims and objectives of Phase I and II of the Research 

programme and the development of the research programme 

• Chapter 4  details the methodology for the Phase I Quantitative study  

• Chapter 5 presents the demographics of the sample population including 

clinical data regarding children’s treatment in Phase I of the research 

• Chapter 6 summarises the results of univariate analysis of  Phase I Primary 

outcomes- Change in movement quality as measured by the QFM and goal 

attainment as measured by the Canadian Occupational Performance 

Measure (COPM) 

• Chapter 7 summarises the results of univariate analysis of  Phase I 

Secondary outcomes- measured throughout the ICF domains of body 

structure and function, activity and participation. 
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• Chapter 8 summarises the results of multivariate analysis of Phase I primary 

and secondary outcomes following the adjustment for clinical confounders 

using hierarchical multilevel modelling. 

• Chapter 9 presents the discussion and conclusions of the Phase I study   

• Chapter 10 details the research methodology for the Phase II Qualitative 

study and presents a summary of the sample population demographics for 

Phase II. 

• Chapter 11 presents the results of the thematic analysis of the Phase II 

qualitative data. 

• Chapter 12 presents the integration of Phase I and Phase II findings with 

recommendations for future research and concluding comments. 

1.2 Background 

In order to provide context to the study this chapter presents a brief summary of 

the existing literature by considering; 

• The clinical presentation and classification of Cerebral Palsy- including the World 

Health Organization's International Classification of Functioning, Disability and 

Health -Children and Youth Model (ICF-CY) 

• Current evidence for BoNT-A  injections in the management of lower limb 

muscle hypertonia in ambulant CYPwCP. This will include; mechanism of action, 

age at injection and re-injection intervals, side-effect profile and adverse events 

including evidence of histological changes in CP muscle following BoNT-A use. 

Whilst it is recognised that BoNT-A is used for other indications in CYPwCP, this 

study limits its focus to the use of BoNT-A in lower limb muscles of ambulant 

CYPwCP. The aim of the rest of this chapter is to explore the existing knowledge on 

the use of lower limb BoNT-A in the management of ambulant CYPwCP and 

investigate how efficacy has been assessed to date in order to identify any gaps in 

the current literature.   
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1.3 Cerebral Palsy 

Cerebral palsy (CP) describes “a group of permanent disorders of the development 

of movement and posture, causing activity limitation, that are attributed to non-

progressive disturbances that occurred in the developing foetal or infant brain"(Bax 

et al., 2005). The motor disorders of CP are often accompanied by “disturbances of 

sensation, perception, cognition, communication and behaviour, by epilepsy and 

secondary musculoskeletal problems “(Sanger et al., 2003). CP is the most common 

physical neurodisability of childhood and is the greatest cause of referral to 

rehabilitation services of all paediatric diagnoses (Odding et al., 2006). It has a life-

long impact on children and young people (CYP) and families, with a prevalence of 

2-3 per 1000 live births throughout Europe and 110,000 affected individuals in the 

UK (Cans et al., 2002, Sawyer et al., 2011). Although the initial cerebral insult is 

static, the effects of the neurological involvement are dynamic and the clinical 

manifestations of CP change over time as children grow and develop. (1.3.1). 

Interventions should be considered carefully, taking into account current 

difficulties, functional goals, family preferences and also the likely prognosis. 

1.3.1 Classification of Cerebral Palsy 

Several classification systems are used to categorise children and young people 

with CP (CYPwCP) into different subgroups  

 These classifications are based primarily on; 

• The dominant abnormality of muscle tone (hypertonia or hypotonia)  

• The diagnosed movement disorders such as spastic, dyskinetic or ataxic 

• The anatomical distribution such as unilateral or bilateral involvement  

The majority of CYPwCP (over 80%) experience hypertonia. There are different 

types of hypertonia described in the literature, including spasticity, rigidity and 

hypertonia of dystonia. (SCPE, 2002) (Cans et al., 2002).The picture is often mixed 

and can be characterised by stiff or tight muscles, with components of spasticity- an 
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involuntary, velocity dependent increase in tonic stretch reflex with exaggerated 

tendon jerks (Lance, 1980) and dystonia-characterised by increased muscle spasm 

associated with abnormal postures (Nguyen et al., 2018, Sanger et al., 2003). 

Hypertonia is considered one of the primary motor impairments in CYPwCP.  One of 

the main features is the presence of increased dynamic muscle tone, which limits 

muscle movement around a joint, interferes with voluntary selective motor control 

and often results in secondary impairments such as pain, joint contracture and bony 

deformities.  The progression of dynamic contracture to fixed contracture is a 

fundamental issue in the care of CYPwCP. Adaptive changes in the muscle and 

impaired muscle growth affect bone growth and can result in further movement 

limitation (Koman et al., 1993).  

In CYPwCP, abnormalities in skeletal muscle include reduced muscle-belly length, 

muscle volume, and cross-sectional area in comparison to typically developing 

muscles (Barrett and Lichtwark, 2010).  Damiano et al. (2001) also described 

decreased muscle thickness and volume, decreased moment-generating capacity 

and weakness. Key findings in contracture development in CYPwCP appear to 

include changes at both the macroscopic and microscopic levels in terms of 

structure and muscle biomechanics; including change in sarcomere length, fibre 

type, bundle stiffness, extracellular-matrix (ECM) concentration, and stem-cell 

numbers (Mathewson and Lieber, 2015). It is thought that the reasons for muscle 

weakness in CYPwCP can be categorized into 3 main areas: loss of muscle mass, 

reduced contractile material with more connective tissue and fat, and 

overstretched sarcomeres (Verschuren et al., 2018). 

These secondary motor impairments of CP commonly interfere with functional 

mobility, positioning, and self-care which has a major impact on daily personal 

activities that can restrict participation both in school and community environments 

(Preston et al., 2011). 

This can also influence function in adult life as CYPwCP often reach adolescence 

with substantial impairments in the volume and functional capacity of significant 
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muscles, and are therefore at greater risk of developing age-related sarcopenia (a  

loss of function associated with a loss of muscle mass (Cao and Morley, 2016)) than 

typically developing adults, and as a consequence may have a loss of functional 

capacity at an earlier age (Graham et al., 2016, Shortland, 2009) 

1.3.2 The Gross Motor Function Classification System (GMFCS) 

Children with CP can be further classified dependent on their functional gross motor 

abilities. The Gross Motor Function Classification System (GMFCS) is a validated 5-

level ordinal scale that describes and classifies the severity of gross motor 

involvement and resultant movement ability of CYPwCP of both unilateral and 

bilateral distribution (Palisano et al., 1997). It classifies children into one of five levels, 

where level I describes the most able ambulant children and Level V the most 

severely affected children with no independent mobility (Figure 1-1).   

 

Figure 1-1 Gross Motor Function Classification System (Palisano et al., 1997) 

The GMFCS has been pivotal in CP management since its introduction in 1997  and 

has been shown to be a valid and reliable scale (Wood and Rosenbaum, 2000). It 

provides families, clinicians and researchers with a common language, facilitating 

discussion of a child’s current and predicted motor ability. The GMFCS has improved 

the comparison of CYPwCP within individual GMFCS levels in what remains a very 

heterogeneous population (Palisano, 2006).There is now an accepted use of the 

GMFCS in interventional studies involving children with CP and increasingly 

populations are divided into ambulant CYPwCP (GMFCS I-III) and non ambulant 

CYPwCP (GMFCS IV-V) for research studies (Mandaleson et al., 2014). 
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Motor development curves have been produced for each GMFCS level (Palisano et 

al., 1997). These describe change in gross motor function over time and provide 

clinicians with evidence of the natural history of CP  thereby allowing the opportunity 

to discuss prognosis and interventions more effectively with families (Rosenbaum et 

al., 2002).  Recent evidence suggests that motor function in GMFCS levels may not be 

stable into adolescence and a deterioration in gross motor function may be observed 

(Hanna et al., 2009). Clinicians are aware of this potential deterioration in function as 

a child matures. Interventions to reduce hypertonia are frequently used to 

supplement ongoing physical therapy in an attempt to limit or delay this reduction in 

function and its resultant impact on activity and participation. These include systemic 

medication, focal reversible interventions such as BoNT-A, together with more 

permanent interventions for tone management such as Selective Dorsal Rhizotomy 

and orthopaedic surgery. 

1.3.3 The World Health Organization's International Classification of 

Functioning, Disability and Health -Children and Youth Model ICF-CY 

The World Health Organization's International Classification of Functioning, 

Disability and Health -Children and Youth Model ICF-CY (WHO, 2007 ) forms the 

conceptual foundation for what is now the most widely adopted global framework 

for the definition and measurement of health and disability. In combination with 

the GMFCS, the ICF provides a standard language for international and 

multidisciplinary use and is commonly used to discuss assessment, goal setting and 

evaluation of interventions in health conditions such as CP (Figure 1-2). Evaluation 

of each dimension of the ICF for an individual provides a representation of a child’s 

experience of living with a disability.  

Within the field of neurodisability, there is a move away from focusing 

predominantly on impairment at body structures and function level (e.g. brain 

injury, spasticity, weakness), towards an increased recognition of the importance of 

goals relating to limitations in activity and restrictions in participation (Nguyen et 

al., 2016). Quality of life (QOL), whilst not officially referred to in the ICF framework 
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is also increasingly being used as an endpoint in clinical outcomes research and is 

ideally assessed through both carer and child self-report report (Gordon, 2014). 

 

Figure 1-2 World Health Organization's International Classification of Functioning, Disability and Health -
Children and Youth Model ICF-CY 

Reviews of paediatric outcome measures have recommended evaluation of daily 

life activities, adaptive skills (i.e. activities and participation), and QOL if clinicians 

are to assess realistic outcome and target interventions that are meaningful to 

children and families (Jette and Haley, 2005, Msall et al., 2003, Novak et al., 2013).  

The use of outcome measures throughout all domains of ICF (including 

environmental factors and personal motivation) can be used to inform clinical 

thinking, practice and research in the field of CP. The ICF provides a system for 

classifying the focus of outcome studies and can help to identify gaps in current 

knowledge (Gordon, 2014). Evaluation of outcomes throughout the ICF is 

particularly pertinent when considering the effects of interventions for tone 

management such as BoNT-A on CYPwCP. Each dimension of the ICF provides a 

representation of living with a disability for a CYPwCP. 
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 Although BoNT-A treatment specifically targets impairment at a body structure and 

function level, evaluation of impairment without taking into account the changes in 

activity and participation, restricts understanding of the effect of the intervention 

on a child’s daily life. There has been little investigation into the degree to which 

change in impairments of body structures correlate with a change in activity and 

participation (Rosenbaum, 2003, Rosenbaum, 2020, Strobl et al., 2015, Wright et 

al., 2008). However, the goals of the intervention are broader than changes at 

impairment level and should be directed at enhancing functional capacity and 

improving a child’s QOL (Damiano et al., 2021, Rosenbaum, 2021a). As the recent 

systematic review from the WHO Rehabilitation Programme and Cochrane 

Rehabilitation group has highlighted, there is increasing pressure on clinicians and 

researchers to evaluate the outcome of interventions for CYPwCP stating   

“if an intervention fails to enhance the quality of life, activity  or 
participation for that child or family either in the short or long term, is it 
justifiable?”(Damiano et al., 2021)  

Therefore to realistically assess meaningful benefit to children and families outcome 

should be evaluated in all ICF areas. 

 

1.4 Botulinum Neurotoxin -Type A (BoNT-A) 

1.4.1 BoNT-A- mechanism of action 

Botulinum Neurotoxin (BoNT) is one of the most toxic substances known to man 

(Lamanna, 1959). Produced by the anaerobic bacterium Clostridium Botulinum, it 

consists of seven different serotypes A to G. Botulinum Neurotoxin Type A (BoNT-A) 

is the most commonly used in the paediatric clinical setting (Aoki and Guyer, 2001, 

Papavasiliou et al., 2013, Rasetti-Escargueil et al., 2018).  

BoNT consists of an N-terminal light chain (LC, 50 kDa), which is a metalloprotease, 

connected to a C-terminal heavy chain (HC, 100 kDa) (Albanese, 2011). The heavy 

chain consists of two principal domains, the N terminal portion, which is the 

translocation domain that is involved in the release of the light chain into the 
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cytosol of the motor neuron, and the C-terminal part that is the receptor binding 

domain, critical for the binding and endocytosis of BoNT-A into the presynaptic 

neuron(Albanese, 2011). 

BoNT-A is injected into skeletal muscle (Figure 1-3 (1)) and produces a reversible 

local muscle weakness (flaccid paralysis); selectively binding with acetylcholine 

vesicles in the motor nerve to block the release of the neurotransmitter 

acetylcholine (ACh) at the pre-synaptic cholinergic nerve terminal. This prevents 

muscle contraction at the neuromuscular junction, resulting in partial paralysis of 

the injected muscle (Figure 1-3 (2)). 

1 2

3 4

Muscle contraction occurs following nerve 
stimulation . The pre-synaptic ACH vesicle 
binds with the membrane of the nerve 
terminal  and  releases ACH across the 
synaptic cleft causing depolarisation of the 
muscle membrane and resultant contraction 
of the skeletal muscle

A Normal Transmitter Release at 
Neuromuscular junction

Nerve 

terminal

Muscle 

cell 

B Action of BoNT-A

ACH vesicles

 

Figure 1-3 Mechanism of Normal Transmitter release (A) and Action of Botulinum Toxin A (B) 

 

The regulation of fusion of the synaptic vesicle with the plasma membrane involves 

a complex of proteins collectively referred to as SNAREs (Soluble-N Ethylmaleimide, 

Sensitive Factor Attachment Protein Receptor) or SNAP receptors. The principal 

SNARE proteins include VAMP/synaptobrevin, the pre-synaptic plasma membrane 

protein, syntaxin, and the synaptosomal protein, SNAP25. BoNT-A interferes with 

normal vesicle-membrane fusion by a multi-step process, illustrated in Figure 1-4. 

The overall effect can be described as a neuro-paralysis or chemical denervation of 

muscle. 
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BoNT-A does not cross the blood–brain barrier and although retrograde transfer to 

the Central Nervous System (CNS) from peripheral injection sites is thought to occur 

to a limited degree, there is little evidence for direct central effects (Jankovic, 2017). 

One explanation for central effects is that peripheral chemo-denervation may lead 

to central reorganisation as a result of neuroplasticity (Park et al., 2002). 

 

Figure 1-4 Botulinum toxin type A (BoNT-A) mechanism of action 

[Reused from (Multani et al., 2019a) for non-commercial /educational purposes under a Creative 
Commons license 

The BoNT-A heavy chain is shown in green and the light chain in yellow, linked by a disulfide 
bond. Acetylcholine (ACh), the neurotransmitter that is blocked by BoNT-A, is shown as red 
dots within a circular vesicle in the nerve terminal. The effects of chemo denervation via 
injection of BoNT-A are summarized at macroscopic, microscopic and molecular levels. 
SNAP 25, soluble N-ethylmaleimide fusion protein/attachment protein; VAMP, vesicle-
associated membrane protein.  

] 
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Whilst the effects can be observed within 24-72 hours following injection, the 

period of clinically useful relaxation is usually 12 to 16 weeks (Aoki et al., 2006). This 

period relates to the pharmacological effects of BoNT-A when blockade of 

acetylcholine release by botulinum neurotoxin type A at the neuromuscular 

junction induces the formation of an extensive network of nerve-terminal sprouts 

and the time required for new synaptic connections to occur with collateral 

sprouting shown in Figure 1-3(3). 

An eventual re-establishment of the original neuromuscular junction occurs and 

return of synaptic activity once the pharmacological effect is complete. An eventual 

cessation of the sprout outgrowth ensues and, on the eventual return of 

exoendocytosis to the original terminals, the sprouts gradually lose their ability to 

perform endocytosis and shortly after start to regress (de Paiva et al., 1999).  

(Figure 1-3 (4)) (Albavera-Hernandez et al., 2009, Ryll et al., 2011b). 

The pattern of sprouting elicited after BoNT-A induced blockade of ACh release is 

not a precise imitation of the neuronal remodelling seen after other types of injury 

in the peripheral and central nervous systems. For example, when a peripheral 

nerve is crushed, motor axons and endplates distal to the injury degenerate and the 

muscles become denervated (Marder et al., 1997). However, this is in contrast to 

BoNT-A poisoned terminals, which persist despite their loss of activity.  

Nevertheless, an important similarity does exist as both collateral and terminal 

sprouts are also formed after nerve crush. This results in polyneuronal innervation 

until these surplus synapses are eventually eliminated. The functionality of terminal 

sprouts and the overlap in plastic reactions after both nerve injury and BoNT-A 

poisoning highlight the importance of synaptic remodelling in instigating the 

eventual recovery of neurotransmission after paralysis. The muscle activity is 

initially evoked solely via the sprouts in the absence of any exoendocytotic activity 

within the parent poisoned terminals. It is thought that this may in turn induce a 
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late phase of the remodelling process culminating in the complete functional repair 

of the original terminals. 

Little evidence exists regarding the timing of recovery of motor axons following 

BoNT-A specifically in cerebral palsy (Frascarelli et al., 2011, Park et al., 2002) with 

most work done in the animal model (de Paiva et al., 1999, Jensen et al., 2020, 

Matak and Lacković, 2015) and adult populations (Chandra et al., 2020). It appears 

that axon recovery follows a similar trajectory to that in the adult population.  

Use of BoNT-A to block Ach release into the synaptic cleft (as shown in Figure 1-4) 

results in the well-established effect of muscle paresis, often explained as “3 days to 

take effect, 4 weeks to maximum effect and 3–6 months duration.”(Frascarelli et al., 

2011). The clinical effect of BoNT-A appears to continue beyond the point of 

inducing weakness. Scientific reports are used to discuss the hypothesis that in 

addition to its effect as local muscle relaxant, BoNT-A acts at the level of the central 

nervous system (CNS) for ‘reorganization’. It is thought that such an effect on CNS 

activity could be mediated through afferent pathways coming from the injected site 

possibly originated in muscle spindles. Its effect through afferent pathways on the 

CNS may be considered as affording a more long-term response due to this sensory 

involvement (Giladi, 1997, Hok et al., 2021). 

1.4.2 Clinical use of intra-muscular Botulinum Toxin A (BoNT-A) 

BoNT-A was first introduced into clinical practice in the 1980’s for the treatment of 

blepherospasm in the adult population (Scott et al., 1985). However, it was not until  

1993, that results of the first clinical trials for the use of BoNT-A to treat lower limb 

spasticity in CP patients were reported (Koman et al., 1993). The rationale for BoNT-

A use in this group was to reduce hypertonia and enhance motor ability and 

functional skills whilst preventing contracture formation. This represented a major 

advance in the management of CP (Delgado et al., 2016b). Since this time BoNT-A  

injections have become an international standard treatment in the management of 

paediatric hypertonia in CP (Ward et al., 2006). It is often considered a first-line 

treatment for focal spasticity involving overactive muscle groups, with its’ ability to 
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reduce spasticity well documented (Alhusaini et al., 2011, Heinen et al., 2021, Hoare 

et al., 2010, Lukban et al., 2009, Multani et al., 2019a, Tedroff et al., 2009). 

Although initial use of BoNT-A was limited to injecting one muscle at a time, it 

became apparent that many of the common gait abnormalities in CP could only be 

adequately treated if several muscle groups were treated simultaneously (Friedman 

and Goldman, 2011). 

The progression of dynamic contracture1 to a fixed contracture in a joint, secondary 

to spastic muscles, is a fundamental problem in the care of the child with CP 

(Koman et al., 1993). Targeted BoNT-A treatment temporarily reduces spasticity and 

muscle hypertonia, resulting in an improved range of motion (Nguyen et al., 2018). 

During this time of decreased spasticity there is a substantial ‘therapeutic window’ 

for interventions to address specific pre-determined goals of rehabilitation to 

optimise functional performance and participation (Thomas et al., 2016). These 

goals can include targeted motor training, strengthening programmes, stretching 

(+/- serial casting), splint modification, improved postural management and pain 

relief (Multani et al., 2019a). Despite the temporary chemical effect within the 

muscle (approximately 12 weeks), gains in motor function have been reported to 

persist for longer time periods. There is evidence in the literature of improved 

motor function observed six months and in some cases over 12 months post 

injections, particularly when combined with therapeutic adjunctive measures 

(Bjornson et al., 2007, Dursun et al., 2019, Löwing et al., 2017, Molenaers et al., 

2010).   

1.4.3 Effectiveness of BoNT-A in CP management 

BoNT-A use is well established for the management of hypertonia in both upper and 

lower limb muscles throughout the GMFCS levels in CYPwCP (Carr, 2009, Delgado et 

al., 2016b, Desloovere et al., 2001, Gough, 2009, Heinen et al., 2021, Svehlik et al., 

2012). International clinical guidelines recommend the use of BoNT-A as an 

effective (and in most cases) well tolerated treatment for localised spasticity and 

 
1 Dynamic contracture in a limb has been defined as one that can be corrected to a neutral position 
with a maximal or submaximal force 



51 
 

muscle hypertonia in this patient group (Delgado et al., 2010, Heinen et al., 2010, 

Love et al., 2010b, Strobl et al., 2015, Tilton et al., 2017).  Within the UK, BoNT-A 

has been adopted within the evidence-based paediatric National Institute of Clinical 

Excellence clinical guidelines for spasticity management (NICE, 2012). 

Since its introduction over two decades ago, numerous single studies have assessed 

the effectiveness of BoNT-A on motor function in ambulant CYPwCP, demonstrating 

an improvement in gait parameters, pain reduction and improved splint tolerance 

(Boyd and Graham, 1999, Cosgrove et al., 1994, Fehlings et al., 2010, Koman et al., 

1993, Nieuwenhuys et al., 2016). Improvements in functional goals over and above 

those in a non-BoNT-A treatment group have been demonstrated when combined 

with other rehabilitation treatments (Bjornson et al., 2007). There is also some 

evidence to suggest that BoNT-A may delay or reduce the need for orthopaedic 

surgery (Delgado et al., 2016b, Firth et al., 2013, Graham et al., 2008, Graham et al., 

2016, Molenaers et al., 2010, Multani et al., 2019a, Tilton et al., 2017).  

It is increasingly recognised that successful outcome following BoNT-A treatment is 

dependent on the integration of targeted injections to appropriately selected 

spastic muscles and a comprehensive multifaceted rehabilitation programme 

directed by patient focused goal setting (Desloovere et al., 2007, Franki et al., 2020, 

Multani et al., 2019a). Whilst a number of single studies have found statistically 

significant beneficial effects, others have failed to demonstrate significant benefits 

following BoNT-A (Read et al., 2017, Schasfoort et al., 2018, Sung et al., 2013). The 

follow up time for assessment varies widely between studies with short term 

outcome reported as early as 2 to 4 weeks post injection (Delgado et al., 2016b, 

Dursun et al., 2002, Thompson et al., 1998). The wide variety of assessment tools 

used may also account for the variability in the reported results, together with a 

lack of standardisation and little reference to minimum clinically important 

differences (MCIDs). Both make it difficult to evaluate the clinical benefit of results 

in the majority of studies. The variety of clinical approaches, adjunctive co-

intervention measures and mixed GMFCS levels also contribute to the challenge in 

interpreting the results of currently available literature regarding the efficacy of 
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BoNT-A treatment (Friedman and Goldman, 2011, Multani et al., 2019a, Oeffinger 

et al., 2008). 

To date there have been a number of systematic reviews to evaluate the efficacy of 

BoNT-A use in CYPwCP. In the first Cochrane review of lower limb BoNT-A use,  Ade-

Hall and Moore (2000), reviewed the results of three randomized controlled clinical 

trials (RCTs) for the treatment of lower limb spasticity but failed to find strong 

evidence “to support or refute” its use in CP. Boyd and Hays (2001), summarised 

the results of 10 RCTs and found evidence for a moderate, dose-dependent, 

treatment effect in favour of BoNT-A on gait and lower limb function. Their findings 

were in keeping with a later meta-analysis of six double-blind RCTs by Cardoso et al. 

(2006) which demonstrated greater effectiveness of BoNT-A over placebo on the 

improvement of gait in patients with spastic equinus but this was not evaluated in 

relation to other domains of the ICF.   

Ryll et al. (2011a) later demonstrated mixed results when they systematically 

reviewed 8 RCTs to assess the efficacy of BoNT-A use on gait. When compared to 

physiotherapy alone, BoNT-A treatment had a ‘moderate’ positive effect after 2 to 

24 weeks of follow up. However this effect was no longer significant when BoNT-A 

treatment was compared to casting alone. Similarly, Koog and Min (2010) also 

reported mixed results when they reviewed 15 RCT’s to determine BoNT-A efficacy; 

observing that when compared to a ‘non- sham’ control, BoNT-A was effective in 

improving muscle tone, ankle range of motion, gross motor function and gait speed. 

However when a ‘sham’ injection was used as a control, the results were less 

favourable and the treatment group demonstrated significant improvement in gross 

motor function only after 4 months post-treatment. This led the authors to suggest 

that BoNT-A treatment for ambulant CYPwCP may not be as effective as commonly 

believed and concerns were raised that it may be over prescribed for this 

population.  

In a later systematic review of interventions for the management of tone in  

children with CP, lower limb BoNT-A use was found to be effective for reducing 
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spasticity with the quality of evidence rated as ‘high’ using the GRADE system 

(Novak et al., 2013).. However, this was in stark contrast to the results of the most 

recent Cochrane Collaboration report by Blumetti et al. (2019) which reviewed 31 

studies with 1508 participants. They concluded that in the context of low quality 

evidence there was only limited evidence to show that BoNT-A improves walking, 

joint motion, satisfaction with outcome of treatment or muscle spasticity in CYPwCP 

in comparison to placebo or usual care. 

1.4.4 Optimal age for treatment 

Whilst the long-term use of BoNT-A treatment is well established through years of 

clinical use, many research studies are based on short term outcomes (three 

months or less) following injection. The evidence base has primarily been based on 

studies of a single injection episodes but in usual clinical practice-repeat injections 

are required to realise more long term effects (Delgado et al., 2016b).  

Early research using a hereditary spastic mouse model showed that contracture 

development was completely eliminated in comparison to the control group 

following a single BoNT-A injection (Cosgrove et al., 1994). This was encouraging to 

early researchers who postulated that BoNT-A use could potentially eliminate 

contracture development in the CP population. However, this data could not be 

fully extrapolated to the human model as the effect of BoNT-A lasted for the entire 

mouse growth period. This obviously differs in humans where the growth period is 

far longer than the 3 month pharmacological effect of BoNT-A. Researchers have 

therefore suggested that whilst contracture development may not be entirely 

eliminated, its progress may be slowed by repeated BoNT-A use to reduce spasticity 

(Molenaers et al., 2010, Ryll et al., 2011a, Tedroff et al., 2009). 

Within the United Kingdom BoNT-A has a very specific lower limb license for use in 

“Calf muscle injections in CYPwCP two years or older within a specialist centre”. 

However, in reality, most BoNT-A treatment is ‘off- license’ use and other age 

groups and muscles are frequently injected, depending on the clinical indication.    
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Spasticity commonly develops within the first few years of life in children with CP. 

However there is a lack of consensus within the literature regarding the optimal age 

range for BoNT-A treatment, with varying evidence regarding what age treatment 

should begin and how long treatment should continue (Hastings-Ison et al., 2016).  

Some authors argue that BoNT-A treatment should only take place between two 

and six years of age, when the development of motor function is still flexible 

(Hastings-Ison et al., 2018, Love et al., 2010a, Molenaers et al., 2001, Read et al., 

2017). This was supported by a recent systematic review by Eliege de Souza et al. 

(2014), who investigated the effect of BoNT-A on spasticity and function in six RCTs. 

They found moderate evidence to support earlier injection in the ambulant 

population (GMFCS I-III). The authors proposed that first injection before the age of 

six may result in an ‘impairment modifying effect’ whilst the gait pattern and motor 

function are modifiable and before the development of fixed deformity.  Others 

have argued that regular BoNT-A use over a longer period has resulted in delayed 

and reduced frequency of surgical procedures, with an improved gait pattern when 

children were assessed at 10 years of age (Desloovere et al., 2007, Franki et al., 

2020).  

There has been increasing recognition of the different rates of BoNT-A use between 

older and younger children in a number of international cohort studies. Roquet et 

al. (2016), looked at BoNT-A use as part of a French national study exploring 

healthcare in CP. They found  BoNT-A was used in 39% of 2-5 year olds and 32% of 

12 -17 year old ambulant CYPwCP. Valentine et al. (2021), reported similar rates of 

use in children under 10 in their Western Australian study. However the rates of use 

in a Swedish cohort study, although similar in younger children (32% of 4-6 year 

olds), were significantly lower in the older age group, with 22%  of 10-12 year olds 

and 18% of  13-15 year olds (Franzen et al., 2017). 

Whilst age is considered an important factor during patient selection by some 

researchers, others have suggested it is the degree of dynamic spasticity present 

pre-injection and GMFCS level which may be of more importance in predicting 

benefits of treatment (Nguyen et al., 2016). A cut off point for an upper age limit for 
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treatment has been disputed and a number of researchers have highlighted the 

benefits of BoNT-A use in the older child, particularly in conjunction with focused 

goal setting when dynamic spasticity is present, for pain and spasm reduction, 

postural management and splint tolerance (Autti-Ramo et al., 1997, Strobl et al., 

2015, Wissel et al., 1999). However, evidence relating to long term outcome of 

BoNT-A treatment is lacking with little evidence about repeated injection effects in 

older children. 

Increasingly, studies are beginning to explore BoNT-A use in a younger population 

of children with CP, in some cases as young as 9 months of age (Bakheit, 2010, 

Hastings-Ison et al., 2014, Zhu et al., 2016). Zhu and co-workers (2016) carried out 

an RCT with 80 BoNT-A naïve children (9-36 months) and reported a statistically 

significant improvement in spasticity scores at six months as measured by Modified 

Tardieu Scale in children in the BoNT-A plus intensive therapy versus the intensive 

therapy control group. 

1.4.5 Re-injection interval 

There is a generally accepted minimum re-injection interval of three months due to 

the danger of antibody formation, overdosing and increased risk of adverse events2 

(Baker et al., 2002). However, despite repeated injections being indicated as part of 

usual clinical practice, there remains little consensus within the literature regarding 

the time interval for repeat injections. Until recently relatively few studies 

evaluated repeat injections in children with CP and those available have involved 

relatively small numbers in what remains a heterogeneous population. In a recent 

systematic review of nine studies, Kahraman et al. (2016), evaluated the 

effectiveness of repeated lower limb BoNT-A injections in CYPwCP and identified 

that the intervals between repeat injections varied between 3 and 12 months; with 

the injection being repeated a minimum of one and a maximum of 13 times in the 

participants studied. Whilst they found that CYPwCP showed functional 

improvements following the first two injection sessions they concluded that there 

 
2 Flu like symptoms, generalised weakness, bladder instability, dysphagia  (O’Flaherty et al., 2011) 
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was insufficient evidence to assess the effects of multiple injections over a longer 

time period. They suggested that variable results following repeated longer term 

injections may suggest a declining effect with repeated BoNT-A.  

Short term results of repeat injection sessions over twelve months in the ambulant 

child have been shown to demonstrate improvement in gait with a good safety 

profile and few adverse events2 (Delgado et al., 2016a, O'Flaherty et al., 2011). 

However, longer term studies examining the effect of repeated BoNT-A treatment 

in ambulant children with CP (GMFCS I-III) have reported more mixed results in gait 

improvement. In a 24-month study, led by Metaxiotis et al. (2002), 21 children with 

bilateral CP (naïve to previous BoNT-A), showed improvement in gait parameters 

following the first two injections, with a reduction in gait improvement reported 

after third and fourth injections. However, small participant numbers at third (n=6) 

and fourth (n=3) injection sessions limits the strength of their findings. 

Read et al. (2016) investigated the effects of repeated injections in 17 children with 

bilateral CP (GMFCS I-II) over 3 treatment cycles (7.7 months (s.d.2.2) apart) and 

suggested that although the first injection of BoNT-A had the greatest impact on 

gait quality (as measured by the Edinburgh Visual Gait Scale), subsequent injections 

maintained gait quality, leading the authors to suggest that repeated BoNT-A use 

may prevent motor deterioration in adolescence.  

A recent RCT compared two injection frequency regimens; 12-monthly versus 4-

monthly for spastic equinus with 42 BoNT-A naïve ambulant children and found no 

significant difference in range of ankle motion or secondary outcome measures, 

(together with less adverse events per child per year) in the less frequent injection 

group. They therefore suggested less frequent injections were just as efficacious 

and potentially more cost effective (Hastings-Ison et al., 2016).   These results were 

in keeping with an earlier multicentre RCT by Kanovsky et al. (2009) which assessed 

214 children (not all BoNT-A naïve) and also found no significant difference in ankle 

range of motion or Gross Motor Function Measure scores between 4-monthly and 

12-monthly injection frequencies. 
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The lack of consensus regarding re-injection intervals deserves further investigation. 

In the UK, NICE guidelines (NG145, 2016) advocate no more than two injection 

sessions in a year period unless used for pain control. Outside the UK, more 

frequent injections were advocated every 3-6 months in an attempt to arrest 

contracture development in the younger child (Crowner and Racette, 2008, 

Dabrowski et al., 2017, Dursun et al., 2018, Molenaers et al., 2001, Strobl et al., 

2015). However, there are concerns that more frequent re-injection may be 

associated with increased incidence of adverse events. Crowner et al. (2010) 

reported an increased rate of adverse events with 3 monthly re-injection intervals. 

They recommended extending the re-injection interval to a minimum of six months, 

in addition to keeping the dose within recommended maximum levels. In the only 

two RCTs to date of injection frequency in children with cerebral palsy, both studies 

confirmed that injection of the gastrocnemius-soleus complex for spastic equinus 

was as effective when performed once per year compared with 3 times per year 

(every 4 months) (Hastings-Ison et al., 2016, Kanovsky et al., 2009). 

1.4.6 Physiological changes in muscle post BoNT-A toxin 

Although generally well accepted, BoNT-A remains an invasive treatment for 

CYPwCP with longitudinal changes in developing muscles not well characterised. 

There is little published data but emerging evidence shows a structural and 

mechanical muscle impact following BoNT-A, with indications of long term muscle 

atrophy. This suggests potential harmful effects and has implications for repeat 

injections in growing muscle (De Beukelaer et al., 2022, Mathevon et al., 2015).   

Researchers have suggested that there may be long term histological changes in 

both typically developing and spastic muscles following single and multiple 

injections of BoNT-A (Mathevon et al., 2015, Multani et al., 2019b, Schroeder et al., 

2009a). Although BoNT-A has been described as a ‘reversible treatment’ (Ney and 

Joseph, 2007), there is increasing evidence to suggest that BoNT-A exposure in 

CYPwCP may be associated with impaired muscle growth in the short term 

(Alexander et al., 2018, De Beukelaer et al., 2022, Park et al., 2014, Van 
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Campenhout et al., 2013, Williams et al., 2013b) and potential long term atrophy 

(Barber et al., 2013, Fortuna et al., 2013, Van Campenhout et al., 2013).   

Studies investigating pathophysiological changes within hypertonic muscle have 

reported conflicting findings, with both positive and negative results described. 

However, a variability in measurement techniques and muscles assessed, makes 

comparison between studies challenging (De Coulon et al., 2022, Eek et al., 2014, 

Fortuna et al., 2013, Legerlotz et al., 2009, Minamoto et al., 2015, Sim et al., 2012, 

Tedroff et al., 2009).    

Alteration in the visco-elastic properties of the muscle have been reported following 

BoNT-A. The reported positive effects of treatment have included increased volume 

of injected muscles, with an associated increased force production and increase in 

muscle strength. Changes have been associated with improved compliance and 

extensibility of the target muscle, leading some researchers to argue BoNT-A may 

result in long term improvement in the function of spastic muscle (Alhusaini et al., 

2011, Boyd et al., 2000, Eek and Himmelmann, 2016). However, other studies have 

shown improvement in gait parameters with no evidence of change in muscle 

volume following injection (Barber et al., 2013). Conversely, Lee et al. (2021) 

suggested short-term reduction of muscle mass in children with hemiplegia at 4 

weeks following BoNT-A but this was significantly recovered at 12 weeks. Other 

researchers found has no positive effect on muscle stiffness following BoNT-A with 

evidence to suggest progressive weakness and reduction in muscle volume 

following long term use (Kalkman et al., 2020, Park et al., 2014, Pingel et al., 2016, 

Williams et al., 2013a).  

It is widely acknowledged that skeletal muscle fibres are dynamic structures, 

capable of changing their phenotype following any altered neuromuscular activity. 

However, there is evidence from animal models, that frequent BoNT-A  can result in 

a change of muscle fibre type (Inagi et al., 1999, Minamoto et al., 2015). There is 

concern within the field that any alteration in fibre type could be detrimental to 

growing muscle of CYPwCP, leading a number of researchers to express concern 
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about potential harmful effects of  long term use of BoNT-A (Minamoto et al., 2015, 

Valentine et al., 2016).  

Further work is imperative to investigate the physiological changes on growing 

muscle; the conflicting evidence and controversy regarding the potentially 

damaging effect on growing muscle further strengthens the need to introduce 

meaningful outcomes following BoNT-A to identify the effectiveness of BoNT-A 

treatment in both short term and long-term use in CYP.  

1.4.7 Outcome measures and the ICF 

As highlighted, the evidence for effectiveness of BoNT-A appears to be mostly based 

on short term outcomes (12-16 weeks post injection) and is often related to 

changes at the impairment level (restriction of body functions and structures). 

Although there is evidence to recommend BoNT-A as an effective anti-spasticity 

treatment, its beneficial effects on function, activity and participation remain to be 

established (Read et al., 2017). Few trials have explored improvement in the activity 

and participation domains or quality of life after BoNT-A injections (Löwing et al., 

2017, Tilton et al., 2017, Wright et al., 2008). Whilst many of these studies refer to 

statistically significant change following treatment, little reference is made to 

minimal clinically important differences (MCIDs). The absence of MCIDs makes 

interpretation of meaningful change for ambulant CYPwCP difficult (Wright et al., 

2008). 

It remains a challenge to identify responsive outcome measures sensitive to change 

following BoNT-A, particularly those with an ability to relate change in impairment 

to change in activity and participation (Baker et al., 2002, Rosenbaum, 2020, Wright 

et al., 2008). Current research highlights the importance of including outcome 

measures evaluating activity, participation and QOL to assess response following 

interventions (Gordon, 2014). It has been suggested that future efficacy 

assessments of BoNT-A should take into account the impact of the treatment on a 

child’s function and meaningful goals should be set in the context of the CYP’s life at 

home, in school and within the community (Heinen et al., 2021, Nguyen et al., 2016, 
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NICE, 2012, Tilton et al., 2017). To date few studies have incorporated information 

about a change in participation or activity level or qualitative data relating to 

children and families’ perception of change post BoNT-A treatment (Wright et al., 

2008; Lowing et al., 2010; Tilton et al.,2016; Nguyen et al 2017).  

In addition, although it is widely acknowledged that BoNT-A treatment is not a 

‘stand-alone’ treatment, detailed information regarding the adjunctive measures 

(co-intervention) used in conjunction with BoNT-A is often lacking, making 

evaluation of its efficacy difficult (Mathevon et al., 2019, Schasfoort et al., 2017, 

Williams et al., 2012).   

1.4.7.1 Quality of movement  

There is also a paucity of studies incorporating the opinion of children and families 

when evaluating the benefits of BoNT-A treatment. Those that have incorporated 

parental opinion, have reported that families refer to a change in the quality of 

motor performance in their child when they have observed benefit following BoNT-

A intervention. Parents describe an improvement in the ease of movement, co-

ordination, and lower limb alignment, reporting an ease and fluidity of movement 

following injections (Wright et al., 2008). This is in keeping with other qualitative 

studies following interventions in CP such as Selective Dorsal Rhizotomy (SDR) when 

improvement in the ‘quality’ of movement has been observed, and ‘quality’ was 

considered more important by parents than the improvement in the ‘quantity’ of 

movement (Eliasson et al., 2000) 

Quality of movement (QoM) is a significant part of motor performance not usually 

captured by standardised outcome measures evaluating the efficacy of BoNT-A. 

Reviews of research in CP have noted a lack of sensitive measures of movement 

performance which may contribute to the failure to demonstrate treatment 

effectiveness (Boyce et al., 1991, Wright et al., 2014a).  Research suggests that 

compromised movement quality in CP can limit participation and hinder inclusion 

(Steenbergen, 2014). Improvement in quality attributes such as alignment, stability 

and coordination may enhance function and decrease effort (Eliasson et al., 2000, 
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Janssen et al., 2012). Although an evaluation of change in QoM has been reported 

following other interventions in CP such as SDR, there appear to be no published 

studies that have used a standardised measure to evaluate change in quality of 

movement following BoNT-A. 

1.4.7.2 Quality of movement outcome measures  

Despite its relevance, objective assessment of movement quality is a complex 

phenomenon. A review of the literature demonstrates that whilst there are 

established validated tools to measure QoM in the upper limb in CP such as the 

Melbourne Assessment (DeMatteo et al., 1993) and the QUEST (DeMatteo et al., 

1993), there are few validated outcome measures which attempt to evaluate QoM 

in the lower limb in CP.  

The Gross Motor Performance Measure (GMPM) was developed to evaluate change 

in gross motor performance over time in CYPwCP. This was introduced to 

objectively measure QoM and was designed to complement the gold standard tool 

for evaluating gross motor function in CP the Gross Motor Function Measure 

(GMFM) (Boyce et al., 1995). Although reliability of the GMPM was good for 

children with spastic CP (intraclass correlation coefficients, ICC 0.84-0.97) (Boyce et 

al., 1995, Ko and Kim, 2012), with good evidence of responsiveness and construct 

validity, there were some limitations with the measure.  

The GMPM consists of 20 test items measured across the five dimensions of the 

GMFM, scored during a child’s ‘live’ performance. A five-point ordinal scale (1-5) is 

used to evaluate performance against five quality attributes: alignment, 

coordination, dissociated movement, stability and weight shift.  As there were only 

four test items per dimension, it was perceived that the measure did not provide 

sufficient detail of QoM. Additionally, complex scoring and lack of specificity of 

scoring criteria were identified as limitations to using the measure in clinical 

practice (Wright et al., 2014a). 
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The Quality Function Measure (QFM) was developed as a new standardised 

observational measure, designed to evaluate change in gross motor QoM in 

standing and walking skills in ambulant CYPwCP (Wright et al., 2014a).  It is an 

adaptation of the GMPM and used in conjunction with GMFM-66 dimensions D 

(Standing) and E (Walking, running and jumping). It incorporates the same five 

quality attributes with a modified ordinal three-point scoring scale (0-3). 

Modifications introduced to address the limitations of the GMPM include an 

increased number of test items (37) which are scored from a video recording of 

GMFM dimensions D and E and detailed scoring criteria with item specific response 

options.  

The QFM has been validated in ambulatory CYPwCP and has been shown to have 

excellent reliability (ICC≥0.89) (Tustin et al., 2016, Wright et al., 2014a). It is able to 

differentiate scores by GMFCS Level thereby providing evidence of discriminant 

validity. To date there are no published studies evaluating the responsiveness of the 

QFM after interventions in CP. However Minimum Detectable Change (MDC) 

estimates of 9-12% for most attributes have been established (Wright et al., 2014a) 

and indicate that the QFM may be useful for evaluative purposes. The different 

QFM attributes provide an opportunity to study relative change in attribute scores 

following interventions in CP.   

The QFM could be a valuable tool in the evaluation of the efficacy of BoNT-A 

treatment, particularly as families often describe a change in movement quality and 

ease of movement following injections. The use of a standardised objective 

measure would allow clinicians to evaluate any change in the ‘quality’ of motor 

performance as well as the ‘quantity’ of motor performance as measured by other 

standardised measures.   

1.5 Summary 

Although considered an established treatment modality, this outline of the 

literature has illustrated that there are deficits in the knowledge base regarding the 

use of BoNT-A. Results from trials evaluating effectiveness are mixed, often 
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involving small numbers and as a result may lack generalizability. There is a lack of 

consensus regarding the optimal age range for BoNT-A treatment, frequency of re-

injection and length of treatment before other management options for hypertonia 

are sought for CYPwCP 

There appears to be little evidence in the literature to date relating a change at 

impairment level directly with improvement in activity, participation and patient 

and family reported quality of life following BoNT-A. There are concerns that the 

standardised outcomes currently used to measure change remain focused on 

impairment measures and that activity outcome measures used, such as GMFM, 

due to ceiling effects, may not be sensitive enough to pick up subtle changes 

following treatment. As such they are limited in their ability to identify meaningful 

change and may be unable to differentiate between  those children who do well 

with injections and those children for whom continued treatment with BoNT-A  may 

not be indicated. Changes over time in these measures are not well characterised 

and there is concern that in the absence of MCIDs, outcome measures may not 

reflect clinically significant change post intervention. As a result, evidence that 

BoNT-A is effective in making an impact in these areas is elusive.  

Qualitative data relating CYPwCP and their caregiver’s perception of change post 

BoNT-A is also lacking. Despite a number of studies incorporating CYP and parent 

opinion as a secondary outcome measure, CYP experience and that of their families 

is rarely reported in the existing literature (Wright et al., 2014, Thomas et al., 2014, 

Lowing et al., 2017). Interest in patients’ perspectives and the concept of patient-

centred care has grown with our understanding that the impact of interventions is 

more meaningfully assessed using patient-based outcome measures. The 

perspective of CYP and their families are important not only before treatment but 

also during the rehabilitation period after BoNT-A to allow the incorporation of 

their ‘values and preferences’ during the process of clinical decision making (Tilton 

et al., 2017).  
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Despite recognition in the literature of a need to investigate long term effects of 

repeated BoNT-A use, conflicting evidence exists, with both positive and negative 

effects reported in relation to histological changes in the muscle. There are obvious 

clinical implications for CYP receiving BoNT-A, not only regarding the contested 

longitudinal effects in growing muscle but also regarding the administration of 

BoNT-A. Children receive injections under sedation, which despite local analgesia 

can cause discomfort with multiple muscle groups injected at the same time. The 

burden on the family also needs to be considered with days off from school and 

work to attend hospital appointments as well as the financial implication for the 

NHS.3 

Concern has been raised that BoNT-A treatment may be overprescribed for CYPwCP 

with little guidance about which patients will benefit; suggesting potential harm if 

clinical outcomes are unclear (Gough, 2009, Sim et al., 2012). However, clinical 

evidence suggests that in the right patient group, at the right time, BoNT-A remains 

a valuable treatment option. There is a necessity to develop clear guidelines and 

treatment algorithms in order to advise clinicians and families about which CYP are 

most likely to benefit from this intervention. 

As can be seen from this brief literature review, there are gaps in the literature 

about the effects of BoNT-A treatment beyond the short term, and a lack of 

information about outcomes in the domains of the ICF other than Body structure 

and Function, particularly outcomes evaluating change in Activity and Participation, 

which have been described as meaningful to children and families. In order to 

investigate this further, the following chapter contains a detailed systematic review 

of existing literature which has evaluated the efficacy of BoNT-A by assessing 

outcomes within all of three domains of the ICF; Body structure, Activity and 

Participation. 

 
3A day case admission for BoNT-A treatment costs in excess of £1000 plus the additional cost of pre 

and post injection assessment appointments. 
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Chapter 2 Systematic Review 

Do lower limb Botulinum Toxin A injections have an impact on impairment, activity 
limitation and participation restriction in ambulant children (GMFCS I-III) with cerebral 

palsy?  A systematic review across the ICF domains. 

 
 
2.1 Introduction and background 

The International Classification of Functioning Disability and Health, commonly 

referred to as the ICF, is a classification of health and health-related domains. It was 

established by the World Health Organisation (WHO) over twenty years ago in 2001 

and is based on the bio-psycho-social model of functioning, disability, and health. In 

2007 it was further modified with the introduction of the ICF -Child and Youth 

model (ICF-CY), which aimed to provide a similar framework for health and disability 

in children (Figure 2-1). Since this time the scientific community has been 

encouraged to think about evaluating the efficacy of interventions aimed at children 

and young people in meaningful terms based on measuring outcomes throughout 

the different domains of the ICF (Rosenbaum, 2021b).  

 

Figure 2-1 International Classification of Functioning Disability and Health, (ICF)(WHO, 2007) 

BoNT-A is well recognised as an anti-spasticity treatment in the management of 

children with CP.  However despite its widespread use, the effects on function, 
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activity and participation still remain to be established (Read et al., 2016, Reedman 

et al., 2017). There is currently little evidence to relate improvement at impairment 

level (body function and structure) with a change in other domains of the ICF, such 

as activity, participation, and health related quality of life (HrQoL) (Sim et al., 2012) 

in ambulant children and young people with CP (CYPwCP) following lower limb 

BoNT-A injections. The majority of research consists of short term (12-16 weeks) 

follow up reports related to body structure and function and activity. 

This chapter presents a systematic review of the impact of lower limb BoNT-A 

injections across the ICF domains, namely body structure and function, activity and 

participation in ambulant CYPwCP (defined as Gross Motor Function Classification 

System (GMFCS) levels I-III) (Palisano et al., 1997). The review was conducted 

according to the principles of Preferred Reporting Items for Systematic Reviews and 

Meta-Analyses (PRISMA) guidelines (Moher et al., 2009). 

2.2 Method 

2.2.1 Search Strategy 

2.2.1.1 Information sources 

Prior to conducting this review, the International Prospective Register of Systematic 

Reviews (PROSPERO) and Cochrane Database of Systematic Reviews (CDSR) were 

searched for existing systematic review protocols on the use of BoNT-A in CP to 

ensure that a systematic review on this topic ‘evaluating the effects of lower limb 

BoNT-A throughout all the domains of the ICF’ had not previously been registered. A 

detailed protocol for the proposed review was developed and registered online 

(CRD42019138523). The search strategy was developed according to the 

Population, Intervention, Comparison, Outcomes and Study (PICOS) approach 

(Moher et al., 2009). A bank of relevant search terms was developed using Medical 

Subject Headings (MeSH) where possible and a search strategy for PubMed was 

drafted by the researcher with input from a health research librarian. 
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Articles were identified using the key word combinations of Cerebral Palsy and 

Botulinum Toxin A. Keywords were matched to the Medical Participant Headings 

Index and explored or searched as keywords where appropriate (see Medline 

search for detailed search strategy Appendix 14.9.2). 

Six electronic databases were searched: SCOPUS; CINAHL; MEDLINE; EMBASE; 

COCHRANE; and WEB OF SCIENCE. Additional searches were carried out on the grey 

literature. This included conference proceedings from 2007 to 2022, specifically 

from annual meetings of the American Academy for Cerebral Palsy and 

Developmental Medicine, European Academy of Childhood Disability and 

Australasian Academy for Cerebral Palsy and Developmental Medicine. The last 

updated search was performed on 15th July 2022. 

2.2.1.2 Types of study included 

Original research examining the use of BoNT-A in ambulant children and young 

people with cerebral palsy (GMFCS I-III) were assessed. Only studies that measured 

therapeutic effect within three domains of the WHO’s ICF - Body Structure and 

Functions, Activity and Participation (WHO, 2007) - were included.  Study designs 

included randomized controlled trials; quasi-randomized controlled trials; 

prospective pre-post studies; cohort studies with and without a concurrent control 

group; and case series with a minimum of ten participants (n≥10).  Previous 

systematic reviews and meta-analyses were excluded but searched to ensure 

relevant articles were included. Articles were excluded if they were reviews, letters, 

conference abstracts without complete data or commentaries.  

2.2.1.3 Condition 

Cerebral palsy  

2.2.1.4 Population 

The search included ambulant children and young people between the ages of 2-18 

years who had been clinically diagnosed with cerebral palsy (as classified by GMFCS 

I-III). There were no restrictions on gender, race, or nationality. 
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2.2.1.5 Intervention 

Lower limb intra-muscular Botulinum neurotoxin A (BoNT-A) injections  

2.2.1.6 Comparator 

Comparators of interest in this review were: 

• No intervention  

• Standard or usual care 

• Additional therapy (e.g., casting, training programmes) 
 

2.2.1.7 Outcome 

Studies were included if they reported continuous outcomes related to all three ICF 

domains of body function and structure, activity, and participation, measured using 

a valid or clinically accepted outcome measure for CYPwCP. 

2.2.1.8 Timing 

Studies published from 2007 onwards were eligible for inclusion due to the 

introduction of ICF-Children and Youth version (ICF-CY) in 2007. Studies were 

included if the length of follow up after BoNT-A administration exceeded 4 weeks to 

allow the target threshold (reduction in dynamic spasticity) of BoNT-A injections to 

be reached. 

2.2.1.9    Setting 

There were no restrictions based on study setting.  

2.2.1.10 Language 

Studies were included if they were published in the English language only (due to a 

lack of resources available for translating).  

The inclusion and exclusion criteria are summarised in Table 2-1. 
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Inclusion Criteria                                                       Exclusion Criteria 

 

• Children aged between 2 and 18 years 
 

• Confirmed diagnosis of ambulant 
cerebral palsy (GMFCS level I-III) 
 
 

• Lower limb intra-muscular Botulinum 
Toxin A administration (alone or in 
combination with additional therapy 
such as casting, FES, targeted training 
programs etc). 
 

• Any original clinical studies with a 
measurement of the therapeutic 
effect of BoNT-A with n≥10 
participants 
 

• Therapeutic effect post BoNT-A 
included outcomes of activity and 
participation in addition to 
impairment outcome 
 

• Full text publication in English 
 
 

 

• Participants without a confirmed 
diagnosis of CP  

 

• The ambulatory level of the study 
participants was not described 

 

• Studies with participants from all 
GMFCS Levels I-V where relevant 
data from GMFCS level I-III could not 
be separated 

 

• Upper limb BoNT-A only or studies 
with participants with mixed upper 
and lower limb injections where 
results from lower limb injections 
could not be separated 

 

• Studies investigating effects of BoNT-
A for non-motor problems such as 
drooling or bladder instability only 

 

• Studies describing only the 
pathophysiology or histological 
effects of BoNT-A with no 
measurement of therapeutic 
outcome 

 

• Studies describing administration 
techniques of BoNT-A, side effects 
profile with no measurement of 
therapeutic outcome  

 

• Length of follow up following 
injections less than 4 weeks 

 

• No full text available, abstract-only 
articles (books, conference, letters), 
systematic reviews and meta-
analyses. 

 

• Studies with a publication date prior 
to 2007 

 
Table 2-1 Inclusion and exclusion criteria for articles included in the systematic review  
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2.2.2 Data extraction, selection, and coding  

Following duplicate removal, the title and abstract of 2086 titles were screened 

independently by two reviewers (the researcher, LK and Clinical supervisor, LC), to 

identify articles for inclusion using the predefined eligibility criteria shown in Table 

2-1. Abstracts meeting inclusion criteria or those requiring the full text to clarify 

inclusion were retained and reviewed independently by the researcher (LK) and 

supervisor (LC)4. Reference lists of included articles were also reviewed for 

additional literature not identified using the search strategy. Backward and forward 

citation chasing was carried out to help confirm the saturation of the initial 

searches. Each step of the selection process is outlined in a PRISMA-style flow chart 

in Figure 2-2. Consensus was reached by discussion between the two researchers 

and although articles could be referred to an independent expert (BC)5 if required, 

there were no disagreements.  

The full text publications that met inclusion criteria were reviewed by two 

researchers (LK/LC). Two study authors  (Balgayeva et al., 2018, Kelly et al., 2019) 

were contacted for clarification and additional information to inform study 

selection. Summary data of each included article were extracted independently by 

two researchers (LK/LC). When there were studies with more than one publication, 

reports were compared and the publication with the most complete data was used. 

Disparities were resolved by discussion and consultation with the wider review 

team. Any disagreement was resolved through discussion and although an 

independent expert (BC) was available to arbitrate, this was not required.  

2.2.2.1 Strategy for data extraction 

Microsoft Excel data extraction tables specifically designed by the researcher were 

used to record the following descriptive details:  

1. Participants: study setting; study population and participant characteristics. 

 
4 LC- Dr Lucinda Carr Clinical academic supervisor 
5 BC- Dr Belinda Crowe Independent expert 
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2. Study: date of publication; country of origin; sample size; study type; length of 

study. 

3. Intervention; BoNT-A type (BOTOX, Dysport etc.), dose-including dilution details, 

administration (e.g., ultra-sound guidance) safety outcomes, sedation protocols, 

number of injections, injection frequency including BoNT-A naive or repeat 

injection, muscles injected.  

4. Adjunctive therapy used including details of usual care and reference to 

treatment fidelity and adherence to planned treatment. 

5. Outcome measures used: categorised relative to the ICF domains; number of 

items; description of the items; method of administration; interpretation and 

summary scoring. 

2.2.2.2 Analysis 

A narrative approach was used to synthesize the data and present the main 

findings. A meta-analysis was planned but was not possible due to the variation in 

study characteristics, outcome measures, data collection methods, and an 

inconsistency in reporting of outcomes. Each eligible study for inclusion in the 

review was summarised and described in terms of its participants, interventions, 

and outcomes. The effects of BoNT- A on the ICF Domains of body structure and 

function, activity and participation were reviewed.  

 

2.2.2.3 Quality assessment 

Critical appraisal of the included studies was performed using the American 

Academy for Cerebral Palsy and Developmental Medicine’s (AACPDM) methodology 

for conducting systematic reviews (group design studies) and the AACPDM 

Treatment Outcomes Committee (TOC) conduct tool was used to assess quality (see 

Appendix 14.9.5 (Darrah et al., 2008)).  
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The AACPDM (TOC) framework analyses and categorizes treatment outcomes from 

studies according to the components of the ICF (WHO, 2007), and judges the 

strength of the evidence from each article according to the study design and the 

researchers’ rigor in the conduct of the study. The levels of evidence of the included 

studies were determined with the Sackett levels of evidence modified by AACPDM 

(Darrah et al., 2008). The quality conduct tool was modified specifically for this 

review to include conduct evaluation of Level IV studies.  

Two reviewers (LK/LC) assessed the methodological quality of the studies 

independently without blinding to authorship or journal. There was only one 

discrepancy (Schasfoort et al., 2018) and this was resolved between the two 

researchers, without the need to involve the independent expert (BC). 

2.3 Results 

2.3.1 Data extraction 

The PRISMA group (Moher et al., 2009) Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses was followed. The initial searches resulted in 4088 

studies. After duplicates were removed 2086 titles and abstracts were screened. Of 

these, 82 publications met initial selection criteria and were retrieved for full text 

review. The number of articles included and reasons for exclusion are provided in 

Figure 2-2.   

A total of 11 publications met the final inclusion criteria and were included in the 

review (Table 2-2).  Studies included 5 RCTs; 2 double blind RCTs (Bjornson et al., 

2007, Delgado et al., 2016b) and 3 single blind RCTs (Hastings-Ison et al., 2016, Kelly 

et al., 2019, Thomas et al., 2016), a prospective cohort study (Valentine et al., 

2020b), a cross comparison clinical trial (Williams et al., 2013a) and a pragmatic 

partially randomized single blind multicentre trial (Schasfoort et al., 2018). The 

remaining three studies were one group pre-post studies (Löwing et al., 2017, 

Wright et al., 2008, Yap et al., 2010). Agreement between reviewers was 98% for 

screening by title and 100% for abstract and full text review.  
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Figure 2-2 PRISMA style flowchart of BoNT-A Studies in Children with CP
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Table 2-2 Summary of included studies 

Authors Title  Aim of Study Method/Design 

Sample 
Total number 
of 
participants 
GMFCS Level 

   
Intervention 
Length of follow up   

Level of 
evidence 

Bjornson et 
al. (2007) 

Botulinum Toxin for spasticity in children with 
cerebral palsy A: comprehensive evaluation  

To evaluate the effects of BoNT-A injections into 
gastrocnemius muscle in children with spastic 
diplegia  

Across all 5 domains of NCMRR domains of medical 
rehabilitation  

Randomised double 
blinded placebo 
controlled trial 

N=33 

GMFCS I n=12 

GMFCS II n=15 

GMFCS III n=6 

  

BoNT-A vs placebo  

24 weeks 

II 

Delgado et 
al.(2016) 

AbobotulinumtoxinA for equinus foot 
deformity in cerebral palsy: A randomised 
controlled Trial 

To prospectively assess the efficacy and safety of one 
BoNT-A formulation (Dysport)at two doses 15 
U/kg/leg (ABO15) and 10 U/kg/leg (ABO10) compared 
with placebo in children with spasticity associated 
with CP 

Randomised double 
blinded placebo 
controlled trial 

N=235 

GMFCS I 
n=131 

GMFCS II n=78 

GMFCS III 
n=26 

  

Two doses of BoNT-A vs 
placebo 

12 weeks 

I 

Hastings-
Ison et al. 
(2016) 

Injection frequency of Botulinum Toxin A for 
spastic equinus: a randomised clinical trial  

To compare two BoNT-A frequency regimens, 12-
monthly vs 4-monthly for spastic equinus in a 
randomised clinical trial 

Randomised clinical 
trial 

N= 42 

GMFCS I n=20 

GMFCS II n=19 

GMFCS III n=3 

  

BoNT A 12-monthly vs BoNT-A 
4-monthly  

26 months 

II 



 

 
 

Kelly et al. 
(2019) 

Casting protocols following BoNT-A injections 
to treat spastic hypertonia of Triceps surae in 
children with CP and equinus gait: A 
randomised controlled Trial 

To study the effects of single vs serial casts post 
BoNT-A  for a trial of post BoNT-A casting to treat 
equinus gait in CP 

Randomised 
controlled trial 

N=20 

GMFCS I =17 

GMFCS II=3 

  

Comparison of two casting 
protocols + BoNT-A 

24 weeks 

II 

Lowing et al. 
(2017) 

Effects of Botulinum Toxin-A and goal directed 
physiotherapy in children with CP GMFCS 
levels I & II  

To evaluate short- and long-term effects of 
Botulinum Toxin-A combined with goal directed 
physiotherapy in children with CP  

Prospective 
observational 

Repeated measures 
study 

No Control group 

N=40 

GMFCS I =24 

GMFCS II =16 

 

  

BoNT-A and Goal setting 

24 months 

                IV 

Schasfoort 
et al.(2018)                  

Intramuscular Botulinum Toxin prior to 
comprehensive rehabilitation has no added 
value for improving motor impairments, gait 
kinematics and goal attainment in walking 
with spastic cerebral palsy 

To compare the effectiveness of BoNT-A  plus a 12-
week period of comprehensive rehabilitation with 
comprehensive rehabilitation alone. 

Single-blind 

Partly randomized 

Multi-centre 
pragmatic trial 

N=65 

GMFCS I =19 

GMFCS II=23 

GMFCS III=23 

 

  

BoNT-A + Comprehensive 
Rehabilitation (CR)  

Vs Comprehensive 
Rehabilitation alone 

24 weeks 

 

                III 

Thomas et 
al. (2016) 

Evaluation of group versus individual 
physiotherapy following lower limb intra-
muscular Botulinum Toxin A injections for 
ambulant children with CP: A single bind 
randomised comparison trial  

To evaluate efficacy of group versus individual 
physiotherapy programmes following BoNT-A 
injections 

Single blind 
Randomised clinical 
trial 

N=34 

GMFCS I =14 

GMFCS II=13 

GMFCS III=7 

  

BoNT-A + Group Physiotherapy 
Sessions vs BoNT-A +individual 
Physiotherapy Sessions 

26 weeks 

                II 



 

 
 

Valentine et 
al. (2020)  

A prospective study investigating gross motor 
function of children with cerebral palsy and 
GMFCS level II after long term Botulinum 
toxin A use 

To evaluate whether children treated at a young age 
with repeated BoNT-A within an integrated 
comprehensive service maintain their functional 
gains at a later age 

Prospective 
observational cohort 
study 

N=28 

GMFCS II=28 

  

BoNT-A and GMFCS II stability 

  

                IV 

Williams et 
al. (2013) 

Combining strength training and botulinum 
neurotoxin intervention in children with 
cerebral palsy: the impact on muscle 
morphology and strength 

To investigate the combination of effects of strength 
training and BoNT-A on muscle strength and 
morphology on children with CP 

Prospective cross-
comparison design 
clinical trial 

N=15 

GMFCS I 

GMFCS II 

 

  

BoNT-A + muscle training 

26 weeks 

                III 

Wright et al. 
(2008) 

How do changes in body functions and 
structures, activity and participation relate in 
cerebral palsy? 

To investigate how changes in body functions and 
structures, activity and participation relate following 
BoNT -A injections in ambulant children with CP 

Prospective 
observational one 
group repeated 
measures study 

N=35 

GMFCS I =11 

GMFCS II=12  

GMFCS III=12 

  

BoNT-A injections 

Before and after study  

26 weeks 

                 IV 

Yap et al. 
2010 

Determinants of responsiveness to botulinum 
toxin, casting and bracing in the treatment of 
spastic equinus in children with CP 

To determine whether specific intrinsic (age pattern 
of CP, child’s motivation)and extrinsic (number of 
treatments, parenting stress) characteristics are 
associated with responsiveness to BoNT-A injections 
in children with CP 3 months after injection into the 
gastrocnemius muscle 

Prospective 
Observational 

Single group study 

N=31 

GMFCS I =28 

GMFCS II=0  

GMFCS III=3 

  

BoNT-A injections 

Before and after study 

12 weeks 

                 IV 
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2.3.2 Participant and study characteristics 

All eleven studies included were prospective studies investigating the effects of 

BoNT-A injections into lower limb muscles. The demographic characteristics of the 

study populations are shown in Table 2-3. Three studies reported injections into the 

calf muscles (gastrocnemius-soleus complex) only (Bjornson et al., 2007, Delgado et 

al., 2016b, Yap et al., 2010), whilst the remaining eight studies described injections 

into multiple lower limb muscles (Hastings-Ison et al., 2016, Kelly et al., 2019, 

Löwing et al., 2017, Schasfoort et al., 2018, Thomas et al., 2016, Valentine et al., 

2020b, Williams et al., 2013a, Wright et al., 2008, Yap et al., 2010). Only one study 

did not specify the lower limb muscles injected (Thomas et al., 2016). Outcome 

measures used within the included studies to evaluate the effectiveness of BoNT-A 

treatment throughout the domains of the ICF are summarised in Figure 2-3. 

The GMFCS was used to classify gross motor functional abilities of the participants 

who were all ambulant children with spastic cerebral palsy (GMFCS Levels I-III), 

presenting with either unilateral or bilateral involvement (Cans et al., 2002). Six 

studies evaluated response in children within GMFCS levels I, II and III (Bjornson et 

al., 2007, Delgado et al., 2016b, Hastings-Ison et al., 2016, Schasfoort et al., 2018, 

Thomas et al., 2016, Wright et al., 2008). In the remaining studies, three  evaluated 

GMFCS levels I and II alone (Kelly et al., 2019, Löwing et al., 2017, Williams et al., 

2013a), one study evaluated children from GMFCS Levels I and III, although only 

three of the 31 participants were classified as GMFCS level III (Yap et al., 2010) and 

one study involved participants from only GMFCS level II (Valentine et al., 2020b). 

Only one study (Williams et al., 2013a), did not specify the number of children 

within each of the GMFCS levels I and II studied. It is of note that participants from 

GMFCS levels I and II made up 91% of the total number of children studied within 

this review.  

The eleven studies incorporated a total of 938 participants, with a large variability in 

the number of participants across the different studies (range 15- 235). Participants 

were aged between 2 years and 17 years (range of means 3.6 years to 10.9 years). 
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Only one study did not specify the gender of participants (Valentine et al., 2020b), 

in the remaining studies 61.5% of participants were female.  

Four trials compared BoNT-A and usual care (this consisted of the usual therapy 

care package provided without specific modifications for the purposes of the study). 

One study was a placebo-controlled trial (Bjornson et al., 2007) and three had a 

single group design without a control group (Löwing et al., 2017, Wright et al., 2008, 

Yap et al., 2010). Three trials looked at specific co-intervention packages in 

association with lower limb BoNT-A injections, these were: BoNT-A plus two casting 

regimens (single vs serial casting)(Kelly et al., 2019); BoNT-A plus two strengthening 

regimens (pre and post injection)(Williams et al., 2013a); and BoNT-A plus two 

physiotherapy (PT) intervention methods (group vs individual therapy 

sessions)(Thomas et al., 2016). One study compared intensive physiotherapy in two 

groups with the addition of BoNT-A injections as the intervention (BoNT-A plus 

intensive PT vs intensive PT alone) (Schasfoort et al., 2018). Two trials looked 

specifically at BoNT-A administration details; Hastings-Ison et al compared the 

outcome of BoNT-A injections between two injection frequencies (4 monthly vs 

yearly) in a single blind controlled trial (Hastings-Ison et al., 2016) and Delgado et al. 

in a double-blind placebo-controlled trial investigated two different doses of BoNT-

A compared to placebo (Delgado et al., 2016b). The remaining study was a 

longitudinal cohort study which explored the stability of GMFCS level II children 

following long term use of lower limb BoNT-A injections (Valentine et al., 2020b).  

Funding was declared in all but one study (Löwing et al., 2017). Of the remaining 

studies; one was funded by the pharmaceutical company Ipsen Biopharmaceuticals, 

Inc (Dysport® (AbobotulinumA toxin) (Delgado et al., 2016b) and two studies 

received unrestricted educational grants from the pharmaceutical company 

Allergan Inc. Valentine et al. (2020b) used the funding to complete participant 

outcome tests and Bjornson et al. (2007) were provided with the BoNT-A product 

BOTOX® (OnabotulinumA toxin) used in their study. All other studies were funded 

through national research grants.  
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The follow up time following BoNT-A injections varied between 12 weeks and 24 

months and was clearly stated in all studies with the exception of Valentine et al. 

(2020b), who followed a cohort of children from birth years 2000-2009 and 

evaluated outcome in children aged 8-16 years. The follow up time in this latter 

study was unclear. For the basis of this review short term response following BoNT-

A has been classified up to six months and long term six months and over.  

The details of BoNT-A administration were described to different extents within the 

studies. (Methodological details including product characteristics, dose and muscles 

injected and specific administration details have been summarised in Appendix 

14.9.6. Two BoNT-A products were used, BOTOX® (OnabotulinumtoxinA – Allergan 

Inc.) and Dysport® (AbobotulinumtoxinA - Ipsen Biopharmaceuticals, Inc). BOTOX® 

was used in all the studies apart from the largest RCT by Delgado et al. (Delgado et 

al., 2016b). Mean dosage was described in all studies except for Thomas et al. 

(2016) who described general administration in line with ‘WE Move Inc’ published 

guidelines (Brin, 1997). Four studies described administration details of the 

injections using EMG or ultrasound guidance (Bjornson et al., 2007, Delgado et al., 

2016b, Hastings-Ison et al., 2016, Löwing et al., 2017) and sedation details were 

provided in six of the eleven studies (Bjornson et al., 2007, Delgado et al., 2016b, 

Hastings-Ison et al., 2016, Löwing et al., 2017, Schasfoort et al., 2018, Yap et al., 

2010).    

The majority of studies described the outcome following a single injection cycle 

(Bjornson et al., 2007, Delgado et al., 2016b, Kelly et al., 2019, Schasfoort et al., 

2018, Thomas et al., 2016, Wright et al., 2008, Yap et al., 2010), with multiple 

injection cycles reported in three studies (Hastings-Ison et al., 2016, Löwing et al., 

2017, Valentine et al., 2020b). Two of the studies consisted of participants receiving 

BoNT - A injections for the first time (BoNT-A naïve) (Bjornson et al., 2007, Hastings-

Ison et al., 2016) and six studies had a combination of BoNT-A naïve participants 

and those with a variable number of previous injection cycles (Delgado et al., 

2016b, Kelly et al., 2019, Löwing et al., 2017, Schasfoort et al., 2018, Wright et al., 

2008, Yap et al., 2010). One study consisted of participants who had all received 
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previous injections (Valentine et al., 2020b) and in the remaining study by Thomas 

et al. (2016) previous injection history was not provided.   

All studies, as per review inclusion criteria, had outcomes measured in ICF domains 

of Body function and structure, Activity and Participation. Four studies used 

additional measures to capture behavioural components of the ICF such as quality 

of life (Hastings-Ison et al., 2016, Kelly et al., 2019, Thomas et al., 2016), child 

motivation and parenting stress (Yap et al., 2010). Forty-three different outcome 

measures were used within the 11 studies. (These are summarised in Figure 2-3). 

Detailed information about the outcome measures according to ICF domains, 

demographics of included studies and outcomes used are found in Table 2-3.



 

 
 

KEY: AOC, Angle of Catch; AROM, Active range of motion; COPM, Canadian Occupational Performance Measure; CHQ, Child Health Questionnaire; DTR, Deep Tendon Reflexes; DMQ , Dimensions 

of Mastery Questionnaire;EVGS, Edinburgh Visual Gait Scale; ECI, Energy Cost Index; FAQ, Gillette Functional Assessment Questionnaire; GAS, Goal Attainment Scaling; GDI, Gait Deviation Index; 

GMFCS, Gross Motor Function Classification System; GMFM(-66), Gross Motor Function Measure (66); GPS, Gait Profile Score; I, intervention; 3DGA, 3 dimensional Gait analysis: MAS, Modified 

Ashworth Scale; MTS, Modified Tardieu Scale; MVT, maximum voluntary torque; OGS, Observational Gait Scale; PEDI, Pediatric Evaluation of Disability Inventory; PODCI,  Pediatric outcomes data 

collection instrument; PROM, passive range of motion; PRS, Physician’s Rating Scale; PGA, Physicians Global Assessment Scale; PSI-SF,  Parenting Stress Index-Short Form; QEK, Quantitative EMG 

Kinesiology;RCT, randomised control trial; ROM, Range of motion; SCALE, Selective Control Assessment of the Lower Extremity  SMC, selective muscle control; SMS, Total and elastic path length- 

measurement of spasticity; STS, sit to stand; TS Tardieu Scale; WeeFIM, Pediatric Functional Independence Measure; VAS, visual analogue scale. 

Figure 2-3 Outcome measures used in the included studies within their ICF domains 
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Table 2-3 Demographics of included studies and outcomes used 

Study 
Participants 
(Male Female) 

Age Range  
Mean age years 
(SD) 

Clinical 
Type of CP 

GMFCS Level Intervention  
Outcomes measured in ICF Domains  
Body Structures and Function, Activity & Participation 
  (* Primary outcome measure) 

Bjornson et al. 
(2007) 

N=33 
Intervention (I) group n=17 (12 M, 5 F) 
GMFCS I/II/II: 8/7/2 
Control (C) group n=16 (6 M, 10 F) 
GMFCS I/II/II: 4/8/4 

3-12 years 
I =  5.4 (2.1) 
C = 5.6  (2.5) 

Spastic 
Diplegia 
 

GMFCS I n=12 
GMFCS II n=15 
GMFCS III n=6 

BoNT-A vs 
placebo  
24 weeks 

BSF: Muscle Tone and spasticity; SMS*; MAS; Clonus; DTR, QEK,  
MVT, Ankle ROM (PROM), ECI 
Activity: GMFM (88 & 66*) 
Participation: COPM -Performance COPM-Satisfaction /Goal 
Attainment Scaling (GAS)  

Delgado et al. 
(2016) 

N=235 (ITT 241/ 226 completed) 
Abo 10 group n =79 (ABO10) 
(45M, 34 F) GMFCS I/II/II: 48/24/9 
Abo 15 group n=79 (ABO15) 
(48 M, 31 F) GMFCS I/II/II: 45/24/10 
Control group n=77 
(48 M,29 F)GMFCS I/II/II: 40/30/7 

2-17 years 
Abo 10 group 6.0 
(3.3) 
Abo 15 group 5.7 
(3.2) 
Control group 5.9 
(3.5) 

Spastic 
Hemiparesis 
Diparesis 
Tetraparesis 

GMFCS I n=131 
GMFCS II n=78 
GMFCS III n=26 

Two doses of 
BoNT-A vs 
placebo 
12 weeks 

BSF: Muscle tone and spasticity: MAS*; Tardieu Scale (TS) 
Activity & function: PGA 
Participation: Participation & ADL: GAS 

Hastings-Ison et al. 
(2016) 

N=42 
12 monthly (13 M,8 F) 
GMFCS I/II/II: 11/8/2 
4 monthly  
(10 M, 11 F) 
GMFCS I/II/II: 9/11/1 

2-5 years 
12 monthly  
3.6 (1.1) 
4 monthly  
3.6 (1.2) 

 
Spastic 
Diplegia 
Hemiplegia 

GMFCS I n=20 
GMFCS II n=19 
GMFCS III n=3 

BoNT A 12-
monthly vs BoNT-
A 4-monthly  
26 months 

BSF: PROM Ankle* using an instrumented measure  
Activity & function: 3DGA, FMS  
Function & Participation: FAQ 
HRQOL: CHQ 

Kelly et al. (2019) 

N= 20 
 Serial casts Group n=10  
(5M, 5F) 
GMFCS I/II: 8/2 
Single cast group n=10  
(4 M, 6F) 
GMFCS I/II: 9/1 

2-7 years 
 
Serial 5.4 (1.6) 
Single 4.8 (1.7) 
 

Hemiplegia 
Diplegia 
Triplegia  

GMFCS I =17 
GMFCS II= 3 

Comparison of 
two casting 
protocols + BoNT-
A 
24 weeks 

BSF: Muscle Tone and spasticity: MTS* MAS (6 point scale), 
PROM 
Activity & function: Gait: GAITRite,TM  GMFM-66 
Participation: PEDI 
QOL: CPQOL 

Lowing et al. 
(2017) 

N=40 (36 patients completed study) 
(17M, 23 F) 

4-12 years 
Mean age 6.4 
years (2.0) 

Unilateral 
Bilateral 

GMFCS I =24 
GMFCS II =16 
 

BoNT-A and Goal 
setting 
24 months 

BSF: Muscle Tone and spasticity: MAS, Ankle ROM (PROM), SMC 
Activity & Function: 3D Gait analysis and GDI* 
Activity & Participation: GAS 

Schasfoort et 
al.(2018) 

N=65 
Unilateral=14 Bilateral =51 
(37 M,28 F) 
Intervention group=-41 
(22M, 19 F) GMFCS I/II/II: 12/13/16 
Comparator group =24 
(15 M, 9 F) GMFCS I/II/II: 7/10/ 

4-12 years 
Mean age 7.3 
years (2.3) 
 I=7.5 (2.4) 
C=6.9 (2.3) 

Spastic CP 
 
Unilateral  
Bilateral 

GMFCS I =19 
GMFCS II=23 
GMFCS III=23 

BoNT-A + CR 
Vs CR alone  
24 weeks 

BSF: Muscle Tone and spasticity: AoC (MTS R1 equivalent), Pain 
VAS, STS, ROM, and PROM (MTS -R2) 
Activity: 2D Gait analysis with spatio-temporal data  
Participation: GAS Parent reported functional outcome(VAS) 
 



 

 
 

KEY: AOC, Angle of Catch; AROM, Active range of motion; BoNT-A, botulinum toxin type A; COPM, Canadian Occupational Performance Measure; CHQ, Child Health Questionnaire; DTR, Deep Tendon Reflexes; 

DMQ , Dimensions of Mastery Questionnaire;EVGS, Edinburgh Visual Gait Scale; ECI, Energy Cost Index; FAQ, Gillette Functional Assessment Questionnaire; GAS, goal attainment scaling; GDI, Gait Deviation 

Index; GMFCS, Gross Motor Function Classification System; GMFM(-66), Gross Motor Function Measure (66); GPS, Gait Profile Score; I, intervention; 3DGA, 3 dimensional Gait analysis: MAS, Modified 

Ashworth Scale; MTS, Modified Tardieu Scale; MVT, maximum voluntary torque; OGS, Observational Gait Scale; PEDI, Pediatric Evaluation of Disability Inventory; PODCI,  Pediatric outcomes data collection 

instrument; PROM, passive range of motion; PRS, Physician’s Rating Scale; PGA, Physicians Global Assessment Scale; PSI-SF,  Parenting Stress Index-Short Form; QEK, Quantitative EMG Kinesiology;RCT, 

randomised control trial; ROM, Range of motion; SCALE, Selective Control Assessment of the Lower Extremity  SMC, selective muscle control; SMS, Total and elastic path length- measurement of spasticity; 

STS, sit to stand; TS Tardieu Scale; WeeFIM, Pediatric Functional Independence Measure; VAS, visual analogue scale. 

Thomas et al. 
(2016) 

N=44 (41 completed: 2 dropped out of 
IND; 1 GRP) 
GRP= 17 (13 M,4 F) 
GMFCS I/II/II: 5/8/4 
Unilateral/bilateral (GRP):7/10 
IND=17 (11 M,6 F) 
GMFCS I/II/III: 9/5/3 
Unilateral/bilateral (IND):5/12 

4-14 years  
 
GRP = 7.7 (2.0) 
IND =8.6 (2.0) 
 

Spastic CP 
Unilateral 
Bilateral 

GMFCS I =14 
GMFCS II=13 
GMFCS III=7 
 

BoNT-A + GRP 
Vs BONT-A + IND  
Physiotherapy 
26 weeks 

BSF: Functional balance: PRT  
Activity: EVGS*, 1MFWT, GMFM 88 
Participation: COPM* 
QOL: CPQOL 

Valentine et al. 
(2020) 

N=28 (convenience sample of 40 eligible) 
Diplegia =15 
Hemiplegia =13 
No details given regarding M/F 

8-16 years 
Median age (IQR) 
10.9 years 
(10,11.8) 

Diplegia 
hemiplegia 

GMFCS II=28 
BoNT-A & GMFCS 
level stability 

BSF: Pain the Brief Pain inventory 
Activity: GMFM-66 
Participation: PEM-CY 

Williams et al. 
(2012) 

N=15 
Pre -training n=7 (3M,4F) 
Post training n=8 (5M,3 F) 

5-11 years 
Mean age 8.42 
years (1.83) 
Pre-training= 8.17 
years (1.75) 
Post training= 
8.25 years (0.17) 

Spastic 
diplegia 

GMFCS I 
GMFCS II =15 
(No specified 
detail)  

Pre and Post 
BoNT-A 
strengthening 
programme 
26 weeks 

BSF: Spasticity MAS, selective control SCALE, muscle strength 
(dynamometer), muscle volume with MRI 
Activity & Participation: Goal attainment with GAS  
 

Wright et al. 
(2008)  

N=35 
(19 M, 16F) 
Hemiplegia= 7 
Diplegia=28 
 

 

3-12 years 
Mean age 5.5 
years (2.2)  
Age strata < 6 
years =23 
 > 6 years= 12 

Spastic  
Diplegia 
Hemiplegia 

GMFCS I =11 
GMFCS II=12  
GMFCS III=12 

BoNT-A before 
and after 
outcome 
measures 
26 weeks 

BSF: Spasticity assessed with MTS*  
Activity & function: timed walk test over 20 metres, D& E 
dimensions of GMFM, GMFM-66 
Participation: PEDI, PODCI 
 

 
Yap et al. (2010) 

N=31 
(17M, 14 F) 
Hemiplegia =22 
Diplegia =9 

< 18 years 
Mean age 6.3 
years (2.10) 

Spastic  
Diplegia 
Hemiplegia 

GMFCS I= 28 
GMFCS II= 3 

BoNT-A before 
and after 
outcome 
measures 
12 weeks 

BSF: AROM and PROM (dorsiflexion)and spasticity assessed with 
MAS (6 point scale) 
Activity & function: FAQ, Gait modified PRS, GMFM-66 
Participation WeeFIM 
Personal Factors: Parental stress: PSI-SF 
Child’s motivation: DMQ 
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2.3.3 Methodological quality and adverse events 

The methodological quality and risk of bias scoring of the studies were variable. The 

levels of evidence for the included studies and the quality assessment results are 

summarized in Table 2-4. Studies were rated according to Sackett’s level of 

evidence I-IV (see Appendix 14.9.5), one study was identified as level I (Delgado et 

al., 2016b), four studies were rated as level II (Bjornson et al., 2007, Hastings-Ison et 

al., 2016, Kelly et al., 2019, Thomas et al., 2016)) and the remaining studies were 

rated level III (Schasfoort et al., 2018, Williams et al., 2013a) or IV (Löwing et al., 

2017, Valentine et al., 2020b, Wright et al., 2008, Yap et al., 2010)  

The quality of the studies included in the review was rated following a modified 

AACPDM conduct framework (see Appendix 14.9.5). Three studies (all RCTs) 

(Bjornson et al., 2007, Delgado et al., 2016b, Hastings-Ison et al., 2016) were rated 

as ‘strong’ methodological quality (6/7), five studies were rated as ‘moderate’ 

(4/7)(Kelly et al., 2019, Löwing et al., 2017, Williams et al., 2013a, Wright et al., 

2008, Yap et al., 2010) and three studies were rated as ‘weak’ methodological 

quality (3/7) (Schasfoort et al., 2018, Thomas et al., 2016, Valentine et al., 2020b).  

Overall, three issues stand out as potentially raising the risk of bias for many studies 

in this review; firstly, failure to or being unable to determine if confounding factors 

were addressed, secondly a lack of information as to whether the participants were 

representative of the target population and thirdly incomplete data or lack of clarity 

on this issue. 

Adequacy of power to detect statistical significance was not reported or not 

achieved in four studies (Löwing et al., 2017, Schasfoort et al., 2018, Williams et al., 

2013a, Yap et al., 2010). Although Schasfoort et al. (2018) reported a power 

calculation, this was not achieved due to a breakdown in the randomisation 

process, and families were offered participation in the treatment group which they 

preferred.  
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Participant numbers were generally small, ranging from 15 to 65 in all studies, apart 

from the industry funded study by Delgado et al. (2016b), with 235 participants. In 

only four studies researchers were blinded to primary outcomes and unaware of 

the intervention status of participants (Bjornson et al., 2007, Delgado et al., 2016b, 

Hastings-Ison et al., 2016, Williams et al., 2013a). Detail of what constituted ‘usual 

therapy regimens’ was lacking in the majority of studies and little reference was 

made to the impact of co-intervention or risk of contamination for any of the 

studies. 

Adverse Events 

Only three studies reported treatment related adverse events following BoNT-A 

injections (Bjornson et al., 2007, Delgado et al., 2016b, Hastings-Ison et al., 2016) 

with none of the ninety adverse events reported classified as serious.  Two studies 

did not present any adverse event information (Valentine et al., 2020b, Wright et 

al., 2008) and there were no adverse events reported in the remaining six studies. 



 

 
 

Table 2-4 Conduct Rating Tool (AACPDM)  

Study Level/Quality 

Were 
inclusion 

and 
exclusion 
criteria of 
the study 

population 
well 

described 
and 

followed? 
 

Was the 
intervention 

well described 
and was there 
adherence to 

the intervention 
assignment? 
(For 2-group 
designs, was 
the control 

exposure also 
well 

described?)  

Were the 
measures 

used clearly 
described, 
valid and 

reliable for 
measuring the 
outcomes of 

interest? 
 

Was the 
outcome 
assessor 

unaware of the 
intervention 
status of the 
participants 

(i.e., were the 
assessors 
masked)? 

Did the authors 
conduct and 

report 
appropriate 
statistical 
evaluation 

including power 
calculations? 

Both  
need to be met 
to score ‘yes’. 

 

Were 
dropout/loss to 

follow-up 
reported and 

less than 20%? 
For 2-group 

designs, was 
dropout 

balanced? 
 

Considering 
the potential 

within the 
study design, 

were 
appropriate 
methods for 
controlling 

confounding 
variables and 

limiting 
potential biases 

used? Score 

  1 2 3 4 5 6 7 Max 7 
Bjornson et al. 
(2007) II/    Strong  Yes ?* Yes Yes Yes Yes Yes 6 

Delgado et 
al.(2016) I/    Strong  Yes ?* Yes Yes Yes Yes Yes  6 

Hastings-Ison et 
al. (2016) II/   Strong  Yes ?* Yes Yes Yes Yes Yes 6 

Kelly et al. 
(2019) II/   Moderate  Yes ?* Yes No Yes ? Yes 4 

Lowing et al. 
(2017) IV/  Moderate  Yes ?* Yes No No1 Yes Yes 4 

Schasfoort et 
al.(2018)                  III/  Weak  Yes no2 Yes No No1 

Flawed due to 
randomisation 

Yes No 3 

Thomas et al. 
(2016) II/   Weak  Yes No2 Yes No No ¥ Yes No2  3 

Valentine et al. 
(2020)  IV/  Weak  Yes No  Yes No No Yes No 3 

Williams et al. 
(2013) III/  Moderate  No2 

 
Yes Yes Yes No1 No Yes 4 

Wright et al. 
(2008)  IV/  Moderate  Yes ?* Yes No Yes No Yes 4 

Yap et al. (2010) IV/  Moderate  Yes Yes  Yes No No* No Yes 4 
1Power calculation missing, 2 Lack of detail in paper, ?*concurrent therapy detail sparse, ? not stated, ¥ statistical analysis incomplete  



 

87 
 

2.3.4 ICF Outcomes 

The results for all ICF outcomes are summarised within the individual ICF domains in 

the sections below and have been summarised at the end of the section in Table 

2-5. Further methodological details for all the studies and summaries of the main 

findings can be found in Appendix 14.9.6. 

2.3.5 Evaluation of Body function and structure  

Eighteen different outcome measures were used to evaluate change in impairment 

at the level of BSF following BoNT-A treatment. Results are summarised in the 

following sections and short term and long-term effects for BSF are summarised in 

Figure 2-4.  

2.3.5.1 Altered Muscle Tone -Spasticity 

Muscle tone was measured in eight of the eleven studies (Bjornson et al., 2007, 

Delgado et al., 2016b, Kelly et al., 2019, Löwing et al., 2017, Schasfoort et al., 2018, 

Williams et al., 2013a, Wright et al., 2008, Yap et al., 2010) with seven different 

measures used to evaluate spasticity and altered muscle tone. Three studies used 

more than one method to assess tone within their study, ranging from two 

(Delgado et al., 2016b, Kelly et al., 2019) to five different outcome measures 

(Bjornson et al., 2007). 

Six out of the eight studies used the Modified Ashworth Scale (MAS) to assess 

spasticity (Bjornson et al., 2007, Delgado et al., 2016b, Kelly et al., 2019, Löwing et 

al., 2017, Williams et al., 2013a, Yap et al., 2010) but the administration and scoring 

of the measure varied between the studies.  

Three studies used the Tardieu (TS) or the Modified Tardieu Scale (MTS)(Delgado et 

al., 2016b, Kelly et al., 2019, Wright et al., 2008), and Schasfoort et al. (2018) used  a 

modification of the MTS which they defined as the Angle of Catch (AOC) and 

recorded this as the number of degrees short of the physiological end point. 

Bjornson et al. (2007) also used an electromechanical method of eliciting and 
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measuring spasticity measuring both total and elastic path length parameters (SMS) 

together with two further measures of tone, deep tendon reflexes and clonus.   

Short term reduction in spasticity was reported in six studies, as measured by a 

statistically significant change both in MAS and MTS scores (p=.033 to p<.001) with 

assessments ranging from four to twelve weeks post BoNT-A  (Delgado et al., 

2016b, Kelly et al., 2019, Löwing et al., 2017, Williams et al., 2013a, Wright et al., 

2008, Yap et al., 2010). However, it is of note that when a number of tone measures 

were used in the same study, a change in one measure of spasticity was not always 

reflected in a change in the other (Delgado et al., 2016b).  

Delgado et al. (2016b) demonstrated a significant reduction in MAS scores in both 

treatment regimens compared to placebo (ABO10 [10 units BoNT-A/kg] and ABO15 

[15 units BoNT-A/kg]) at 4 weeks and 12 weeks. However, this was only statistically 

significant at 4 weeks in the ABO15 group when measured with MTS.  Kelly et al. 

(2019) found significant improvement using both MAS and MTS at 4 weeks and 8 

weeks,  whereas Bjornson et al. (2007) failed to show any significant change in MAS 

or MTS following BoNT-A injections but reported significant reduction in tone as 

measured by deep tendon reflex and clonus at three weeks and SMS at eight weeks.  

Reduction in spasticity measured over a longer time period was more variable. 

Löwing et al. (2017) reported improved median MAS scores from baseline at three 

months (p<.001) with a maintenance of improved MAS scores observed at 12 and 

24 months. Wright et al. (2008) showed significant improvement at eight weeks but 

reported a ‘partial’ recurrence of spasticity as measured by MTS at six months in 

one of the two muscles injected in their study (hamstrings), with maintenance of 

improved spasticity observed only in the gastrocnemius muscle (p<0.01).  Kelly et al. 

(2019) reported that the improvement observed in MAS and MTS at 8 weeks was no 

longer significant at six months. 

Although studies reported change in terms of statistical significance, none of the 

studies related the results to minimal clinically important differences (MCID) making 
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it hard to draw conclusions about the clinical significance to CYPwCP of the 

statistically significant changes in spasticity. 

2.3.5.2 Range of Motion  

Range of motion (ROM) was measured in six of the eleven studies (Bjornson et al., 

2007, Hastings-Ison et al., 2016, Kelly et al., 2019, Löwing et al., 2017, Schasfoort et 

al., 2018, Yap et al., 2010). Manual goniometry was used in all studies, except 

Hastings-Ison et al. (2016) who used previously validated instrumentation to 

measure passive ROM. 

Positive short-term outcome (≤ 12 weeks) was reported in four out of the six studies 

(Bjornson et al., 2007, Kelly et al., 2019, Löwing et al., 2017, Yap et al., 2010). 

However, Schasfoort et al. (2018), found no significant change in ROM in favour of 

BoNT-A treatment at any time point in their study. 

Those studies with a longer term follow up reported mixed results. Bjornson et al. 

(2007) showed significant improvement in ankle ROM at 12 weeks in favour of 

BoNT-A treatment but this was no longer significant at 24 weeks. Kelly et al. (2019) 

showed a significant improvement one week post BoNT-A  treatment and a further 

significant improvement at 8 weeks following BoNT-A plus casting (p<.01) but this 

was no longer significant at six months.  

In contrast, Löwing et al. (2017), showed a significant improvement in ROM at 3 

months (mean change 6 degrees, 95% CI 4; 9, p<.001), which although reduced at 

12 months was still significantly improved from baseline values (p=.01) and 

improvement was maintained at 24 months. Hastings-Ison et al. (2016), also 

showed a maintenance of improved ankle ROM when compared to baseline values 

over a 24-month period for both the injection frequencies in their study (four 

monthly and twelve monthly). The researchers suggested that maintenance of ROM 

over a two-year period may indicate a benefit over the expected natural history of 

CP (commonly associated with increasing contracture development), although in 
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the absence of a control group the authors acknowledge that this is difficult to 

prove.  

Hastings-Ison et al. (2016) also identified variability in ROM changes within their 

subgroup analysis. They identified a difference in response between children with 

unilateral and bilateral involvement. Children with hemiplegia (unilateral 

involvement), lost a mean of 8.5 degrees of ankle range (SD 14°) over 24 months, 

whereas children with diplegia (bilateral involvement) increased dorsiflexion by 1.6 

degrees (SD 12°) (although they found this was greater in the four monthly injection 

group in comparison to the 12 monthly injection group). The authors also suggested 

that more frequent injections may have implications for clinical practice with a 

potential increase in crouch gait for children with diplegia (Hastings-Ison et al., 

2016, Shore Benjamin et al., 2010). 

Only Yap et al. (2010) attempted to relate the change in ROM to previous injection 

history, suggesting that a lower number of previous injections was associated with 

greater change in ROM. However, with small participant numbers and a number of 

different multivariable models used for each outcome, their exploratory results 

should be interpreted with caution.   

Whilst all the studies referred to statistically significant changes in ROM, none of 

the authors related these results to minimal clinically important differences 

(MCIDs).  

2.3.5.3 Muscle strength and muscle selectivity 

Muscle strength was measured in three studies.  Williams et al. (2013a) measured 

strength by dynamometry and demonstrated significant isokinetic strength gains 

following a strengthening programme (p=.0022, ES=0.57) compared to the control 

period (p=.15, ES =0.56), at both 10 weeks immediately after training and at 6 

months compared to baseline for all children irrespective of the timing of the 

training (pre or post injection). Each of the muscles targeted in the strengthening 

programme had significant strength improvements, including the injected 
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gastrocnemius and hamstring muscles. This led the authors to conclude that BoNT-

A plus strengthening was superior to BoNT A alone. They also observed no 

significant increase in spasticity as measured by MAS over the course of the 

strength training (p>.05).  

Bjornson et al. (2007) assessed strength using quantitative electromyographic 

kinesiology measuring maximum torque and showed significantly greater maximum 

torque changes from baseline (p=.03) at 24 weeks in favour of the BoNT-A group 

(but not a significant difference at 8 and 12-weeks post-injection).  

Schasfoort et al. (2018) used a sit to stand test (STS) to measure functional strength 

and demonstrated an improvement in strength at 12 weeks, which was maintained 

at 24 weeks following an intensive rehabilitation programme.  However, there was 

no statistically significant between group difference in favour of BoNT-A injections. 

Two studies looked at motor control and selectivity of movement. Löwing et al. 

(2017) used the Selective Motor Control scale (SMC) and found that muscle 

selectivity improved at 3 months post injection and improvement was maintained 

at 24 months in comparison to baseline (p=0.01). Whilst Williams et al. (2013a) used 

the Selective Control Assessment of the Lower Extremity Scale (SCALE) and 

demonstrated improved motor control following BoNT-A injections  [t(13)=-2.686, 

p=.019, ES =0.56] with no statistically significant difference between the two 

strengthening programmes (pre or post injection).   

2.3.5.4 Pain, balance, muscle volume and energy cost  

Pain was reported in two studies. Schasfoort et al. (2018) reported a decrease in 

pain at 12 and 24 weeks in the BoNT-A group and an increase in pain scores in the 

control group but the difference between the groups was not statistically 

significant. Valentine et al. (2020b) reported the presence of pain in 38.5% of the 

children at their final assessment but found that this was not related to other 

factors such as co-morbidity, BoNT-A history or participation scores and did not 

compare pain scores to earlier assessments. 
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The paediatric reach test (PRT) was used to assess functional balance in the study by 

Thomas et al. (2016), who reported significant within group changes for BoNT-A 

plus individual PT programme at 10 weeks, retained at 26 weeks (p=.005). However, 

no comparison was made with the children receiving group therapy and full 

statistical analysis was not provided in the text.  

Change in muscle volume was measured by Williams et al. (2013a) who found a 

significant increase both in the control period (BoNT-A + usual care) and also 

following strengthening intervention (plus BoNT-A) for all muscle groups assessed, 

apart from the tibialis anterior muscle which only showed an increase in muscle 

volume following BoNT-A and strengthening (p<. 001, ES=.80). There were no 

significant within-group differences reported for pre or post injection strength 

training programmes. The authors highlighted their results as potentially important 

in light of increasing evidence to suggest that muscle volume may reduce following 

BoNT-A treatment (Shortland et al., 2013).   

Energy cost using the energy cost index (ECI) was evaluated in the placebo-

controlled study of Bjornson et al. (2007) but no significant change was reported in 

either group, leading the authors to suggest that changes following BoNT-A may not 

be sufficient to alter gait pattern enough to affect the energy cost in CYPwCP. 

In Figure 2-4, the findings regarding BSF outcomes from all the studies have been 

summarised and illustrated by Venn diagrams, representing those studies who have 

found significant and non-significant BSF outcomes following BoNT-A. This diagram 

highlights the timing of response and relates outcome to short term (< 6 months) 

and longer-term response (≥ 6 months). It also highlights the differing responses of 

studies which have evaluated change beyond the short term, showing the overlap 

between studies that have found both short- and long-term significant effects 

following BoNT-A and those which have only found significant changes at one time 

point.  
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Figure 2-4 Summary of short-term and long-term significant changes in the BSF domain following BoNT-A  

Key: ROM= Joint Range of Motion, short-term significance < 6 months, long-term significance ≥ 6 months. 

 

 Short term significance < 6 months 
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2.3.6 Evaluation of activity 

Fifteen different outcome measures were used to evaluate a change in activity 

following BoNT-A treatment. The activity changes reported are detailed below, 

short- and long-term results summarised in Figure 2-5. 

2.3.6.1 Gross motor function 

The Gross Motor Function Measure (GMFM) was the most frequently used measure 

to assess gross motor function. Both GMFM versions were used, GMFM -88 and 

GMFM-66, and GMFM results reported in six studies (Bjornson et al., 2007, Kelly et 

al., 2019, Thomas et al., 2016, Valentine et al., 2020b, Wright et al., 2008, Yap et al., 

2010). Significantly improved change scores from baseline were reported in all 

studies apart from Thomas et al. (2016), who reported no significant change 

following BoNT -A plus PT (for either individual or group sessions) over a 6 month 

period. Valentine et al. (2020b), reported no loss of motor function in their GMFCS 

Level II cohort following long term BoNT-A use as related to published GMFM scores 

(Rosenbaum et al., 2002). The authors suggested this was a maintenance of motor 

function but in the absence of baseline GMFM scores this makes evaluation 

difficult.   

Significant short term (≤12 weeks) improvements in GMFM scores were shown in 

three studies following BoNT-A treatment (Kelly et al., 2019, Wright et al., 2008, Yap 

et al., 2010). Longer term results were reported by Wright et al. (2008) who showed 

further improvement at six months (p<.001), as did Kelly et al. (2019), who reported 

a significant improvement at six months (p=.002) with trends of increasing GMFM 

scores from baseline to 6 months for both casting protocols following BoNT-A. 

Bjornson et al. (2007), although reporting improvement at all time points from 

baseline only found this to be statistically significant at 6 months  (p<.001) in favour 

of BoNT-A treatment compared to placebo.  

Only Yap et al. (2010) related a change in gross motor function to other variables 

and found that improved scores were observed with younger age (r=0.43,p=0.015) 

and fewer previous injections (r=0.40,p=0.024).  
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2.3.6.2 Gait  

Gait changes were assessed by twelve different outcome measures in eight of the 

eleven studies (Delgado et al., 2016b, Hastings-Ison et al., 2016, Kelly et al., 2019, 

Löwing et al., 2017, Schasfoort et al., 2018, Thomas et al., 2016, Wright et al., 2008, 

Yap et al., 2010) with varying degrees of response reported following BoNT-A 

treatment.  

Significant improvement in favour of BoNT-A treatment was reported in six of the 

eight studies. Delgado et al. (2016b) used the Physician’s Global Assessment (PGA) 

outcome measure to evaluate gait changes and showed significant improvement 

(p<.001) in favour of both ABO treatment groups at 4 weeks (ABO15 1.54 [95%CI 

1.28,1.81]; ABO10  1.50[1.283,1.77])  in comparison to placebo (0.73 [0.46,0.99]). 

This significant difference was maintained at 12 weeks. Yap et al. (2010) 

demonstrated gait improvement from baseline using the modified Physician Rating 

Scale (mPRS) at 12 weeks (p<.001). Wright et al. (2008) demonstrated gait 

improvement with significantly improved scores from baseline using a timed walk 

test at 8 weeks, which was also maintained at six months (p <.05) but no confidence 

intervals were provided.  

Löwing et al. (2017) used 3-Dimensional Gait Analysis (3DGA) and reported a 

statistically significant change of 4.1 points in the Gait deviation index at 12 months 

(95% CI 0.7;7.5, p=0.02) following BONT-A injections, however in the absence of 

published MCIDs, the authors were unsure of the clinical significance of this result.   

Hastings-Ison et al. (2016) also used 3DGA to measure ankle dorsiflexion in the 

stance phase of gait, in excess of the Minimum Detectable Change (MDC >5°), which 

they classified as a measure of ‘motor responsiveness’ following the final BoNT-A 

injection within their 24-month study.  Although they reported improvement and 

no significant between group differences for their injection frequencies (p=.19), 

statistical information was lacking about the significance of change from baseline 

for the total sample, making it difficult to evaluate the significance of this change. 

Schasfoort et al. (2018) demonstrated minimal changes in kinematic gait 
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parameters in favour of the BoNT-A treatment in only one of the 8 gait parameters 

evaluated ‘reduced knee flexion in swing’ - at 24 weeks (-5.6 °[95% CI-10.8,-

0.4]p=.034)  using 2-Dimensional Gait Analysis (2DGA) but found no significant 

difference in favour of BoNT-A in other gait outcomes.  This led the authors to 

conclude that BoNT-A plus intensive rehabilitation did not significantly improve gait. 

The level of ambulation was also used as a proxy gait measure. This was measured 

by the Functional Assessment Questionnaire (FAQ) by Yap et al. (2010), who found 

significant improvement in score at 12 weeks following casting and BoNT-A in 

comparison to baseline scores (p=.005). This contrasted with the findings of 

Hastings-Ison et al. (2016) who found a non-significant improvement in median FAQ 

scores following BoNT-A. The same group also used the Functional Mobility Scale 

(FMS) to evaluate change in level of ambulation following BoNT-A and although 

they  demonstrated an improvement in FMS 500 m walk from baseline to 26 

months for both groups (four monthly and twelve-monthly injections) with no 

significant between group difference, the significance of the change from baseline 

was not reported (Hastings-Ison et al., 2016).   

In contrast, no significant changes were found in any of the gait parameters 

measured by Gaitrite™ (Kelly et al., 2019), or Edinburgh Visual Gait Scale (EVGS) 

(Thomas et al., 2016) and 1-minute fast walk test (Thomas et al., 2016) following 

BoNT-A treatment.  

In Figure 2-5, the findings regarding Activity outcomes from all of the studies have 

been summarised and illustrated by Venn diagrams, representing those studies 

which have found significant (and non-significant) Activity outcomes following 

BoNT-A. This diagram highlights the timing of response and relates outcome to 

short term (≤ 6 months) and longer-term response (> 6 months). It also highlights 

the differing responses of studies which have evaluated change beyond the short 

term, showing the overlap between studies that have found both short- and longer-

term significant effects following BoNT-A and those which have only found 

significant changes at one time point. 
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Figure 2-5 Summary of short-term and long-term significant changes in Activity domain following BoNT-A 

 Key: GMFM=Gross Motor Function Measure, short-term significance < 6 months, long-term significance ≥ 6 months. erm 

significance ≥ 6 months 
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2.3.7 Evaluation of participation  

Participation was measured by ten outcome measures in the 11 studies. The 

Participation and Health related Quality of Life (HRQoL) results are described below, 

summarised in Figure 2-6. 

The Goal attainment Scale (GAS) was used to measure change in activity and 

participation in five of the eleven studies (Bjornson et al., 2007, Delgado et al., 

2016b, Löwing et al., 2017, Schasfoort et al., 2018). Short term significant 

improvement in GAS scores were shown in three studies at initial assessment time 

points (Delgado et al., 2016b, Löwing et al., 2017, Williams et al., 2013a) (between 4 

and 12 weeks post BoNT-A treatment) and this improvement was maintained in the 

two longer term studies at 6 months (Williams et al., 2013a) and 24 months (Löwing 

et al., 2017). The two remaining studies noted an improvement in GAS scores over a 

6-month period but reported no significant difference in favour of BoNT-A group at 

any time point either at three or six month follow up (Bjornson et al., 2007, 

Schasfoort et al., 2018).  

The Canadian Occupational Performance Measure (COPM) was used in 2 studies 

(Bjornson et al., 2007, Thomas et al., 2016). Bjornson et al. (2007), observed a 

significant improvement (p=.04) in COPM Performance scores in favour of BoNT -A 

at 12 weeks (mean change score 1.7 (SD 1.4) versus 1.2 (SD 1.7)) in the control 

group and whilst this remained clinically significant at six months (change score ≥2) 

this was no longer statistically significant in favour of BoNT-A intervention. COPM 

Satisfaction scores were not significantly improved from baseline at any time point. 

Thomas et al. (2016),  found improved COPM scores following BoNT-A which were 

statistically and clinically significant for both individual and group physiotherapy at 

10 weeks (p<.001) and these remained statistically significant at 26 weeks.  

The Pediatric Evaluation of Disability Inventory (PEDI) was used in two studies. Kelly 

et al. (2019), noted a significant improvement in all PEDI domains (except social 

function caregiver assistance) at 2 months and six months in comparison to baseline 

(p=.009 to <.001) with no significant difference between the two casting groups. 
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The significant improvement in scores for both groups at 6 months exceeded the 

minimal clinically important difference (MCID) of 11% in three of the six domains in 

the single cast group (self-care, social function, and self-care with caregiver 

assistance) and in the serial cast group (mobility, social function, and self-care with 

caregiver assistance).    

A significant improvement in PEDI scores was also found by Wright et al. (2008), 

who observed statistically significant changes in all PEDI domains (except self-care) 

at eight weeks, which significantly improved further in all domains at six months 

following BoNT-A injections (p<.001 to <.0001). The same group also found 

statistically significant improvement in the Pediatric Outcomes Data Collection 

instrument (PODCI) global score at 8 weeks (p<.01) and at six months (p<.001) in 

the same study (Wright et al., 2008). 

The Pediatric Functional Independence Measure (WeeFim) was used in one study to 

evaluate participation and functional independence but there was no significant 

change in scores following BoNT-A at 12 weeks (Yap et al., 2010). Valentine et al. 

(2020b), used the Participation and Environment Measure-Child and Youth (PEM-

CY) to evaluate participation, reporting cross sectional median scores for a 

subsection of PEM-CY measuring a child’s ‘involvement’ in participation at home, 

school, and community. The results were provided in isolation at a single time point 

with the absence of reference values making interpretation of individual scores 

difficult. They also found no significant relationship between PEM-CY scores and 

topography, GMFCS level, pain or BMI but did find a negative correlation between 

GMFM score and PEM-CY school participation scores. The authors postulated that 

children who were more able but were still far from their peers’ motor ability 

tended to feel isolated and left out of motor-based activities at school. 

2.3.8 Health Related Quality of Life 

Two measures were used to evaluate health related quality of life (HRQoL). The 

Cerebral Palsy Quality of Life Measure (CPQOL) and the Child Health Questionnaire 

(CHQ).  
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CPQOL was used in two studies (Kelly et al., 2019, Thomas et al., 2016) to evaluate 

change following BoNT-A plus two casting protocols and two methods of 

Physiotherapy delivery. Kelly et al. (2019) reported no significant improvement in 

CPQOL scores. However, Thomas et al. (2016) found a significant improvement in 

scores which favoured group therapy following BoNT-A at 10 weeks for the ‘access 

to services’ domain but this was no longer significant at six months and there were 

no between-group differences in the other four domains at any time point. Lack of 

detail regarding full statistical analysis of CPQOL scores makes further evaluation of 

their results difficult.  

The Child Health Questionnaire (CHQ) was used by Hastings-Ison et al. (2016) to 

evaluate HRQoL following two BoNT-A injection frequencies, four-monthly and 

yearly. They found no significant between-group differences for any of the thirteen 

domains, however no detail was provided regarding the change in CHQ for both 

groups following BoNT-A. 

Other determinants of responsiveness to BoNT-A considered parenting stress 

measured using the Parenting Stress Index -Short Form (PSI-SF) and child motivation 

assessed by parental report using the Dimensions of Mastery Questionnaire (DMQ). 

Significant associations were reported in the study by Yap et al. (2010), between all 

the outcomes studied and elements of the DMQ and PSI-SF.  On multivariable 

analysis, low social persistence (child’s motivation to be with their peers) and low 

levels of parental stress were associated with greater change in tone (p=.006-.017 

respectively). In children who were highly motivated there was also a statistically 

significant but moderate strength correlation with a change in gait pattern (r=0.39, 

p=0.023) and ROM (r=.-0.41, p=0.008). The study concluded that parenting stress 

could either positively or negatively influence the change in a child’s level of 

ambulation. However, without a comparison group the authors suggested it was 

difficult to attribute changes to BoNT-A treatment and the authors urged caution in 

the generalisability of their results due to the number of multivariable models 

tested and the small sample size (31 children).  
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In Figure 2-6 once again the findings regarding Participation and QoL outcomes 

from all the studies have been summarised and illustrated by Venn diagrams, 

representing those studies who have found significant and non-significant outcome 

following BoNT-A. This diagram highlights the timing of response and relates 

outcome to short term (< 6 months) and longer-term response (≥ 6 months). It also 

shows the overlap between studies that have found both short- and long-term 

significant effects following BoNT-A and those which have only found significant 

changes at one time point. 
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Figure 2-6 Summary of short-term and long-term significant changes in the Participation domain following 
BoNT-A 

Key: A&P=Activity and Participation measures / QoL= Health related Quality of Life measures 

short-term significance < 6 months, long-term significance ≥ 6 months. 
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2.3.9 Integration of the findings between the ICF domains 

Although all studies reported outcomes in the three domains of the ICF body 

function and structure, activity, and participation, not all investigated the 

relationship between change in outcomes between the different ICF domains.  

Two studies (Löwing et al., 2017, Wright et al., 2008) attempted to investigate the 

association between a change in biomedical impairment measured through 

outcomes in body function and structure domain of the ICF following BoNT-A 

treatment and the functional outcome of these changes in terms of outcomes in 

activity and participation domains of the ICF.  

Löwing et al. (2017), identified improvement in spasticity after three months 

following BoNT-A treatment which remained stable over 24 months, together with 

a significant (but clinically small) long term improvement in gait. Goal attainment 

also increased significantly at three months and twelve months and was maintained 

at 24 months. However, they were unable to correlate spasticity reduction with an 

improvement in gait or goal attainment.  

Similarly, Wright et al. (2008), reported significant improvement in body function 

and structure outcomes (including reduced spasticity) together with improvements 

in activity and participation at two months post BoNT-A treatment. They observed 

continued improvement in activity and participation domains at six months despite 

a partial recurrence of spasticity. However, despite moderate to strong correlation 

for the different ICF domains at baseline, the strength of change score relationship 

was typically no more than fair. Body function and structure outcomes (reflecting 

spasticity scores) accounted for less than 50% of the explained variation in activity 

and participation change score models  

Other studies attempted to explain their results by exploring links between results 

in the ICF domains. Bjornson et al. (2007), found that changes in BSF outcome 

measures following BoNT-A were associated with improved gross motor function at 

six months but did not find a significant improvement in family satisfaction. Kelly et 
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al. (2019), demonstrated short term reduction in spasticity at 8 weeks which was 

associated with improved function and activity outcomes at six months (but not 

significant gait changes), but reported that this did not improve quality of life 

outcomes.  

Yap et al. (2010), attempted to identify intrinsic and extrinsic factors associated with 

BoNT-A treatment and suggested that for their group of mainly GMFCS Level I 

children, age, number of treatments, parental stress and child motivation appeared 

to influence the degree of responsiveness to BoNT-A treatment. However, the 

authors urge caution regarding the generalisability of their results in view of the 

small sample size and number of multivariable models tested for each outcome to 

find the best predictive models. 

A summary of the results from the included studies for all ICF domains are shown in 

Table 2-5. 

 



 

 
 

Table 2-5 Systematic Review Results by ICF Domains showing short-term and long-term statistical significance of outcomes following BoNT-A 

ICF Outcome 
Bjornson 

et al. 
(2007) 

Delgado 
et al. 

(2016) 

Hastings-
Ison et al. 

(2016) 

Kelly 
 et al. 
(2019 

Lowing  
et al. 

(2017) 

Schasfoort 
et al. 

(2018) 

Thomas 
et al. 

(2016) 

Valentine 
et al. 

(2020) 

Williams 
et al. 

(2013) 

Wright  
et al. 

(2008) 

Yap  
et al. 

(2010) 

  ST LT ST  ST LT ST LT ST LT ST LT ST LT  LT ST LT ST LT ST  

BSF Spasticity                    

 ROM                  

 
Muscle strength                

 
Muscle selectivity             

 Pain              

 Energy cost/balance              

ACTIVITY 
Gait                    

 
GMFM                  

PARTICIPATION  
Goal Attainment                  

 Patient Reported Activity & 
Participation 

                  

 
QoL               

KEY: Red No significant difference in favour of BoNT-A  /Green Significant difference in favour of BoNT-A / Yellow  Unclear  ST=short term < 6 months  LT=Long term ≥ 6 months 
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2.4 Discussion 

The primary aim of this systematic review was to summarise the evidence of 

effectiveness of lower limb BoNT-A treatment in ambulant children with CP, as 

evaluated by outcomes measured within the three ICF domains of body structure 

and function, activity, and participation. 

Applying the inclusion criteria to the results of the searches identified eleven 

empirical papers that included outcomes in all three of the ICF domains for inclusion 

in this review. This is fewer than anticipated, and surprising when one considers 

that the ICF was introduced over two decades ago, with the paediatric model (ICF-

CY) launched fifteen years ago. Since that time there has been a plethora of 

editorials and national guidelines advocating the adoption of the ICF framework to 

evaluate treatment interventions in CP as meaningful for CYPwCP and their families 

(Mugglestone et al., 2012, Rosenbaum and Gorter, 2012, Rosenbaum and Stewart, 

2004). 

Clinicians and researchers have been encouraged to adopt a family-centred 

approach and focus on areas that are considered meaningful to children and their 

families when evaluating the efficacy of treatment interventions (Palisano et al., 

2017). This requires clinicians and researchers to evaluate the benefits of treatment 

by including outcome measures in ICF domains which go beyond the level of body 

structures and function outcomes (Annette, 2006, Rosenbaum, 2020). The lack of 

research including outcomes in all three domains of the ICF is therefore particularly 

pertinent, as young people with CP and their families have frequently identified 

treatment priorities relating to activity and participation (Palisano et al., 2017, 

Roebroeck et al., 2009). 

2.4.1 Quality of evidence 

The level of evidence (Sackett, 1997) within the studies included in the review was 

varied, with less than half of the papers classified as level I or II studies, and the 

remainder classified as Level III or IV. The number of level III and IV studies was not 
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unexpected and is in keeping with the majority of research within the field of 

neurodisability, where a variety of research designs are employed (WIART et al., 

2012). The quality of the included studies was mixed. As only two of the studies had 

a placebo control group (Bjornson et al., 2007, Delgado et al., 2016b) the 

assumptions from the remaining nine studies may need to be interpreted with 

caution as to the direct effect of BoNT-A injections on change in outcome for 

CYPwCP. 

As expected multiple outcomes were assessed throughout the ICF domains in this 

review. Several studies assessed a number of outcomes within each ICF domain 

(such as spasticity) without specifying a single primary outcome. Assessing outcome 

throughout the whole ICF is encouraged if meaningful change is to be evaluated. 

However, there can be limitations in assessing multiple outcomes, particularly in 

studies with small sample sizes (Kelly et al., 2019, Williams et al., 2013a) when 

multiple comparisons may well result in type I errors.  

2.4.2 Review findings within the ICF domains – short term versus long term 

change 

Outcomes within the ICF domains were reported as short-term change (less than six 

months) and long-term change (greater than six months) relative to baseline scores. 

A summary of the results for all the studies can be found in Table 2-5 (see Appendix 

14.9.6 for detailed summary). 

Short-term changes were shown throughout all of the domains of the ICF following 

BoNT-A treatment. Most studies were able to demonstrate a short term 

improvement in body structure and function outcomes, particularly a reduction in 

spasticity (Bjornson et al., 2007, Delgado et al., 2016b, Kelly et al., 2019, Lowing et 

al., 2017, Williams et al., 2013a, Wright et al., 2008, Yap et al., 2010) and improved 

range of motion (Bjornson et al., 2007, Kelly et al., 2019, Löwing et al., 2017, Yap et 

al., 2010). In some cases this appeared to be associated with a short-term 

improvement in the activity and participation domains with improved gross motor 

function (Wright et al., 2008, Yap et al., 2010) and gait (Delgado et al., 2016b, 
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Löwing et al., 2017, Wright et al., 2008, Yap et al., 2010), as well as increased 

participation outcomes (Bjornson et al., 2007, Delgado et al., 2016b, Kelly et al., 

2019, Löwing et al., 2017, Thomas et al., 2016, Williams et al., 2013a, Wright et al., 

2008).   

The results from studies reporting longer-term effects (six-months to two years) 

were variable. As expected, there was little evidence of a sustained change in body 

function and structure outcomes beyond six months. Few studies described long 

term reduction in spasticity (Löwing et al., 2017, Wright et al., 2008) or long-term 

improvement in ROM (Hastings-Ison et al., 2016, Löwing et al., 2017). In some 

studies improvement in gross motor function was shown after 6 months (Bjornson 

et al., 2007, Kelly et al., 2019, Wright et al., 2008), however, there were fewer long 

term changes in gait parameters reported in any of the studies (Hastings-Ison et al., 

2016, Löwing et al., 2017, Wright et al., 2008). In many cases it was difficult to 

relate change in activity and participation directly with the intervention of BoNT-A 

treatment alone.  

Despite the variability shown when describing the effect of BoNT-A injections 

beyond six months, three studies considered a lack of deterioration in body 

function and structure and activity outcomes to be a positive outcome. They 

suggested maintenance of ROM could be interpreted as a potential benefit over the 

expected natural history of potential deterioration in these outcomes with growth 

in CYPwCP (Hastings-Ison et al., 2016, Löwing et al., 2017, Valentine et al., 2020b).  

There was some evidence to suggest that a more prolonged change occurs 

following BoNT-A treatment at the participation level as measured by GAS, COPM-P 

and PEDI. Improvement in participation outcomes appeared to be maintained 

beyond six months, despite a gradual return towards baseline in BSF outcome 

measures (Löwing et al., 2017, Thomas et al., 2016, Williams et al., 2013a, Wright et 

al., 2008).  There was less evidence to suggest that any changes resulted in any 

significant change in health related quality of life (Hastings-Ison et al., 2016, Kelly et 
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al., 2019, Thomas et al., 2016) or parental satisfaction as measured by COPM-S 

(Bjornson et al., 2007).  

These findings of improved short-term outcomes in the BSF domain agree with 

other published literature (Blumetti et al., 2019, Kahraman et al., 2016, Ryll et al., 

2011b). Of note however, was the evidence of improvement beyond six months in 

outcomes in the activity and participation domains despite a return towards 

baseline of outcomes in the body structure and function domains. 

2.4.3 Relating change between ICF domains  

Although several studies attempted to relate change throughout the three ICF 

domains following BoNT-A treatment (Bjornson et al., 2007, Kelly et al., 2019, 

Löwing et al., 2017, Wright et al., 2008), there appeared to be a lack of correlation 

between the various outcome measures used throughout the ICF in association with 

baseline scores. Despite moderate to strong relationships between body structure 

and function measures and both activity and participation measures at baseline, the 

strength of change score relationships following BoNT-A injections were typically no 

more than fair (Löwing et al., 2017, Wright et al., 2008).  

These findings support the emerging theory that the relationship between ICF 

domains is not linear and changes in impairment as measured by body structure 

and function outcomes do not always translate into improvement in the other 

domains of the ICF (Rosenbaum, 2020). 

There are a number of difficulties when attempting to evaluate treatment effects in 

this population.  Firstly, there is the effect of maturation on a child’s changing 

motor ability as part of the natural history of CP. Secondly, in early childhood motor 

development is usually rapid, and the effects of many of the interventions used in 

CP, including BoNT-A, can be comparatively slow. Thirdly many other therapeutic 

interventions may be carried out concurrently with BoNT-A injections, which are 

not standardised between individual CYPwCP.   
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Against this background of multifaceted changes, influenced by both growth and 

development, it can be difficult to detect causal connections between interventions 

and outcomes that can be totally attributed to the treatment received. This issue 

can be further compounded by the description of rehabilitation interventions as 

‘usual care’ in terms of the physiotherapy provided in some of the studies. This lack 

of transparency is often referred to as the ‘black box of therapy’  and creates 

obstacles to evaluating which elements of the intervention are most important 

(Jette, 2020). The use of generic terms such as ‘usual care’, without giving details of 

what constitutes usual care, including dosage and content, can make replication of 

interventional studies difficult. None of the eleven papers in this review gave a 

detailed account of co-intervention or treatment fidelity. 

Relationships between changes at different ICF levels are complex and multifaceted 

with any gains in activity and participation post BoNT-A likely to be influenced by 

contextual child and environment factors. Child, family, and treatment 

characteristics can all influence the degree of responsiveness to BoNT-A treatment. 

Only one study attempted to evaluate the contribution of contextual factors to the 

efficacy of BoNT-A treatment and casting (Yap et al., 2010). Contextual factors 

(including environmental and personal factors) are probably underappreciated in 

this population, particularly when factors such as child motivation and parental 

stress may potentially be modifiable and should be considered alongside the 

interventions for ambulant children with CP. 

2.4.4 Outcome measures used in evaluating BoNT-A use in ambulant CYPwCP 

An important target of treatment in the CP population is increased participation, 

with enhanced participation often regarded as the ultimate goal of treatment 

(Imms et al., 2017).  Although there is increasing recognition of the importance of 

measuring the effects of interventions on improving participation in children with 

CP, the use of validated outcome measures to measure participation in both 

research and clinical practice is often lacking (Sakzewski et al., 2007). This was 

confirmed when reviewing studies for inclusion in this review, as highlighted earlier, 
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46% of the full papers included for initial screening were rejected because they 

lacked such a measure. 

Many of the participation measures used in this review (including PEDI, PODCI, 

WeeFIM) incorporate an element of measuring activity and participation together 

(Rozkalne and Bertule, 2014). Whilst GAS and COPM are accepted measures to 

evaluate change in participation goals, there is a lack of detail in the majority of the 

studies about what specific treatment goals are, making comparison between the 

studies difficult. Within this review only Delgado et al. (2016b), gave detail 

regarding the goals set. Although others alluded to the types of goals set during 

their discussion (Löwing et al., 2017, Wright et al., 2008), the remaining papers did 

not provide any further detail which makes both comparison and replication of 

studies difficult.    

Another pertinent issue to consider is how closely the goals set align with both the 

child’s and parents’ desire for change following BoNT-A treatment. In the study by 

Delgado et al. (2016b), parents were asked to choose from a list of preselected 

goals specifically defined for their study. The use of predetermined sets of goals 

may restrict families from choosing goals that are most meaningful to their child. 

There has been ongoing difficulty demonstrating the efficacy of BoNT-A treatment 

to improve function and participation goals (Blumetti et al., 2019) and it has been 

suggested that a series of individualised goals may be more meaningful to families 

rather than using generic pre-set goals (Damiano, 2014). 

In addition to the wide range of unspecified goals set within the studies, there is 

also the need to consider the wider notion of participation, and consider what has 

recently been described as the ‘concept of participation related constructs’ (Imms 

et al., 2017). This concept recognises that participation has two essential 

components; attendance, which can be described in terms of frequency of 

attendance or the range of activities a child does; and involvement, which refers to 

the child’s experience of, and their degree of participation in, an activity.  Within 

this review only  Valentine et al. (2020b), measured participation status in terms of 



 

112 
 

a child’s average involvement in participation activities. The addition of recording a 

child’s average involvement in participation activities was novel but unfortunately 

the significance of the results was hard to interpret in the absence of baseline 

participation data.  

The extensive variety of outcome measures used within studies describing BoNT-A 

efficacy greatly limits the ability to make comparisons between studies. It is difficult 

to pool data, in what are essentially small, often underpowered studies, in order to 

make clinically relevant, evidence-based recommendations. In this review alone 

there were 43 different outcome measures used throughout the 11 studies (see 

Figure 2-3). Even when the same outcome measures were used, variation in the 

administration and lack of clarity about scoring of the measures impeded clear 

interpretation of statistically significant results.  

The ability to detect minimal clinically significant change is also a vital consideration 

in the measurement of outcomes in clinical research (Morris et al., 2005, Weaver et 

al., 2020). It was often difficult to interpret meaningful change within the studies in 

this review, as although the results were often described as statistically significant, 

the majority of the studies failed to relate changes to minimal clinically important 

differences (MCIDs). This is described as the smallest difference in outcome which is 

perceived to be beneficial to the CYPwCP, or minimum detectable changes (MDCs), 

the degree of improvement beyond measurement error. Therefore, in many cases, 

it is difficult to determine the true clinical benefit of the intervention for CYPwCP.  

This was alluded to in the study by Lowing et al. (Löwing et al., 2017), who observed 

that despite statistically significant changes observed in standardised outcomes 

throughout the ICF, the magnitude of change was not sufficient to result in a 

meaningful change to the child or their family as rated by patient related outcome 

measures.  

Others questioned the sensitivity of HRQoL measures to detect meaningful change 

following BoNT-A intervention, especially in the absence of published MCIDs 

(Bjornson et al., 2007, Kelly et al., 2019).   There may also be a mismatch between 
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change reported by families and the standardised outcome measures used, with 

parents frequently describing changes in movement quality which are not 

objectively measured in standardised testing, especially in the BSF and activity 

domains (Wright et al., 2008). There has also been some discussion regarding the 

appropriateness of  outcome measures in the BSF and Activity domains which only 

measure a child’s ‘capacity’ i.e. what they can do in standardised testing and not the 

child’s true ‘performance’ i.e. what they do in everyday life (Burgess et al., 2021).  

What is markedly absent in all of the papers reviewed is the voice of the child with 

CP and their family. Even in the studies where mixed methodology has been used, 

the qualitative findings were not reported alongside the quantitative data from the 

ICF domains, and no attempt was made to integrate the two. 

2.4.5 Variation within the review- population, previous treatment history and 

length of follow up 

The CP population is acknowledged to be extremely heterogeneous (MacLennan et 

al., 2015), with a marked difference in functional ability both between and within 

different GMFCS levels (Reid et al., 2011). Moreover, this is further complicated by 

non-motor components such as sensory disturbances and differing cognitive 

capacity (Graham et al., 2016). It is increasingly recognised that although children 

within GMFCS levels I to III are all classified as ambulant, those children in GMFCS 

levels I and II are more frequently considered as a separate group with the ability to 

walk independently (without aids). This makes comparison between GMFCS levels I-

III difficult in the published studies. Indeed, in the 11 studies in this review only 9% 

of the 938 children studied were classified as GMFCS level III. Only two studies 

(Schasfoort et al., 2018, Wright et al., 2008), reported results from balanced groups 

of children at GMFCS levels I, II and III. This obviously raises questions as to how 

applicable these results are to children in GMFCS level III.  

Within this review, there was a lack of consensus in reporting changes in outcome 

related to age, topography, GMFCS level and number of previous injection sessions 

in the 11 studies reviewed.  There was a significant variety in the number of 
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previous injections children had received and no attempt was made by any of the 

studies, apart from Yap et al. (2010) to relate outcome to a child’s age or number of 

previous injections.  

Although some studies reported change in BSF outcomes as early as 4 weeks post 

BoNT-A (Delgado et al., 2016b), most studies had a moderate follow up time of six 

months, with only two studies following children up for 24 months (Hastings-Ison et 

al., 2016, Löwing et al., 2017).  The duration of follow up is likely to be an 

increasingly important consideration given the mounting evidence that repeated 

use of BoNT-A may be harmful to children with ambulant CP (Gough, 2009, Multani 

et al., 2019a, Multani et al., 2019b).  

Concerns have been expressed regarding harmful changes at the muscle level 

following the use of repeated injections and potential deterioration in function 

leading to limitation in participation opportunities (Hastings-Ison et al., 2016). Other 

researchers have disagreed and suggest there is little evidence to show 

deterioration in the muscle, reduced motor function or participation with repeated 

BoNT-A injections (Löwing et al., 2017, Valentine et al., 2020b, Williams et al., 

2013a). More research into repeated injection cycles and longer follow up times 

reflecting pragmatic varied clinical practice should address these conflicting 

arguments. 

2.5 Strengths and Limitations 

2.5.1 Strengths  

The piloting of the search strategy and supplementation of the results of the 

electronic search with hand searching (including further review of reference lists of 

systematic reviews and included papers), allows confidence that all relevant English 

language research at the time of the final search was included in this systematic 

review. The conclusions arising from it are believed to be based on all the available 

current evidence.  
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2.5.2 Limitations 

The main limitation of this review relates to the available evidence on the subject. 

As illustrated in the methodology, from the 82 studies selected from the initial title 

and abstract screening only 11 could be included as fulfilling selection criteria.   

CP although classified as a singular healthcare condition, is such a heterogeneous 

condition, that the benefits of interventions such as BoNT-A (which could benefit an 

individual with CP) are difficult to investigate with rigorous research methods.  

Within the 11 studies included there was wide variability in participant selection, 

methodology, outcome measures and follow up time, which, as in much CP 

research, makes it difficult to compare outcomes between the studies and draw 

clear conclusions.   

The lack of a control group in nine of the eleven studies is not unusual when 

evaluating an established treatment modality such as BoNT-A. It is acknowledged 

that a control group can be unfeasible for many practical and ethical reasons. 

Nevertheless, a lack of control group together with the relatively low level of 

evidence of these studies does restrict causal inferences about the benefits  of 

BoNT-A treatment. Within these studies it can be difficult to isolate the causal effect 

of BoNT-A from the many sources of bias and threats to validity including 

concurrent events such as co-intervention of other therapy.  

When considering the evaluation of established treatments such as BoNT-A in 

clinical practice, it is important to recognise the benefits of different study designs 

for addressing pragmatic research questions. Within paediatric rehabilitation 

medicine the best research design may not always be the use of randomised 

controlled trial. Mixed methods research designs, ‘can be very powerful and 

considered by many to be essential’ (Rosenbaum, 2020).  Interventions rarely exist 

in isolation for the child with CP and are often part of a multifaceted rehabilitation 

programmes with many outcomes of interest. It is important to consider whether 

the best measures available are being used to assess the impact of interventions 
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There are some limitations to the generalizability of the results in this review to 

CYPwCP in GMFCS Level III due to the small numbers of GMFCS Level III children 

included in the studies reviewed. 

The review highlights important unanswered questions particularly in relation to 

evaluating the impact of BoNT-A on activity and participation domains which will 

enable more objective study planning in the future.  It also demonstrates the 

absence of important MCIDs to enable the assessment of the true meaningful effect 

on CYPwCP of BoNT-A intervention.  

2.6 Conclusion and recommendations for future research 

Research evaluating interventions for CYPwCP is challenging.  This review has 

highlighted a number of limitations with existing studies looking at change across 

the ICF domains. These included small sample sizes, heterogeneous patient groups, 

short follow up time and varied outcome measures with few details of how the 

studies were conducted to allow replication.  The use of BoNT-A in CYPwCP needs 

further evaluation. Whilst BoNT-A use in the domain of body structure and function 

appears to be well established, further investigation of the efficacy of treatment 

should focus on clinically important outcomes in both activity and participation 

domains using standardised clinical measures for evaluation.  

As this review has indicated, there is a need to increase the evidence base with 

more high-quality studies which include outcomes within all the domains of the ICF. 

Doing so will enable the development of a common narrative regarding meaningful 

outcomes evaluating the efficacy of BoNT-A use. Identifying and measuring these 

outcomes and the factors that influence them will ultimately enable clinicians to 

target BoNT-A treatment to children who are most likely to benefit from the 

treatment. Furthermore, with increased high quality research in this area, a 

consensus could be reached on a core set of outcome measures required in each 

domain of the ICF. These would need to be validated and meaningful to children 

and their families. If such measures were used and detailed information about co-
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intervention criteria reported, studies with this population following BoNT-A 

treatment could be compared and robust conclusions drawn.  

2.6.1 Future Research 

There is a need for pragmatic clinical studies which can evaluate the complex 

clinical practice that occurs when CYPwCP receive BoNT-A treatment. It is essential 

to look at outcomes across all ICF domains, not only evaluating impairments of body 

structure and function which are directly affected by BoNT-A treatment, but also 

the evaluation of activity limitation and participation restriction that are indirectly 

affected. Most importantly there is a need to assess the clinical benefits in terms of 

meaningful change to children receiving treatment. This will allow clinicians and 

families to target interventions to promote improved functioning and participation 

and wellbeing. 

The selection of standardised outcome measures throughout the ICF which are 

sensitive to change following BoNT-A treatment will contribute to the evidence 

base regarding the efficacy of BoNT-A use in CP. Establishing the most useful 

outcome measures in the area is also critical to this process. These should include 

standardised clinical outcome measures to evaluate change in movement quality, 

linking the BSF and Activity domains of the ICF following treatment, the use of 

condition specific quality of life measures and standardised participation measures 

which capture both a child’s attendance and involvement in activities   

Mixed methods research designs are essential to capture evidence to evaluate the 

impact of BoNT-A treatment.  Carefully selected but comprehensive quantitative 

data can be collected throughout the ICF domains, allowing the evaluation of 

multiple outcomes simultaneously in conjunction with qualitative data to provide 

insight into the child and family experience.  Future research should also include 

sufficient participant numbers so that studies with multiple outcomes are 

adequately powered to enable meaningful statistical analysis to be performed.  
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As BoNT-A is recognised as an accepted modality in the treatment of spasticity in 

CP, the introduction of control groups and withholding of treatment can present 

ethical dilemmas and result in difficulties with recruitment. Therefore, high quality 

longitudinal studies with rigorous study designs, using children as their own controls 

could serve to address many of these issues. 

Combining quantitative and qualitative perspectives can provide insight into the 

impact of BoNT-A treatment as part of a complex rehabilitation programme. The 

findings of such studies may be more applicable within clinical settings than 

identifying change scores on a single outcome variable in a highly controlled 

research setting.  Longitudinal studies are required to provide meaningful 

information on the long-term effect of BoNT-A treatment. This is especially 

pertinent with the current concerns regarding the long-term effects of repeated 

BoNT-A use on muscle morphology.   
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Chapter 3 Research Outline 

3.1 Aims and objectives of the PhD 

Having considered the literature discussed in Chapter 1 of this report, together with 

the results of the systematic review in Chapter 2,  gaps in knowledge regarding the 

efficacy of BoNT-A use were highlighted. Although there was consistent evidence to 

show that BoNT-A reduced hypertonia, results demonstrating changes in activity, 

participation or QOL associated with BoNT-A treatment were mixed, with 

uncertainty about how long any observed changes last. The majority of studies 

reporting improvement following BoNT-A within the systematic review did not 

evaluate change beyond six months (Kelly et al., 2019, Thomas et al., 2016, Wright 

et al., 2008). It was apparent that further investigation into CYPwCP’s response to 

BoNT-A treatment throughout all domains of the ICF was warranted. 

 

In conducting this PhD research, the researcher aimed to contribute to this 

evidence base by investigating the multidimensional response to BoNT-A treatment 

in ambulant CYPwCP within all domains of the ICF over a 12-month period using 

standardised outcome measures in an established tertiary level service. It has also 

been suggested that standardised outcome measures may not be sensitive enough 

to pick up change following BoNT-A treatment and may not reflect the changes 

observed by children and their families (Bjornson et al., 2007, Wright et al., 2008). 

This evidence was therefore, further supplemented, by the introduction of a novel 

validated outcome tool the Quality Function Measure (QFM), in order to evaluate 

change in movement quality (considered an essential component of effective gross 

motor skills in children with CP) following BoNT-A use. This is the first reported use 

of QFM within the literature associated with BoNT-A use in CP.  
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Research questions 

The objectives of this research were to:  

1. Investigate clinical and patient reported outcomes (of body structures and 

function, quality of movement, activities and participation and health-related QoL) 

associated with lower limb BoNT-A injections in ambulatory CYPwCP over a twelve-

month period. 

2. Determine the factors associated with a response to BoNT-A treatment (such as 

age, GMFCS Level, previous injection history and injection pattern) 

3. Explore families’ experience of BoNT-A treatment and investigate how 

standardised clinical outcome measures relate to child and parent perceptions of 

response following BoNT-A treatment. 

To achieve these objectives a mixed methods study was conducted comprising of 

two phases: 

Phase I:  To meet objectives 1 and 2: a prospective longitudinal study using a one 

group repeated measures design with each child acting as their own control.  

Phase II:  To meet objective 3: interviews were conducted with a subgroup of 

CYPwCP and parent/carers from Phase I to elicit their experiences, and views of 

change following BoNT-A treatment.  

3.2 Study design 

A pragmatic prospective observational mixed methods longitudinal study was 

chosen to investigate clinical and patient reported outcomes associated with lower 

limb BoNT-A injections in CYPwCP. Participants needed to be aged between 4-18 

years with a confirmed diagnosis of ambulatory cerebral palsy (Gross Motor 

Function Classification System (GMFCS) level I, II or III).   Patterns of response to 

BoNT-A over a 12-month period needed to be identified within all domains of the 
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ICF: Body Functions and Structures, Activity and Participation, together with Quality 

of life (QOL).  

As BoNT-A treatment was considered best practice care for focal hypertonia 

management in CP (Barber et al., 2014, Fehlings et al., 2010, Novak et al., 2020, 

Wallen et al., 2007) there were practical and ethical concerns regarding the 

inclusion of a ‘no treatment’ control group and so a comparator was not considered 

ethically appropriate. As this study was a longitudinal repeated measures design, 

each participant acted as their own control.  

The study used a convergent design mixed methods approach (Creswell and 

Creswell, 2013). The results from the quantitative data collected in Phase I of the 

study (Chapter 6-Chapter 8) were combined with the findings from the qualitative 

data in Phase II gathered from semi-structured interviews with CYP and their 

parents (Chapter 11) and are synthesised in Chapter 12. A mixed method approach 

was chosen to provide a comprehensive means of researching this topic, 

recognising that the analysis of a combination of both quantitative and qualitative 

data provided a ‘better understanding of the research problem than either trends 

alone’ (Creswell and Plano Clark, 2011).   

The advantage of using mixed methods research when evaluating interventions in 

cerebral palsy is in the thoroughness of findings generated by using both 

quantitative and qualitative approaches (Zoellner and Harris, 2017). This provided a 

more complete picture by which to understand the role of BoNT-A in the 

management of hypertonia in ambulant CYPwCP. It has been argued that using only 

quantitative methods can produce results which may not reflect the experiences of 

CYPwCP and using only qualitative methods may not reflect the experiences of the 

wider population (Pope and Mays, 1995). Using both types of data allowed for 

weight to be given to the experiences and views of children and their families. This 

research has contributed to the existing evidence-base and provided a much-

needed voice of both parents and CYP, particularly the voice of the child with CP 

which is rarely heard in the literature. 
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It was recognised that the success of mixed methods research lies in the process of 

integrating the findings from both approaches (Johnson et al., 2007, Timans et al., 

2019). This study followed a parallel analysis approach (Teddlie and Tashakkori, 

2011, Zoellner and Harris, 2017), where data from each phase of the study (Phase I 

quantitative and Phase II Qualitative) was analysed and reported individually. 

Adopting this method enabled comprehensive analysis of each dataset leading to 

the identification of key results. These findings were enhanced by the comparison 

and analysis of both quantitative and qualitative data at the final stage of the 

analysis in Chapter 12, leading to triangulation and a cross-validation of results with 

inferences about convergence and divergence of Phase I and Phase II conclusions. 

3.3 Ethical considerations 

3.3.1 Risks and burdens to participants 

There were no anticipated intrusive risks or excessive burdens introduced by taking 

part in any part of this research. It was acknowledged that participation may have 

been demanding of each participant’s time.  In order to minimise any extra burden 

on CYP and their families time, Phase I of this study mirrored usual clinical practice 

within the GOSH Botulinum Toxin Service. All standardised physical assessments 

were kept the same as per usual clinical practice. All treatment and assessments 

continued with the same clinical team. 

The additional standardised outcome measure the Quality Function Measure 

(QFM) introduced for the study was scored by the researcher at a later date 

from the video recording of the Gross Motor Function Measure (GMFM) which 

formed part of the child's usual clinical practice assessment. This did not result in 

any extra burden for the CYP.  

In phase I two additional questionnaires were added to clinical assessment 

processes for the study period. The Participation Environment Measure - Children 

and Youth (PEM-CY) and The Cerebral Palsy Quality of Life Measure (CPQOL). 

Families were advised that these questionnaires differed from current clinical 
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practice and parents were given the opportunity to complete it during their child’s 

appointment or at home depending on preference. 

Phase II of the study involved a subset of families from Phase I who took part in 

an audio recorded semi-structured interview. This required an additional interview 

with parents and CYP. Families were offered the option of the interviews taking 

place at the hospital or in their own home to minimise inconvenience. For families 

opting for hospital interviews, the burden was minimised by co-ordinating the 

interviews with a visit to the hospital for a clinical appointment. 

Procedures were in place so that in the event of any issues of concern being raised 

by either the CYP or their parent these would be dealt with as regards to usual 

safeguarding and clinical practice. However, no concerns were raised at any time 

during the study. 

3.3.2 Potential benefits to participants 

There were no direct benefits to participants for taking part in this study. Although 

participants and their families have had access to the final results of this study. 

These study findings will affect their future treatment with BoNT-A as well as future 

users of the service. 

Participants who took part in Phase II shared views about their experience of 

receiving treatment and its impact on their life. This gave families the opportunity 

to explore whether standardised outcome measures reflected their views on any 

changes that occur after BoNT-A injections.  

3.3.3 Confidentiality and Data Monitoring 

Personal data stored in paper and other manual files were appropriately filed and 

stored securely as per usual GOSH policy (Appendix 14.1). Audio and Visual 

recordings were uploaded onto secure password protected encrypted NHS 

computers and deleted from the recording device immediately after uploading. 

Anonymised data were held on a secure encrypted, password protected UCL laptop.  
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Personal identifiable details and consent forms were stored separately to research 

data. When data were collected as a hard copy, e.g. consent forms and 

questionnaires these were stored in  The Movement Disorders Service at Great 

Ormond Street Hospital as soon as this was practicable. Electronic data were stored 

on password protected servers accessed through computers/encrypted laptops. All 

transcripts were anonymised, and personal identifiable details were kept in 

separate files to research data. The data were held at Great Ormond Street Hospital 

as per Hospital and R&D policy. Appropriate access controls were in place at GOSH 

to ensure that access to confidential research information was restricted to those 

who needed access such as the researcher (LK) and clinical team (LK was also part of 

the clinical team). 

LK ensured the confidentiality of personal data by following the NHS Code of 

Confidentiality (Appendix 14.1). The study had an information sharing protocol 

(Aldridge et al., 2010) that was adhered to by all members of the research advisory 

team and the transcription service used to transcribe the interviews (Take Note 

Typing™). The study protocol was reviewed and approved by the Research and 

Development team and Caldecott Guardian at Great Ormond Street Hospital. All 

participants were allocated a participant number which was used on all documents 

or data relating to them instead of their name. Pseudonyms were used in all reports 

and publications and direct quotations were anonymised. 

3.3.4 Ethical approval 

Approval for this study (#IRAS 211617) was granted by London Central Research 

Ethics Committee on 4th May 2017 (#REC 17/LO/0579).  This study was registered 

with the joint research and Development office at GOSH and UCL GOSH Institute of 

Child Health (# 15HN07) with HRA approval granted on 29th June 2017 and was 

adopted onto the NIHR Clinical Research Network Portfolio (Appendix 14.1). As this 

was an original study all documentation was specifically developed by LK (Appendix 

14.2). 
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3.4 Study sample and setting  

The study was undertaken in a paediatric tertiary referral hospital Great Ormond 

Street Hospital for Children, London, UK. Ambulant CYPwCP (GMFCS Levels I-III) 

fulfilling the eligibility criteria (Table 3-1) were enrolled from the Movement 

Disorders Service, a clinical service which assesses children’s suitability for BoNT-A 

injections. The study used a convenience sample in which children who were due to 

receive BoNT-A treatment were enrolled sequentially until a balanced number of 

children within the three GMFCS levels was reached. 

Inclusion Criteria 

CYP 

Exclusion Criteria 

CYP 

Confirmed diagnosis of CP (Unilateral or 

bilateral CP) with dynamic hypertonia 

(spasticity+/or dystonia) 

History of previous orthopaedic 

surgery to the injected muscle 

GMFCS level I,II or III 

History of previous neurosurgery for 

tone reduction (Selective Dorsal 

Rhizotomy) 

4-18 years old 
Lower limb BoNT-A in previous 6 

months 

Requiring lower limb BoNT-A for dynamic 

hypertonia interfering with lower limb 

functional goals or causing pain 

Unrelated musculoskeletal problems, 

such as recent acute injury, or 

congenital structural deformity 

Access to a block of physiotherapy from 

local team following BoNT-A (minimum 

of six weekly sessions) 

Contra indications to BoNT-A 

treatment 

Unable to complete baseline 

assessments due to capacity, ability or 

willingness 

Exclusion Criteria -Parents 

Inadequate knowledge of English language to complete outcome measure despite 

the use of interpreters 

Table 3-1 Eligibility criteria for The Toxin Study 

The target sample size for Phase I of the study was 60 CYPwCP, (20 from each of the 

GMFCS levels I, II and III) aged 4-18 years attending the Motors Disorder Service at 

Great Ormond Street Hospital for Sick Children (GOSH). A subgroup of 18 CYP (≥ 5 

from each of the GMFCS levels I-III) together with their parents was considered a 

large enough sample size to participate in the qualitative element (phase II) of the 

study following review at six months post injection. Eligible CYP were consecutively 
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recruited using a sampling matrix to ensure diversity of age, GMFCS level and 

treatment outcome until a balanced sample was achieved. 

3.4.1 Sample size calculation 

Phase I  

Sample size for Phase I was determined with the support of Statistical Support 

Service (SSS) at UCL Great Ormond Street Institute of Child Health.    

As this study was the first reported use of QFM as a primary outcome measure 

following BoNT-A, no data existed to inform a power calculation. It was anticipated 

that the results from this study would provide data for power calculation in future 

multi-centre trials.  The study was therefore powered to detect a difference on the 

second primary outcome measure: The Canadian Occupational Performance 

Measure (COPM). The sample size power calculation was based on anticipated 

change in the COPM goal performance at the primary end point T1 (6 weeks post 

intervention) after BoNT-A treatment.  A change in score of two or more points on 

the performance scale of the COPM was considered clinically meaningful (Law et al., 

2005, McColl et al., 2005). A previous study of lower limb BoNT-A use in CYPwCP  

generated standard deviations between 1.4 and 1.7 for COPM performance 

(Bjornson et al., 2007). Therefore, based on a moderate estimate using a mean 

change of two points on the COPM performance scale (power 0.8, two tailed, 

p<0.05), 36 participants (12 in each GMFCS level) were required.  

Attrition is a recognised problem in longitudinal research designs with either 

intermittent (participants unavailable for one/more measurement time points) or 

permanent attrition (participant drops out) (Mazen et al., 2019). Rates vary across 

the literature, and a meta-analysis of 92 longitudinal studies examining personality 

traits reported a 44% average attrition rate across the studies (Roberts et al., 2006) 

whereas other areas have reported as high as 85% attrition for vulnerable 

populations (Garnier-Villarreal et al., 2014). Therefore, allowing for attrition and 
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missing data over a twelve-month period a total of 60 participants (~20 in each 

GMFCS level) were planned for recruitment for Phase I of the study.  

Phase II 

 A sample size of 18 children and young people (at least 5 from each of the GMFCS 

levels I-III) and their parents (a subgroup of Phase I) was determined to be sufficient 

to participate in the qualitative element of the study.  This sample size was in line 

with qualitative research where the aim is to obtain rich in-depth data (Fugard and 

Potts, 2015).  

Methods of data collection for Phase I and II have been detailed in Chapter 4 and 

Chapter 10 respectively. 
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Chapter 4 Phase I – Quantitative study methodology 

This chapter summarises the methodology used in the Phase I study and outlines 

the assessments used to collect outcome throughout the 12 months of the study. 

4.1 Study procedure and data collection 

4.1.1 Recruitment  

Eligible participants were identified by the researcher from clinic lists of the 

Movement Disorders Service at GOSH. A member of the clinical team (not involved 

with the study) explained the study to the family. They were then provided with an 

invitation letter and parent and CYP information sheet (PIS). Parents and CYP were 

given at least 24 hours to consider if they would like to participate. Prior to data 

collection, parents were asked for written informed consent for their own and their 

child’s participation in the study. CYP were asked to give their assent to participate, 

and a selection of assent forms were available  depending on age, level of maturity 

and cognitive ability (Appendix 14.2).  

At the time of taking consent parents were asked if they would like to receive PIS 

about the qualitative interviews in Phase II of the study. A separate consent/assent 

form was used for Phase II of the study. Agreement to take part was reconfirmed at 

each contact.  

CYPwCP recruited into the study proceeded through the Movement Disorders 

Service at GOSH in the usual way, according to standard clinical practice. All 

decisions regarding clinical care, assessment frequency and BoNT-A injections 

continued as per usual clinical practice. Standardised clinical assessments and 

outcome measures were performed at four assessment time points T0 -T3 (Table 

4-1).  
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Assessment point Timing Comments 

 

T0 

 

Pre-injection baseline 
measures 

 

1- 6 weeks before injection 

 

T1 
6 weeks post injection 

Estimated time to reach 
target threshold for BoNT 

‘Evaluation of efficacy of 
injections’ 

 

 

T2 

 

6 months following 
injection 

Expected completion of 
pharmacological action  

‘Evaluation of retention of 
effects post injection’ 

 

At T2 there were three possible outcomes for patients (as per usual clinical practice) 

• Favourable response to injections with retention of effects– no further injections 
indicated at this time 

• Favourable response to injections without retention of effects- listed for a second 
injection episode within 12 months 

• No favourable response to injections- discharged to other services (e.g., 
neurosurgery/orthopaedics) 

 

T3 

 

12 months following initial 
injection 

Final assessment 

‘Evaluation of retained long 
term effects’ 

 
 

Table 4-1 Timings of study assessments T0-T3 

All participants who had not undergone surgical intervention were assessed at T3, 

independent of outcome at T2. This facilitated the analysis of factors associated with 

changes in impairment, activity, participation and QOL following BoNT-A treatment 

and time to re-injection over 12 months. The need for re-injection was determined 

by clinical examination (documentation of a technical response in the muscle (e.g., 
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reduction in spasticity), evaluation of goal attainment (COPM) scores and in 

consultation with families and local team as per usual clinical practice.  

4.1.2 Validated outcome measures for all ICF domains 

The standardised outcome measures used in the study are summarised within the 

ICF domains in Figure 4-1 and administration details of the measures are 

summarised at the end of the chapter in Table 4-2. Outcome measures followed 

GOSH standard clinical practice with additional measures introduced specifically for 

the study highlighted in red in Table 4-2. Patient assessment took between 60-90 

minutes as per usual clinical practice. 

 

 

 

 

 

 

 

 

 

Figure 4-1 Study Outcome Measures within ICF Domains 

 

Body structures and 
function 

(Impairment) 

Pain: Faces Pain Scale - 
Revised (FPS-R) 

Spasticity: Modified 
Tardieu scale (MTS)  

Selectivity: Selective 
Motor Control (SMC) 

 

Participation 
(Restriction) and 
Patient Reported 

Outcomes  

Goal Setting (COPM)* 

Participation and 
Environment Measure for 
Children and Youth’ 

(PEM-CY) 

CP Quality of Life 
Questionnaire (CPQOL 
child and CPQOL teen) 

Activity (Limitation) 

Modified Timed Up and Go 
(mTUG) 

1 Minute Fast Walk Test 
(1MFWT) 

Gross Motor Function 
Measure (GMFM) 

 
Quality Function Measure 

(QFM)* 

Cerebral Palsy 
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4.1.3 Training and fidelity 

All clinical staff who collected study data were experienced members of the tertiary 

service with extensive experience of working with children with CP (mean 21 years, 

range 13-33 years). A standardised measurement protocol was already in place in 

the clinic and an additional study manual with instructions for clinicians was 

developed by LK to ensure consistency (Appendix 14.3).  

Two half day training sessions took place for clinicians collecting study data prior to 

start of recruitment in September 2017.  Monthly meetings with clinicians ensured 

consistency and adherence to study protocol. 

4.1.4 Data collection- clinical assessment  

 Collection of baseline clinical information (standard clinical practice) 

Information regarding classification of CYPwCP relative to CP type and GMFCS level 

(1.3.1), demographics including age, co-morbidities, cognitive ability, therapy, and 

orthotic provision were collected.  All children were scheduled for a six-week block 

of targeted goal directed therapy delivered by their usual community therapy teams 

in the post injection period. Any additional interventions such as casting and change 

in orthoses following BoNT-A together with additional participation in activities 

were recorded in the clinical notes. 

BoNT-A assessment (standard clinical practice) 

An experienced multidisciplinary team consisting of a consultant doctor and senior 

physiotherapist identified the muscle groups to be injected. Muscle selection varied 

between participants according to spasticity-related functional impairment. This 

was based on clinical assessment with reference to standard definitions (Graham et 

al., 2016) and treatment was related to the goals of the CYPwCP and family.  

The lower limb muscle groups injected were categorised into three groups: distal, 

proximal and multilevel. These were defined as ‘distal’ involving muscles that insert 
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below the knee joint, ‘proximal’ in muscles that originate above the knee joint and 

‘multilevel’ if both distal and proximal muscles were treated (Figure 4-2).  

                           

Figure 4-2 Categorisation of injected lower limb muscle groups: proximal, distal and multilevel. 

 

4.1.1 Administration of BoNT-A 

BoNT-A was prescribed as per standard clinical practice at GOSH using 

abobotulinumtoxinA, Dysport® Ipsen Ltd. Administration is 500 U Dysport® diluted 

in 1 ml of normal saline, up to a maximum dose of 30 units /kg /body weight or a 

total dose up to a maximum of 1000 units per injection session. All CYPwCP 

received BoNT-A injections under ultrasound guidance as a day case with oral 

sedation and local analgesia. Adverse events were recorded and standard reporting 

and follow up was as per current GOSH policy. 

Proximal  

Distal  

 

multilevel 
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4.2 Data collection- study outcome measures 

4.2.1 Primary outcome measures 

The Quality Function Measure (QFM)6is an observational criterion referenced 

measure designed to evaluate the quality of movement in standing and walking 

skills in children with CP. It is used in conjunction with the Gross Motor Function 

Measure (GMFM) using Dimensions D and E, which focus on ‘standing’ and ‘walking, 

jumping and running skills’. The GMFM is considered a ‘gold standard’ tool for 

evaluating gross motor function in children with CP, evaluating ‘how much’ of a 

gross motor skill a child can perform (Boyce et al., 1995, Russell et al., 2000). 

However, there are concerns that GMFM alone is not sensitive enough to pick up 

meaningful change post intervention, due to ‘ceiling effects’ of the measure when 

used with ambulant CYPwCP in GMFCS levels I-III (Love et al., 2010b, Tustin et al., 

2016, Wright et al., 2014a).  The QFM scores movement quality and assesses ‘how 

well’ a child performs gross motor tasks (Wright et al., 2014a). It has shown 

excellent rater and test-retest reliability (ICC 0.89-0.97, p<0.001). Minimal 

detectable change estimates (9-11 %) suggest that the scale has potential as an 

evaluative measure (Tustin et al 2016; Wright personal communication 2018). 

However to date, there are no published studies evaluating the responsiveness of 

QFM post BoNT-A. 

The QFM is performed by taking videos of up to 3 trials of dimensions D (13 items) 

and E (24 items) of the GMFM following a standardised protocol to record 

movement in the frontal and sagittal plane (Children in GMFCS levels I and II need 

to complete a minimum of 13 items to score GMFM-66 within D and E dimensions 

and children in GMFCS III need to complete a minimum of 5 items as recommended 

within the GMFM-66 manual (Russell et al., 2000)).  

QFM certification requires clinicians (raters) to undertake a one day in person QFM 

training workshop and approximately 10 hours of group scoring before 

independently passing the QFM video scoring criterion test administered by the test 

 
6 Primary outcome measure for The Toxin Study  
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developers (criterion level, weighted kappa>.80 for agreement with test developer, 

see Appendix 14.4 for example of criterion scoring). The researcher (LK) has been 

accredited twice on QFM testing, once prior to the study commencing and once mid 

data collection and was in close contact with the test developers throughout the 

study. During pilot data collection this study highlighted some operational 

ambiguities in administering the scoring criteria and these were highlighted to the 

test developers and subsequently changed in the updated version of the manual.7 

Regular contact regarding scoring was also maintained with test developers during 

the four month scoring period to minimise ‘observer drift’ (a reported phenomenon 

where raters change the way in which they apply scoring criteria over time (Kobak 

et al., 2004)). This was also controlled for by randomised order of scoring as 

described below so that ‘drift’ would not differentially influence data across the 

different assessment phases (Kazdin, 1977).  

Each video was later scored by the researcher (mean time to score ~ 60 minutes, 

range 30-90 minutes, Tustin et al 2016) to obtain percentage scores for 5 Quality 

attributes: Alignment, Co-ordination, Dissociated movement, Stability, and Weight 

shift. The GMFM was carried out in clinic as per usual clinical practice but for the 

study this was video recorded as part of the participants’ clinical record.  

In order to minimise bias, LK was blinded to the stage of treatment of each child 

(i.e. pre or post injection). To conceal these time points each video containing 

GMFM D & E (standing and walking) dimensions was anonymised, and date of 

recording was not visible and each video session was randomly allocated a letter by 

a co-worker not involved in the service.  This ensured that the researcher was 

masked to the child’s assessment time point. To minimise recall bias, videos of at 

least 10 other children were scored before scoring the video of the same child at a 

different time point. This was in keeping with previous QFM reliability studies which 

suggested a gap of two weeks before evaluating test-retest scores (Wright et al., 

2014, Tustin et al., 2016). Raw item QFM scores were converted into QFM attribute 

 
7 Item # 64 Standing: picks up object from floor, arms free, returns to standing 
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summary scores using an Excel database supplied by the test developers. Data for 

each participant at each assessment time point was entered into a secure data base 

without access to previous scores until scoring for all assessment time points was 

complete. 

QFM inter-rater reliability had already been established within the service for a 

previous study with ambulant CYPwCP undergoing selective dorsal rhizotomy (SDR) 

surgery. ICC estimates were excellent for all QFM attributes (0.95-0.99, p<0.001) 

with lower Confidence Intervals (CI) beyond 0.9 for all QFM attributes apart from 

Weight shift (lower CI: 0.8) suggesting good to excellent level of reliability for all 

attributes.8 

As the QFM is a novel outcome measure there is little information about the 

psychometric properties of the measure, therefore intra-rater reliability was 

determined for the study. Although no formal consensus exists as to what 

constitutes adequate reliability for an outcome measure, guidelines suggest that 

reliability coefficients greater than 0.89 are considered important to guide care at 

the individual participant level whilst coefficients of ≥0.7 are considered acceptable 

for group research (Matheson, 2019).   

Twelve videos were scored a second time by LK after a minimum of a 4-week period 

from the original scoring, without reference to previous scores. At least 10 other 

videos from different children were rated between the first and second rating for 

the repeatability test.  

Intra-rater reliability for QFM attribute scores were evaluated using an intraclass 

correlation coefficient (ICC).  In view of the single-rater study design and a desire to 

generalise beyond the involved rater (LK), an ICC type 2:1, 2-Way Random effects 

single measure model of absolute agreement was chosen (Shrout and Fleiss, 1979). 

The 95% confidence interval was constructed for each ICC attribute point estimate 

 
8 ICC in published studies. Values less than 0.5 are indicative of poor reliability, values between 0.5 
and 0.75 indicate moderate reliability, values between 0.75 and 0.9 indicate good reliability, and 
values greater than 0.90 indicate excellent reliability (Koo and Li, 2016). 
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to enable confidence in the calculated coefficient.  However, as it can be difficult to 

interpret ICCs clinically due to their dimensionless value (Koo and Li, 2016), 

concordance between the measurements was also supplemented by two other 

methods; Bland Altman methods (Bland and Altman, 1986) were used to assess 

within rater agreement, and Standard Error of Measurement (SEM)  was also 

calculated (Chapter 6 (6.1.5.2). As SEM is expressed in the same units as the 

measurement scale it is said to be  easier to interpret clinically (Bruton et al., 2000). 

SEM was determined using the formula SEM = SD√(1-ICC). Following this SEM values 

for the study were used to estimate the minimal detectable change of each QFM 

attribute at 95% confidence level using the equation MDC95=SEMx√2 x1.96 (Walker 

et al., 2018). 

Canadian Occupational Performance Measure (COPM)9 is a goal attainment tool 

modified for use in the paediatric population (Law et al., 1995a, McColl et al., 2005). 

It identifies concerns regarding ‘occupational performance’ i.e., the ability to carry 

out functional tasks and has been used to document change post BoNT-A 

rehabilitation (O'Neil et al., 2003, Thomas et al., 2016). Used widely in the 

paediatric population, areas of concern regarding a child’s self-care, activity and 

leisure are explored during a semi-structured interview between the child, family 

and clinical team. COPM has demonstrated high re-test reliability (ICC 0.76-0.89), 

good content, construct and criterion validity and sensitivity to change for children 

with CP receiving BoNT-A (Cusick et al., 2006, Fragala et al., 2002).  

COPM use was well established in the clinical team at GOSH and has been used to 

evaluate goal attainment for over ten years. Families were asked to identify up to 

three areas of concern which they and their child hoped to improve following lower 

limb BoNT-A injections. In order to make the goals meaningful, whenever possible 

these goals were set with the child’s input (Bjornson et al., 2007, Verkerk et al., 

2021).  

 
9 Primary outcome measure for The Toxin Study 
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Children and parents rated their perception of the child’s current performance and 

their satisfaction with this performance on a 1–10 ordinal scale. The individual goals 

identified by each child were given two baseline scores; COPM Performance 

(COPM-P) which evaluated the pre BoNT-A treatment evaluation of goal 

performance and a COPM Satisfaction score (COPM-S) which evaluated how 

satisfied the CYPwCP and their families were with that goal performance at the time 

of the assessment. COPM-P and COPM-S scores were evaluated at each post BoNT-

A assessment time point and re-scored (1-10).  

Reflective scoring, (showing families the results of their baseline assessment) was 

used, as this method has been shown to improve the discriminatory power of the 

COPM to evaluate change over time (Eyssen et al., 2011). 

A score change of two or more points has been described as a minimal clinically 

important difference and was considered in this study to be a clinically significant 

improvement (Kang et al., 2020, Law et al., 2019, McColl et al., 2005). Whilst it was 

anticipated that children’s goals could change throughout the study, only the 

original goals set at baseline were evaluated in terms of the study 

 

4.2.2 Secondary outcome measures 

Modified Tardieu Scale (MTS) is a recognised clinical measure used to differentiate 

dynamic spasticity from fixed contracture in a muscle. It determines the passive 

range of movement at two different movement velocities; fast (R1) which is 

referred to as the ‘dynamic catch’ in the muscle and is considered a proxy measure 

for the presence of spasticity, and slow (R2), which provides information about the 

presence of fixed or dynamic contracture in the muscle.10 The relative difference 

between the two (R2-R1) determines the ‘dynamic component’ of the muscle 

contracture (see Figure 4-3). The presence of a ‘dynamic catch’ as measured by R1 

 
10 A dynamic contracture in a muscle is defined as one that can be corrected to neutral position with 
a maximal or submaximal force as opposed to a static (fixed) contracture which cannot be corrected 
to a neutral position. 
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is an indicator for treatment of spasticity with BoNT-A injections  (Boyd and 

Graham, 1999, Love et al., 2001, Strobl et al., 2015). It is measured in degrees with a 

universal goniometer with the child positioned in standardised positions for each 

muscle (Appendix 14.3). It has been shown to be more effective than the Modified 

Ashworth Scale (MAS) in identifying the presence of spasticity (88.9%, kappa= 0.73, 

p=0.000) and the presence of contracture (77.8%, Kappa=0.503, p=008) and the 

severity of contracture r=0.49, p=0.009) (Alhusaini et al., 2010, Boyd and Graham, 

1999), with good to excellent reliability reported for MTS R1 with ICCs between 0.86 

and 0.91 (Numanoğlu and Günel, 2012). 

 

 

Figure 4-3 Diagrammatic representation of the Modified Tardieu Scale (MTS)   

 

Modified Ashworth Scale (MAS) is another accepted clinical tool, frequently used in 

clinical practice and research in the adult population to measure spasticity, but less 

so in the field of paediatric cerebral palsy, where it is mostly used for research 

purposes (Love et al., 2010b). It has a six point rating system which grades muscle 

spasticity (0,1,1+,2,3,4) measured in the same standardised positions as MTS 

(Appendix 14.3). However unlike MTS there appears to be limited validity in 

children with cerebral palsy (Bar-On et al., 2013, Fosang et al., 2003, Mutlu et al., 

2008) and it is unable to differentiate between neural and non-neural causes of 

spasticity (Alhusaini et al., 2010). Despite its limitations, due to its widespread use 

in in the literature on BoNT-A use in paediatrics (Blumetti et al., 2019), it was 

included as a supplementary spasticity measure in this study permitting comparison 

with published findings.   
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Selective Motor Control (SMC) is considered a good discriminator of selective 

motor control and assesses a child’s ability to voluntarily and selectively control the 

dorsiflexors of the ankle. It is measured by an ordinal scale between 0 and 4. 

Children were measured in standardised position as per test developer’s 

instructions (Boyd and Graham, 2007). A higher score indicates better selectivity, 

inter-rater agreement has been shown to be moderate (Kw= 0.58-0.77) with strong 

test-retest reliability (Kw=0.88-1) (Lowing et al., 2010). 

 

Faces Pain Scale–Revised (FPS-R) is a self-report measure used to assess the 

intensity of children's pain and is validated for use with children aged 4 years and 

older (Hicks et al., 2001). It consists of seven faces corresponding to a 10-point 

linear scale (Figure 4-4). Face scales are generally preferred, especially by younger 

children, to visual analogue and word descriptor scales (Johnston and von Baeyer, 

2012). The FPS-R has the advantages of having no smiling face and no tears, which is 

said to avoid the confounding of affect and pain intensity and other complicating 

effects of these ‘anchors’ particularly with younger children (Chambers and Craig, 

1998). Its validity is supported by a strong positive correlation (r=0.93, N=76) with a 

visual analogue scale (VAS) measure in children aged 4-16 years and coloured 

analogue scale (CAS) (r=0.84, N=45)to rate pain during hospitalization for surgical 

and non-surgical painful conditions (Hicks et al., 2001).A change score of >2 points is 

reported to represent a minimal clinical important difference  

 

Figure 4-4 Faces Pain Scale 
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Gross Motor Function Measure (GMFM-66) is considered a ‘gold standard’ clinical 

and research tool used to evaluate gross motor function in CYPwCP. It includes 66 

gross motor tasks grouped into five dimensions: A) Lying and Rolling; B) Sitting; C) 

Crawling and Kneeling; D) Standing; and E) Walking, Running and Jumping. Only 

dimensions D and E were used for the purposes of the study.  Each item is scored 

using a 4-point criterion referenced scoring system on a 0-3 ordinal scale 

representing the degree of task achievement specified by item specific criteria. A 

maximum of three trials were permitted per GMFM item (see QFM details).  Any 

omitted items were scored “not tested”.  Ordinal GMFM item scores were 

converted into interval level GMFM-66 data using the Gross Motor Ability Estimator 

- second edition (GMAE-2, 2013) software available from test developers.  GMFM-

66 has been shown to have high test-retest reliability (ICC 0.99) (Russell et al., 2000) 

and be more responsive to change than the original GMFM with 88 items (Wang 

and Yang, 2006), with less of a ceiling effect (Damiano et al., 2005). 

One Minute Fast Walk Test (1MFWT) is considered a good discriminator of 

functional ability for dynamic balance, muscle performance and endurance 

(McDowell et al., 2005). Children were asked to walk for 1 minute along a 9-metre 

corridor at maximum speed without running. Children were able to use usual 

walking aids and orthoses and the presence of these were recorded to aid 

repeatability of testing conditions. Distance was calculated to the nearest 10cm. 

1MFWT shows concurrent validity with GMFM with significant correlation between 

GMFM score and distance walked (r=0.92) and excellent reliability 

(ICC0.97)(Scholtes et al., 2012). 

Modified Timed Up and Go (mTUG) is considered a good discriminator of balance, 

anticipatory postural control, and functional mobility in CYPwCP. Children were 

timed rising from a chair, walking 3 metres, touching a star on the wall, and 

returning to sit down as quickly as they could without running. Children were able 

to use usual walking aids and orthoses and details were recorded at baseline and 

repeated at each assessment time point. The child was given the opportunity to 

repeat the test three times and the best score was recorded. The measure has been 
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shown to differentiate performance between children at GMFCS levels I-III.  It has 

shown good to excellent inter-rater reliability (ICC 0.83-0.99)(Carey et al., 2016, 

Williams et al., 2005). 

 

 

Participation Environment Measure- Child and Youth (PEM-CY) is an innovative- 

parent reported participation measure for use with CYP between 4-18 years. It is 

the first reported measure to examine children’s participation in all three areas of a 

child’s life; home, school and community. It also takes into account the 

environmental challenges. There are three sections: Home (10 items), School (5 

items) and Community (10 items). Whilst the questionnaire is a generic paediatric 

tool and not specific to CYPwCP  it has shown good internal consistency (ICC 0.72-

0.83) and test-retest reliability (ICC 0.76-0.89) with a variety of different disabilities 

including CP as well as with typically developing children (Coster et al., 2011). 

Participation is a complex, multifaceted construct and it has been recognised that 

there are two components of participation as defined by the ICF “attending and 

being involved in life situations” (WHO, 2007). Therefore, two domains of the PEM-

CY were selected for analysis; Average frequency of participation in activities, which 

reflect both the attendance and range of activities that a child is involved with and 

Average involvement in these activities which reflects the experience of a child’s 

participation whilst carrying out these activities. Average frequency and Average 

involvement were analysed in three settings; home, school and community. 

Cerebral Palsy Quality of Life (CPQOL) is a QOL assessment administered by 

questionnaire, specifically designed for CYPwCP. It quantifies ‘well-being’ across 

seven key QOL domains. Items are scored on a nine-point rating scale, then 

summed and averaged to generate seven domain scores in the following areas: 

  

• Social wellbeing & acceptance 

• Feelings about functioning* 

• Participation & physical health* 
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• Emotional wellbeing & self-esteem 

• Access to services 

• Pain & impact of disability* 

• Family health 

 

There are two CYP reported and two proxy reported versions dependent on CYP’s 

age and cognitive ability (CPQOL-Child, CPQOL-Teen). All have demonstrated good 

internal consistency (Child ICC 0.74-0.92; Teen 0.81-0.96) and test-retest reliability 

(Child ICC 0.76-0.89; Teen 0.59-0.83) (Davis et al., 2013, Waters et al., 2007).  

The CPQOL developers have stipulated a minimum cognitive age of 9 years for child 

self-reporting. Due to previous service evaluation of age and cognitive ability of 

CYPwCP using the service, it was anticipated that the majority of the children would 

be unable to self -report. The proxy reported versions were therefore used 

throughout the study to ensure consistency of reporting. However, all families were 

encouraged to complete these questionnaires in consultation with their children, to 

encourage collaborative reporting (Brewer et al., 2014). 

Three domain scores considered most pertinent to evaluating BoNT-A intervention 

were selected a priori*; ‘feelings about functioning’, and ‘participation and physical 

health’ were selected as most representative of function and participation and 

these were both used in multilevel regression analysis for this study.  The pain and 

impact of disability domain scores were also analysed and have been reported in 

conjunction with mFPS pain score used in the study. 

 

All the outcome measures used for the study are summarised in Table 4-2. The 

outcomes introduced specifically for the study in addition to usual outcome 

measures have been highlighted in red.



 

 
 

Table 4-2 Study Outcome Measures throughout the ICF   

ICF Measuring OUTCOME MEASURES MEASUREMENT LEVEL Explanation 
 

 
 
 

Body functions and 
structures 

 
(impairment) 

 
 

Spasticity  and dynamic range of 
movement 

 
 

Pain 
 

 
 

Modified Tardieu Scale (MTS) 
(Boyd and Graham, 1999) 

 
 

Faces Pain Scale (FPS-R) 
(Hicks et al., 2001) 

 
 

Standardised goniometry placement 
 
 
 

Score assigned by CYP 

 
 
 

Degrees 
 
 
 

Score out of 10 

MTS measured at injected muscles. The difference between the 
slow stretch R2 and a fast stretch R1 = ‘dynamic range’ and is 

reported to be amenable to treatment with BoNT-A 
 

FPS-R which has been shown to have good psychometric 
properties for pain reporting (modified for use by carer when CYP 

unable to self-report) 
 

 
 
 
 
 
 
 
 

 
Activity 

(functional limitation) 
 
 
 
 
 
 
 
 
 

 
 

Gross motor  function 
 
 
 
 

Quality of Gross Motor Function 
 
 
 

Balance 
 
 

Walking ability 
(Efficiency) 

 

 
Gross Motor Function Measure (GMFM) 

(D&E walk/run/jump dimensions) 
(Russell et al., 1989) 

 
 

Quality Function Measure (QFM)** 
(Wright et al., 2014) 

 
 

 
Modified Timed up and Go Test (mTUG) 

(Dhote et al., 2012) 
 
 
 

1 minute fast walk test (1MFWT) 
(McDowell et al.,2005) 

 
Video recorded** 

Standardised assessment form 
Scored by clinician 

 
 
 

** scored by PI later from GMFM above 
 
 
 

Timed standardised test 
(from sitting CYP stands and walks distance 3m 

touches star returns to seat) 
 

Distance recorded 
(5 minutes rest, followed by walking for 1 

minute in a 9m corridor at maximum walking 
speed without running. CYP use normal 

walking aids and wear orthoses). 
 

 
% score 

 
 
 
 
 

% score 
for 5 quality 

attributes 
 
 
 
 
 
 

Seconds 
 
 
 
 
 

Metres 

The GMFM designed to evaluate change in gross motor function 
over time in children with cerebral palsy. It is the standard 

outcome assessment tool for clinical intervention in CP 
Families are consented for video storage in accordance with the 

Great Ormond Street Hospital policy 
 

The Quality FM observational validated measure captures the 
quality of movement of the GMFM (D&E) as above 

post  BoNT-A  may be more sensitive to change than GMFM 
alone scored from video no extra assessment time for CYP 

 
mTUG integrates transitions and walking skills, and provides a 
meaningful measure of capability. It has been shown to be a 

reliable outcome measure for assessing functional mobility in CP 
children. 

 
1MFWT a good discriminator of functional ability for dynamic 

balance, muscle performance and endurance. 
 

 
 
 

Participation 
(restriction) 

 
 

Involvement in daily activities 

Participation and Environment Measure 
for Children and Youth’ (PEM-CY) 

(Coster et al.,1998) 

 
Parent reported Questionnaire 

(25 item~ 25 minutes to complete) 
Answered at home or in clinic 

 
 

Score 

The PEM-CY assesses participation in  home, school and 
community, along with environmental factors within each of 
these settings 

Can be completed online at home or in clinic on a handheld 
device/ paper format whilst waiting for the child’s assessment to 

be completed. 

 
 
 

Quality of life 

 
 

Quality of life across various 
domains 

 
 

Cerebral Palsy Quality of life measure 
(CPQOL) 

(Davis et al 2013) 

 
CYP(or proxy)reported Questionnaire 

CP QOL-Child / CP QOL Teen 
Answered at home or in clinic 

 
 

Score 

The CP QOL-Child designed to assess the quality of life of children 
aged 4-12 years - parent report for children aged 4 to 12 years 
and a self-report for children aged 9 to 12 years (52-66 items). 
CP QOL Teen 13-18 years. Adolescent self-report version and a 

parent version (72-89 items). 
 

 
Goal setting 

(ICF domains) 

 

Selection of goals 
CYP hopes to improve following 

BoNT-A 

Modified Canadian Occupational 
Performance Measure 

(mCOPM) 
(Law et al.,1998) 

 
In clinic 3 Goals set by CYP and family pre 

injection 
Scores assigned post injection 

 
 

Score 
(1-10) 

mCOPM rates perception and satisfaction of CYP’s performance 
on a 1–10 ordinal scale.  A score change of> two points is 

considered clinically significant 
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Chapter 5 Results Phase I: Participant demographics and BoNT-A 

treatment details  

This chapter presents the demographics and clinical variables of the children 

enrolled in the study. Preliminary univariate analyses of the primary outcome 

measures; The Quality Function Measure (QFM) and Canadian Occupational 

Performance Measure (COPM) are presented in Chapter 6, with univariate analysis 

of secondary outcome measures from all domains of the ICF presented in Chapter 7. 

The results from hierarchical multilevel regression analysis after adjusting for 

clinical confounders are presented in Chapter 8.  

5.1 Sample and Recruitment 

The study took place within The Movement Disorder Service at Great Ormond 

Street Hospital for Children between September 2017 and July 2020.  Children 

referred for BoNT-A treatment in the Botulinum Toxin Service pre-assessment clinic 

were screened for eligibility to enter the study between September 2017 and July 

2019 (Figure 5-1).  

During this time 394 children were referred into the service, 105 children 

potentially met the inclusion criteria. Assessment by the clinical team confirmed 

eligibility for lower limb BoNT-A, and 70 children were invited to participate by the 

researcher (LK).  Six children declined due to family circumstances and 64 children 

were recruited and a single group repeated measures study was conducted.    

Study recruitment was slower than expected due to a difficulty in recruiting a 

balanced number of CYPwCP within each GMFCS level. Recruitment was initially 

planned for 18 months and extended to 22 months to recruit more children into 

GMFCS level III and during this time more children from GMFCS levels I and II were 

also recruited.  
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Figure 5-1 Study flow chart according to CONSORT guidelines  
SDR= Selective Dorsal Rhizotomy LD= Learning Disabilities  
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The slow recruitment to the study was unexpected as earlier pilot data had 

suggested that more children within GMFCS level III (38%) than GMFCS level I (34%) 

or II (28%) had previously received BoNT-A treatment within the service 

(unpublished data Katchburian, 2013). This could have been due to a change in 

service delivery with the introduction of a Selective Dorsal Rhizotomy (SDR) service. 

SDR is often targeted at children in GMFCS Level III and therefore may have reduced 

the number of children being referred for BoNT-A. 

As shown in Figure 5-1, the study assessment time points were co-ordinated with 

the four clinical assessment sessions: Pre BoNT-A injections (T0), six weeks (T1), six 

months (T2) and 12 months (T3) post BoNT-A injections.  All 64 children received a 

baseline assessment (T0) as detailed in Chapter 4 (4.1.4).  

At 6 weeks post injection assessment (T1), 60 children (94%) attended, 4 children 

did not attend; 1 child did not attend due to injury (ankle sprain) and 3 children 

failed to attend their follow up appointment. Additionally, 2 children were unwell 

during the assessment and were unable to complete the activity assessments*. 

At the 6-month assessment post injection (T2), 60 children completed the 

assessments (94%). There were missing data for 4 children (these were different 

children from those missing data at T1); 2 children failed to attend, 1 child had an 

injury (ankle sprain) and 1 child did not attend due to an inpatient hospital stay.   

At the 12-month assessment (T3), 57 children (89%) completed the assessments, 

with 7 children not attending the final clinical assessment. 

• 6 children had surgery between T2 and T3  

• 5 children had orthopaedic surgery (GMFCS Level I n=1, GMFCS Level 

III n=4) 

• 1 child (GMFCS Level III) had selective dorsal rhizotomy (SDR))  

• 1 child (GMFCS Level II) was unable to attend due to problems with the 

distance travelled (this child had also missed the clinical assessment at T1). 

When contacted the family did not want to continue treatment at GOSH and 
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the available data from time point T0 and T2 was used in the descriptive 

analysis. 

50 children (78%) attended assessments at all four time points T0-T3 (GMFCS I 

n=18, GMFCS II n=20, GMFCS III n= 12) (Figure 5-1). There were complete 

assessments with all outcome measures for 48 children*. 

The attrition rate for this study was 22% and this was mainly due to intermittent 

attrition. As highlighted above, one child missed two out of the four appointments 

and thirteen children missed one assessment time point.  As this was a repeated 

measures longitudinal study, descriptive statistics included all the available data at 

each assessment time point, however, inferential statistical analysis was based on 

the complete data set available (N=48*: GMFCS level I n=18; Level II n=19; Level III 

n=11). This sample size of 48 was in keeping with the power calculation of 36 

participants.  

Participant characteristics and treatment details for the whole sample are 

summarised in the following sections. 
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5.2 Demographics 

Baseline characteristics for the children enrolled in the study are outlined in Table 

5-1 

Baseline characteristics of 
participants 

 n  % 

Female 
Male 

 
35 
29 

55 
45 

Cerebral Palsy distribution 
Unilateral (Left/Right) 
Bilateral 

 
 

24 (11/13) 
40 

 
37.5 
62.5 

Dominant tone presentation 
Spastic 
Mixed spastic/dystonic 

 
 

13 
51 

 
20 
80 

Gross Motor Function Classification 
System (GMFCS) Level 
Level I 
Level II 
Level III 

 

 
 

22 
24 
18 

 
 

34 
38 
28 

Age (years) 
mean (SD) 
Range 

 
 

7.4 (2.8) 
4-16.8 

 

Age Strata 
4-8 years 
9-18 years 

 
 

46 
18 

 
71.8 
28.2 

Weight (kg)(SD) 
range 

 
25.8 (10.0) 

10-65.9 
 

Co-morbidities (number of children)  31 48.4 

Co-morbidities Details 
Learning Disabilities 
(Mild/Moderate/severe) 
Autistic Spectrum Disorder 
Epilepsy 

 

 
22 

(13/8/1) 
6 
3 

 
34.4 

 
9.4 
4.7 

Previous BoNT-A injections     

0 
1 
2 
3 
4 
5 
6 
7 

 

19 
13 
16 
5 
8 
1 
1 
1 

29.7 
20.3 
25.0 
7.8 

12.5 
1.6 
1.6 
1.6 

 

Table 5-1 Baseline characteristics of participants 

The demographics for the participants were in keeping with other research in the 

field (Delgado et al., 2016b, Read et al., 2017, Yap et al., 2010), with the majority of 
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the children younger than 9 years of age and 50% receiving injections for the first or 

second time. Further clinical details of the intervention during the study period are 

summarised in Table 5-2. 

   n (SD) % 

Unilateral/bilateral injections   32/32 50/50 

Lower Limb Muscle-groups-injected 
[unilateral/bilateral] *  

    

     Distal 
     Proximal 
     Multilevel  

  
36 [26/10]* 
12 [1/11]* 
16 [6/10]* 

56.3 
18.8 
25.0 

Dose BoNT-A Dysport® 
(AbobotulinumtoxinA) 

    

Mean Total Dose (Units)  
Mean Total  BoNT-A (Units/kg 
bodyweight) 

  
454 (193) 
18.54 (6.72) 

 

Additional upper limb injections   12 18.8 

Adverse events 
Adverse events (Detail) 

  11 17.2 

 
Pain/discomfort  
Flu like illness 
Localised weakness  
Localised weakness+ bladder  
instability 
 

  

3 
1 
5 
2 

4.7 
1.6 
7.8 
3.1 

Mean time of assessment pre/post 
BoNT-A (weeks)  

    

 T0  
 T1 
 T2 
 T3 

  

5.30 (3.27) 
7.36 (1.89) 
26.58 (3.96) 
50.79 (2.60) 

 
 
 

Physiotherapy post-injection 
6 week block 
4 week block 

  
 
63 
1 

 
98.4 
1.6 

 
Serial casts-post injection (number of 
children) 
Mean time casts worn (weeks) 

  

 
4 
 
3.75 (1) 

6.3 
 

 
Further treatment within study 

    

Re-injection  
Mean time to reinjection (weeks) 
Surgery: Orthopaedic/SDR  
Mean time (weeks) 

  

24 
41.3 (4.0)  
6 (5/1) 
43.3(7.3)/48.2 

38 
 
9 

Table 5-2 Clinical characteristics of study participants  

Key: *Distal muscle groups = injections into muscles inserting below the knee *Proximal Muscle group= 
injections into muscles inserting above the knee *Multilevel injections = injections to both proximal and distal 
muscle groups as shown in Figure 4-2 
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There was an a priori analysis plan was to stratify children into three age groups:  4-

8 years, 9-12 years, and 13-18 years. However, since only one child was recruited in 

the teenage age band (16.8 years, GMFCS Level I), the sample was subsequently re-

stratified into only two age groups 4-8 years (71.8%) and 9-18 years (28.2%)  

Table 5-1).  

This age stratification is in keeping with other work where ‘younger’ age groups are 

stratified below nine years old (Tilton et al., 2015).The distribution of children as per 

GMFCS level related to their age is summarised in Figure 5-2 

 

Figure 5-2 Age grouping by GMFCS Level 

 
5.2.1 BoNT-A treatment details of study participants  

At enrolment the median number of prior injection cycles for the whole sample was 

2.5 (IQR 1,3.75). Nineteen children (29.7%) were classified as ‘toxin naïve’ and 

received BoNT-A injections for the first time during the study, thirty-four children 

(53.1%) had received ≤3 injection cycles (range 1-3) and eleven children (17.3%) had 

received ≥4 injection cycles (range 4-7) prior to enrolment.  

The details of previous BoNT-A injection cycles with GMFCS levels highlighted are 

summarised in Figure 5-3. The majority of participants (75%) had undergone less 
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than 3 previous injection episodes and no children in GMFCS II had received more 

than 4 previous injection episodes. 

 

Figure 5-3 Number of previous BoNT-A injection episodes 

As this was a pragmatic study reflecting usual clinical practice there was variety in 

the number of injections each child received. The muscle groups selected were 

individual to each child’s clinical need and the decision regarding which hypertonic 

muscles to inject was based on usual practice at GOSH in accordance with clinical 

expertise and best practice guidelines (Katchburian et al., 2008, NICE, 2012). 

Details of the treatment received within the study can be found in Table 5-3. Muscle 

groups injected were categorised into three groups; ‘distal’ muscles that insert 

below the knee joint, ‘proximal’ muscles that insert above the knee joint and 

‘multilevel’ if both distal and proximal muscles were treated (Figure 4-2). The 

number of muscles injected varied (range 1-6), with the majority of children (45.3%) 

having two muscles injected (Table 5-4). As can be seen in Figure 5-4, the most 

frequently injected muscles were Gastrocnemius in 52 children (81.2%) and 

Hamstrings in 25 children (39.1%). Table 5-5 shows further detail regarding the 

muscle groups injected per child. 



 

 

        

Hypertonic Muscle 
groups injected 

 

Total number 
of children 
injected n (% of 
total group) 

Bilateral 
(n) 

Unilateral (n)  
(L/R) 
 

Total number 
of muscles 
injected (n) 

Mean dose BoNT-
A units/kg 
bodyweight(SD) 

Range BoNT-A 
(units/kg 
bodyweight) 

Gastrocnemius D 52  (81.2) 21 31 (15/16) 73 9.7 (1.1) 5-10.8 

Soleus D 11  (17.2) 0 11 (6/5) 11 4.9 (0.4) 4.2-5.5 

Tibialis Posterior D 11  (17.2) 0 11 (5/6) 11 5.5 (0.8) 3.9-6.6 

Extensor Hallucis 
Longus 

D 1    (1.6) 0 1 (0/1) 1 4.6  

Hamstrings P 25 (39.1) 18 7 (3/4) 43 6.7 (1.4) 4.8-10.6 

Gracilis P 9   (14.1) 7 2 (1/1) 16 5.4 (0.7) 4.5-6.3 

Adductor Longus P 1   (1.6) 1 0 2 3.9  

Rectus Femoris P 1   (1.6) 1 0 2 
4.2 
 

 

Table 5-3 Muscles injected and details of BoNT-A (abobotulinumtoxinA) dose D=Distal muscle groups P=Proximal muscle groups 

 

        

Number of 
Muscles injected 

 1 muscle 2 muscles 3 muscles 4 muscles 5 muscles 6 muscles 

Number of 
Participants n (%) 

 11 (17.2%) 29 (45.3%) 9 (15.6%) 13 (20.3%) 1 (1.6%) 1 (1.6%) 

Table 5-4 Number of muscles injected in one injection episode 
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Muscle 
Grouping 

Number of 
muscles injected 

per  limb 
Muscles injected 

Number of 
participants 

Unilateral/bilateral 
injections 

Distal 1 Gastrocnemius 18 10/8 

D 2 
Gastrocnemius + 

Soleus 
8 8/0 

D 2 
Gastrocnemius + 
Tibialis Posterior 

7 5/2 

D 3 

Gastrocnemius + 
Tibialis Posterior 

+Extensor Hallucis 
longus 

1 1/0 

D 3 
Gastrocnemius + 
Soleus + Tibialis 

Posterior 
2 2/0 

     

Proximal 1 Gracilis 1 0/1 

P 1 Hamstrings 6 1/5 

P 3 
Hamstrings + 

Gracilis 
3 0/3 

P 3 
Hamstrings + 

Gracilis + Adductor 
Longus 

1 0/1 

P 2 
Hamstrings + 

Rectus Femoris 
1 0/1 

     

Multilevel 2 
Hamstrings + 

Gastrocnemius 
10 3/7 

M 3 
Hamstrings + 

Gastrocnemius + 
Gracilis 

2 1/1 

M 3 
Hamstrings + 

Gastrocnemius + 
Soleus 

1 1/0 

M 3 
Hamstrings + 

Gastrocnemius + 
Tibialis Posterior 

1 1/0 

M 2 
Gastrocnemius + 

Gracilis 
2 0/2 

Table 5-5 Combination of muscle groups injected during the study per participant 



 

 
 

  

 

 

Figure 5-4 Muscles injected in the study 
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A variation was observed in the site of injections when examined by GMFCS level 

for the group, 86.4% of children in GMFCS Level I and 58.3% in GMFCS Level II  

received injections into distal muscle groups, whereas children in GMFCS level III 

were more likely to receive injections into proximal muscle groups (44.4%) or 

multilevel injections (38.9%) levels as highlighted in Figure 5-5. 

 

Figure 5-5 Muscle groups injected within GMFCS Levels 

The detail regarding the number of treatment cycles children had prior to entering 

the study have been summarised in Figure 5-6. As expected, there was a difference 

in the number of previous injection cycles related to age group, with only 3 children 

(6.5%) in the younger age group having more than 4 previous injection cycles in 

comparison to 8 (44.4%) children in the older age group.  
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Figure 5-6 Treatment session as related to age groups 

Within the study all children received a period of physiotherapy rehabilitation post 

injection, 63 children (93.8%) received weekly physiotherapy sessions for six-weeks 

and one child for four weeks (due to an ankle injury). Therapy was provided in the 

community setting by the child’s usual provider and the content of the therapy 

sessions was left to the discretion of the local physiotherapist. All local therapists 

were aware of the goals set by the family prior to injection. Therapists treating 

children in the study identified programmes tailored to the individual child. These 

included targeting functional strengthening, flexibility, balance, core stability and 

functional goal directed activities including gait training.  

Adverse events following BoNT-A injections were reported in 11 children (17.2%). 

All of these were considered mild and transient and were commonly reported side 

effects following treatment with BoNT-A (Paget et al., 2018b). All had resolved by  

T1 assessment (details of adverse events are summarised in Table 5-2). 
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5.2.2 Treatment received within the study 

All 64 children enrolled in the study received a single injection episode between T0 

and T2. As this was a pragmatic clinical study, further treatment options were 

available following clinical assessment at T2 before children were assessed at T3 

(see 4.1). 

Between T2 and T3, six children (9.4 %) underwent surgery; five children had 

orthopaedic surgery (mean time to surgery 43.3 weeks SD=7.9 post injection) and 

one child had selective dorsal rhizotomy (48.2 weeks post injection). These children 

were not re-assessed at T3.  

Following assessment by the clinical team, 24 children (37.5%), received a further 

injection episode between T2 and T3 (mean time to re-injection 41.3 weeks SD=4.0 

post original injection) and 34 children (53.1%) did not require a further injection 

episode within the study period. All 58 children were invited for assessment at 

twelve months (T3).  

Children were reviewed at T3 following re-injection with mean time to follow up of 

9.4 weeks post second injection episode (SD=2.3 weeks). Re-injection within the 

study was included as a confounding variable during multilevel regression modelling 

to account for any differences in outcome between children with a single injection 

cycle over 12 months and those children who had two injection episodes.  

5.3 Statistical analysis 

Statistical analyses were performed using the Statistical Package for Social Sciences 

version 27.0 for Windows (IBM Corp, 2020) and R Statistical Software (R Core Team, 

2021, RStudio Team, 2021). All statistical tests were performed with a significance 

set at 0.05, with significant values further explored by post hoc testing using a 

Bonferroni correction to minimise type I error. All graphs show error bars 

representing 95% confidence intervals. 



 

158 
 

A test of normality was conducted for all outcomes using the Shapiro -Wilk test, 

together with visual inspection of their histograms. Not all outcomes were normally 

distributed as shown by non-significant test scores (see Appendix 14.1 for Shapiro-

Wilk tests for all outcome measures). However as the sample size was more than 30 

(n=64) and non-normality is said not to substantially affect Type I error rate, 

continuous data were analysed using the parametric  one-way repeated measures 

ANOVA test which is said to be robust to deviations from normality (Laerd Statistics, 

2015). 

All outcomes were initially explored using univariate analysis to compare changes at 

three time points post BoNT-A treatment T1-T3 (6 weeks, 6 months and 12 months 

post injection) in comparison to baseline scores (Chapter 6 primary outcome 

measures and Chapter 7 secondary outcomes).  

Multilevel regression analysis of the data was then conducted in order to adjust for 

clinical confounders in this pragmatic study, and a linear multilevel regression 

model was fitted to account for the effect of BoNT-A treatment with time on the 

outcomes in the study (AKAIKE, 1979, Bliese P, 2016, Kuznetsova et al., 2017). The 

results of the multilevel modelling are summarised in Chapter 8, with the repeated 

measurements of each individual defining the level element of the multilevel 

model.  

In order to ensure consistency between the details of each analysis, results and 

discussion, descriptive statistics consisting of means and standard deviations have 

been provided for all outcome variables.  Parametric descriptors have been used 

throughout where possible to ensure uniformity and enable comparison with the 

results from multilevel modelling in Chapter 8.  

Additionally, descriptive statistics are summarised in the Appendix 14.8.1 using 

medians and IQR with non-parametric tests to evaluate repeated measures. Similar 

results were obtained for both parametric and non-parametric tests. 
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Missing data  

As this was a longitudinal study using repeated measures for all outcomes, 

inferential statistical analysis was based on the complete data set available (N=48: 

GMFCS level I n=18; Level II n=19; Level III n=11).  

There were no statistically significant differences between the missing data sets and 

those of the complete data sets for any primary or secondary activity and 

participation outcomes (Mann Whitney U tests to determine differences in 

outcomes between the two data sets p>.05 can be found in Appendix 14.8.2).  
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Chapter 6 Results Phase I: Primary outcome measures 

This chapter presents the results from the two primary outcome measures used 

within the study QFM and COPM 

6.1 Quality Function Measure (QFM)  

The use of the QFM to evaluate change in Quality of Movement (QoM) in this study 

was novel within the field of interventions for CYPwCP. Minimal detectable 

difference estimates for each of the QFM attributes had been published by the test 

developers (Table 6-1) which indicated that the QFM might be acceptable for 

evaluative purposes, however there was no published work establishing 

responsiveness to change following an intervention such as BoNT-A.    

This chapter presents details of descriptive and univariate analysis of the QFM to 

evaluate the effect of BoNT-A injections on QoM over a twelve-month period. This 

is followed by details of QFM administration including scoring time, intra-rater 

reliability and minimal detectable difference for each attribute. Finally, correlations 

between each of the attributes are explored for the cohort of participants in this 

study.  

QFM was scored from video recordings of the Gross Motor Function Measure 

(GMFM) recorded by the clinical team at baseline, pre- injection (T0) and at the post 

injection assessments (T1-T3).  Items from dimensions D and E of the GMFM were 

used to score quality of movement to provide the five individual QFM attribute 

scores:  

• Alignment  

• Co-ordination  

• Dissociated Movement 

• Stability 

• Weight shift 
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The mean time to perform the GMFM assessment during the clinical appointment 

was 37 mins (range 25-60 minutes), children were encouraged to continue through 

the test items according to individual ability. Children in GMFCS levels I and II were 

able to complete more GMFM items due to their greater motor ability than children 

in GMFCS Level III. Children with GMFCS level III completed fewer test items but 

took longer to complete the tests. Clinicians observed increasing fatigue in children 

of GMFCS level III when asked to perform repeated trials of each of the items that 

they were able to do in Dimensions D and E.  The mean time to complete the test 

differed between GMFCS levels and was also influenced by motor planning ability; 

GMFCS Level I=27.5 mins (SD 8.8 mins), Level II=35 mins (SD 6.1 mins), Level III= 

48.8 mins (SD 7.4 mins). 

Although QFM item scores are usually based on an average of three trials, to reduce 

test burden and fatigue during the clinical assessment, only two trials were typically 

performed in this study. This was pertinent for children in GMFCS level III who had 

greater difficulty carrying out the test and particularly repeating the items three 

times. The number of trials was discussed with the test developers, who confirmed 

that reliability estimates for individual QFM attribute scores were equivalent 

whether two or three trials were performed (personal correspondence, Wright 

2017).   

Video data were recorded from 239 completed GMFM Dimension D and E sessions.  

• 64 children at baseline, pre-injection (T0) 

• 58 children (90.1%) at 6 weeks post-injection (T1),  

(Although 60 children attended T1 assessment, one child was unwell during 

the assessment and one child had a broken arm, so both were unable to 

complete the GMFM test)  

• 60 children (93.8%) at T2  

• 57 children (89.0%) at T3.   
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6.1.1 QFM Analysis  

Changes in each of the five QFM attributes were analysed individually.   These 

results were related to both statistical significance and published minimal 

detectable change (MDC) values. The MDC (also referred to as minimum detectable 

difference MDD) has been defined as the smallest amount of change that can be 

detected not due to inherent variation (also described as ‘noise’) in the measure 

with a change in outcome exceeding MDC values suggesting that an intervention 

programme is effective (Chen et al., 2012, Villalba et al., 2021)  

QFM test developers identified what they describe as conservative minimal 

detectable change values (MDC) values for each of the attribute scores with 80 % 

and 90% confidence intervals (MDC 80, MDC 90) for GMFCS Levels I-III (Wright et al., 

2014a). These values are summarised in Table 6-1 and can be used to evaluate the 

magnitude of change in order to assess meaningful clinical change in the absence of 

published MCID studies and represent an approximation of medium (MDC80) and 

large (MDC90) effect sizes (personal communication Wright 2021).  

QFM MDC80 

(%) 
MDC90 

(%) 

Alignment 13.5  17.4 

Co-ordination 8.7 11.2 

Dissociated movement 8.4 10.8 

Stability 9.9 12.7 

Weight shift 8.4 10.8 
Table 6-1 MDC Scores for QFM 

MDC values are clinically useful for evaluating meaningful change, particularly 

following interventions. For example, if children score ≥ 9.9% change on the QFM 

Stability attribute, a clinician can be 80% confident that the CYPwCP has shown true 

improvement, likewise if children score ≥ 12.7 % change, clinicians can be 90% 

confident that the CYPwCP has shown true improvement (Chen et al., 2012). 
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6.1.2 QFM Descriptive Analysis 

The mean scores and standard deviations of QFM scores for the total sample are 

summarised in Table 6-2. There was an increase in all QFM attribute scores post 

BoNT-A injections in comparison to baseline pre-injection scores (Figure 6-1).  

 Baseline 
T0 
n=64 

6 weeks  
T1 
n=58 

6 months  
T2 
n=60 

12 months 
T3 
n=57 

Mean(SD) % 

Alignment 52.7 (25.4) 69.4 (23.8) 
 

68.3 (24.5) 
 

70.3 (23.1) 

Co-ordination 58.3 (27.7) 67.2 (28.9) 69.8 (28.2) 69.4 (28.2) 

Dissociated 
movement 

46.6(22.1) 54.7 (25.4) 55.9 (23.9) 56 (24.5) 

Stability 53.4 (28.3) 62.3 (29.7) 64.3 (28.6) 64.9 (29.0) 

Weight shift 51.8 (21.5) 60.64 (23.2) 61.9 (22.2) 63.1 (22.5) 

  

Table 6-2 Mean QFM percentage scores for the total sample 

 

 

Figure 6-1 Mean QFM Attribute Scores across all time points  
This graph shows significant improvement from baseline scores in all five attributes over 12 months (p<.001) 

Further examination of QFM mean scores relative to GMFCS levels showed a 

difference in scores at all time points across all QFM attributes between GMFCS 
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levels. Individual GMFCS level scores have been summarised in Table 6-3, showing 

higher QFM scores with increased motor ability.  

QFM % scores  
[Mean(SD)]  
GMFCS I/II/III  

 
T0 
n=22/24/18 

 
T1 
n=21/20/17 

 
T2 
n=20/23/17 

 
T3 
n=21/23/13 

Alignment     

GMFCS I 
 
67.7 (19.3) 

 
82.4 (17.2) 

 
81.0 (16.5) 

 
86.4 (10.8) 

GMFCS II 60.6 (18.5) 75.7 (14.5) 75.7 (14.3) 75.3 (18.7) 

GMFCS III 21.1 (14.0) 35.7 (16.7) 32.1 (16.4) 42.4 (16.7) 

Co-ordination     

GMFCS I 
 
77.4 (16.7) 

 
85.5 (15.3) 

 
87.5 (12.2) 

 
87.8 (11.3) 

GMFCS II 66.3 (18.1) 76.3 (17.1) 77.6 (16.0) 80.7 (14.1) 

GMFCS III 22.9 (14.3) 25.9 (13.2) 26.7 (11.2) 27.4 (12.9) 

Dissociated 
movement 

    

GMFCS I 
 
63.1 (12.4) 

 
71.4 (14.9) 

 
72.1 (12.4) 

 
73.1 (13.8) 

GMFCS II 51.3 (13.4) 61.6 (15.9) 62.1 (12.7) 64.3(14.9) 

GMFCS III 17.9 (10.9) 19.3 (10.4) 20.0 (9.7) 23.0 (11.4) 

Stability     

GMFCS I 
 
72.8 (16.9) 

 
80.8 (15.5) 

 
81.9 (11.9) 

 
83.0 (11.3) 

GMFCS II 62.0 (19.1) 71.8 (16.6) 72.9 (15.7) 76.7 (16.2) 

GMFCS III 17.1 (15.4) 19.5 (14.8) 18.9 (11.1) 22.5 (13.9) 

Weight shift     

GMFCS I 
 
65.9 (14.4) 

 
74.1 (15.2) 

 
75.2 (11.9) 

 
77.3 (12.9) 

GMFCS II 58.5 (14.4) 68.3 (13.6) 67.7 (12.8) 70.9 (12.7) 

GMFCS III 24.8 (11.3) 28.1 (10.6) 28.3 (8.9) 31.8 (10.5) 

Table 6-3 Mean QFM scores by GMFCS level 

As expected, QFM scores were highest for GMFCS level I and lowest in GMFCS Level 

III for all QFM attributes. This is in keeping with Wright et al. (2014a) who 

demonstrated similar mean values in their discriminant validity analysis, and 

established that the QFM was able to discriminate across all levels (p<.001) for all 

attribute comparisons at a single assessment time point. However, in the absence 

of published MDCs for individual GMFCS Levels it is difficult to interpret the 

absolute significance of change scores within each level. 
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The difference in scores between GMFCS Levels is illustrated in Figure 6-2 which 

shows the strong correlation between QFM attributes at baseline (0.88<r<0.98) and 

also demonstrates the discriminative ability of QFM to pick up differences between 

GMFCS levels. There is a consistently higher score associated with GMFCS level I 

(blue) for all attributes, with GMFCS Level II (green) scores lower but higher than 

GMFCS Level III (red) scores.   

 

Figure 6-2 Scatter plot showing Baseline correlations of QFM attributes highlighting GMFCS levels 
(0.88<r<0.98) 

 

Further analysis of correlation data for post-injection time points is shown later in 

this chapter together with discussion of the psychometric properties of the QFM 

(6.1.5). 

Alignment  

Co-ordination  

Dissociated 

Movement  

Stability  

Weight shift  

GMFCS Level I 

GMFCS Level II 

GMFCS Level  III 
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6.1.3 QFM Univariate analysis  

A one-way repeated measures ANOVA was conducted to evaluate change in QFM 

scores over the twelve months. The main effect of time was significant across all 

QFM attributes, showing a statistically significant difference in scores across the 

four time points (T0-T3). The results for all five QFM attributes are summarised in 

Table 6-4 and suggest a large effect size as suggested by the Partial Eta Squared 

values (ηp
2) across all QFM attributes (Cohen, 2013)  

The assumption of sphericity as assumed by Mauchly’s test was not met in the case 

of three QFM attributes (co-ordination, stability, and weight shift), so a repeated 

measures ANOVA with a Greenhouse-Geisser correction was applied.  

n=48 F (3,141) p-value 
Partial Eta Squared 

ηp2 

Mauchly’s 
test of 

Sphericity 

Alignment 63.74 <0.001 0.58 0.058 

Co-ordination* 63.44 <0.001 0.57 <0.001 

Dissociated 
movement 

36.41 <0.001 0.44 0.345 

Stability* 52.73 <0.001 0.53 <0.001 

Weight shift* 71.22 <0.001 0.60 0.023 

* Greenhouse-Geisser correction  

Table 6-4 One way repeated measures ANOVA for QFM attributes (effect of Time) 

 

Boxplots for all QFM attributes (Figure 6-3) revealed an improvement in percentage 

scores from baseline at all three post injection time points for each of the five QFM 

attributes.  
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Figure 6-3  Box Plot of mean % QFM attribute scores at all time points N=48  

 

The QFM findings for all attributes are summarised in Table 6-5 and are compared 

to the published minimal detectable change (MDC) values (Wright et al., 2014a). 

Mean difference 
QFM Attribute 

Change Score from baseline (%) 
(95% Confidence interval) 

n = 48                                                                  T1                                     T2                              T3 

Alignment  
16.7 a 

(12.8,20.7) 
15.9 a 

(11.3, 20) 
17.6 b 

(12.6,22.6) 

Co-ordination  
9 a 

(6.2,11.6) 
12 b 

(8.5,14.5) 
11 b 

(7.9,14.3) 

Dissociated 
movement  

8.1 
(4.7,11.5) 

9.3 a 

(6.4,12.2) 
9.4  a 

(6.4,12.3) 

Stability  
8.9 

(5.9,12) 
10.8 a 

(7.5,14.2) 
11.4 a 

(7.8,15.0) 

Weight shift  
8.9 a 

(6.4,11.3) 
10.1 a 

(7.4,12.8) 
11.3 b 

(8.5,14.1) 
a ≥MDC80 b ≥MDC90     all results significant p<.001 

Table 6-5 Mean Change score QFM attributes from baseline scores 

 

The univariate results for QFM attributes suggested a clinically significant 

improvement in Alignment, Co-ordination, and Weight shift at 6 weeks post 

injection and in all attributes at 6- and 12-months post injection.  

Pre BoNT- A 

Post BoNT-A 
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6.1.4 QFM Attribute scores  

Individual attribute scores are presented in the following sections to evaluate 

change from baseline scores following BoNT-A injections. Additional analysis 

regarding differences related to GMFCS level or number of injection cycles within 

the study is also shown. Each section has a definition of the attribute from the test 

developers (wright et al., 2014b) and a brief clinical summary highlighting what an 

improvement in score would mean for a child with CP.  

6.1.4.1 Alignment  

‘The adjustment or arrangement of parts or segments of the body in 
relation to each other’ 

Improved alignment can be seen when a child’s limb positioning has less 

malalignment and more symmetrical movement is seen in the limb. 

Mean Alignment scores increased from baseline (pre- injection) to all three post 

BoNT-A assessment time points (Figure 6-1). One-way repeated measures ANOVA 

indicated that there were statistically significant changes in Alignment scores 

(p<.001) over time following BoNT-A injections (Table 6-4).  

Post hoc analysis with a Bonferroni adjustment revealed that mean alignment 

scores were statistically significantly increased (p<.001) at all post injection time 

points in comparison to baseline (Table 6-5). Changes at T1 and T2 exceeded the 

published MDC80 (moderate effect size) value of 13.5% and exceeded MDC90 (large 

effect size) value of 17.4% at T3 suggesting clinical significance in addition to 

statistical significance at all post injection time points. 

 
Results for GMFCS level and re-injection status within the study period (occurring 

between T2 and T3) were analysed further. Children within all GMFCS levels showed 

an improvement in alignment scores in comparison to baseline pre-injection scores. 

As anticipated there was a difference in QFM alignment scores between the 

different GMFCS levels (Table 6-3), children in GMFCS III consistently scored lower 
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in comparison to children in both GMFCS levels I and II (p<0.001)(Figure 6-4). The 

lower alignment scores in GMFCS level III children were to be expected reflecting a 

lower level of motor ability and capacity to carry out the items in the GMFM-66 on 

which the QFM is based. Although the mean alignment scores for children in GMFCS 

level II were lower than those children in GMFCS I, this difference between the two 

levels was not statistically significant (p=.10). 

 
Figure 6-4 QFM Alignment scores by GMFCS Levels (n=48).  
Children in GMFCS III scored lower than children in GMFCS levels I and II (p<0.001). The difference in scores 
between children in GMFCS I and II were not statistically significant (p=.10) 

Analysis of alignment scores by re-injection within the study is shown in Figure 6-5. 

Although mean Alignment scores reduced 6 months post injection (T2) for children 

who were selected for reinjection following this assessment, post hoc analysis with 

a Bonferroni adjustment revealed no statistically significant difference in alignment 

scores between children who received a second injection cycle within the study and 

those children who received a single injection cycle (p=.92). 
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Figure 6-5 QFM Alignment scores by reinjection within the study (n=48)  
The difference between the two groups was not statistically significant (p=.92) 

6.1.4.2 Co-ordination  

‘The smooth and controlled use of movements in motor performance’ 
  

Improved co-ordination can be seen when a child’s movement sequencing and 

motor planning are improved. Movements may appear ‘smoother’ and more fluid 

and controlled. 

As shown in Figure 6-1, mean Co-ordination scores improved from baseline at 6 

weeks, 6 months, and 12 months. One-way repeated measures ANOVA indicated 

that there were statistically significant changes in Co-ordination scores (p<.001) 

over time following BoNT-A injections (Table 6-4).  

Post hoc analysis with a Bonferroni adjustment revealed that co-ordination was 

significantly improved (p<.001) at all post injection time points in comparison to 

baseline scores. Changes at T1 exceeded MDC80  (8.7 %), suggesting a clinically 

significant improvement with a moderate effect size. At T2 and T3 these exceeded 

the published MDC90 value of 11.2% suggesting a clinically significant improvement 
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with a large effect size. in additional to statistical significance post injection at all 

time points following BoNT-A treatment (Table 6-5) 

GMFCS level and re-injection results within the study period for Co-ordination were 

analysed between T2 and T3. As expected, there was a difference in QFM scores 

between GMFCS levels reflecting a child’s level of dependence and motor ability 

(Table 6-3).  Once again, these scores were statistically significantly different 

between GMFCS Levels I and III and II and III (p<.001) but co-ordination scores were 

also significantly higher for children in GMFCS Level I in comparison to those in 

Level II (p=.047).  

 

Figure 6-6 QFM Co-ordination Scores by GMFCS Level  
Co-ordination scores were significantly lower for children in GMFCS III in comparison to those in GMFCS I and II 
(p<.001) but children in GMFCS I also scored significantly higher than those in Level II (p=.047).  

Co-ordination scores were lower for children who required re-injection compared 

with those who did not require re-injection during the study but as with alignment 

scores this difference was not statistically significant (p=.34) (Figure 6-7)  
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Figure 6-7 QFM Co-ordination Scores by reinjection within the study.  
There was no significant difference in scores between the two groups (re-injected and single injection in the 
study) at any time point (p=.34)   

 

6.1.4.3 Dissociated Movement 

‘Movement of one segment of the body independent from another 

segment’ 

Improvement in Dissociated Movement is seen when a child is able to move each 

limb or joint in isolation and is usually a measure of reduced stiffness. 

As can be seen in Figure 6-1, Quality of movement as assessed by Dissociated 

Movement scores were significantly improved from baseline pre-injection scores at 

6 weeks and further improved at both 6 and 12 months.   

One-way repeated measures ANOVA results demonstrated statistically significant 

changes in Dissociated Movement scores over time (p<.001) following BoNT-A 

injections (Table 6-4).  



 

173 
 

Post hoc analysis with a Bonferroni adjustment revealed that Dissociated 

Movement scores were significantly increased at all post injection time points (p 

<.001). However, when these were compared to published MDC values, only 

changes at T2 and T3 reached clinical significance and exceeded the published 

MDC80 value of 8.4% (Table 6-5) 

 

Once again, the results for Dissociated Movement were analysed by GMFCS level 

and re-injection within the study period (between T2 and T3). As expected, there 

was a difference in QFM scores between GMFCS levels reflecting a child’s motor 

ability (Table 6-3). These scores were statistically significantly different between 

GMFCS Levels I and III and II and III (p<.001) as in previous attributes but as with co-

ordination scores, there was also a significant difference in Dissociated Movement 

scores between GMFCS Levels I and II (p=.009), with GMFCS level I children 

demonstrating a significantly higher level of dissociated movement reflecting their 

improved motor ability (Figure 6-8).  

 
 
Figure 6-8 QFM Dissociated Movement Scores by GMFCS Levels.  
Scores were significantly lower for children in GMFCS III than children in  GMFCS Levels I and II (p<.001). There 
was also a significant difference in Dissociated Movement scores between GMFCS Levels I and II (p=.009) 
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In keeping with other QFM attributes there were no differences in Dissociated 

Movement scores (p=.40) between children who had re-injection within the study 

and those who had a single injection cycle (Figure 6-9). 

 
 
Figure 6-9 QFM Dissociated Movement score by re-injection within the study.  
There was no significant in  scores between the two groups (re-injected and single injection in the study)at any 
time point (p=.40)   
 

Stability 

‘The active maintenance of a body position in the presence of 

disturbing forces’ 

Improved stability is usually reflected in a child’s improved balance in both static 

and dynamic activities, and this can result in reduced trips and falls. 

QFM Stability scores significantly improved at 6 weeks post injection in comparison 

to baseline scores (Figure 6-1) and continued to show further improvement in 

comparison to baseline at 6 months which was maintained at 12 months (Table 

6-2). A one-way repeated measures ANOVA results indicated statistically significant 

changes in Stability scores (p<.001) over time following BoNT-A injections (Table 

6-4).  
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Post hoc analysis with a Bonferroni adjustment revealed that Stability significantly 

increased at all post injection time points (p<.001). Changes at time point T1 did not 

reach clinical significance. However, at T2 and T3 changes exceeded the published 

minimal important clinical difference MDC80 value of 9.9% suggesting clinical 

significance with moderate effect size in addition to statistical significance at 6 and 

12 months (Table 6-5) 

Further analysis of Stability scores was again carried out by GMFCS level and re-

injection status between T2 and T3. As with earlier QFM attributes there was a 

difference between QFM scores between GMFCS levels reflecting a child’s motor 

ability (Figure 6-10). These scores were statistically significantly different between 

GMFCS Levels I and III and II and III (p<.001) but unlike Dissociated Movement or 

Co-ordination were not significantly different between GMFCS Levels I and II 

(p=.052). 

 

Figure 6-10 QFM Stability Scores by GMFCS Levels.  
These scores were statistically significantly different between GMFCS Levels I and III and II and III (p<.001) but 
not significantly different between GMFCS Levels I and II (p=.052). 
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There were no significant differences in Stability scores (p=0.24) observed between 

children who had re-injection within the study and those who had a single injection 

cycle (Figure 6-11) 

 

Figure 6-11 QFM Stability Scores by re-injection in the study.  
The scores were not significantly difference  between the two groups(re-injected and single injection in the 
study) at any time point (p=.24)   
 

Weight shift 

‘Movement that involves a transfer of the body’s centre of gravity’ 

Improvement in weight shift allows a child to transfer body weight more easily to 

free a limb when performing dynamic movements, this is usually reflected by 

improved balance and ease of movement.  

Quality of movement as assessed by a change in Weight shift scores followed a 

similar pattern following BoNT-A injection to the other QFM attributes. QFM 

Weight shift scores significantly improved at 6 weeks post injection in comparison 

to baseline scores (Figure 6-1) and continued to show further improvement in 
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comparison to baseline at 6 months which was maintained at 12 months (Table 

6-2).  

A one-way repeated measures ANOVA indicated significant changes in Weight shift 

scores (p<.001) over time following BoNT-A injections (Table 6-4). Post hoc analysis 

with a Bonferroni adjustment revealed that Weight shift scores were significantly 

increased at all post injection time points (p<.001).  Changes at time point T1 and T2 

suggested a clinical significance with a moderate effect size (exceeding MDC80 8.4%) 

and a large effect size at T3 (exceeding MDC90  10.8 %) suggesting clinical 

significance in additional to statistical significance at  all time points (Table 6-5). 

 

Weight shift results analysed by GMFCS level and re-injection within the study 

period (between T2 and T3) followed a similar pattern to other QFM attributes. 

There was a difference between QFM scores within GMFCS levels which reflected a 

child’s motor ability (Figure 6-12). These scores once again were statistically 

significantly different between GMFCS Levels I and III and II and III (p<.001) but not 

between GMFCS Levels I and II (p=.093).  

 

Figure 6-12 QFM Weight shift Scores by GMFCS Levels.  
These scores were statistically significantly different between GMFCS Levels I and III and II and III (p<.001) but 
not between GMFCS Levels I and II (p=.093). 
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There were no statistically significant differences in Weight shift scores between 

children who had re-injection within the study and those who had a single cycle 

(p=.12) (Figure 6-13). 

 

Figure 6-13 QFM Weight shift Scores by re-injection in the study.  
The scores were not significantly difference between the two groups(re-injected and single injection in the 
study) at any time point (p=.12)   
 

6.1.5 QFM Administration  

QFM is a novel outcome measure introduced in 2016 as the first standardised 

validated measure to evaluate QoM in ambulant CYPwCP.  However, previous 

authors have highlighted that administration of the measure, including scoring time, 

may be excessive for use in the clinical field (Tustin et al., 2016, Wright, 2016).  

Administration details including scoring time for this study together with intra-rater 

reliability and Standard Error of Measurement (SEM), Minimal Detectable Change 

(MDC) and retrospective power calculation are summarised in the following 

sections to further inform the psychometric properties of the measure. 
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6.1.5.1 Scoring time 

The 239 videos were scored by the researcher (LK) who was blinded to the 

intervention time point until all the video clips had been scored for each child in the 

study. (Full administration details are provided in 4.1.1). The mean time to score the 

QFM from all 239 videos was 46.78 minutes (SD=11.43) with a minimum time of 15 

minutes and a maximum time of 90 minutes. This did not include the preparation 

and labelling of video items before scoring nor the time to enter the scores in the 

excel data base developed by the test developers which added a further 20 minutes 

administration time per video.  

The scoring time for the sample as a whole together with individual details of 

scoring duration for the different GMFCS Levels I, II and III are summarised in Table 

6-6.   

Number of QFM 
videos 

Whole Sample 
N=239 

GMFCS 
Level I 
n=84 

GMFCS Level 
II 
n=90 

GMFCS Level III 
n=65 

Mean minutes (SD) 
46.78 

(11.43) 
45.56 

(10.61) 
46.89 

(11.19) 
48.13 

(13.13) 

Median minutes 
(IQR) 

44.75 
(38.94,54.38) 

45.13 
(38.75,53.63) 

44.25 
(38.94,51.00) 

46.92 
(38.38,46.92) 

Min-Max minutes 15- 90 25-90 24-75 15-79 
 

Table 6-6 QFM Scoring time (minutes) 

There was no significant difference in scoring duration between the four 

assessment time points (p=0.74) nor between the different GMFCS Levels 

(p=0.803). This is an interesting administrative detail for clinical practice, although 

children in GMFCS Level III were able to complete fewer items due to their reduced 

motor ability, post-test scoring took as long as for those children in GMFCS I and II 

who were able to attempt all test items. This was in part due to excess video 

footage, as children took time to transition between positions and attempt the 

items, as well as being slower to perform the items.  
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6.1.5.2 Intra-rater reliability 

Intra-rater reliability was established for the study. There was an average of 33.5 

days (range 28-36 days, SD 5.2) between the first and second assessments for the 

12 videos in the intra-rater study component performed by the researcher (LK).  

As shown in Table 6-7 intra-rater ICC estimates were excellent for all attributes, 

with the lower confidence interval limit exceeding ≥ 0.96 for all attributes. The small 

SEM values provide further support for the intra-rater reliability of the QFM and are 

in keeping with the published data (Tustin et al., 2016, Wright et al., 2014a).    

Reliability ICC (2.1) 95%CI SEM MDC95 

Mean(SD) % 

Alignment 0.99* 0.98-0.99 

 

1.48 4.11 

Co-ordination 0.99* 0.98-0.99 

 

1.95 5.41 

Dissociated 

movement 

0.99* 0.99-1.00 2.74 7.61 

Stability 0.99* 0.98-1.00 2.90 8.03 

Weight shift 0.99* 0.96-1.00 2.23 6.32 

SEM=standard error of measurement MDC=minimum detectable change; *p<.001  

Table 6-7 QFM Intra-rater reliability statistics 

The MDC calculated for this sample based on intra-rater reliability was lower than 

previously published data by the test developers which ranged from 9 to 17 %  

(Table 6-1) (Wright et al., 2014a). However the published MDC values for the QFM 

were based on inter-rater reliability data, whilst the intra-rater values reported by  

Wright et al. (2014a) in their study were more in keeping with this study’s MDC 

values and are similar to those reported by Tustin et al. (2016).  

These results support the views of the QFM developers who suggest that true MDC 

scores may be lower than the published values (personal communication, Wright 

2021).  Within this study, the small SEM could also be explained through familiarity 

with the test as the researcher analysed a large number of QFM videos (239 +12).   
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Concordance between the sets of measurements produced by different ratings for 

the same participant was evaluated using Bland-Altman test values. Paired-sample 

t-tests found no significant difference between intra-rater QFM attribute summary 

scores.  

Test results showed close agreement between both ratings as shown in Bland-

Altman plots for QFM Alignment (Figure 6-14) and Co-ordination (Figure 6-15). Test 

values and plots for all QFM attributes can be found in Appendix 14.8.2.  

Inspection of the plots suggested no obvious relationship between measurement 

error and the measured value. The agreement between ratings was very good, with 

only one of the 60 data points (1.7%) falling outside the limits of agreement (LOA). 

Despite the small sample size, the LOA was narrow and did not exceed +/- 6 % for 

any QFM attribute. Risk of proportional bias was assumed to be low as illustrated by 

linear regression (B coefficients for QFM attributes ranged from -0.01-0.02, p>0.05). 

The narrow LOAs together with MDC95 values for this study suggest that change in 

scores above 8% for QFM attributes in this study could be considered a meaningful 

change which was in excess of measurement error. 

 
Green Lines = 95% Limits of Agreement representing +/- 2 SD Blue line=Mean difference 

Figure 6-14 Bland Altman Plot representing intra-rater agreement for QFM Alignment scores 
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Green Lines = 95% Limits of Agreement representing +/- 2 SD Blue line=Mean difference 

Figure 6-15 Bland Altman Plot representing intra-rater agreement for QFM Alignment scores 

 

6.1.5.3 Correlation between Attribute scores  

Pearson’s correlation matrices revealed that results between the five QFM 

attributes were highly correlated at all assessment time points T0-T3 (| r | > .8 

(Cohen, 2013).  

The following pages show examples of scatterplot matrices for correlations 

between QFM attributes at two time points; 6 weeks (T1) and 6 months (T2) post 

BoNT-A injections (see Appendix 14.8.4 for similar results for all time points). 

GMFCS levels are highlighted within the scatterplot matrices illustrating differing 

scores related to motor ability at all time points.  
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At all assessment time points, children in GMFCS level I (blue dots) generally scored 

higher than those in GMFCS Level II (green dots) who scored higher than children in 

GMFCS level III (red dots).  

The high correlation between attributes at T1 (6 weeks post BoNT-A) is shown by 

the scatterplot in Figure 6-16 

 

 

Figure 6-16 Scatter plot matrices showing correlation of QFM attributes at 6 weeks post BoNT-A 

 

 

QFM  T1 
Correlation coefficients 

(95% Confidence Interval) Alignment Coordination 
Dissociated 
Movement Stability 

Co-ordination 
0.88 

(0.81-0.93) 
   

Dissociated 
Movement 

0.88  
(0.8-0.92) 

0.97 
(0.95-0.98) 

  

Stability 
0.90  

(0.84-0.94) 
0.99  

(0.98-0.99) 
0.97 

 (0.95-0.98) 
 

Weight shift 
0.90 

(0.84-0.94) 
0.97 

 (0.96-0.98) 
0.97 

 (0.95-0.98) 
0.98  

(0.97-0.99) 
 

Table 6-8 Pearson correlation for QFM attribute scores at 6 weeks post BoNT-A 

  

GMFCS Level I 

GMFCS Level II 

GMFCS Level  III 
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The high correlation between attributes at T2 (6 months post BoNT-A) is shown by 

the scatterplot in Figure 6-17 

 

Figure 6-17 Scatter plot matrices showing correlation of QFM attributes at 6 months post BoNT-A 

 

QFM T2 
Correlation 
coefficients 

(Confidence Interval) Alignment Coordination 
Dissociated 
Movement Stability 

Co-ordination 
0.88 

(0.81-0.93) 
   

Dissociated 
Movement 

0.88  
(0.81-0.93) 

0.97 
(0.95-0.98) 

  

Stability 
0.88  

(0.81-0.93) 
0.99  

(0.98-0.99) 
0.97 

 (0.95-0.98) 
 

Weight shift 
0.89 

(0.83-0.94) 
0.98 

 (0.97-0.99) 
0.97 

 (0.95-0.98) 
0.98  

(0.96-0.99) 
Table 6-9 Pearson correlation for QFM attribute scores at 6 months post BoNT-A 

 

As can be seen in Table 6-8 and Table 6-9 all QFM attributes were highly positively 

correlated at all time points (| r | > .8 (Cohen, 2013). This is in keeping with 

previous QFM studies (Tustin et al., 2016, Wright, 2016) and raises the question 

whether scoring of all QFM attributes is required when evaluating interventions 

with CYPwCP. This is particularly pertinent in view of the lengthy time for scoring 

(Table 6-6) which may preclude its acceptability for use in clinical practice. 

GMFCS Level I 

GMFCS Level II 

GMFCS Level  III 
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6.1.5.4 Retrospective power calculation 

The retrospective power calculation shown in Table 6-10 focused on the five QFM 

attributes alignment, coordination, dissociated movement, stability and weight shift 

for change between baseline and 6 months. The paired test was chosen as the main 

analysis tool to explore the differences between baseline and 6 month data for the 

numerical scores of QFM attributes. These values were based on educated 

estimates from the existing published literature (Tustin et al., 2016, Wright et al., 

2014a). A moderate correlation of 0.5 was used between the two time points, with 

significance levels set at 0.05.  

Retrospective 
Power calculation 

Alignment Coordination 
Dissociated 
Movement 

Stability 
Weight 

shift 

Mean at baseline 52 58 46 53 51 

SD at baseline 25 27 22 28 21 

Mean at 6 months 68 69 55 64 63 

SD at 6 months 24 28 23 28 22 

Significance level 0.05 0.05 0.05 0.05 0.05 

Total sample size 64 64 64 64 64 

Power  (n=64) 99.9% 88.2% 88.2% 87.1% 99.2% 

Complete data 
sample size 

48 48 48 48 48 

Power (n=48) 99.3% 77.4% 77.4% 75.9% 96.5% 

Table 6-10 Power calculation for QFM attributes 

As can be seen in Table 6-10 the study appeared to be adequately powered for each 

of the QFM attributes both with the original sample size of 64 participants and for 

the 48 complete data sets accounting for attrition due to missed data collection 

points.  
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6.2 Canadian Occupational Performance Measure Analyses 

The second primary outcome measure for the study was the Canadian Occupational 

Performance Measure (COPM), the goal attainment tool used in current clinical care 

at GOSH.  COPM identifies concerns regarding ‘occupational performance’ i.e. the 

ability for a child to carry out functional tasks and, as such, was used to document 

change post BoNT-A rehabilitation (O'Neil et al., 2003). As per usual clinical practice 

at GOSH, areas of concern in a child’s self-care, activity and leisure were explored 

with the clinical team during the baseline assessment prior to receiving BoNT-A 

injections. Children and families were encouraged to identify three goals for 

treatment that they would like to attain following lower limb BoNT-A injections 

(details regarding goal setting can be found in 4.2.1).  

The number of goals set varied from child to child with all 64 children identifying at 

least one goal and four children (6.3%) identifying four goals; however, the majority 

of children (59.4%) identified three goals. These were then categorised into 

appropriate ICF-CY domains by the researcher (LK) and classified as either: body 

structures and functions (BSF), activities and participation (A&P), or environmental 

factors (Environment) according to the International Classification of Functioning, 

Disability and Health: Children and Youth Version (ICF-CY) (WHO, 2007). 

Classification was undertaken in collaboration with the clinical advisory group in 

order to ensure standardised classification (see Appendix 14.6 for details regarding 

goals set).  

A total of 169 goals were identified by the 64 children in the study with 57.4% of 

these being identified as activity and participation goals (Figure 6-18). The most 

frequently chosen goals for children and families focused on walking (53%), with 

specific goals concentrating on improving gait pattern and reducing trips and falls. 

Children also selected specific goals around recreation and leisure activities such as 

swimming, ballet, horse-riding, cycling and karate.   

Each set goal was personal and framed to fit in with a child’s everyday life with 

participation goals ranging from “keeping heel in a stirrup during riding lessons” to 
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“balancing on one leg for 10 seconds in karate” and “being able to wear sliders 

when walking on the beach”. 

 

 

 

 

 

 

Figure 6-18 COPM Goals set at baseline showing the number of goals within each ICF Domain 
Figure shows that within 169 goals set the majority (57.4%) were in the Activity and Participation domain 

The individual goals identified by each child were given two baseline scores; COPM 

Performance (COPM-P) which evaluated the pre BoNT-A treatment evaluation of 

goal Performance and a COPM Satisfaction score (COPM-S) which evaluated how 

satisfied the CYPwCP and their families were with that goal performance at the time 

of the assessment.  

COPM scores are highly personal and are dependent on the nature and complexity 

of the individual problems that children and families identify as an issue at the time 

of BoNT-A treatment. This ensures a highly individualised approach to goal setting, 

one child’s score cannot therefore be easily compared with another.  The only 

clinically meaningful comparison is a child’s individual score change from baseline 

assessment to subsequent re-assessments.  

COPM-P and COPM-S scores were evaluated at each post BoNT-A assessment time 

point and scored (1-10). Scores were also classified in terms of whether there had 

been any change in goal attainment at each assessment time point following 

injections in comparison to their baseline pre-injection COPM scores.  

63

97

9

Body structures and
functions

Activities and
Participation

Environmental factors
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The MCID for the COPM is a change score of two or more points (Law et al., 2015), 

therefore in order to align responses for analysis, all COPM scores were rated in 

comparison to baseline pre-injection scores at each time point:  

• Goal scores that decreased by at least two points were classified as 

“deteriorated” 

• Goal scores that improved by at least two points were classified as 

“responder” 

• Goal scores that did not reach MCID levels (≤ 2) were classified as “non 

responder”  

6.2.1  COPM Scoring- An evaluation of averaged and total COPM goal scores 

Average Goal attainment scores 

The standard method of calculating both the Performance and Satisfaction COPM 

scores is by summing  up a child’s individual goal scores and dividing by the total 

number of goals set to gain an averaged total score for COPM Performance and 

COPM Satisfaction  at each time point (Law et al., 1995b).   

Change scores for both COPM Performance and Satisfaction were calculated 

following BoNT-A injections at assessments T1-T3. Each child’s average goal 

attainment was subsequently classified into 3 categories as highlighted above; 

“responder”, “non-responder” or “deteriorated” for both COPM Performance and 

Satisfaction scores at each follow-up point dependent on the change from scores 

set at baseline (before BoNT-A treatment). All changes were interpreted relative to 

the  MCID of ≥2 as recommended by the test developers (Law et al., 2005).   

Goal attainment for children in the study using change in average goal scores is 

summarised in Table 6-11. This indicates the percentage of children whose change 

in average goal scores from baseline (relative to the MCID) was classified as 

responder/non-responder/deteriorated at each post injection time point (T1-T3).  
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Individual Goal Attainment scores 

Whilst it is accepted practice to analyse average total COPM scores to evaluate 

change in both the paediatric and adult population (Kang et al., 2020), there is some 

concern, particularly in the heterogeneous cerebral palsy population, that averaged 

COPM scores may not provide the same degree of responsiveness as examining 

change at an individual goal level (Damiano, 2014) and important information about 

goal attainment may be lost.  

This is particularly pertinent when evaluating outcome following an intervention 

such as BoNT-A. The types of goals identified may vary in complexity (e.g., climbing 

a kerb versus riding a bike without stabilizers). It may not therefore be very 

meaningful to add scores across a variety of problems, as responsiveness to 

individual goals can be lost. Improvement in one goal may be averaged out by no 

response or deterioration in another goal. Attainment in one goal may be cancelled 

out by deterioration in another goal. Looking for change between assessments for 

each goal may provide more relevant information. 

Changes in COPM Performance and Satisfaction scores for each of the 169 

individual goal scores from T0 to T1-T3 were also evaluated. These individual goals 

were also categorised and classified as “deteriorating”, “not responding” or 

“responding” following BoNT-A relative to the MCID ≥2 point change  and have 

been summarised in Table 6-12.  

Analysis of individual goals permitted the change to be evaluated relative to each 

individual goal set in an attempt to preserve detail of individual goal change post 

intervention at each time point.  



 

 
 

Table 6-11 Response to BoNT-A for averaged COPM Performance and Satisfaction scores 

                           PERFORMANCE % 
                 (n= number of children*)   

                             SATISFACTION % 
                        (n= number of children*)   

Total sample n=64 T1 T2 T3 T1 
 

T2 
 

T3 

Responder 59.4 (38) 45.3 (29) 54.7 (35) 62.5 (40) 45.3 (29) 56.3 (36) 

Non-responder 34.4 (22) 45.3 (29) 31.3 (20) 31.3 (20) 45.3 (29) 31.3 (20) 

Deteriorated 0 (0) 1.6 (1) 3.1 (2) 0 (0) 1.6 (1) 1.6 (1) 

Missing data  6.2 (4) 7.8  (5) 10.9 (7) 6.2(4) 7.8 (5) 10.9 (7) 

Total scored 93.8 (60) 92.2 (59) 89.1 (57) 93.8 (60) 92.2 (59) 89.1 (57) 

*number of families scoring COPM at clinical assessment                                  NB ** one child had a fractured ankle and family could not score COPM@T2 

Table 6-12 Response to BoNT-A for individual COPM Performance and Satisfaction scores 

                                                                PERFORMANCE % 
                                                      (n= number of individual goals)  

                                                              SATISFACTION % 
       (n= number of individual goals)   

Total number of goals 
n=169 

T1 T2 
 

T3 T1 
 

T2 T3 

Responder 65.7 (111) 52.7 (89) 58.6 (99) 62.1 (105) 51.5 (87) 59.8 (101) 

Non-responder 27.2 (46) 35.5 (60) 25.4 (43) 30.8 (52) 33.7 (57) 24.8 (42) 

Deteriorated 1.2 (2) 3.6 (6) 3.6 (6) 1.2 (2) 6.5 (11) 3.0 (5) 

Missing data 5.9 (10) 8.3 (14) 12.4 (21) 5.9 (10) 8.3 (14) 12.4 (21) 

Total scored 93.5 (158) 91.7 (155) 87.6 (148) 93.5 (158) 91.7 (155) 87.6 (148) 

 



 

 
 

           

            

Figure 6-19 COPM Response Total Individual Goal (orange) vs Average Goal Score (blue) 
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The percentages of responding, non-responding and deteriorating goals were 

mapped for both COPM Performance and COPM Satisfaction scores using both 

averaged and individual goal score methods in comparison to baseline scores. The 

findings of applying these two methods for assessing goal attainment are shown in 

Figure 6-19.  

Although similar trends of response were seen, goal attainment as measured by 

change in individual goal scores appeared to show a higher percentage of goals that 

had been classified as responders for both COPM-P and COPM-S and a lower 

percentage of goals classified as non-responders in comparison to assessing goal 

attainment via average goal scores.  The data suggested that using averaged goal 

scores methods could result in an overestimation of non-responders as fine detail 

regarding individual scores may be lost. 

Within the research literature a change in average COPM score following 

intervention is usually reported. However, in the clinical setting there is an 

advantage in using individual goal scores, as this allows goals to be categorised into 

ICF domains, detail that is lost with averaged goal scores. This permits further 

investigation of change post BoNT-A injection within the different domains of the 

ICF which can provide more meaningful information when evaluating the effects of 

BoNT-A and supporting individualised patient care targeting goals which are 

important to children and families (Damiano, 2014).  

In order to compare results with published work in the field, most of the statistical 

analysis within the study  (including multilevel regression analysis in Chapter 8 

(8.1.2)) has used the traditional method of using average scores to investigate 

change in COPM Performance and Satisfaction.  However, a further analysis using 

individual COPM scores has also been reported later in this chapter in order to 

investigate any differences in response between the ICF domains.   
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6.2.2 Comparison of averaged COPM Performance and Satisfaction scores 

between baseline and post BoNT-A intervention over twelve months 

A one-way repeated measures ANOVA was conducted to evaluate change in COPM 

Performance and Satisfaction scores over the twelve months.  The main effect of 

time was significant for both COPM-P and COPM-S, showing a statistically significant 

difference in scores across the four time points (T0-T3). The results are summarised 

in Table 6-13 and suggest a large effect size as shown by the Partial Eta Squared 

values (ηp
2) across both COPM scores (Cohen, 2013)  

As the assumption of sphericity by Mauchly’s test was not met in the case of COPM-

P or COPM-S, a repeated measures ANOVA with a Greenhouse-Geisser correction 

was applied.  

n=49 F p-value 
Partial Eta 

Squared ηp2 

Mauchly’s 
test of 
Sphericity 

COPM-P* F (2.49,119.36) = 46.06 <0.001 0.49 0.002 

COPM-S* F (2.60,124.92) = 36.73 <0.001 0.43 0.042 

* Greenhouse-Geisser correction  

Table 6-13 One way repeated measures ANOVA for Averaged COPM scores (effect of Time) 

 

Boxplots showing a change in COPM-P and COPM-S scores over 12 months are 

shown in Figure 6-20. These demonstrated an improvement in scores from baseline 

at all three post injection time points T1 -T3, with an outlier observed at baseline 

COPM-S only. 
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Figure 6-20 Boxplot showing improvement from baseline (T0) in COPM P (performance) scores and COPM S 
(satisfaction scores). 
Significant improvement was seen in COPM P and S at T1-T3 (p<.001)*an outlier observed at baseline COPM-S  

COPM -Performance Scores 

 

There was a statistically significant improvement in COPM Performance scores from 

baseline T0 (pre- injection) (mean=3.4, SD 1.40) to T1, six weeks (mean=6.04, SD 

1.9), T2 six months (mean=5.3, SD 1.82) and T3 twelve months post injection 

(mean=5.98 SD 2.01) (Figure 6-21). 

 

Figure 6-21 Mean COPM Averaged Performance Scores.  
Repeated measures ANOVA demonstrated significant improvement form baseline. Post hoc analysis with a 
Bonferroni adjustment showed COPM Performance scores were statistically significantly increased at all post 
injection time points (p<.001) 

COPM Performance score 

COPM Satisfaction score 
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Post hoc analysis with a Bonferroni adjustment revealed that COPM Performance 

scores were statistically significantly increased at all post injection time points 

(p<.001). Whilst all time points were statistically significant, only the changes in 

COPM Performance at six weeks (T1) and twelve months (T3) post injection 

exceeded the MCID change score of 2 points, suggesting that the improvement six 

months post injection may not have been clinically significant (Table 6-14).  

Assessment 
Time Point  

COPM P 
change 
score 

95% 
Confidence 
Interval  

Statistical 
significance 

Clinical 
significance 

T1 2.6 [2.0,3.3] <.001 >2 

T2 1.9 [1.3,2.5] <.001 - 

T3 2.6 [1.7,3.4] <.001 >2 
Table 6-14 Mean change Averaged COPM Performance Score  

COPM -Satisfaction Scores 

There was also a statistically significant improvement in COPM Satisfaction scores 

from baseline (pre- injection) (mean=3.2, SD 1.51) to T1, six weeks (mean=5.94, SD 

2.20), T2 six months (mean=5.2, SD 2.29) and T3 twelve months post injection 

(mean=5.98 SD=2.27) 

 

Figure 6-22 Mean COPM Averaged Satisfaction Score.  
Post hoc analysis with a Bonferroni adjustment showed COPM Satisfaction scores were statistically significantly 
increased at all post injection time points (p<.001)  
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Post hoc analysis with a Bonferroni adjustment revealed that COPM Satisfaction 

scores were statistically significantly increased at all post injection time points 

(Table 6-15).  

Assessment 
Time Point  

COPM S 
change 
score 

95% 
Confidence 
Interval  

Statistical 
significance 

Clinical 
significance 

T1 2.8 [1.9,3.7] <.001 >2 

T2 2.1 [1.2,2.9] <.001 >2 

T3 2.8 [2.0,3.7] <.001 >2 
Table 6-15 Mean change Averaged COPM Satisfaction scores 

 

Unlike COPM-P scores, COPM-S changes at all post injection time points (T1-T3) 

exceeded the MCID score of 2 points suggesting meaningful clinical change 

following BoNT-A injections at 6 weeks which were maintained at 6 and 12 months  

Single cycle versus re-injection within the study 

All children with a complete data set for COPM were included for statistical analysis 

(n=49). However, from a clinical perspective it was interesting to determine 

whether there was any significant difference in COPM scores for those children who 

received re-injection within the study and those children who only required a single 

injection cycle. Further subgroup analysis was performed between the two groups 

and is presented in Figure 6-23 for average COPM-P scores and in Figure 6-24 for 

averaged COPM-S.  
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Figure 6-23 Mean Averaged COPM Performance score by re-injection within the study. 
 The scores were not significantly difference between the two groups (re-injected and single injection in the 
study) at any time point (p=.92) 
 

 

 

Figure 6-24 Mean Averaged COPM Satisfaction score by re-injection within the study  
The scores were not significantly difference between the two groups (re-injected and single injection in the 
study) at any time point (p=.52)   
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Interestingly, children who had re-injection within the study scored higher on 

average initially post injection at T1 but had a more marked reduction in both 

COPM Performance and Satisfaction scores at the T2 assessment in comparison to 

those children who only had a single injection cycle. Although this difference 

between the two groups was not statistically significantly different at any time 

point, children who had re-injection did not achieve MCID at T2 in either COPM 

Performance or Satisfaction scores, whereas those who did not require re-injection 

did. This would suggest that one of the drivers for re-injection may be linked to goal 

attainment and satisfaction scores as rated by CYPwCP and their families.  

GMFCS level 

COPM scores showed improvement at all time points for children in GMFCS Levels I-

III for both COPM Performance (Figure 6-25) and Satisfaction scores (Figure 6-26) 

but these scores in contrast to the QFM attribute scores were not significantly 

different between the GMFCS levels. 

 
Figure 6-25 COPM Performance scores over 12 months by GMFCS Level.  
The difference between GMFCS levels was not statistically significant (p=.73) 
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However, the change in COPM -P scores for GMFCS Level I children exceeded MCID 

values at all-time points post injection, suggesting clinical significance across the 

twelve months. In contrast, children in GMFCS Levels II and III only showed clinically 

significant improvement from baseline scores at T1 and T3. 

 
Figure 6-26 COPM Satisfaction scores over 12 months by GMFCS Level.  
The difference between GMFCS levels was not statistically significant (p=.53) 

 

For GMFCS Level I and II children change in COPM -S scores exceeded MCID values 

at all time points post injection suggesting a clinically significant improvement in 

satisfaction with goal performance across twelve months. While children in GMFCS 

Level III only showed clinically significant improvement at T1 from baseline scores. 

This suggests that improvement in performance for children in GMFCS Level III 

exceeded MCID at 6 weeks and although this appeared to be maintained was only 

associated with a significant change in parental satisfaction at 6 weeks post BoNT-A.  
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6.2.3 COPM Analyses using Individual Goal scores  

The data were also analysed using the 169 individual goal scores which provided the 

opportunity to examine response within the different ICF domains.  

As can be seen in Figure 6-27  the distribution of goal type appeared similar 

between the GMFCS levels. A Kruskal-Wallis Test was conducted and determined 

there was no significant difference in goal type chosen between the GMFCS levels 

(p=.60). 

 

Figure 6-27 COPM Goal type by ICF Domain and GMFCS Level.  
There was no significant difference between the GMFCS levels in ICF goal type chosen (p=.60) 

 

A one-way repeated measures ANOVA was conducted to evaluate change in 

individual COPM Performance and Satisfaction scores over the twelve months.  The 

main effect of time was once again significant for both COPM-P and COPM-S, 

showing a statistically significant difference in scores across the four time points 

(T0-T3).  
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The results are summarised in Table 6-16 and suggest a large effect size as shown 

by the Partial Eta Squared values (ηp
2) across both COPM scores (Cohen, 2013). As 

the assumption of sphericity by Mauchly’s test was not met in the case of COPM-P a 

repeated measures ANOVA with a Greenhouse-Geisser correction was applied.  

n=129 F p-value 
Partial Eta 

Squared ηp2 

Mauchly’s 
test of 
Sphericity 

COPM-P* F (2.72,384.42)=81.11 <0.001 0.39 0.001 

COPM-S F (3, 384) = 66.97 <0.001 0.34 0.181 

* Greenhouse-Geisser correction  

Table 6-16 One way repeated measures ANOVA for Individual COPM scores  (effect of Time) 

 

Individual COPM -Performance Scores 

There was a statistically significant improvement in COPM Performance scores from 

baseline T0 (mean=3.29 SD 1.76) to  6 weeks post BoNT-A (mean=5.93 SD 2.32). 

Improvement from baseline was maintained at 6 months (mean=5.29 SD 2.16) and 

12 months (mean=6 SD 2.35) (Figure 6-28). 

 

Figure 6-28 COPM Performance scores for Individual goals.  
A significant improvement in COPM Performance score was observed from baseline at all time points (p<.001) 
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Pairwise comparisons were performed with a Bonferroni correction for multiple 

comparisons. As with averaged COPM-P scores, these were statistically significantly 

improved at all assessment time points following BoNT-A injections p <0.001 (Table 

6-17). These change scores also reached clinical significance at 6 months whereas 

averaged scores did not. This could suggest an increased sensitivity when analysing 

individual goal changes in comparison to averaged goal scores. 

Assessment 
Time Point  

COPM P 
change 
score 

95% 
Confidence 
Interval  

Statistical 
significance 

Clinical 
significance 

T1 2.5 [2.1,3.0] <.001 >2 

T2 2.0 [1.4,2.4] <.001 >2 

T3 2.6 [2.0,3.2] <.001 >2 
Table 6-17 Mean change Individual COPM Performance Score 

 

Individual COPM -Satisfaction Scores 

COPM satisfaction scores followed a similar trend with statistically significant 

increases between baseline pre BoNT-A at T0 (mean =3.09 SD 1.86) and all post 

injection assessments T1 (mean =5.78 SD2.58), T2 (mean = 5.16 SD 2.67) and T3 

(mean =5.99 SD 2.61). 

 

Figure 6-29 COPM Satisfaction scores for Individual Goals.  
A significant improvement in COPM Satisfaction score was observed from baseline at all time points (p<.001) 
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Pairwise comparisons were performed with a Bonferroni correction for multiple 

comparisons. As with averaged COPM-S scores, improvement in individual scores 

were found to be clinically significant at all time points from baseline (Table 6-18). 

Assessment 
Time Point  

COPM S 
change 
score 

95% 
Confidence 
Interval  

Statistical 
significance 

Clinical 
significance 

T1 2.7 [2.1,3.3] <.001 >2 

T2 2.1 [1.4,2.7] <.001 >2 

T3 2.9 [2.3,3.5] <.001 >2 
Table 6-18 Mean change Individual COPM Satisfaction scores 

  

ICF Domains 

As illustrated above, COPM Performance and Satisfaction scores generally followed 

a similar pattern independent of the method used (Averaged score or Individual 

Goals score).  However, further subgroup analysis of ICF domains showed a 

difference in the timing of response between the ICF domains (Figure 6-30 & 6-31)  

Whilst all goals significantly improved from baseline across 12 months (p<.001), 

COPM goal scores within BSF and Environment domains appeared to show more 

fluctuation than those in Activity and Participation (A&P) domains. COPM-P goal 

scores showed greater improvement in BSF and Environment domains at T1 (6 

weeks post injection), which could be associated with a reduction in spasticity 

following BoNT-A but these scores then dropped between T1 and T2 at six months, 

whereas A&P goal scores, once improved at six weeks, were maintained throughout 

the 12 months. A similar trend was shown in COPM-S scores. 

 



 

 

 

Figure 6-30    Individual COPM Performance scores by ICF Domain (n=129)                           Figure 6-31 Individual COPM Satisfaction scores by ICF Domain (n=129) 

All goals significantly improved from baseline across 12 months (p<.001)                                All goals significantly improved from baseline across 12 months (p<.001) 
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As can be seen in Table 6-19 clinically significant improvement was seen in all 

COPM-P scores in all domains at T1 (six weeks) however, only A&P goals showed 

clinically significant improvement at six months (T2). 

COPM-P Baseline 
T0 

6 weeks  
T1 

6 months  
T2 

12 months 
T3 

Mean (SD)  

BSF  
n=63 

3.59 (1.74) 6.42 (2.05)* 5.14 (2.11) 6.09 (2.02)* 

A&P  
n=97 

3.35 (1.69) 5.71 (2.40)* 5.42 (2.11)* 5.87 (2.41)* 

Environment 
n=9 

3.38 (1.87) 5.63 (3.72)* 4.33 (4.08) 5.38 (2.93)* 

* change score≥ MCID  

Table 6-19 Mean Individual COPM Performance Scores by ICF Domain 

COPM-P scores improved again at T3, 12 months post injection and once again 

suggested a clinically significant improvement in all ICF domains. It is of note that 

there was an increase in scores for children who had a single injection as well as 

those who had re-injection, with no statistically significant difference between the 

two groups. However as can be seen in Figure 6-32 the greatest improvement was 

seen in the BSF goals for re-injected children. However, this was less marked for 

A&P goals (Figure 6-33).

 

Figure 6-32  Mean COPM-P BSF Goal Score by re-injection within the study.  
There was no statistically significant difference observed between the two groups (p=.48) 
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Figure 6-33 Mean COPM-P A&P Goal Score by re-injection within the study. 
There was no statistically significant difference observed between the two groups (p=.43) 
 

COPM Satisfaction (COPM-S) scores followed a similar trend (Table 6-20). Once 

again only goals related to activity and participation showed clinically significant 

improvement from baseline at all time points. BSF and Environment COPM-S 

change scores did not reach clinical significance at T2. However, there were few 

Environment goals (which were all related to improved splint tolerance) with a large 

variability in response, which could affect the interpretation of these results.  

COPM-S Baseline 
T0 

6 weeks  
T1 

6 months  
T2 

12 months 
T3 

Mean (SD)  

BSF  
n=63 

3.10 (1.80) 6.09 (2.30)* 4.8 (2.64) 5.89 (2.35)* 

A&P  
n=97 

3.06 (1.69) 5.73 (2.64)* 5.53(2.71)* 5.98 (2.70)* 

Environment 
n=9 

3.67 (1.86) 5.38 (3.25)* 4.33 (4.08) 5.83 (2.93)* 

 
Table 6-20 Mean Individual COPM Performance Scores by ICF Domain 

* scores ≥ MCID suggesting minimal clinically important difference had been reached 
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Similar trends for re-injection were also seen for COPM-S scores for BSF goals 

(Figure 6-34) 
 

 
Figure 6-34 Mean COPM-Satisfaction BSF Goal Score by re-injection within the study  
There was no statistically significant difference between the two groups (p=.82) 

 

and within A&P goals (Figure 6-35) 

 
Figure 6-35 Mean COPM-S A&P Goal Score by re-injection within the study  
There was no statistically significant difference between the two groups (p=.09) 
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It appears that deterioration in BSF goals addressing spasticity and associated 

decline in A&P goals could contribute to decision making with respect to re-

injection at six months post injection.  

COPM Performance scores and clinical response 

When evaluating change using MCIDs it can also be clinically useful to identify the 

percentage of goals that have been classified as responder, non-responder and 

deteriorated  (relative to MCID status), in order to inform clinical practice (McLeod 

et al., 2011). The results for this study are categorised within the ICF-CY domains 

across the twelve months following BoNT-A treatment (Figure 6-36). COPM 

Performance scores remained most stable across both activity and participation 

goals. The percentage of goals classified as responders at 6 weeks post injection 

(67%) remained constant at 6 months (64%) and 12 months (64.7%), suggesting that 

once a child’s activity and participation goals were achieved, they were maintained 

throughout the 12 months. Other ICF domains showed greater variability with a 

reduction in the percentage of body structure and function (BSF) and environmental 

goals classified as responders at 6 months. This may suggest that re-injection occurs 

as a result of evaluation of BSF changes rather than activity and participation 

changes at 6 months.  

 

 

Figure 6-36 COPM Performance Scores response status by ICF Goals over 12 months post BoNT-A  
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Summary  

QFM 

• QFM change scores demonstrated statistically significant improvement in all 

attribute scores following BoNT A injections at 6 weeks which were 

maintained at 6 months and 12 months  

• QFM changes were clinically significant for Alignment, Co-ordination and 

Weight-shift at all post injection time points 6 weeks, 6 months and 12 

months post injection 

• QFM changes in Stability, Dissociated Movement only showed clinically 

significant improvement at 6 months which was maintained at 12 months 

• Children within all GMFCS levels I-III demonstrated significant improvement 

in QFM attribute scores over 12 months following BoNT-A treatment.  

• QFM was able to discriminate between GMFCS Levels. QFM attribute scores 

were significantly higher in children in both GMFCS levels I and II than those 

in GMFCS Level III. However only the QFM attribute scores of Co-ordination 

and Dissociated movement could discriminate between GMFCS levels I and 

II. 

COPM 

• COPM goal performance and satisfaction scores demonstrated statistically 

significant improvement from baseline over 12 months following BoNT-A 

injections 

• Change in averaged COPM Performance scores suggested clinically 

significant improvement at 6 weeks and 12 months post injection but 

change scores from baseline were not clinically significant at 6 months  

• Change in averaged COPM Satisfaction scores suggested clinically significant 

improvement at 6 weeks post injection and remained clinically significant at 

6 and 12 months 

• Individual COPM goal scores relating to Activity and Participation domains of 

the ICF showed statistical and clinically significant improvement following 
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BoNT-A injections at 6 weeks and these were maintained at 6 and 12 

months suggesting long term improvement in Activity and Participation 

goals  

• Individual COPM goal scores relating to Body structure and Function domain 

of the ICF demonstrated clinically significant improvement following BoNT-A 

injections at 6 weeks, but this was no longer clinically significant at 6 months 

suggesting a shorter-term improvement in Body structure and Function 

goals than goals in the Activity and Participation domains.  
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Chapter 7 Results Phase I: Secondary Outcome Measures  

7.1 Results  

Data from secondary outcome measures reflecting all ICF domains (Body  function 

and structure, Activity and Participation) were collected and these are detailed in 

Chapter 4 (4.2.2). These outcome results are summarised within the individual ICF 

domains (Table 4-2). Continuous data were analysed using a one-way repeated 

measures ANOVA and ordinal data using the Friedman test, with Bonferroni 

corrections for multiple comparisons. 

7.2  Body function and structure (BSF) 

Individual BSF outcomes used in the study are considered individually within this 
section.  

• Spasticity: Modified Tardieu scale (MTS), Modified Ashworth Scale (MAS)  

• Muscle selectivity: Selective Motor Control (SMC) 

• Pain: Faces Pain Scale - Revised (FPS-R), CPQOL Pain domain 

As this was a pragmatic clinical study, there were a number of different muscle 

groups injected (Table 5-5). This heterogeneity of BoNT-A treatment within the 

study presented a challenge for analysis of change in spasticity following BoNT-A.  

There were a number of challenges as each muscle group had different 

standardised error of measurement values (SEM) making comparison of change 

difficult and some muscles were injected infrequently, preventing meaningful 

statistical analysis. The data was therefore analysed based on the most frequently 

injected muscles: gastrocnemius and hamstring muscles. 

In order to capture the complexity of clinical practice the data was analysed in two 

different ways. Spasticity outcomes were first analysed evaluating change in the 

hamstring and gastrocnemius muscles injected (7.2.1) and this was then followed by 

a ‘responder’ analysis evaluating technical response following BoNT-A (7.3).  
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Descriptive statistics for all the Body structure and Function outcome (BSF) 

measures used within the study are based on the available data collected at each 

time point and are summarised in Table 7-1.  

 
BSF outcome 

measures 
n= sample size 
per time point 

ICF 
BSF 

 
Baseline T0 

 

 
T1 6 weeks 

 

T2 6 
months 

T3 12 months 
P main 

effect of 
time 

Gastrocnemius 
MTS R1 

Degrees Mean 
(SD) 

Tone 
-17.3 (7.8) 

(n=73) 
-11.4  (11.1) 

*** (n=70) 

-15.96 
(10.7) 
(n=68) 

-13.8 (8.5) 
(n=67) 

<0.001 

Gastrocnemius 
MAS 

Median (IQR) 
 

Tone 3(3,4) 2 (1.75,3) *** 
 

3 (2,4) 
 

 
3 (2,3) 

 
<0.001 

MTS R1 
Hamstrings  
(degrees) 

Mean (SD) 

Tone 
83.6 (16.3) 

n=43 

64.5 
(13.8)*** 

n=43 

72.2 (16.0)** 

n=41 
 

71.5 (17.5)** 

n=39 
 

<0.001 

MAS 
Hamstrings 

Median (IQR) 
 

Tone 3 (3,3) 2 (1,2) *** 2 (1,3) *** 2 (1,3) *** <0.001 

SMC 
Median (IQR) 

 

Muscle 
selectivity 

2 (1,3) 
n=90 

3 (2,3) 
n=85 

3 (2,4) *** 

 n=85 
3 (2,4) *** 

n=78 
<.001 

Pain (m FPS) 
Mean (SD) 

Pain 
2.2 (2.4) 

n=64 
1.2 (1.7)*** 

n=58 
1.6 (2.4)* 

n=56 
1.7 (2.4) 

n=54 
=.001¥ 

CPQOL Pain 
and disability 

% 
Mean (SD) 

 

Pain 
41.18 

(15.46) 
n=64 

34.24 
(14.45)*** 

n=60 

35.12 
(17.56) ** 

n=60 

36.06 
(15.79) 
n=57 

=.001 

***p<0.001 ** p<.0.01 *p<.05 Bonferroni test for multiple comparisons ¥ Greenhouse-Geisser correction  
Table 7-1 Summary of descriptive statistics for Body Structure and Function (BSF) measures  

7.2.1 Measures of Spasticity and hypertonicity 

The aim of BoNT-A treatment is to reduce dynamic tone in a hypertonic (spastic) 

muscle. The clinical outcome measure used to detect a change in spasticity in the 

study was the R1 component of the MTS (Boyd and Graham, 1999) (Chapter 4, 

4.2.2). The R1 value (measured in degrees) is also referred to as the ‘dynamic catch’,  

and is a proxy measure widely used in clinical practice to evaluate spasticity in the 

injected muscle (see 4.2.2). A reduction in the MTS R1 score represents a clinical 

improvement in the ‘dynamic catch’ of the injected muscle indicating less spasticity 

(Figure 7-1).  
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Figure 7-1 Modified Tardieu Scale (MTS) reproduced with permission Boyd (2022) 

R1 is the quick stretch and represents the ‘dynamic catch’ in the muscle 
R2 is the slow stretch representing available muscle range of motion 

 

As this was a pragmatic clinical study, a number of different muscle groups were 

selected for BoNT-A injection based on individual clinical indicators. This resulted in 

a heterogeneous group of injected muscles within the study, reflecting realistic 

clinical practice (see Table 5-3).   

For the purpose of analysis, change in R1, was used to record change in dynamic 

tone for gastrocnemius and hamstring muscles. As the most frequently injected 

muscles, these two muscle groups were considered representative of a change in 

spasticity for the sample (Table 5-5).  A number of children received bilateral 

injections and the data of both limbs were included in the statistical analysis with 

corrections made for multiple comparisons, 52 children had gastrocnemius injected 

(n=73 muscles) and 25 children had hamstrings injected (n= 43 muscles).  

Suggested clinical significance was determined for this study as a change larger than 

the published established standard error of measurement (SEM), ≥ 5 degrees in the 

gastrocnemius muscle (McDowell et al., 2000) and ≥ 10 degrees in the hamstring 

muscle (Fosang et al., 2003). The inclusion of less frequently injected muscles 

rendered meaningful statistical analysis impossible due to their small sample size. 

Only one child had neither of these muscles injected (having gracilis muscle 

injection only) and whilst excluded from this particular analysis for R1, was included 
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in all remaining analyses, including the more global measure of tone reduction 

‘technical response’ presented later in the chapter (7.3.1). 

A supplementary measurement of spasticity Modified Ashworth Scale (MAS) 

(Bohannon and Smith, 1987), was also used in this study and univariate change 

scores for gastrocnemius and hamstrings are presented in Table 7-1.  MAS scores in 

this study used an ordinal 6-point scale (0,1,1+,2,3,4), with 1+ replaced by 2 during 

subsequent analysis (0,1,2,3,4,5) in order to enable univariate statistical analysis. 

This method is in keeping with other research in the field  (Kelly et al., 2019, Yap et 

al., 2010) 

7.2.1.1 Modified Tardieu Scale (MTS) R1 

A one-way repeated measures ANOVA was conducted with post hoc analysis using a 

Bonferroni adjustment to determine whether there was a statistically significant 

difference in outcome scores between baseline R1 (T0) pre-injection and at the 

three assessment time points post injection (T1-T3).  

Change scores from baseline are presented in Table 7-2, together with an indication 

of their suggested clinical and statistical significance. 

Mean change R1 (°) 
[95% Confidence Interval] 

 T1 T2 T3 ANOVA 

Gastrocnemius 
(n=59) 

-5.93**a 

[-9.53,-2.34] 
-1.70 

[-5.23,1.84] 
-2.83 

[-5.91,0.25] 

F (3,174)=8.35, 
p<.001, partial 
η2=.126 

Hamstrings 
(n=37) -17.30**a 

[-23.60,-11.00] 
- 9.67* 

[-16.71,-2.64] 
-10.84**a 

[-17.09,-4.60] 

F(3,108)=17.08, 
p<.001 partial 
η2=.322 

**p<.001 *p<.01 a clinically significant change>SEM 

Table 7-2 Mean change in R1 Hamstrings and Gastrocnemius muscles 
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Gastrocnemius MTS R1 

Dynamic catch (R1) in the gastrocnemius muscle was measured in degrees as per 

the standardised testing protocol (see 4.2.2 and study manual Appendix 14.3).  

As can be seen in Figure 7-2, dynamic muscle tone was reduced in the injected 

gastrocnemius muscles following BoNT-A injections at all post injection assessment 

time points (T1-T3) in comparison to baseline. However, this improvement in R1 

only reached a statistical and clinically significant reduction in spasticity (≥5°) in 

comparison to baseline score at 6 weeks (p<.001), and the change from baseline 

was no longer significant at 6 and 12 months.  

 
Figure 7-2 Mean change in dynamic catch R1 Gastrocnemius (n=59). 
Improvement in dynamic catch (R1) only reached a statistical and clinically significant reduction in spasticity 
(≥5°) in comparison to baseline score at 6 weeks (p<.001) 

 

This result was also mirrored by a significant reduction in spasticity as measured by 

the additional clinical measurement of spasticity MAS at T1 (p<.001), once again 

demonstrating a clinically significant improvement of ≥1 point change score at 6 

weeks post injection which was no longer apparent at 6 and 12 months (Table 7-1)  

Data up until T2 represented a single injection episode for the total sample. 

However, by T3 (12 months), 20 children with gastrocnemius injections had been 
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re-injected (28 gastrocnemius muscles) compared to 32 children with a single 

injection episode (39 gastrocnemius muscles). Figure 7-3 shows the difference in R1 

between the two groups 

 

Figure 7-3 Mean dynamic catch R1 in Gastrocnemius by re-injection status.  
There was no statistically significant difference between the groups at any time point, including T2 (p=.36) 

As can be seen the response differed between the two groups (re-injected and not 

re-injected within the study). However, further analysis with a Mann-Whitney U test 

revealed no statistically significant difference in R1 between the two groups at any 

time point including T2 (U=462.0,z=-1.239,p=.215) or T3 (U=474.5,z=-.924,p=.355). 

This is in keeping with other studies where more frequent injections did not result 

in improved outcome (Hastings-Ison et al., 2016). It is interesting to observe that no 

significant difference was seen at T2, the clinical assessment time point when 

decisions are made about the need for re-injection.  

Hamstrings MTS R1 

The dynamic catch (R1) in the hamstring muscle was also measured in degrees as 

per the standardised testing protocol (see 4.2.2 and study manual Appendix 14.3). 
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Reduction in dynamic catch ≥10° relative to baseline scores was considered to be a 

clinically significant improvement.   

As can be seen in Figure 7-4, dynamic muscle tone was significantly reduced in the 

injected Hamstring muscles following BoNT-A injections at all post injection 

assessment time points (T1-T3) in comparison to baseline. Improvement in R1 

reached a clinically significant reduction in spasticity (≥10°) at 6-weeks (p<.001) and 

12-months but improvement at 6-months did not suggest clinical significance 

(Figure 7-4). 

Additionally, spasticity as assessed by MAS followed a similar trajectory with a 

statistically significant reduction in dynamic tone seen at all time points which 

unlike MTS R1, suggested clinical significance at 6-weeks (≥1 point change), which 

was maintained at both 6 and 12-months (Table 7-1). 

 

 
Figure 7-4 Mean dynamic catch (R1) in Hamstrings. 
 There was a significant reduction in dynamic catch(R1) from baseline at T1 (p<.001), T2 (p<.01) and T3 (p<.001) 
 

 

Although the data up until T2 represented a single injection episode for the whole 

sample, by T3 at 12 months, 10 children had received a further injection cycle 

(representing 16 hamstring muscles) and 17 children (representing 27 hamstring 

muscles) had only received a single injection cycle. Children who had re-injection 
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showed a consistently lower dynamic catch at T1-T3. In contrast to gastrocnemius 

muscle injections, at T3 there was a difference between the two groups, with lower 

R1 scores (reduced spasticity) in re-injected hamstring muscles than those with no 

re-injection (Figure 7-5). A Mann-Whitney U test revealed this difference to be 

statistically significant difference (U=77.50, z=-3.06, p=.002), with significantly 

greater improvement in R1 for muscles re-injected (61.3° ± 13.84°) in comparison to 

those with a single injection cycle (78.70°± 16.32°).   

 
Figure 7-5 Mean dynamic catch (R1) in Hamstring muscles by re-injection status 
Children who had re-injection in the study had significantly greater reduction in spasticity at T3 than those who 
had a single injection (p=.002). However, there was no significant difference in R1 between the two groups at 
any other time point 

 

Those muscles which were not re-injected had significantly less improvement in 

dynamic catch at T1 (U=110.00, z=-2.69,p=.007) whilst at T2, the difference in R1 

between the two groups was not significant. This highlights the complexity of 

selecting children for retreatment, decisions appear to be multifaceted and based 

on clinical need, and not the results of a single outcome. This could be based on a 

good response at 6 weeks assessment and evidence of increasing dynamic catch 

representing a return of spasticity at 6 months. Whereas the other group of children 

who had less response to BoNT-A also had less marked return of spasticity and 

therefore re-injection may not have been indicated at that time.  
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7.2.2 Muscle selectivity- Selective Motor Control scale (SMC) 

Muscle selectivity (an indicator of motor control) was evaluated by SMC in the study 

as described in Chapter 4 (4.2.2). SMC scores (0-4) were assessed for each injected 

limb (n=90). A higher score (maximum 4) represents greater muscle selectivity.   

Since the SMC scale represents data on an ordinal level, non-parametric statistical 

tests were used. Descriptive data are presented as median and interquartile range 

in Table 7-1. A Friedman’s test was conducted and there was a significant effect for 

time (X2(3),34.01, p<.001), with SMC scores improved from baseline at all post 

injection time points (Figure 7-6). Post hoc analysis with a Bonferroni correction for 

multiple comparisons revealed SMC scores were significantly improved from 

baseline at 6- and 12-months post injection (p=.021, p=.003). However, as 

illustrated in Figure 7-6, there were a number of outliers at T1 and the 

improvement at 6 weeks was not found to be significantly improved (p=.10) from 

baseline scores. Analysis with a Mann Whitney U test showed no significant 

difference in SMC scores (p>.05) at any time point between the muscles that had 

been re-injected and those which had a single injection episode during the study. 

 
 

 
Figure 7-6 Boxplot showing Median SMC scores over 12 months and 25th and 75th centiles (n=70) 
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It has been suggested that a change score of 1 point is clinically meaningful and an 

SMC score of ≥3 has been associated with improved gait parameters (Boyd and 

Graham, 1999). Within this study SMC scores showed an improvement in median 

score of 1 point from baseline, suggesting a clinically significant improvement at 6 

weeks which was maintained throughout 12 months. However, in the absence of 

published MCIDs it is hard to interpret the true clinical significance of these results. 

7.2.3 Pain - modified Faces Pain Scale (mFPS)  

Pain was measured using the modified Faces Pain Scale, measured on a 10-point 

scale, and with the pain and impact of disability domain of the CPQOL, measured as 

a percentage score. A lowering of both pain scores represents improvement, only  

the mFPS has published clinical significance values, with change scores in the mFPS 

of  ≥1 considered the MDC and ≥2 suggested as the MCID (Tsze et al., 2015).   

Statistical analysis with a one-way repeated measures ANOVA suggested there was 

a statistically significant difference in pain scores across the time points (p=.001), 

(Figure 7-7). As the assumption of sphericity by Mauchly’s test was not met (p<0.05) 

a Greenhouse Geisser correction was applied, F(3,128.2)=6.46, p=.001 partial 

η2=.116. 

 
Figure 7-7 Mean m FPS Pain scores over 12 months (n=47).  
There was a significant improvement (reduction) in pain scores at T1 (p<.001) and T2 (p-.44) but this reduction 
in scores from baseline was not significant at T3 
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Post hoc analysis with a Bonferroni adjustment revealed a statistically significant 

reduction in pain scores between baseline (pre-injection) and six weeks post 

injection at T1 (p<.001) and six months post injection, T2 (p=0.44), however the 

difference in scores from baseline was no longer statistically significant at T3.  

Baseline reported pain scores were generally low for the whole sample as can be 

seen in Table 7-1, and less than 50% of children reported pain at any assessment 

time point. 

Although the scores were statistically significantly different at T1 and T2 they 

exceeded MDC only at T1 and did not reach the clinical significance of ≥ 2 point 

MCID at any time point (Tsze et al., 2015).  

Pain scores as reflected by CPQOL also followed a similar trajectory and were 

significantly reduced at both six weeks by 7% (p<.001) and six months by 6% (p<.01) 

but the reduction in pain score was also no longer significant at twelve months 

(Table 7-1). In the absence of MCIDs for CPQOL it is difficult to comment on the 

clinical significance of the improvement seen in CPQOL Pain scores in this study. 
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Summary of outcomes in the Body Structure and Function ICF domain  

• Short term reduction in spasticity (R1) was seen in both gastrocnemius and 

hamstring muscles at 6 weeks (T1) and this reached both statistical and 

clinical significance. 

• Longer term improvement in R1 was seen in the hamstring muscles beyond 

6 months (T2 and T3). The reduction in spasticity as measured by R1 

remained significant at all time points in comparison to baseline. This 

approached clinical significance at T2 and reached clinical significance at T3.  

• MAS scores statistically mirrored those of MTS R1 results for both 

hamstrings and gastrocnemius muscles and suggested a clinically significant 

reduction in spasticity at 6 weeks post injection for gastrocnemius muscles 

and throughout 12 months for hamstring muscles.  

• SMC scores were significantly improved between baseline at 6 and 12 

months but the improvement did not reach statistical significance at 6 

weeks post injection (T1).  

• Pain scores (mFPS and CPQOL) were significantly improved following BoNT-A 

injections at 6 weeks and 6 months, but the clinical significance of these 

scores is uncertain.   
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7.3 Responders vs non responders for the study 

As this was a pragmatic clinical study, a number of different muscles were selected 

for injection and both unilateral and bilateral injections were administered. Within 

BoNT-A research, it is increasingly being recognised that a global assessment of 

general response to BoNT-A may more accurately reflect the heterogeneity of 

clinical practice (Heinen et al., 2021, Löwing et al., 2017).  

Introducing a global score of reduction in dynamic tone permits an analysis of a 

general response to BoNT-A, allowing comparison of individuals with different 

treatment regimens, and moving away from an overemphasis of change at an 

individual muscle level for what is frequently such a widely diverse group. A global 

measure of ‘technical response’ in the muscle following BoNT-A treatment has 

previously been reported by Alexander et al. (2018), who in their study following 

gastrocnemius injections described this as a reduction in dynamic catch as detected 

by MTS ≥ 5°. 

Technical response (TR) was also reported within this study, and was defined as a 

change in dynamic muscle length as measured by MTS R1 (Figure 7-1), exceeding 

the standard error of measurement (SEM) of the injected muscle. This was 

identified as ≥10° for those children who had Hamstring muscles injected  and ≥ 5° 

for children with Gastrocnemius or Gracilis muscle injections (Fosang et al., 2003, 

McDowell et al., 2000).  

The ‘technical response’ to BoNT-A injections was determined initially at the first 

clinical assessment T1, at 6 weeks post injection.  T1 was selected as a clinically 

recognised time frame when a reduction in dynamic tone (spasticity) could be 

expected following treatment (Boyd and Graham, 1999).  
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Technical response (TR) was classified from the gastrocnemius muscle for the 52 

(81%) children in the study who had gastrocnemius muscles injected (21 children 

had these injected bilaterally). Of the remaining 12 children without gastrocnemius 

injections, 11 children had hamstring muscles injected (10 children bilaterally) and 

one child had gracilis muscles injected (bilaterally). TR was therefore determined 

from Hamstrings and Gracilis muscles for these children respectively.  

At T1, a child’s response to BoNT-A was evaluated relative to a change beyond the 

SEM for the muscle injected (≥10° for hamstrings and ≥5°for gastrocnemius and 

gracilis), and was determined in one of three ways:  

 

☺ Responder: (technical response) Improvement in dynamic catch R1 as 

shown by a reduction in the R1 angle of the injected muscle ≥ SEM for 

muscle injected.   

 Non- responder: (no technical response) Dynamic catch R1 unchanged or 

R1 angle reduced <SEM for muscle injected       

 Deterioration: Dynamic catch deteriorated, R1 angle increased > SEM for 

the muscle injected 

 

Bilateral injections  

With bilateral injections, a technical response in the muscle was recorded as a 

responder if improvement in dynamic catch R1 was ≥ SEM  in one limb without 

deterioration of the other side. To reflect the complexity of rating technical 

response following bilateral injections, an algorithm of response was defined for the 

study and is summarised in Table 7-3. 
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 At T1 a child’s response to BoNT-A following bilateral injections was determined as 

responder, non-responder or deteriorator as highlighted below. 

Technical Response for Bilateral Injections 

 
 
☺ 

 
Technical response 
in both limbs  
or 
Technical response 
in one limb and no 
technical response in 
the other limb 
 

 
 
☺ 
 
 
 
☺ 

 
 
☺ 
 
 
 
 

 
 
 
Responder 

 
 
 
 

 
No Technical 
response in either 
limb 
 or 
Technical response 
in one limb and 
deterioration in the 
other limb 
 

 
 
 
 
 
 
 
☺ 

 
 
 
 
 
 
 
 

 
 
 
 
Non Responder 

 
 
 

 
Deterioration in both 
limbs  
or 
No technical 
response in one limb 
and deterioration in 
the other limb 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
 
Deteriorator 

Table 7-3 Definition of Technical Response for bilateral injections 

 

7.3.1 Technical response – Results 

It has been suggested that reporting ‘the proportion of patients achieving a degree 

of improvement beyond measurement error can often be a more informative 

method for describing the effects of the intervention than overall mean change’ 

(Haley and Fragala-Pinkham, 2006). Therefore, the technical responses within the 

study were summarised using percentage scores. 

At T1 45 children (75%), showed a technical response in the muscle following BoNT-

A treatment (a reduction in the dynamic catch as measured by R1 at T1),        



 

226 
 

9 children (15%) did not show a technical response (dynamic catch did not improve) 

and 6 children (10%) showed a deterioration as dynamic catch had increased when 

compared to baseline R1 measurement.    

Whilst response at six weeks classified any short-term technical response in the 

muscle, from a clinical perspective it was important to see how the technical 

response changed at each subsequent assessment time point for the whole group 

over 12 months. Technical response was then evaluated across the 12 months 

(Figure 7-8).  

 

 

Figure 7-8 Technical response over 12 months following BoNT-A injections 
This graph demonstrates the percentage of children classified as showing a technical  response to BoNT-A 
treatment across 12 months: 75% at T1,  51.7% at T2 and 53.4% at T3 (45.2 % of these followed  a single 
injection episode) 
 

At T2 6 months post injection, 51.7% of the children assessed showed a technical 

response, 23.3% children were classified as no technical response and 25%  had 

deteriorated in comparison to baseline scores. The reduction in responders and 

increase in children who had deteriorated could have been a driver for re-injection.  
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By T3 at 12 months, 53.4 % of children assessed were classified as having a technical 

response (45.2% of these responders had a single injection and 54.8% had 

undergone re-injection within the study). 44.8% of children were classified as 

having no technical response and one child (1.8%) was classified as having 

deteriorated in comparison to baseline.    

Re-injection 

A Mann-Whitney U test was run to determine any difference in technical response 

(TR) following BoNT-A (T1, T2 and T3), between the two groups of children, those 

requiring re-injection between 6 and 12 months of the study and those receiving a 

single injection episode.  

Distributions of Technical response for the two groups, were similar, as assessed by 

visual inspection. Technical response status was not statistically significantly 

different between the groups at 6 weeks, or 6 months post injection but was 

significantly different at T3 (U=532.5,z=2.258, p = .024).  

At T3 as expected, the percentage of children classified as responders in the re-

injected group was higher (70.8%) than those classified as responders in the single 

injection group (41.2%) (Figure 7-9).  

 
Figure 7-9 Technical response at T3 comparing single versus re-injection groups 
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Although the children showed a difference in technical response in the muscle at 

T3, re-injection status did not appear to be significantly associated with any change 

in quality of movement as measured by QFM (6.1), activity (7.4) or participation 

scores (7.5).  

The lack of a significant difference in TR between the groups at six months (T2) is 

pertinent as this is the clinical time point when decisions are made about the need 

for re-injection. The clinical decision-making process within this study did not 

appear to be related to changes in spasticity alone. This was highlighted by the re-

injection of 39% of children who had been identified as ‘responders’ at T2, and 

26.7% of those children classified as ‘non responders’, and 57.1% of children who 

were classified as ‘deteriorated’ following the first injection episode in the study.  

This underlines the complex multi-faceted decision making involved within the 

clinical setting when selecting children for re-injection, which does not appear to be 

based on evaluation of a single outcome.   
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7.4  Activity  

Three standardised validated outcome measures were used in the study to evaluate 

change in activity following BoNT-A injections over the twelve-month period 

(administration details for the measures can be found in 14.3). The activity 

measures were: 

• One Minute Fast Walk Test (1MFWT) which evaluates walking ability and 

endurance and is measured in metres (greater distance measured in metres 

represents improvement) 

• Modified Timed Up and Go Test (mTUG) which evaluates mobility and 

functional balance (reduced time to complete the test, measured in seconds, 

represents improvement)  

• Gross Motor Function Measure (GMFM-66) which evaluates gross motor 

function in two dimensions of the GMFM, D: standing and E: walking, 

running, and jumping dimensions (higher percentage scores represent an 

improvement in gross motor function). 

One-way repeated measures ANOVAs were conducted to determine any statistically 

significant differences in outcome measures over the course of 12 months. In order 

to assess the clinical significance of the results, the results have been related to 

published MCIDs whenever possible.  

Descriptive and inferential statistics for the three activity measures are summarised 

in Table 7-4. As with the QFM attribute data, due to the differing levels of motor 

abilities within the GMFCS levels I-III the activity scores as captured by the three 

tests differed, particularly with regards to children in GMFCS level III.  A subgroup 

analysis was performed, and the data were stratified by GMFCS levels which, due to 

the small sample size (<20 per group), were analysed using non-parametric tests in 

order to identify change at individual GMFCS levels. This permitted comparison with 

published MCIDs. 
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Activity 
Measure 

 
Baseline 
T0 
n=64 

 
T1 6 weeks 
n=58 

 
T2 6 
months 
n=60 

 
T3 12 
months 
n=57 

P (effect of 
time) n=48 

 
TUG (s) 
Mean (SD) 
 
(% change from 
baseline) 

 

11.90 
(16.84) 

 

 
11.13 

(12.98) 
 

(6.5%) 

 
10.2 

(12.8)a 
 

(14%) 

 
8.24 

(10.47)a 
 

(31%) 

F(3,141)=1.9
4, p=.17 
 
(partial η2 
=.04)¥ 

 
1 MFWT (m) 
Mean (SD) 
 (% change from 
baseline) 

62.92 
(23.39) 

 

 
65.95 

(24.40) 
 

(5%) 

 
64.77 

(24.52) 
 

(3%) 

 
71.07 

(24.23)a 
 

(13%) 

F(3,141)=2.1
7, p=.094 
 
(partial η2 
=.04) 

GMFM-66 (%) 
Mean (SD) 
  
(% change from 
baseline) 

71.79 
(13.78) 

 
 

 
73.69 

(14.49)*** a 

 

(1.9%) 
 

 
74.68 

(14.33) *** a 

 

(2.89%) 
 

 
78.13  

(14.29) *** b 

 

(6.34%) 
 

 
 
F(3,141)=34.
32, p<.001 
 
(partial η2 
=.42) 
 

***p<0.001 ** p<.0.01 *p<.05 following Bonferroni post hoc test for multiple comparisons clinically significant change>MCID 
a moderate effect size (0.5) b large effect size (0.8)¥ Greenhouse-Geisser correction 

Table 7-4 Activity outcome measures 

7.4.1 TUG scores  

A one-way repeated measures ANOVA was conducted to see if there was a 

statistically significant difference in TUG scores over the 12 months post BoNT-A.  

Although scores improved from baseline to each post injection time point (Figure 

7-10), these improvements were not found to be statistically significant (p=.17). 

However, change scores were found to be clinically significant at T2 and T3 with 

medium effect size when compared to published MCID values (≥1.2 seconds 
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(Hassani et al., 2014)

 

Figure 7-10 Mean TUG score all GMFCS levels across 12 months (n=48). 
The improvement in scores from baseline were not found to be statistically significant (p=.17). 
 
 

Sub-group analysis demonstrated markedly slower TUG scores in GMFCS level III 

children than children in GMFCS levels I and II (Figure 7-11). There was a statistically 

significant improvement in TUG scores from baseline at all post injection time 

points for GMFCS I and GMFCS II children, but this was not found to be significant 

for children in GMFCS level III.  Details regarding mean TUG scores per GMFCS level 

are summarised in Table 7-5. Post-hoc analysis for both GMFCS levels I and II 

revealed that TUG scores were significantly reduced at T2 and T3 in comparison to 

baseline scores but not at T1. Mean change scores also appeared to be clinically 

significant, exceeding published MCID estimates for large effect size (0.36 seconds) 

in GMFCS I children and moderate effect size (0.54 seconds) in GMFCS II children  

(Carey et al., 2016).  

The delay in response could be associated with increased weakness following BoNT-

A and the time required to translate reduced tone into improved functional ability. 

This was in keeping with a delay in clinically significant improvement in QFM 

attributes of Dissociated Movement and Stability until 6 months post treatment. 

Children in GMFCS level III also exceeded MCID estimates for moderate effect size 

at T2 and T3 (3.32 seconds), suggesting clinical significance, but the results were not 
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statistically significantly different from baseline scores at any time point, suggesting 

a large variability in the scores. 

 

Figure 7-11 Mean TUG scores by GMFCS level.  
Improvement in TUG scores were not significant for any GMFCS level at T1 but were significant at T2 and T3 for 
GMFCS Level I (p<.001) and II (p<.01) 

 

TUG 
N 

Mean (SD) 
seconds 

 
Baseline 

T0 
 

 
6 weeks 

T1 
 

6 months 
T2 

12 months 
T3 

 
Friedman Test 

X2 (3) 

GMFCS I 
 

5.00 (1.05) 
n=22 

5.01 (1.10) 
n=21 

4.36 (0.74)**b 
n=20 

4.23 (0.85)**b 
n=21 

19.48 
p<.001 

GMFCS II  
 

5.77 (1.40) 
n=24 

5.50 (1.47) 
n=20 

4.99 (1.39)*a 
n=23 

4.98 (1.53)*a 
n=23 

11.32 
p=.01 

GMFCS III  
28.51 (25.29) 

n=18 
25.32 (17.12) 

n=17 
24.12 (17.74) a 

n=17 
20.48 (17.18)a 

n=13 
6.14 

p=.11 

***p<0.001 ** p<.0.01 *p<.05 following Bonferroni post hoc test for multiple comparisons clinically significant 
change>MCID a moderate effect size (0.5) b large effect size (0.8) 

Table 7-5 Mean TUG scores (seconds) by GMFCS level 
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7.4.2 1MFWT scores  

Although the average distance walked improved from baseline at each post 

injection time point (Figure 7-12), this change was not found to be statistically 

significant (p=0.94). Mean change scores for the whole group are shown in (Table 

7-4). Improvement at T3  suggested a clinically significant improvement from 

baseline score at T3 exceeding the MCID (≥5.6m) with a moderate effect size 

(Hassani et al., 2014).  Although the lack of statistical significance suggests 

improvement was not consistent. 

 
Figure 7-12 Mean 1MFWT distance walked all GMFCS levels over 12 months n=48.  
Improvement from baseline was not found to be significant at any time point (p=.094) 

A significant difference in distance walked was observed between children in 

GMFCS level III and those in GMFCS I and II (p<.001) but not between GMFCS levels 

I and II (Figure 7-13). Further analysis revealed no significant improvement in 

distance walked for any individual GMFCS levels following BoNT-A injections (Table 

7-6). However, mean change scores exceeded MCIDs, suggesting there may have 

been a clinically significant improvement at 12 months (T3) for children in GMFCS 

level I, 7.8 m (MCID 5.1m) and at 6 weeks (T1) for children in GMFCS Level II, 9.8 m 

(MCID 9.0 m). The lack of statistical significance once again suggested improvement 

was not consistent. Nevertheless, mean scores for GMFCS Levels in this study were 

in keeping with published data (Hassani et al., 2014). 
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Figure 7-13 Mean 1 MFWT distance walked highlighted by GMFCS level 
The change from baseline score was not significant for any GMFCS level. The graph highlights the significant 
difference in distance walked between children in GMFCS level III and those in GMFCS I and II (p<.001) but 
distance walked was not significantly different between GMFCS levels I and II 
 
 
 

1MFWT 
Mean (SD) 

seconds 

 
Baseline 

T0 
 

 
6 weeks 

T1 
 

6 months 
T2 

12 months 
T3 

 
Friedman 

Test 
X2 (3) 

GMFCS I 
n=18 

78.65 (20.24) 
 

81.28 (16.20) 
n=21 

80.17 (13.06) 
n=20 

86.64 (0.85)a 
n=21 

6.02 
p=.11 

GMFCS II  
n=19 

67.89 (15.06) 
 

75.68 (15.42)b 
 

71.16 (19.18) 
 

70.90 (20.52) 
 

7.24 p=.06 
 

GMFCS III  
n=11 

36.82 (18.86) 
 

33.09 (11.04) 

 
36.64 (17.44) 

 
34.42 (8.80) 

  
6.94 

p=.07 

***p<0.001 ** p<.0.01 *p<.05 following Bonferroni post hoc test for multiple comparisons clinically significant 
change>MCID a moderate effect size (0.5) b large effect size (0.8) 

Table 7-6 1MFWT Mean distance walked (metres) by GMFCS level 
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7.4.3 GMFM -GMFM-66 

There was a significant improvement in GMFM-66 scores from baseline to all time 

points (p<.001) following BoNT-A injections (Table 7-4).  MCIDs established for 

change scores in GMFM-66 for GMFCS Levels I-III are 0.8% change for moderate 

effect size and 1.3 % change for large effect size (Wang and Yang, 2006). Results in 

this study suggested that change in mean GMFM scores illustrated in Figure 7-14 

represented a clinically significant improvement exceeding MCID  of moderate 

effect size at T1 and T2 and large effect size at T3 for the whole group analysis 

(Table 7-7).  

 
Figure 7-14 Mean GMFM-66 score all GMFCS levels n=48.  
Significant improvement in score from baseline was seen at all time points (p<.001) 

As with previous outcomes there was a marked difference in scores between the 

different GMFCS levels (Figure 7-15).  
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Figure 7-15 GMFM-66 scores by GMFCS level across 12 months n=48.  
Significant improvement in scores was seen for children in GMFCS II only at T1 (p<.01) and for all levels at T2 
GMFCS I (p<.05) GMFCS II and III (p<.001) and at T3 GMFCS I and II (p<.001) and GMFCS III (p<.01) 

Subgroup analysis was performed between the GMFCS levels using a Friedman test. 

The results confirmed a statistically significant difference in GMFM-66 scores 

(p<.001) across the four assessment time points for all GMFCS levels (Table 7-7).  

Pairwise comparisons were performed (SPSS Statistics,2012) with a Bonferroni 

correction for multiple comparisons.   

GMFM-66 
Mean % (SD) 

Baseline T0 6 weeks T1 6 months T2 12 months T3 
Friedman 
TestX2 (3) 

GMFCS I  
 

80.98 (9.42) 
n=22 

83.09 (9.20)a 
n=21 

85.10 (9.58)*b 
n=20 

87.16 (8.22)***b 
n=21 

 
27.91  

p<.001 
n=18 

GMFCS II  
75.70 (9.85) 

n=24 
 

78.76 (9.73)**b 
n=20 

78.87 (9.05)**b 
n=23 

81.37 (10.16)***b 
n=23 

 
23.22 

p<.001 
n=19 

GMFCS III  
55.37 (6.81) 

n=18 
56.14 (7.38)a 

n=17 
56.77 (5.79)** b 

n=17 
57.81 (6.41)**b  

n=13 

 
18.42 

p<.001 
n=11 

 

***p<0.001 ** p<.0.01 *p<.05 following Bonferroni post hoc test for multiple comparisons /clinically significant 
change>MCID  a moderate effect size (0.5) b large effect size (0.8)  

Table 7-7 Mean GMFM-66 scores for total sample by GMFCS level 
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GMFM-66 scores were improved significantly from baseline only for children in 

GMFCS level II at T1, six weeks post injection (p<0.001) and for children in all 

GMFCS levels, I, II and III at six months and 12 months post injection (p<0.001-

p<0.5). However, improvement in mean change scores at all time points post 

injection suggested clinically significant improvements in gross motor function in 

excess of published MCIDs for children in all GMFCS levels I, II and III (Oeffinger et 

al., 2008). However, the absence of statistical significance suggests that the 

improvement was not consistent. Mean scores for GMFCS levels are in keeping with 

the work of others in the field (Smits et al., 2010).  
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Summary of Activity outcomes  

TUG 

• Although mean change scores exceeded MCIDs at 6 and 12 months for the 

whole group (GMFCS I-III), there were no statistically significant 

improvements in functional balance as measured by TUG  in comparison to 

baseline post BoNT-A injections. 

• Subgroup analysis revealed statistically significant improvement in TUG 

scores for GMFCS Levels I and II but not children in GMFCS Level III between 

baseline and 6- and 12-months post injection. These changes exceeded 

MCIDs suggesting a clinically significant improvement.  

1MFWT 

• Walking capacity was not statistically significantly improved on univariate 

analysis for the whole sample or individual GMFCS levels following BoNT-A 

injections.  

Subgroup analysis revealed no significant improvement in gait parameters 

following BoNT-A for any GMFCS group. Although changes exceeded MCIDs 

for children in GMFCS level II children at 6 weeks and GMFCS Level I children 

at 12 months.  

GMFM-66 

• There was a statistically significant improvement in gross motor function 

following BoNT-A. Mean GMFM-66 scores increased for the whole group at 

all post injection time points in comparison to baseline, these exceeded 

MCIDS suggesting a clinically significant improvement for the total group 

post injection at T1-T3. 

• Subgroup analysis of GMFM-66 scores demonstrated that children in GMFCS 

Level II showed a statistically significant improvement from baseline at all-

time points, whilst children from GMFCS levels I and III showed significant 

improvement only at T2 and T3. Mean change scores exceeded MCIDs at all 

time points suggesting a clinically significant improvement in children from 

all GMFCS levels post BoNT-A injections at T2 and T3 and for children in 

GMFCS Level II at T1. 
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7.5 Participation outcome measures  

Participation and quality of life data were collected across all four time points (T0-

T3) via two questionnaires: Cerebral Palsy Quality of Life Measure (CPQOL) and 

Participation Environment Measure -Child and Youth (PEM-CY). Both of these 

questionnaires were completed by parents who were strongly encouraged to 

involve their child in the scoring whenever possible. 

Health Related Quality of Life (HRQoL) 

One of the main challenges of measuring paediatric HRQoL is that proxy assessment 

may be necessary (Otero et al., 2013) The parent reported version of CPQOL was 

used throughout the study. It was decided a priori to use the proxy measure of 

CPQOL reporting in order to ensure uniformity in scoring for all participants. 

Evidence has shown that independent reporting for CPQOL has not been considered 

reliable in children younger than nine years old  and the self-reported version is 

only validated for use by children from nine years of age  (Waters et al., 2006).  As 

anticipated the majority of the children in the study were younger than nine years 

old and 48% had some form of learning disability, making self-reporting difficult. 

However, recognising the limitations of proxy measures when reporting HRQoL, all 

families were encouraged where possible to complete questionnaires in discussion 

with their children, to ensure the voice of the child was heard (Mpundu-Kaambwa 

et al., 2021). 

In order to answer the question regarding HRQoL specifically related to feelings 

about function and participation, two domains were used from the CPQOL; feelings 

about functioning (Function) and participation and physical health (Participation). 

Results for the pain and disability domain of CPQOL were included in the previous 

section (7.2.3).  

Participation 

Participation was measured by a parent reported PEM-CY questionnaire. 

Participation is a complex, multifaceted construct and it has long been recognised 

that there are two components of participation as defined by the ICF “ attending 

and being involved in life situations” (WHO, 2007). Therefore, two domains of the 
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PEM-CY were selected for evaluation: Average frequency of participation in 

activities, which reflects both the attendance and range of activities that a child is 

involved with and Average involvement in these activities which reflects the 

experience of a child’s participation whilst carrying out these activities. Average 

frequency and Average involvement were measured in all three settings: home, 

school and community. These key functional activity and participation domains 

from the outcome measures were considered the most reflective of level of 

participation for the study and descriptive statistics and results from statistical tests 

have been summarised in Table 7-8. 

 

Variable (%) 
Baseline 

(T0) 
Mean (SD) 

 
6 weeks 

(T1) 
Mean (SD) 

 

 
6 months 

(T2) 
Mean (SD) 

 

 
12 months 

(T3) 
Mean (SD) 

 

P main effect 
of time 

 
 

N 

 

CPQOL       

CPQOL 
Function (%) 

67.48 
(14.34) 
n=64 

73.92 
(12.61) *** 

n=60 

72.88 
(11.96)*  

n=60 

72.78 
(12.64) 

n=57 

F(3,144)=6.7
9 

p<.001  

49 

CPQOL 
Participation 
(%) 

56.72 
(18.34) 
n=64 

64.22 
(16.23)* 

n=60 

65.10  
(15.23)** 

n=60 

64.70 
(14.92) ** 

n=57 

F(3,144) 
=7.00 

p<.001  

49 

PEM-CY       

Home 
Frequency (0-
7) 

5.38 
(0.92) 
n=64 

5.68  
(0.80) ** 

n=58 

5.75 
(0.74)** 

n=59 

5.72  
(0.76) * 
n=55 

F(3,138)= 
7.36 

p <.001  

47 

Home 
Involvement 
(1-5) 

3.89 
(0.53) 
n=64 

4.13 
(0.53) ** 

n=58 

4.16 
(0.51) *** 

n=59 

4.12  
(0.65)  

n=55 

F(3,138)= 
5.74  

p =0.003  

47 

School 
Frequency (0-
7) 

3.78 
(1.73) 
n=63β 

3.97 
(1.11) 
n= 57 

4.21 
(1.09) * 

n=58 

4.10  
(1.14) 
n=54 

F(3,135)= 
3.11  

p =0.03¥ 

46 

School 
Involvement 
(1-5) 

3.94 
(0.83) 
n=63 

3.97 
(1.11) 
n=57 

4.21 
(1.09) ** 

n=58 

4.10  
(0.71)  

n=54 

F(3,135)= 
4.02  

p =0.015¥  

46 

Community 
Frequency (0-
7) 

2.56 
(0.97) 
n=64 

2.85 
(1.00)  

 n=58 

2.78 
(0.95)  

 n=59 

2.90  
(1.06)  
n=55 

F(3,138)= 
2.25  

p =0.09 

47 

Community 
Involvement 
(1-5) 

4.06 
(0.67)  
n=64 

4.19 
(0.62)  
n=58 

4.00 
(0.76)  
n=59 

4.19  
(0.62) 
 n=55 

F(3,138)= 
3.00  

p =0.05¥ 

47 

Significant change from baseline ***p<0.001 ** p<.0.01 *p<.05 following Bonferroni post hoc test for multiple comparisons ¥ 
Greenhouse-Geisser correction β one child did not attend school N=Complete data sets for statistical analysis 

 
Table 7-8 Participation scores descriptive statistics and statistical analysis   
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One-way repeated measures ANOVAs demonstrated statistically significant 

improvement in both CPQOL and PEM-CY scores following BoNT-A injections over a 

12-month period. Post hoc analysis revealed that CPQOL scores for function and 

participation were significantly increased from baseline at both six weeks (T1) and 

six months (T2) post injection. However at 12 months (T3) only the CPQOL 

participation scores remained significantly increased in comparison to baseline 

scores.  

In the absence of published MCIDs for CPQOL it is challenging to evaluate the true 

clinical significance of these change scores. However, change scores >5% have been 

reported as significant in other studies using CPQOL as an outcome measure 

following surgical intervention (selective dorsal rhizotomy) (Pennington et al., 

2020). Change scores exceeded 5% for both CPQOL participation and function at all 

post injection assessments suggesting a clinically significant improvement following 

BoNT-A treatment. 

 

The average frequency of participation in home activities as measured by PEM-CY 

were significantly improved for children at home at six weeks, six months and 

twelve months post injection in comparison to the average baseline scores. In 

addition there was also a significant improvement in involvement in participation in 

home activities at six weeks and six months post injection but this improvement 

was no longer significant at 12 months.   

 

Participation in school activities (both in average frequency of activities and 

involvement in activities) was significantly improved at six months post injection in 

comparison to baseline scores. However, children did not demonstrate any 

significant improvement in participation in community activities (frequency or 

involvement) at any time point.  Change scores were small with improvement in 

average frequency in the three settings ranging from 0.19-0.43 and average 

involvement 0.03-0.27.  In the absence of MCIDs it is difficult to interpret the clinical 

significance of these changes post BoNT-A treatment.  

  



 

242 
 

Summary  

CPQOL 

• Children’s wellbeing regarding their feelings about functioning in activities 

was significantly improved in comparison to baseline pre-injection scores at 

6 weeks and 6 months post BoNT-A injections 

• Children’s wellbeing regarding participation and their physical health 

showed statistically significant improvement at 6 weeks post BoNT-A and 

this was maintained across the 12 months. 

PEMCY 

• Home participation and involvement in home activities significantly 

improved at 6 weeks and 6 months post-injection, whilst the average 

frequency of participation in home activities significantly improved at 6 

weeks and was maintained throughout the 12 months. 

• School participation was only significantly improved (both frequency and 

involvement in activities) at six months post injection, but was not 

significantly improved at 6 weeks or 12 months post BoNT-A.  

• Community participation neither frequency nor involvement was found to 

be significantly changed at any time point post BoNT-A injections. 
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Chapter 8 Hierarchical Multilevel Regression model 

The study aimed to evaluate the effect of BoNT-A treatment on outcome 

throughout the ICF domains.  The univariate analysis in the previous chapters 

provided information about changes in ICF outcomes across the 12 months 

following BoNT-A treatment, however, these did not take into account the influence 

of clinical confounders. A multilevel model was therefore considered appropriate to 

further analyse the data. This accounted for the longitudinal nature of the data with 

the repeated measurements of each individual defining the level element of the 

multilevel model. 

As this was a pragmatic clinical study with a varied heterogeneous presentation of 

GMFCS Levels I, II and III, multilevel linear regression modelling was fitted to each 

outcome in order to calculate the effect of BoNT-A treatment after adjustment for 

relevant clinical confounders.  

The outcome measures used in the multilevel modelling are summarised in Figure 

8-1. These were measured on a numerical scale and assessed at 4 different time 

points: Baseline pre-injection at T0; 6 weeks post-injection at T1; 6 months post-

injection at T2; 12 months post injection at T3. Results from the linear multilevel 

model were interpreted regarding the impact of BoNT-A treatment on the average 

values of each outcome following adjustment for clinical confounders.  

 

Figure 8-1 Study outcome measures within ICF Domains used for multilevel regression analysis * Primary 
outcome measures 

Body structures and 
function 

(Impairment) 

Spasticity: Modified 
Tardieu scale (MTS R1)  

 
Selectivity: Selective 
Motor Control (SMC) 

 

Activity (Limitation)  

Quality Function Measure 

(QFM)* 

Modified Timed Up and 
Go (mTUG) 

 
1 Minute Fast Walk Test 

(1MFWT) 
 

Gross Motor Function 
Measure (GMFM-66) 

 

Participation 
(Restriction)  

Goal Setting (COPM)* 
Participation and 

Environment Measure 
for Children and Youth’ 

(PEM-CY) 
CP Quality of Life 

Questionnaire (CPQOL) 
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The confounders considered clinically relevant were; 

• GMFCS level  

• Age  

• Previous injection history  

• Unilateral versus bilateral injections  

• Injected muscle group (distal, proximal, or multilevel) 

• Re-injection within the study  

The use of multilevel regression analysis is relatively unique in the field of CP 

research. The majority of studies evaluating efficacy of BoNT-A treatment for 

CYPwCP do not adjust for the heterogeneity of the participants studied or attempt 

to incorporate the complexity of different treatment plans. The aim of this clinically 

focused research study was to examine the adjusted effects of BoNT-A treatment 

over a twelve-month period whilst accounting for clinical confounders by using 

multilevel modelling.  

When fitting models, it is possible to increase the probability of significance by 

adding parameters but doing so may result in overfitting. The Bayesian information 

criterion (BIC) is a criterion for model selection among a fixed set of models. The BIC 

solves this problem by introducing a penalty term for the number of parameters in 

the model. BIC has been widely used for model identification in time series and 

linear regression (AKAIKE, 1979).  

Each model was evaluated against the null model (the model with no confounders) 

and in all cases, except for PEM-CY participation scores, the fully adjusted model 

(including all confounders) was found to be a better model as indicated by lower 

Bayesian Information Criterion (BIC) (See Appendix 14.8.5).   

The aim in this study was not to find the best fit from a statistically significant model 

but to adjust for confounders. The hierarchical multiple regression analysis allowed 

the effect of  BoNT-A injections to be assessed over time throughout the ICF 

domains after all potential clinical confounders had been accounted for. In 
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regression with multiple independent variables, the coefficient indicates how much 

the dependent variable is expected to increase when that independent variable 

increases by one, holding all the other independent variables constant. 

This chapter summarises the results for the multilevel regression and presents the 

complete regression model for each outcome. The fitted linear multilevel regression 

model to account for the effect of BoNT-A treatment with time on the sample is 

presented in the text and tables for each individual outcome. These summarise the 

details and significance of the confounding variables on the individual ICF outcome 

in the model.   
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8.1 Primary outcome measures  

8.1.1 QFM  

Complete models for all QFM Attributes can be found in the following Table 8-1-

Table 8-4) below, all statistically significant results are highlighted in green and 

clinically significant results related to published MDC values in blue.   

As can be seen from the adjusted coefficients after taking into account the clinical 

confounders there was a statistically significant improvement in all QFM attribute 

scores following BoNT-A injections at all post injection assessments 6 weeks, 6 

months and 12 months post injection.  Although adjusted coefficients were 

generally lower than those found in univariate analyses, the statistical trends were 

similar. 

The QFM demonstrated the ability to discriminate between GMFCS levels in each 

attribute, children in GMFCS level III scored lower than children in GMFCS I and II 

after adjusting for all other confounders, and older children showed significantly 

higher QFM scores than younger children.  

In all QFM attributes apart from Alignment, children with proximal muscle 

injections scored significantly lower (as shown in the adjusted coefficients) than 

children who had distal muscles injected, as did children with bilateral injections in 

comparison to those with unilateral injections.  

In order to assess the clinical significance of these statistically significant changes, 

adjusted coefficients for QFM attributes were subsequently compared to published 

MDC80 values (Wright et al., 2014a) (Table 6-1). The clinical significance of these 

changes   differed between the individual QFM attributes when compared to the 

published MDC values.  

QFM Alignment scores were found to be both statistically and clinically significantly 

improved at all post injection time points across the 12 months, whereas QFM Co-

ordination, Dissociated Movement, and Weight shift adjusted coefficient scores 
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showed a clinically significant improvement in comparison to baseline at 6 and 12 

months but not at 6 weeks post BoNT-A. Interestingly, improvement in QFM 

Stability scores approached clinical significance at 6 months but only exceeded 

minimum detectable change at 12 months post injection.  

Each complete QFM attribute model is considered briefly in turn.  

QFM Alignment  

The average change in adjusted coefficients for QFM Alignment (Table 8-1) 

exceeded published MDC80 scores (13.5%) at all post injection time points 

suggesting a clinically significant improvement in average alignment score at 6 

weeks post injection which was maintained at 6 and 12 months. 

QFM 
Attribute 

Alignment % Score P- value 
95% 

Confidence Interval 

 
 

Estimate P- value Lower 
bound 

Upper 
bound 

Reference (Intercept) 63.99 <0.001 54.56 73.45 

Baseline T0 

T1 15.64 <0.001 12.94 18.33 

T2 14.16 <0.001 11.48 16.81 

T3 16.29 <0.001 13.61 19.03 

GMFCS I 
GMFCS II -3.24 0.48 -11.55 5.06 

GMFCS III -37.96 <0.001 -49.35 -26.55 

Younger 
child 
(4-8 years) 

Older child 
9-18 years 11.08 0.02 2.76 19.4 

Toxin naive 

2nd to 4th 
injections 

1.68 0.7 -6.22 9.56 

5th or more 0.86 0.89 -10.88 12.6 

Distal 
muscles 

Proximal 
Muscles 

-4.85 0.42 -15.86 6.16 

Multilevel 
Muscles 

-4.72 0.35 -13.84 4.38 

Unilateral 
distribution 

Bilateral 
distribution 

-5.67 0.28 -15.1 3.76 

Single 
injection 
cycle 

Re-injection in 
study 

1.61 0.67 -5.33 8.53 

Table 8-1 Complete multilevel regression model for QFM Alignment 
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QFM Co-ordination   

Although co-ordination scores were statistically significantly improved at all time 

points following BoNT-A, a clinically significant improvement in co-ordination scores 

was not seen until six months post injection (exceeding the minimal detectable 

change (MDC80) of 8.7%) and this improvement remained clinically significant at 12 

months (Table 8-2).  

QFM 
Attribute  Co-ordination % Score 

P- value  
 
95% 
Confidence Interval 

 
 

Estimate Pr(>|t|) Lower 
bound 

Upper 
bound 

Reference (Intercept) 75.97 <0.001 68.02 83.92 

Baseline T0 

T1 7.74 <0.001 6.02 9.46 

T2 9.69 <0.001 7.99 11.39 

T3 9.66 <0.001 7.95 11.4 

GMFCS I 
GMFCS II -5.09 0.19 -12.12 1.94 

GMFCS III -44.85 <0.001 -54.51 -35.2 

Younger 
child 
(4-8 years) 

Older child 
9-18 years 

9.48 0.02 2.44 16.51 

Toxin naive 

2 to 4 
injections 

2.75 0.46 -3.94 9.42 

5 or more 2.69 0.62 -7.25 12.63 

Distal 
muscles 

Proximal 
Muscles 

-11.2 0.03 -20.53 -1.88 

Multilevel 
Muscles 

-0.17 0.97 -7.89 7.54 

Unilateral 
distribution 

Bilateral 
distribution 

-10.48 0.02 -18.46 -2.48 

Single 
injection 
cycle 

Re-injection in 
study 

-1.95 0.55 -7.82 3.91 

Table 8-2 Complete multilevel regression model for QFM Co-ordination 
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QFM Dissociated Movement  

The results suggested that the average change in adjusted coefficients of QFM 

Dissociated Movement scores, were statistically significantly improved from 

baseline at all post injection time points, as shown in Table 8-3 below. The results 

indicate that this improvement was not clinically significant at 6 weeks post 

injection as the average score did not exceed the published MDC80 (8.4%). However, 

by six months the average change scores exceeded the published MDCs suggesting 

a clinically significant which was maintained at 12 months.  

 
QFM 
Attribute  

Dissociated 
Movement  % Score 

P- value  
 
95% 
Confidence Interval 

 
 

Estimate Pr(>|t|) Lower 
bound 

Upper 
bound 

Reference (Intercept) 59.86 <0.001 53.74 66.01 

Baseline T0 

T1 7.83 <0.001 5.98 9.68 

T2 8.48 <0.001 6.65 10.31 

T3 9.91 <0.001 7.37 11.09 

GMFCS I 
GMFCS II -5.79 0.05 -11.18 -0.4 

GMFCS III -37.18 <0.001 -44.58 -29.79 

Younger 
child 
(4-8 years) 

Older child 
9-18 years 

12.04 <0.001 6.64 17.44 

Toxin naive 

2 to 4 
injections 

2.63 0.35 -2.49 7.74 

5 or more 3.08 0.46 -4.54 10.7 

Distal 
muscles 

Proximal 
Muscles 

-9.9 0.01 -17.04 -2.76 

Multilevel 
Muscles 

-1.1 0.74 -7.02 4.81 

Unilateral 
distribution 

Bilateral 
distribution 

-8.84 0.01 -14.95 -2.71 

Single 
injection 
cycle 

Re-injection in 
study 

-0.09 0.97 -4.59 4.4 

Table 8-3 Complete multilevel regression model for QFM Dissociated Movement 
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QFM Stability  

The average change in adjusted coefficients of QFM Stability scores were 

statistically significantly improved from baseline at all post injection time points, as 

shown in Table 8-4 below. However, the adjusted coefficients did not exceed 

minimal detectable change scores (MDC80-9.9%) at 6 weeks or 6 months post 

injection, but did reach MDC values at 12 months., suggesting that a clinically 

significant improvement in stability was only evident 12 months post injection.  

QFM 
Attribute  Stability % Score 

P- value  
 
95% 
Confidence Interval 

 
 

Estimate Pr(>|t|) Lower 
bound 

Upper 
bound 

Reference (Intercept) 70.56 <0.001 62.7 78.43 

Baseline T0 

T1 7.59 <0.001 5.75 9.44 

T2 8.72 <0.001 6.89 10.54 

T3 9.91 <0.001 7.96 11.68 

GMFCS I 
GMFCS II -3.84 0.32 -10.79 3.1 

GMFCS III -45.12 <0.001 -54.66 -35.58 

Younger 
child 
(4-8 years) 

Older child 
9-18 years 

12.05 <0.001 5.09 19.01 

Toxin naive 

2 to 4 
injections 

2.59 0.48 -4.02 9.18 

5 or more 1.81 0.74 -8.02 11.63 

Distal 
muscles 

Proximal 
Muscles 

-10.89 0.04 -20.11 -1.67 

Multilevel 
Muscles 

-0.68 0.87 -8.32 6.94 

Unilateral 
distribution 

Bilateral 
distribution 

-11.48 0.01 -19.37 -3.58 

Single 
injection 
cycle 

Re-injection in 
study 

-1.26 0.69 -7.06 4.54 

Table 8-4 Complete multilevel regression model for QFM Stability 
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QFM Weight shift  

The adjusted coefficients for QFM Weight shift were statistically significantly 

improved from baseline at all post injection assessments (Table 8-5). However, 

these adjusted coefficients did not exceed minimal detectable change scores 

(MDC80- 8.4%) at 6 weeks post injection and reached MDC value at 6 months, only 

exceeding MDC values at 12 months. This suggested that there may have been a 

clinically significant improvement in Weight shift by 6 months which further 

improved at 12 months post injection. 

QFM 
Attribute  Weight shift % Score 

P- value  
 
95% 
Confidence Interval 

 
 

Estimate Pr(>|t|) Lower 
bound 

Upper 
bound 

Reference (Intercept) 62.22 <0.001 55.66 68.78 

Baseline T0 

T1 7.86 <0.001 6.33 9.39 

T2 8.48 <0.001 6.86 9.89 

T3 9.94 <0.001 8.41 11.5 

GMFCS I 
GMFCS II -2.55 0.42 -8.34 3.24 

GMFCS III -33.35 <0.001 -41.31 -25.4 

Younger 
child 
(4-8 years) 

Older child 
9-18 years 

10.5 <0.001 4.7 16.3 

Toxin naive 
2 to 4 injections 4 0.19 -1.5 9.5 

5 or more 3.76 0.41 -4.43 11.95 

Distal 
muscles 

Proximal Muscles -9.33 0.03 -17.02 -1.65 

Multilevel 
Muscles 

-1.69 0.63 -8.05 4.66 

Unilateral 
distributio
n 

Bilateral 
distribution 

-7.74 0.04 -14.32 -1.15 

Single 
injection 
cycle 

Re-injection in 
study 

0.03 0.99 -4.8 4.86 

Table 8-5 Complete multilevel regression model for QFM Weight shift 
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 QFM summary of response 

The results demonstrated adjusted coefficients for Alignment exceeding published 

MDCs at all time points, suggesting clinical improvement following BoNT-A. 

However, an improvement in Alignment scores was not accompanied by clinically 

significant improvements in other QFM attributes at 6 weeks. Whilst other QFM 

attributes demonstrated a clinically significant improvement at 6 months, 

improvement in Stability scores only exceeded MDC values at 12 months.  

This suggests that although movement quality was improved for 4 out of 5 

attributes following BoNT-A treatment, gains in stability did not reach clinical 

significance until 12 months post injection.  

QFM attributes were shown to be strongly correlated at all time points (6.1.5), 

questioning the need for separate score analysis. However, correlation reflects an 

association between the scores rather than agreement between scores. The results 

shown here suggest that in terms of clinical planning for rehabilitation programmes 

there may be value in knowing about change scores in specific QFM attributes for 

the purpose of outcome evaluation and targeted goal setting following treatment. 

When compared to the MDC95 values established for the study (  

Table 6-7), improvement in adjusted QFM scores suggested a significant 

improvement in all QFM attributes (except QFM Stability) at 6 weeks and for all 

attribute scores at 6- and 12-months post BoNT-A.  
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8.1.2 COPM 

Complete models for COPM Performance and Satisfaction scores can be found in 

Table 8-6 and Table 8-7. Statistically significant results have been highlighted in 

green and clinically significant results related to published MCID values in blue.   

COPM 
Performance 
score 

 
Score 
(1-10) 

P- value  
 

95% 
Confidence Interval 

COPM-P 

 
Estimate Pr(>|t|) Lower 

bound 
Upper 
bound 

Reference (Intercept) 3.23 <0.001 2.33 4.13 

Baseline T0 

T1 2.54 <0.001 2.07 3 

T2 1.75 <0.001 1.28 2.22 

T3 2.49 <0.001 2.02 2.97 

GMFCS I 
GMFCS II -0.02 0.95 -0.79 0.74 

GMFCS III 0.24 0.67 -0.81 1.29 

Younger child 
(4-8 years) 

Older child 
9-18 years 

0.85 0.05 0.08 1.62 

Toxin naive 
2 to 4 injections -0.43 0.28 -1.16 0.3 

5 or more 0.6 0.31 -0.48 1.69 

Distal muscles Proximal Muscles -0.16 0.77 -1.18 0.85 

Multilevel 
Muscles 

-0.75 0.11 -1.6 0.09 

Unilateral 
distribution 

Bilateral 
distribution 

0.59 0.22 -0.28 1.46 

Single injection 
cycle 

Re-injection in 
study 

-0.15 0.67 -0.79 0.49 

 
 Table 8-6 Complete multilevel regression model for COPM-Performance 

COPM P scores were statistically significantly improved at all time points in 

comparison to baseline scores. Whilst COPM Performance scores exceeded MCID 

≥2 at 6 weeks and 12 months, suggesting a meaningful change, these were not 

clinically significant at T2.  

Age appeared to be a weak clinical predictor for improved goal attainment but as 

this value was less than MCID of 2 this may not represent a clinically relevant 

difference. 
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COPM Satisfaction scores suggested a clinically significant improvement in addition 

to statistical significance at all post injection time points in comparison to baseline 

scores (Table 8-7). 

COPM 
Satisfaction 
score 

 
Score 
(1-10) 

P- value  

 
95% 

Confidence Interval 

COPM-S 

 
Estimate Pr(>|t|) Lower 

bound 
Upper 
bound 

Reference (Intercept) 3.1 <0.001 2.06 4.14 

Baseline T0 

T1 2.78 <0.001 2.22 3.34 

T2 2.03 <0.001 1.47 2.59 

T3 2.79 <0.001 2.22 3.36 

GMFCS I 
GMFCS II 0.01 0.99 -0.88 0.89 

GMFCS III 0.56 0.4 -0.65 1.77 

Younger child 
(4-8 years) 

Older child 
9-18 years 

0.75 0.13 -0.13 1.64 

Toxin naive 
2 to 4 injections -0.86 0.06 -1.7 -0.03 

5 or more 0.09 0.9 -1.16 1.34 

Distal muscles Proximal Muscles -0.17 0.79 -1.33 1 

Multilevel 
Muscles 

-0.96 0.08 -1.93 0.02 

Unilateral 
distribution 

Bilateral 
distribution 

0.78 0.16 -0.22 1.78 

Single injection 
cycle 

Re-injection in 
study 

-0.1 0.8 -0.83 0.63 

 
Table 8-7 Complete multilevel regression model for COPM Satisfaction 

Unlike the findings from the QFM models there were no significant predictors apart 

from time in the COPM- S model, suggesting that change in COPM-S scores did not 

appear to be related to GMFCS level, age or previous injection history within this 

study.   
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8.2 Secondary outcome measures  

The results for multilevel regression modelling are presented for ICF continuous 

outcome data.  

8.2.1 Body structure and Function  

Dynamic Spasticity scores (MTS R1): Gastrocnemius muscle injections 
 
After adjusting for all clinical confounders, dynamic spasticity (R1) was significantly 

reduced in injected gastrocnemius muscles at 6 weeks and 12 months post injection 

in comparison to baseline values, but this improvement was not found to be 

statistically significant at 6 months. The results suggested a clinically significant 

change occurred at 6 weeks but not at 12 months  (≥ 5° SEM (McDowell et al., 

2000). After adjusting for other confounders, the children who required re-injection 

in the study had on average a greater dynamic catch at baseline (-18.3°) than those 

children who underwent a single injection cycle in the study. 

BSF 
Gastrocnemius 

dynamic catch R1 
Degrees ° P- value 

95% 
Confidence Interval 

 
 

Estimate Pr(>|t|) Lower bound Upper bound 

Reference (Intercept) -18.13 <0.001 -23.02 -13.22 

Baseline T0 

T1 5.98 <0.001 3.83 8.14 

T2 1.67 0.14 -0.52 3.84 

T3 3.01 0.01 0.83 5.21 

GMFCS I 
GMFCS II 0.47 0.84 -3.78 4.73 

GMFCS III -4.23 0.19 -10.11 1.65 

Younger child 
(4-8 years) 

Older child 
9-18 years 

1.93 0.43 -2.61 6.45 

Toxin naive 

2nd to 4th 
injections 

2.57 0.21 -1.22 6.34 

5th or more 6.12 0.1 -0.7 12.91 

Distal muscles Proximal Muscles 0.58 0.79 -3.46 4.62 

Multilevel Muscles -0.92 0.71 -5.54 3.69 

Unilateral 
distribution 

Bilateral 
distribution 

-1.19 0.54 -4.81 2.42 

Single injection 
cycle 

Re-injection in 
study 

-18.13 <0.001 -23.02 -13.22 

 

Table 8-8 Complete multilevel regression model for MTS R1 Gastrocnemius muscle 
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Dynamic Spasticity scores (MTS R1): Hamstring muscle injections 

After adjusting for all confounders, dynamic spasticity was reduced in Hamstring 

muscles at all time points over the 12 months following BoNT-A injections. Whilst 

the largest reduction in dynamic catch occurred at 6 weeks post injection, the 

results suggested that there was a clinically significant change at each post injection 

assessment point (≥ SEM 10° (McDowell et al., 2000)).  

BSF Hamstring 
dynamic catch R1 

Degrees ° P- value 
95% Confidence Interval 

  Estimate Pr(>|t|) 
Lower 
bound 

Upper 
bound 

Reference (Intercept) 80.7 <0.001 60.22 101.35 

Baseline T0 

T1 -19.07 <0.001 -23.65 -14.49 

T2 -10.63 <0.001 -15.31 -6 

T3 -10.67 <0.001 -15.49 -6.03 

GMFCS I 
GMFCS II 20.12 0.01 8.17 32.11 

GMFCS III 24.64 <0.001 12.15 37.13 

Younger child 
(4-8 years) 

Older child 
9-18 years 

10.15 0.05 1.39 18.84 

Toxin naive 

2nd to 4th 
injections 

3.47 0.42 -3.97 10.91 

5th or more -9.8 0.2 -22.95 3.17 

Distal muscles 
Proximal Muscles -10.33 0.13 -22.15 1.37 

Multilevel Muscles -4.25 0.61 -18.79 10.27 

Unilateral 
distribution 

Bilateral distribution -12.77 0.14 -27.75 2.17 

Single injection 
cycle 

Re-injection in study -11.51 0.01 -18.71 -4.33 

Table 8-9 Complete multilevel regression model for MTS R1 Hamstring muscle 

Age and GMFCS level were significant confounders in the model. Older children had 

more spasticity with a greater dynamic catch (~10°) than younger children. Children 

in GMFCS II and III had greater dynamic catch in Hamstrings in comparison to 

children in GMFCS I. 

It is of note that children who had re-injection within the study period had lower 

spasticity scores (less of a dynamic catch) when adjusting for other confounders 

than those children who only received one injection cycle. This was also highlighted 

in univariate analysis (Figure 7-5), children who had hamstring re-injection showed 
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greater reduction in dynamic catch at T1 and T2 but showed greater variability in 

scores than children who received a single injection during the study.  The clinical 

reasoning around patient selection for re-injection is multifaceted, one explanation 

could be children with a greater dynamic catch at T2 may not have been eligible for 

re-injection due to the development of a fixed contracture which would preclude 

further BoNT-A treatment.  

Muscle selectivity- SMC 

Although conventionally considered an ordinal scale, SMC scores have also been 

presented in the literature by the test developers as continuous data with 

parametric analysis (Boyd et al., 2000). In order to gain further information 

regarding change in muscle selectivity following BoNT-A, SMC scores were also 

analysed using multilevel modelling.  

After adjusting for confounders, average SMC scores increased significantly at each 

assessment time point over 12 months following BoNT-A injections (Table 8-10). 

This suggested an improvement in muscle selectivity following injections, however 

in the absence of published MCIDs it is difficult to interpret the clinical significance 

of these change scores.  

Significant confounders were GMFCS level, as expected children in GMFCS III scored 

lower than children in GMFCS I, suggesting more impaired motor selectivity. 

Children who had proximal muscles injected also had significantly lower SMC scores 

than those children who had distal muscles injected. Older children showed greater 

muscle selectivity than younger children when adjusting for all other confounders. 

Interestingly, children who had bilateral injections had higher SMC scores on 

average than those with unilateral injections.  This could be explained by a 

predominance of unilateral gastrocnemius injections usually associated with 

asymmetry due to increased spasticity and can be accompanied by a greater lack of 

selective motor control in the affected side.  
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BSF SMC Score P- value  

 
95% 

Confidence Interval 

 
 

Estimate Pr(>|t|) Lower 
bound 

Upper 
bound 

Reference (Intercept) 2.06 <0.001 1.54 2.58 

Baseline T0 

T1 0.32 <0.001 0.17 0.46 

T2 0.38 <0.001 0.23 0.52 

T3 0.46 <0.001 0.31 0.61 

GMFCS I 
GMFCS II -0.05 0.83 -0.53 0.42 

GMFCS III -1.54 <0.001 -2.13 -0.95 

Younger child 
(4-8 years) 

Older child 
9-18 years 

0.54 0.03 0.1 0.98 

Toxin naive 

2nd to 4th 
injections 

-0.05 0.8 -0.44 0.34 

5th or more 0.66 0.06 0.02 1.3 

Distal muscles Proximal Muscles -0.65 0.03 -1.2 -0.11 

Multilevel 
Muscles 

-0.24 0.37 -0.72 0.25 

Unilateral 
distribution 

Bilateral 
distribution 

1.06 <0.001 0.58 1.55 

Single injection 
cycle 

Re-injection in 
study 

0.19 0.34 -0.18 0.56 

 

Table 8-10 Complete multilevel regression model for SMC outcome  

  



 

259 
 

8.2.2 Activity  

Timed up and Go Test (TUG)  

After adjusting for all confounders TUG scores although improved from baseline, 

were not statistically significantly quicker at 6 weeks post injection. By 6 months 

post injection (T2), TUG scores had further improved, and children were 

significantly quicker in performing the task, with further improvement seen at 12 

months post injection (T3). 

A TUG seconds  
95% 

Confidence Interval 

 
 

Estimate P- value Lower bound 
Upper 
bound 

Reference (Intercept) 9.55 0.01 3.19 15.91 

Baseline T0 

T1 -1.26 0.14 -2.93 0.41 

T2 -2.04 0.02 -3.69 -0.39 

T3 -2.33 0.01 -4 -0.65 

GMFCS I 
GMFCS II -1.28 0.68 -6.88 4.32 

GMFCS III 16.99 <0.001 9.3 24.69 

Younger child 
(4-8 years) 

Older child 
9-18 years 

-0.76 0.81 -6.37 4.85 

Toxin naive 
2nd to 4th injections -5.3 0.07 -10.62 0.02 

5th or more -0.93 0.83 -8.85 6.99 

Distal muscles 
Proximal Muscles 4.02 0.33 -3.42 11.44 

Multilevel Muscles 1.31 0.7 -4.84 7.46 

Unilateral 
distribution 

Bilateral distribution 1.61 0.65 -4.76 7.98 

Single injection 
cycle 

Re-injection in study -1.72 0.5 -6.4 2.96 

Table 8-11 Complete multilevel regression model for TUG outcome 

The results suggested TUG scores exceeded published MCIDs at all post injection 

time points with moderate effect size at T1 (1.2s)  and large effect size (1.9s) at T2 

and T3 (Hassani et al., 2014).  As expected, children in GMFCS level III had 

significantly slower TUG scores than those children in GMFCS level I but TUG scores 

were not significantly different between children in GMFCS level I and II. 
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One Minute Fast Walk Test (1MFWT)  

After adjusting for all confounders, the distance walked in the 1MFWT was 

significantly increased at 6 weeks and 12 months post injection in comparison to 

baseline scores. Although scores increased at 6 months post injection (T2), this 

change was not statistically significant. The results suggested that the adjusted 

coefficients were approximately equal to a clinically significant change at 12 months 

but not at 6 weeks or 6 months (Hassani et al., 2014).  

A 1MFWT metres  
95% 

Confidence Interval 

 
 

Estimate P- value Lower bound Upper bound 

Reference (Intercept) 68.1 <0.001 60.17 76.03 

Baseline T0 

T1 3.88 0.04 0.32 7.45 

T2 2.67 0.14 -0.86 6.19 

T3 5.69 <0.001 2.13 9.31 

GMFCS I 
GMFCS II -1.29 0.73 -8.14 5.51 

GMFCS III -31.26 <0.001 -40.64 -21.9 

Younger 
child 
(4-8 years) 

Older child 
9-18 years 

13.28 <0.001 6.43 20.16 

Toxin naive 
2nd to 4th injections 8.48 0.02 1.99 14.95 

5th or more 8.14 0.13 -1.53 17.81 

Distal 
muscles 

Proximal Muscles -10.34 0.04 -19.36 -1.3 

Multilevel Muscles -0.32 0.94 -7.8 7.17 

Unilateral 
distribution 

Bilateral distribution 
-5.81 0.18 -13.55 1.94 

Single 
injection 
cycle 

Re-injection in study 
-1.66 0.6 -7.35 4.04 

Table 8-12 Complete multilevel regression model for 1MFWT outcome 

In keeping with other studies, results for 1MFWT were able to discriminate between 

GMFCS level III and children in GMFCS levels I and II (Hassani et al., 2014, McDowell 

et al., 2005). However this study confirmed the findings of McDowell et al. (2005) 

and found no significant difference in distance walked between children in GMFCS 

levels I and II. Older children walked significantly further than younger children and 

children who had proximal muscles injected walked less distance than those 

children who had distal muscles injected.  
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Previous injection history appeared to be significant, and children who were having 

their first injection didn’t walk as far as those who were having injections for the 2nd 

3rd or  4th time.  

GMFM-66 

After adjusting for all confounders, GMFM-66 scores were improved at all time 

points over the 12 months following BoNT-A injections. 

A GMFM-66 
SCORE 

%   
 

95% 
Confidence Interval 

 
 

Estimate P- value Lower bound Upper bound 

Reference (Intercept) 78.51 <0.001 73.97 83.05 

Baseline T0 

T1 2.38 <0.001 1.49 3.27 

T2 3.46 <0.001 2.58 4.34 

T3 4.56 <0.001 3.67 5.46 

GMFCS I 
GMFCS II -2.35 0.29 -6.37 1.67 

GMFCS III -19.65 <0.001 -25.17 -14.13 

Younger 
child 
(4-8 years) 

Older child 
9-18 years 

7.95 <0.001 3.93 11.98 

Toxin naive 
2nd to 4th injections 2.43 0.25 -1.39 6.25 

5th or more 1.25 0.69 -4.44 6.93 

Distal 
muscles 

Proximal Muscles -5.64 0.06 -10.97 -0.3 

Multilevel Muscles -0.88 0.72 -5.3 3.53 

Unilateral 
distribution 

Bilateral distribution 
-5.75 0.03 -10.32 -1.18 

Single 
injection 
cycle 

Re-injection in study 
0.26 0.89 -3.09 3.62 

Table 8-13 Complete multilevel regression model for GMFM-66  outcome 

The results suggested a clinically significant improvement in gross motor function at 

each post injection assessment point. These changes were in excess of published 

MCIDs with a moderate effect size at T1 and large effect size at T2 and T3  

(Oeffinger et al., 2008, Smits et al., 2013, Wang and Yang, 2006).  

Once again GMFCS level was a significant predictor, as expected children in GMFCS I 

scored significantly higher than children in GMFCS III, however the difference in 

scores between children in GMFCS level I and II was not significant. Children with 
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proximal muscles injected also scored lower than those children with distal 

injections and with a similar magnitude, children with bilateral muscles injected, 

scored lower in comparison to those children who only had unilateral injections.  

8.2.3 Participation  

Cerebral Palsy Quality of Life Measure (CPQOL) 

The Cerebral Palsy Quality of Life Measure (CPQOL) was used to assess wellbeing 

across two domains: Participation and physical health (Participation) and Feelings 

about functioning (Function).  

After adjusting for all confounders CPQOL Participation and Function scores were 

statistically significantly increased at all times post injection in comparison to 

baseline scores (Table 8-14 and Table 8-15). Previous studies using CPQOL to 

evaluate change have suggested that change scores ≥5% could be clinically 

significant (Pennington et al., 2020).  

The results in this study suggest that improvement could represent a clinically 

significant change at all time points post injection for change in Participation scores 

(Table 8-14), but only at 6 weeks and 6 months for change in Function scores (Table 

8-15). However, in the absence of MCIDs this is difficult to confirm. 

Within this model there did not appear to be any significant predictors of CPQOL 

scores from any of the clinical confounders.  
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A 
CPQOL  

Participation 
SCORE 

%  
95% 

Confidence Interval 

 
 

Estimate P- value Lower bound Upper bound 

Reference (Intercept) 57.88 <0.001 48.38 67.41 

Baseline T0 

T1 7.87 <0.001 4.43 11.26 

T2 8.62 <0.001 5.2 12.03 

T3 7.53 <0.001 4.05 11.04 

GMFCS I 
GMFCS II 2.89 0.53 -5.39 11.16 

GMFCS III 1.12 0.86 -10.23 12.49 

Younger 
child 
(4-8 years) 

Older child 
9-18 years 

3.7 0.42 -4.6 11.98 

Toxin naive 
2nd to 4th injections -2.12 0.63 -10 5.75 

5th or more 1.53 0.81 -10.23 13.22 

Distal 
muscles 

Proximal Muscles 6.4 0.29 -4.59 17.38 

Multilevel Muscles -4.23 0.4 -13.35 4.85 

Unilateral 
distribution 

Bilateral distribution -1.86 0.72 -11.26 7.55 

Single 
injection 
cycle 

Re-injection in study -5.21 0.17 -12.12 1.7 

Table 8-14 Complete multilevel regression model for CPQOL Participation outcome 

Participation 

 

CPQOL  Function 
SCORE 

%  
95% 

Confidence Interval 

 
 

Estimate P- value Lower bound Upper 
bound 

Reference (Intercept) 66.35 <0.001 58.29 74.44 

Baseline T0 

T1 6.22 <0.001 3.84 8.61 

T2 5.47 <0.001 3.09 7.86 

T3 4.54 <0.001 2.12 7 

GMFCS I 
GMFCS II 2.5 0.52 -4.59 9.58 

GMFCS III 0.49 0.93 -9.22 10.23 

Younger child 
(4-8 years) 

Older child 
9-18 years 

3.29 0.40 -3.81 10.37 

Toxin naive 
2nd to 4th injections -0.22 0.95 -6.97 6.5 

5th or more 4.75 0.39 -5.3 14.76 

Distal 
muscles 

Proximal Muscles 0.18 0.97 -9.22 9.59 

Multilevel Muscles -4.71 0.27 -12.5 3.06 

Unilateral 
distribution 

Bilateral distribution 1.88 0.67 -6.18 9.93 

Single 
injection 
cycle 

Re-injection in study -3.63 0.27 -9.55 2.28 

Table 8-15 Complete multilevel regression model for CPQOL Function outcome 
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Participation Environment Measure (PEM-CY)  

The Participation Environment  Measure Child and Youth (PEM-CY) was used to 

assess two components of Participation: Average frequency of activities (Frequency) 

and Average involvement in Activities (Involvement) in three settings, home, school 

and community.  

Home   

After adjusting for all confounders, PEM-CY Home Participation scores both for 

frequency of participation activities (Table 8-16) and involvement in home 

participation activities (Table 8-17) were significantly increased at all times post 

injection in comparison to baseline scores. However, in the light of the small change 

values and absence of MCIDs the clinical significance of the adjusted coefficients is 

difficult to interpret. 

Home 
Participation 

Frequency of 
participation 

SCORE 
(0-7) 

 95% 
Confidence Interval 

  Estimate P- value Lower bound Upper bound 

Reference (Intercept) 5.81 <0.001 5.25 6.36 

Baseline T0 

T1 0.27 <0.001 0.14 0.41 

T2 0.3 <0.001 0.16 0.44 

T3 0.24 <0.001 0.1 0.39 

GMFCS I 
GMFCS II -0.1 0.7 -0.59 0.39 

GMFCS III -0.15 0.68 -0.83 0.52 

Younger 
child 

(4-8 years) 

Older child 
9-18 years 

-0.14 0.6 -0.63 0.35 

Toxin naive 
2nd to 4th injections -0.31 0.22 -0.78 0.15 

5th or more -0.29 0.45 -0.98 0.4 

Distal 
muscles 

Proximal Muscles 0.22 0.55 -0.43 0.88 

Multilevel Muscles 0.05 0.87 -0.49 0.59 

Unilateral 
distribution 

Bilateral distribution -0.31 0.31 -0.87 0.25 

Single 
injection 

cycle 
Re-injection in study 0.05 0.83 -0.36 0.45 

Table 8-16 Complete multilevel regression model for PEM-CY Home Frequency Participation outcome  
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Home 
Participation 

Involvement in 
participation 

SCORE 
(0-5) 

 
95% 

Confidence Interval 

  Estimate P- value Lower bound Upper bound 

Reference (Intercept) 3.92 <0.001 3.61 4.22 

Baseline T0 

T1 0.23 <0.001 0.09 0.37 

T2 0.26 <0.001 0.12 0.4 

T3 0.24 <0.001 0.1 0.39 

GMFCS I 
GMFCS II 0.09 0.51 -0.16 0.35 

GMFCS III 0.07 0.71 -0.28 0.43 

Younger 
child 

(4-8 years) 

Older child 
9-18 years 

0.28 0.05 0.02 0.54 

Toxin naive 
2nd to 4th injections -0.23 0.09 -0.48 0.02 

5th or more -0.29 0.15 -0.66 0.07 

Distal 
muscles 

Proximal Muscles 0.03 0.89 -0.32 0.38 

Multilevel Muscles 0.04 0.81 -0.25 0.32 

Unilateral 
distribution 

Bilateral distribution -0.09 0.57 -0.39 0.2 

Single 
injection 

cycle 
Re-injection in study 0.11 0.35 -0.1 0.33 

Table 8-17 Complete multilevel regression model for PEM-CY Home Involvement Participation outcome 

Involvement in participation in home activities was improved at 6 weeks post 

injection and this was maintained at 6 and 12 months. Younger children appeared 

to participate more than older children in home activities.  However, once again, in 

the light of the small change values and absence of MCIDs, the clinical significance 

of the adjusted coefficients is difficult to interpret. 

School  

After adjusting for all confounders PEM-CY Participation scores for school 

involvement (Table 8-18) were significantly increased at all times post injection in 

comparison to baseline scores. Involvement in school activities improved at 6 weeks 

and this improvement was maintained at 6- and 12-months post injection. 

However, frequency of school participation scores (Table 8-19) were only 

significantly improved at 6 months post injection in comparison to baseline 

frequency of school participation scores. Once again, this improvement in scores 

could suggest clinical significance for improved school participation and 
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involvement scores, however, in the absence of MCIDs the clinical significance of 

the adjusted coefficients is difficult to interpret.  

School 
Participation 

Frequency of 
participation 

SCORE 
(0-7) 

 
95% 

Confidence Interval 

  Estimate P- value Lower bound Upper bound 

Reference (Intercept) 4.01 <0.001 3.37 4.65 

Baseline T0 

T1 0.17 0.21 -0.09 0.43 

T2 0.44 <0.001 0.18 0.69 

T3 0.24 0.68 -0.02 0.51 

GMFCS I 
GMFCS II -0.13 0.05 -0.7 0.45 

GMFCS III -0.88 0.57 -1.68 -0.09 

Younger 
child 

Older child 
9-18 years 

0.18 0.92 -0.38 0.73 

Toxin naive 
2nd to 4th injections -0.03 0.96 -0.55 0.5 

5th or more 0.02 0.52 -0.76 0.81 

Distal 
muscles 

Proximal Muscles 0.26 0.37 -0.47 1.01 

Multilevel Muscles 0.32 0.87 -0.31 0.95 

Unilateral 
distribution 

Bilateral distribution 0.06 0.21 -0.58 0.7 

Single 
injection 

cycle 
Re-injection in study -0.33 0.68 -0.8 0.14 

Table 8-18 Complete multilevel regression model for PEM-CY School Frequency of Participation outcome 

School 
Participation  

Involvement in 
participation 

SCORE  
(0-5) 

 
95% 

Confidence Interval 

  Estimate P- value Lower bound Upper bound 

Reference (Intercept) 3.95 <0.001 3.51 4.4 

Baseline T0 

T1 0.21 0.02 0.03 0.38 

T2 0.17 0.05 0 0.35 

T3 0.22 0.02 0.04 0.4 

GMFCS I 
GMFCS II 0.2 0.37 -0.2 0.6 

GMFCS III 0.41 0.18 -0.15 0.97 

Younger 
child 

Older child 
9-18 years 

0.35 0.1 -0.03 0.74 

Toxin naive 
2nd to 4th injections 0.02 0.93 -0.35 0.39 

5th or more -0.09 0.75 -0.64 0.45 

Distal 
muscles 

Proximal Muscles -0.02 0.94 -0.53 0.5 

Multilevel Muscles -0.19 0.45 -0.62 0.26 

Unilateral 
distribution 

Bilateral distribution -0.34 0.17 -0.79 0.1 

Single 
injection 

cycle 
Re-injection in study -0.24 0.18 -0.57 0.08 

Table 8-19 Complete multilevel regression model for PEM-CY School Involvement in Participation outcome 
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Community  

After adjusting for all confounders PEM-CY participation scores for frequency of 

community activities were significantly increased at all times post injection in 

comparison to baseline scores (Table 8-20). However, there was no significant 

improvement in involvement in community activities at any time point post 

injection (Table 8-21). 

 

Table 8-20 Complete multilevel regression model for PEM-CY Community Frequency of Participation outcome 

The results suggested that children in GMFCS Level I participated more often in 

community activities than children in GMFCS Level II and III.  However, involvement 

in community participation activities was not significantly improved at any time 

point post injection in comparison to baseline scores (Table 8-20). Whilst the 

frequency of Community participation activities improved at 6 weeks and this 

improvement was maintained at 6 and 12 months, once again in the absence of 

MCIDs the clinical significance of this magnitude of change is hard to interpret. 

Community 
Participation 

Frequency of 
participation 

SCORE 
(0-7) 

 95% 
Confidence Interval 

  Estimate P- value Lower bound 
Upper 
bound 

Reference (Intercept) 3.23 <0.001 3.37 4.65 

Baseline T0 

T1 0.3 <0.001 -0.09 0.43 

T2 0.22 0.03 0.18 0.69 

T3 0.3 <0.001 -0.02 0.51 

GMFCS I 
GMFCS II -0.6 0.03 -0.7 0.45 

GMFCS III -0.9 0.02 -1.68 -0.09 

Younger child 
(4-8 years) 

Older child 
9-18 years 

-0.18 0.51 
-0.38 0.73 

Toxin naive 
2nd to 4th injections -0.29 0.27 -0.55 0.5 

5th or more -0.23 0.55 -0.76 0.81 

Distal muscles 
Proximal Muscles 0.26 0.48 -0.47 1.01 

Multilevel Muscles 0.15 0.62 -0.31 0.95 

Unilateral 
distribution 

Bilateral distribution 
0.1 0.76 

-0.58 0.7 

Single 
injection cycle 

Re-injection in study 
-0.24 0.31 

-0.8 0.14 
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Community 
Participation  

Involvement in 
participation 

SCORE 
(0-5) 

 
95% 

Confidence Interval 

  Estimate P- value Lower bound Upper bound 

Reference (Intercept) 4.39 <0.001 4.01 4.76 

Baseline T0 

T1 0.12 0.13 -0.03 0.28 

T2 -0.07 0.37 -0.23 0.08 

T3 0.15 0.06 -0.01 0.31 

GMFCS I 
GMFCS II -0.05 0.76 -0.38 0.27 

GMFCS III 0.24 0.33 -0.21 0.69 

Younger 
child 

(4-8 years) 

Older child 
9-18 years 

0.05 0.76 -0.27 0.38 

Toxin naive 
2nd to 4th injections -0.16 0.34 -0.47 0.15 

5th or more -0.34 0.18 -0.8 0.12 

Distal 
muscles 

Proximal Muscles 0.18 0.46 -0.26 0.61 

Multilevel Muscles -0.06 0.75 -0.42 0.29 

Unilateral 
distribution 

Bilateral distribution 
-0.4 0.05 -0.77 -0.03 

Single 
injection 

cycle 
Re-injection in study 

-0.18 0.24 -0.45 0.09 

Table 8-21 Complete multilevel regression model for PEM-CY Community Involvement in Participation 
outcome 

 

SUMMARY 

The multilevel regression analysis results for primary and secondary outcome 

measures are summarised in Table 8-22. These are categorised into short term (T1), 

medium term (T2) and long term (T3) change. These results illustrate both the 

statistical and clinically significant change in comparison to baseline over a 12-

month period following BoNT-A treatment and are highlighted in terms of 

significant change (green) and non-significant change (red) and unknown clinical 

significance due to a lack of published MCIDs (yellow).  
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Multilevel 
Modelling 

 Statistical  significance 
 

Clinical significance  

 
 Short term  

Medium 
term 

Long term  
Short term  Medium term 

Long term 

 QFM Alignment 

p<.001 

    

QFM QFM Coordination     

 QFM Dissociated movement     

 QFM Stability     

 QFM Weight shift     

COPM COPM-Performance <.001 
<.001 

    

 COPM-Satisfaction     

 SMC p<.001     

BSF MTS R1 Hamstrings p<.001     

 MTS R1 Gastrocnemius p<.001  p=.01     

ACTIVITY 1MFWT P=.04  p<.001     

 TUG  p=.02 p=.01     

 GMFM66 p<.001     

PARTICIPATION CPQOL Function p<.001 
p<.001 

    

 CPQOL Participation     

 PEM-CY Home average frequency 
p<.001 

    

 PEM-CY Home average involvement     

 PEM-CY School average frequency  p<.001      

 PEM-CY School average involvement p=.02 p=.05 p=.02     

 PEM-CY Community average frequency p<.001 p=.03 p<.001     

 PEM-CY Community average involvement        

         

Key:                                    Significant Not significant  No published MCID/MDC 
Table 8-22  Summary of the results from  the Hierarchical  Multilevel Regression  Models 

Short term:6 weeks   Medium term:6 months    Long term:12 months
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Chapter 9 Phase I Discussion 

This study aimed to evaluate change in ambulant CYPwCP within the Body structure 

and function, Activity and Participation domains of the ICF over 12 months 

following lower limb BoNT-A treatment. The use of multilevel modelling permitted 

the analysis of treatment outcome whilst accounting for the heterogeneity of the 

participants. Adjusting for confounders allowed the analysis of change in all GMFCS 

levels including the different CP distributions (unilateral and bilateral) and 

acknowledged the complexity of treatment patterns which involved different 

muscle groups and varied previous injection history.  

The data suggested that there was a significant improvement in movement quality, 

gross motor function and goal attainment across the 12 months following BoNT-A 

treatment. The changes were combined with improved muscle selectivity together 

with a reduction in dynamic muscle spasticity, which varied from short term in the 

gastrocnemius muscles and more long term in hamstring muscles. The results 

highlighted a significant increase in children’s wellbeing regarding feelings about 

functioning and participation and physical health. The analysis also identified a 

significant improvement in the average frequency of children’s participation in 

home and community activities following BoNT-A, however there was less evidence 

to suggest that children had a significant change in involvement in community 

participation activities. 

In this chapter the results from the study are analysed in terms of change following 

BoNT-A treatment within the different domains of the ICF. Comparing the findings 

from this study to the existing literature assists in understanding the relevance of 

these findings, together with considering their implications for clinical practice. 
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9.1 Body function and structure (BSF) 

9.1.1 BSF Tone reduction  

Within the BSF domain the results in this study demonstrated a significant reduction 

in dynamic muscle tone (spasticity) following BoNT-A treatment. The magnitude of 

change was in keeping with other BoNT-A work (Delgado et al., 2016b, Kelly et al., 

2019, Löwing et al., 2017, Williams et al., 2013a, Wright et al., 2008, Yap et al., 

2010).    

A reduction in spasticity was detected in both gastrocnemius and hamstring 

muscles at six weeks by both the Modified Tardieu Scale (R1) (MTS) and Modified 

Ashworth Scale (MAS). The significant change from baseline scores suggested a 

clinically significant  improvement in spasticity following treatment. This 

improvement in spasticity was also reflected in the more global ‘technical response’ 

score used in the study, which found that 75% of participants had a significant 

reduction in dynamic muscle tone in comparison to baseline scores at 6 weeks 

following BoNT-A. 

It is well recognised that the measurement of spasticity in CP remains a challenge, 

and as a result there are a limited number of clinical scales available to quantify 

altered tone in CYPwCP. However, despite the long term recognition of MTS to be a 

more sensitive tool to evaluate the presence of spasticity in the paediatric cerebral 

palsy population than the MAS (Alhusaini et al., 2010, Fleuren et al., 2010, Love et 

al., 2010b, Multani et al., 2019a, Mutlu et al., 2008, Strobl et al., 2015), the majority 

of research within the paediatric literature still reports change in spasticity in terms 

of MAS following BoNT-A treatment (Blumetti et al., 2019).   

The continued presence of MAS within the literature encourages others to continue 

with its use in order to compare outcomes within the published literature. 

Therefore, MAS was also used in this study in addition to MTS to evaluate change in 

spasticity from baseline in gastrocnemius and hamstring muscles in order to 

compare the results from this study with published literature. 
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However, the amount of agreement between the different measures of spasticity 

can in some cases be seen to vary.  In this study the measures of dynamic spasticity 

(MTS and MAS) appeared to mirror each other and supported a short term clinically 

significant change in tone within this study at six weeks. Kelly et al. (2019), also 

reported a short term improvement in spasticity as measured by both MTS and 

MAS scores at 8 weeks post injection. In contrast, Delgado et al. (2016b) found 

significant short-term improvement in MAS scores in favour of BoNT-A, however 

the reduction in spasticity was not reflected in a significant change in MTS scores 

post injection. The use of different scales to measure spasticity can make 

comparisons both between and within studies difficult.   

In this study, longer term changes in dynamic muscle tone (MTS) at six and twelve 

months following BoNT-A, differed between the two main muscle groups injected, 

gastrocnemius and hamstrings. The data suggested that a clinically significant 

reduction in dynamic gastrocnemius spasticity only occurred at six weeks post 

injection whereas dynamic hamstring spasticity improved at six weeks and although 

reduced in magnitude, remained clinically significant at both six and twelve months 

post injection. 

The disparity in response between different muscle groups is in agreement with 

other work in the field. Wright et al. (2008) reported the opposite in their study, 

with a more long-term response shown in gastrocnemius muscle than hamstring 

muscles. Within pragmatic studies, a variability in response is to be expected when 

there is more than one muscle group injected. It has been suggested that to capture 

the complex change occurring when multiple muscle groups are injected more 

global measures (such as ‘technical response’, as used in this study) should be used 

to assist in the evaluation of change in tone post BoNT-A treatment (Heinen et al., 

2021). 

Whilst the clinical reduction in spasticity has been widely reported to last between 

three and six months (Franki et al., 2020, Heinen et al., 2010, Mugglestone et al., 

2012), this study found that a technical response in the muscle (representing a 



 

273 
 

clinically significant reduction in dynamic spasticity) was sustained in 51.7 % of all 

children in the study at six months (following a single injection cycle) and in 53.4% 

at 12 months (45.2% of those with a single injection and 54.8% of those who had re-

injection). This finding is in keeping with other studies in which reduction in 

spasticity has been described up to 12 months (Delgado et al., 2017b) and 22 

months (Löwing et al., 2017) post injection. 

These results may have implications for clinical practice and contribute to the 

discussion regarding the optimisation of re-injection intervals. Although re-injection 

was associated with reduced dynamic tone (technical response), re-injection status 

was not found to be associated with any significant difference in activity outcomes 

for the re-injection group in comparison to the group of children who received a 

single injection cycle.  

This is in keeping with the work of Kanovsky et al. (2009), who found no significant 

difference in activity outcomes between groups who were injected yearly and more 

frequently (four months) into the gastrocnemius muscle. The same finding was later 

confirmed in a study by Hastings-Ison et al. (2016), who also suggested that more 

frequent re-injection (every four months) may have a detrimental effect by 

promoting crouch gait in children with bilateral involvement.  

It has been suggested that simply maintaining activity and gross motor 

performance, in the absence of deterioration, could indicate a successful outcome 

of an intervention such as BoNT-A when one considers the natural progression 

towards a deterioration in motor abilities in CP (Bell et al., 2002, Rose et al., 2010). 

In this study whilst there was no significant difference in outcomes between 

children relative to the number of injection episodes in 12 months, it would appear 

that the children in the re-injected group required a repeat injection cycle to 

maintain the same level of activity as those who required only a single injection 

cycle.  

Considering which children may benefit from re-injection is highly relevant for 

clinical practice. As shown in the regression analysis there were no significant 
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differences between the two groups (single versus repeat injection) in terms of 

activity measures at any assessment time point. This was particularly pertinent at 

six months post injection, when retention of BoNT-A effects was assessed and 

children evaluated as regards to their need for further BoNT-A treatment. The 

absence of a significant difference in impairment and activity outcomes between 

the two groups at six months suggest that decision making regarding the selection 

of children for retreatment (as for many interventions in CP) is complex and 

multifactorial. Factors are multidimensional and can include, amongst others, the 

magnitude of change seen immediately after injections and parental satisfaction 

with a change in activity and participation.  The potential reasons that children are 

considered for retreatment will be explored further later in the discussion. 

9.1.2 BSF Pain 

The results showed that pain was reported in 47.4% of the children during the 

twelve months of this study. This incidence of pain is in keeping with the work of 

Chaléat-Valayer et al. (2011) who identified pain in 42% of the 228 CYPwCP in their 

French national study regarding BoNT-A use, and more recently, Eriksson et al. 

(2020) who reported a pain prevalence of 44% in their large cohort of 3545 CYPwCP 

in Sweden. However, the latter prevalence was significantly lower than the 60-70% 

reported in other European studies (Fairhurst et al., 2019, Parkinson et al., 2010). 

Although both of these studies did include older CYPwCP than the children in this 

study and Fairhurst et al. (2019) involved CYP in GMFCS levels IV and V, both of 

which have been associated with higher incidences of pain (McKinnon et al., 2019). 

Nevertheless, pain is a common experience for many CYPwCP and is often 

associated with reduced motor activity in ambulant children.  

Self-reporting is a criterion standard when assessing pain, however due to the 

young age of children in this study, parents were asked to score the two pain scores 

in consultation where possible with their child. Previous work has demonstrated 

that parent and self-reported pain can be significantly correlated (Spearman rank 

correlation coefficient 0.45, p<.001), although the authors observed that parents 
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tended to underestimate pain when the child’s self-reported pain was frequent and 

severe (Parkinson et al., 2010).  

Average baseline pain scores were low within this study when rated using the 

modified Faces Pain Scale (2.3 out of 10 ±2.4), however, the impact of pain on 

quality of life evaluated by CPQOL Pain domain was relatively high at 41.2% (±15.5). 

The CPQOL findings were higher than baseline scores of a similar cohort of children 

undergoing SDR surgery (36.4%, ± 18.7)(Summers et al., 2019). This is perhaps not 

surprising as one of the frequently cited drivers for treatment with BoNT-A in 

ambulant CYPwCP is to relieve pain following participation activities, with pain 

reduction frequently chosen as a treatment goal (Elkhayat et al., 2017, McKinnon et 

al., 2019, Michelsen et al., 2018, Ostojic et al., 2019, Preston et al., 2011).  

In our study we found a significant reduction in both pain scores (p<.001) at six 

weeks and six months post injection but although at 12 months pain scores were 

still improved from baseline these were no longer significant. The improvement in 

pain reported in this study is in keeping with the work of others including Misra et 

al.(2010), who also reported significant improvement in baseline pain scores for 

ambulant CYPwCP (p<.001) measured using a visual analogue scale at three months 

post injection following BoNT-A injections. More recently Caglar et al.(2018) 

demonstrated significantly reduced reported pain at 4 weeks post injection with 

improvement maintained at 3 months. Chaléat-Valayer et al. (2011) found that the 

119 CYPwCP in their study who had therapeutic goals related to pain reduction 

following BoNT-A reported an 80% reduction in pain scores at 12 months follow up.   

The results from this Toxin Study and others suggest that BoNT-A treatment may be 

beneficial for reducing pain in ambulant CYPwCP. Although traditionally pain 

reduction was thought to be mediated by reduction in spasticity and resultant 

muscle relaxation, there is some evidence that more long-term pain relief following 

BoNT-A use may be due to other mechanisms. The anti-nociceptive effects of BoNT-

A are currently being studied in both animal models and patients with neuropathic 

pain to explore this association further (Park and Park, 2017).  
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9.2 Activity and QFM  

Research to date has evaluated change in gross motor function following BoNT-A 

using the GMFM, a gold standard outcome measure to evaluate gross motor 

capacity. This study is the first to report objective findings of change in movement 

quality (QoM) evaluating gross motor performance following BoNT-A injections 

using the QFM. The QFM was specifically introduced for this study in order to 

enhance the evaluation of change both in gross motor function and gross motor 

performance.  

There was a significant improvement in GMFM-66 scores at all post injection time 

points from baseline over 12 months which was associated with significant 

improvement in QoM. The average changes in GMFM-66 scores in this study 

exceeded published MCIDs and represented a large effect size at all assessment 

points throughout the 12 months of the study (Oeffinger et al., 2008). This is in 

keeping with other published work following BoNT-A, when motor performance 

continued to improve throughout the study even though dynamic spasticity 

returned (Bjornson et al., 2007, Caglar Okur et al., 2018, Wright et al., 2008). The 

results from this study suggest that BoNT-A injections are associated with short-

term improvement in dynamic tone but more significantly may also be associated 

with a longer-term improvement in activity as measured by the gold standard 

measure of motor function GMFM.   

This research represents the largest reported study to date using the QFM to 

evaluate movement quality in ambulant CYPwCP, involving the analysis of 239 QFM 

tests over a twelve-month period. A statistically significant improvement in 

movement quality in all QFM attributes was found at all time points following 

treatment. These results, demonstrating a change in movement quality following 

BoNT-A, are novel in the field. After comparing these results to published MDC 

values, this study found a difference in the timing of clinically significant response 

between the QFM attributes which could be useful in explaining changes in 

impairment and activity outcomes following BoNT-A intervention.  
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The statistically significant improvement in Alignment scores were found to 

represent a clinically significant change at six weeks, six months and twelve months 

post injection when compared to published values (Tustin et al., 2016, Wright et al., 

2014a).  This may be an expected benefit of BoNT-A, as one of the frequent drivers 

for treatment and purpose of reducing hypertonia is to promote symmetry by 

improved alignment. However, improved Co-ordination, Dissociated Movement and 

Weight Shift scores, although statistically significant at all time points, did not 

exceed the test developers MDC values at six weeks post BoNT-A, taking longer to 

show clinically significant improvement, which was apparent by six months and 

maintained at twelve months. Stability scores, although statistically significantly 

improved at all time points, only showed a clinically significant improvement at 12 

months. This suggests that despite changes in other quality attributes, a significant 

improvement in CYPwCP’s stability following BoNT-A may take longer to develop. 

The difference in timing of improvement in the different QFM attributes may have 

clinical implications for targeted training post BoNT-A to optimise rehabilitation. 

A delay in achieving a clinically significant improvement in co-ordination, 

dissociated movement, weight shift and particularly stability is perhaps to be 

expected following BoNT-A when a weakening effect in the injected muscle is to be 

expected. This difference in timing regarding clinically significant change was also 

reflected in activity scores, particularly with the Timed up and Go test, which was 

only significantly improved six months after injection. One explanation for this could 

be that any changes that occur in tone and alignment following BoNT-A treatment 

require time for the influence to take effect, suggesting that a child needs the 

opportunity to adapt to an altered movement pattern. This would support the 

argument for less frequent injections and longer periods of rehabilitation following 

treatment, in order for children to be given time to utilise the effects of reduced 

tone in the muscle. 

In reality this is often observed in clinical practice and additionally highlighted in the 

data from Phase II (Chapter 11). Children talked about the weakening effect of 

BoNT-A on the injected muscle and the presence of  increased trips and falls and 



 

278 
 

sometimes a worsening of motor performance in the first six weeks following 

treatment. “It’s good, but also bad … because, like, sometimes when I have it, I fall 

over after I have it”.   A delay in observing improved stability, was also associated 

with a delay in improved walking capacity as measured by 1MFWT which also only 

showed clinically significant improvement at twelve months. 

This suggestion of a difference in the timing of response has important implications 

for clinical practice, as some activity outcomes may not have taken effect and 

children may not have had the chance to reach their full potential following 

treatment at the first post injection assessment. This may result in suboptimal 

selection of further treatment plans including overprescribing of BoNT-A or 

discontinuing further treatment if injections are perceived to have not worked. It is 

advised that more than one assessment should be carried out following the 

immediate post injection time point (4-6 weeks) to accurately assess the efficacy of 

BoNT-A treatment, especially if excessive repeat injections are to be avoided (NICE, 

2012). The results from this study would support that approach.  

Although the change in 1MFWT scores from baseline reached statistical significance 

at six weeks and twelve months, this only represented a clinically significant 

improvement in gait scores at twelve months (moderate effect size), when 

compared to published MCIDs (Hassani et al., 2014). The results in this study 

therefore did not appear to demonstrate significant clinical improvement in gait 

capacity in the first six months following treatment. These findings are in contrast to 

Delgado et al. (2016b) and others who reported significant improvement in gait up 

to six months post injection, using gait rating scales and spatiotemporal parameters 

(Boyd et al., 2000, Ibrahim et al., 2007, Wright et al., 2008, Xu et al., 2006). 

However, as the results of these other studies were not related to MCIDs, it is 

difficult to interpret the clinical significance of these gait changes beyond statistical 

significance.   

A number of other researchers in the field also failed to observe significant 

improvement in gait outcomes following BoNT-A treatment. Thomas et al. (2016) 
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found no significant improvement in 1MFWT scores following BoNT-A at any point 

during their six-month study. Kelly et al. (2019), despite reporting significant 

improvement in motor function, found no significant improvement in 

spatiotemporal parameters of gait. Similarly, the RCT by Tedroff et al. (2010), found 

a significant reduction in tone following treatment but this was not associated with 

any improvement in three-dimensional  gait analysis in favour of BoNT-A. These 

results support the findings of a recent Cochrane review which found limited 

evidence that BoNT-A is effective in improving gait in CYPwCP (Blumetti et al., 

2019). However, some authors have questioned the usefulness of clinic-based 

walking tests to evaluate true walking performance, claiming that they may be 

more a measure of walking capacity rather than a reflection of a child’s capability or 

performance  (Reedman et al., 2019). 

9.3 Goal attainment following BoNT-A  

Within paediatric rehabilitation a family centred approach to intervention is now 

widely accepted. In the last decade there has been a move to embrace this 

improved approach to service delivery with a focus on the needs of children and 

their families. It has been recognised that studies regarding the efficacy of BoNT-A 

use should include the impact of treatment on a child’s function and assess 

meaningful goals in the context of a child’s everyday life (NICE, 2012, Sutherland et 

al., 2022, Tilton et al., 2017, Valentine et al., 2021).  

This study used COPM to identify performance issues and individual goals were 

selected through discussion between children, families and the clinical team to 

ensure that they were realistic, achievable and meaningful for each child within this 

study. This is in keeping with the work of Löwing et al. (2017) and Schasfoort et al. 

(2018) who also allowed children and families to freely choose their goals for BoNT-

A treatment. This is in contrast to several earlier studies where the clinicians 

identified the goals for treatment (Paolicelli et al., 2001, Satila et al., 2008, Weigl et 

al., 2007), or gave families a predefined list of goals to choose from (Tilton et al., 

2017).  This detail regarding who sets the goals may be significant, as it has been 

suggested that children and families are usually more motivated to work towards 
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goals that they perceive to be important (Kang et al., 2020, Verkerk et al., 2021).  It 

has also been proposed that family-centred therapy including involvement in 

decision making and collaborative goal setting improves family’s satisfaction with 

rehabilitation interventions (Law et al., 2003, Ostensjø et al., 2008). 

Whilst subjective outcomes may be considered susceptible to some forms of bias, 

goal-based measures are highly appropriate as primary outcome measures for 

interventions that aim to improve activity and participation (Palisano et al., 2012). 

The COPM has been used as a primary outcome in several paediatric  rehabilitation 

trials as it has been said to reflect exactly what children, families, and clinicians 

hope   to gain from an intervention (Anaby et al., 2018, Darrah et al., 2011, Imms et 

al., 2016, Law et al., 2015, Sakzewski et al., 2011).   

This study found a significant improvement in both COPM Goal Performance and 

Satisfaction baseline scores following BoNT-A treatment at 6 weeks post injection 

and this improvement was maintained throughout the 12 months of the study. The 

change in COPM appeared to be independent of any clinical confounders and unlike 

many of the other activity and impairment outcomes there were no significant 

differences observed between GMFCS levels.   

The significant improvement in goal attainment found in this study following BoNT-

A treatment was in keeping with the work of a number of researchers in the field 

using both COPM and Goal Attainment Scaling (GAS). Thomas et al. (2016) also 

found significant improvement from baseline COPM scores at 10 weeks post 

injection which were maintained at six months following lower limb BoNT-A 

injections. The magnitude of change reported at 10 weeks post treatment (2.3-2.9) 

was in keeping with the results in this study.  Short term improvement in goal 

attainment (up to 12 weeks post injection), was reported in several studies using 

Goal Attainment Scaling (GAS)  (Delgado et al., 2017a, Delgado et al., 2016b, Löwing 

et al., 2017, Williams et al., 2013a).  Improvement was maintained for up to six 

months (Williams et al., 2013a), 12 months (Delgado et al., 2017b) and 24 months 

(Löwing et al., 2017).  



 

281 
 

Bjornson et al. (2007), also found a significant improvement in COPM Performance 

scores in favour of BoNT-A treatment at 12 weeks post injection, however in their 

study this was no longer significant at 6 months. Although statistically significant at 

12 weeks, the mean change in COPM did not exceed the recommended MCID ≥2 

points change score and therefore may not have been clinically significant. They 

also found that COPM Satisfaction scores were not significant at any time point 

within their study.  The authors suggested that despite a significant change in 

functional outcomes for CYPwCP, the extent of change following treatment, or 

families’ perception of improved function, was not recognised as a meaningful 

enough improvement in participation to affect parents’ satisfaction scores. This 

failure to demonstrate a match between the measured effect and the perceived 

benefit of treatment and burden of multiple repeat injections has been recognized 

as another potential reason why parents may discontinue BoNT-A treatment 

(Linder-Lucht et al., 2006, Weigl et al., 2007). 

In contrast to Bjornson et al. (2007), both COPM Performance and Satisfaction 

scores were significantly improved from baseline at each assessment time point 

within this study. When this was related to MCIDs the change was found to be 

clinically significant exceeding the MCID of ≥2 at six weeks and twelve months for 

performance scores but although statistically significant, these did not appear to be 

clinically significant at six months (1.8 point change). Within this study Satisfaction 

scores were clinically significant and consistently rated slightly higher (0.5 points) 

than Performance scores at all post injection time points over the 12 months. This is 

in keeping with the work of others including Persson et al. (2004) and Eyssen et al. 

(2011), who found that the improvement in satisfaction appeared to be greater 

than the actual change in performance. This may be related to parental 

expectations and their perception of improved function. As highlighted in Chapter 

11, data from Phase II of the study suggested that parents’ expectations were 

realistic in anticipating small changes following BoNT-A treatment. They discussed 

this in the context of expectations of outcome following BoNT-A treatment and 

compared this to the greater expectations they would expect following surgical 

intervention (such as orthopaedics and neurosurgery). 
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9.3.1 Goal Type  

This is one of the few studies to have categorised the individual treatment goals 

selected by families for BoNT-A treatment into the different ICF domains. Although 

several researchers have documented the goals set by families for BoNT-A 

treatment (Fagard et al., 2012, Tilton et al., 2017, Tse et al., 2014, Williams et al., 

2014), these did not appear to be related to any classification systems. This can 

make comparison of goal selection difficult between the studies and make results 

challenging to interpret.  

In this study 57.4 % of the goals set were classified within the ICF domain of Activity 

and Participation, 37.3% of goals related to body structure and function and only 

5.3% were environmental goals (all to do with improved splint tolerance). This was 

in keeping with the work of McMorran et al. (2016) who used GAS in order to 

compare outcomes between CYPwCP who had orthopaedic surgery and those who 

had conservative management including BoNT-A. They found a similar breakdown 

in goal selection for the children in their non-surgical group, 55.6% of goals were in 

the Activity and Participation domain, 33.4% were body structures and function and 

6.9% were goals related to environmental factors.  Both studies confirm that the 

priorities of children and families when setting goals for interventions are usually 

focused on improving functional activity and participation.  

These findings of goal distribution are in contrast to a retrospective case note 

review by Preston et al. (2011), who also classified goals into ICF domains. They 

collected data regarding goal setting for 239 CYPwCP receiving upper and lower 

limb BoNT-A treatment over a 15-year period.  They found that the majority of the 

goals selected (68.3%), were related to the body structure and function domain, 

with only 25.7% in the activity and participation domains. The difference in their 

results could be due to the inclusion of data from children in all GMFCS levels. 

However, perhaps more relevant is the timing of the study, which included case 

notes prior to the introduction of the ICF when perhaps more emphasis was placed 

on the traditional impairment model of targeting body structure and function in 
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isolation. However, closer inspection with a participation focused lens might 

suggest that many of the walking goals Preston et al. (2011) classified within the 

body structure and function domain were in fact related to activity rather than 

appearance of gait. Within their study, although 55% of goals selected were related 

to gait, 21% could be classified within the body structure and function domain and 

the remaining 34% could be classified within the activity and participation domain.  

More recently Wong et al. (2022) also described goals for BoNT-A use in terms of 

the ICF, in a study evaluating 25 children from GMFCS Levels I-V. Twenty nine goals 

were identified but in contrast to the goals set within this ‘Toxin Study’, only five of 

the goals related to a change in activity and participation, the remaining 24 goals 

related to change in body structure and function domain. However, the high 

percentage of children in GMFCS Levels IV and V (46.2%) almost certainly accounts 

for the predominance of body structure and function goals, particularly as 79.2% of 

these goals were related to sleep function and pain reduction. The authors did not 

differentiate between the goal setting of ambulant and non ambulant children. 

9.3.2 Individual goal scores 

Within this study the traditional method of scoring average goal attainment with 

COPM was used (Law et al., 2019) and the results suggested a significant 

improvement from baseline, discussed above in the  context of the existing 

literature. However additionally, the 169 individual COPM goals were also 

categorised within the ICF domains and analysed in order to identify any difference 

in response between the different domains.  

This allowed for individual analysis of all goals set and mirrors pragmatic clinical 

practice, where change in each individual goal set is evaluated during a child’s 

follow up assessment. It has been said that the analysis of change in individual goal 

scores may prevent the loss of important detail regarding goal attainment when 

average scores are analysed (Damiano, 2014, Verkerk et al., 2021). This is in keeping 

with the belief that the true importance of any functional change can only be validly 
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determined at the ‘individual level’ and its importance related to the individual child 

and family setting the goal  (Stratford and Riddle, 2013). 

In this study, individual scores were found to be significantly improved at six weeks 

post injection and suggested a clinically significant change for both COPM 

Performance scores and Satisfaction which were maintained at six and 12 months 

post treatment. This was in contrast with averaged scores where COPM 

performance scores did not appear to reach clinical significance at six months. 

Other researchers evaluating the use of COPM in a rehabilitation setting, have also 

suggested that evaluation of change in individual goal scores can represent a more 

meaningful reflection of goal attainment than averaged goal scores (Eyssen et al., 

2011, Vyslysel et al., 2021)  

Although goal attainment was shown throughout all ICF domains, an interesting 

pattern emerged regarding the timing of response. The data suggested that there 

was a significant improvement in Activity and Participation goal attainment at six 

weeks post BoNT which was maintained throughout the 12 months. However, BSF 

and environment goal attainment appeared to show more of a fluctuation in 

response, although goal attainment was significantly improved at all time points, 

the greatest improvement was seen at six weeks, with a drop in goal attainment 

scores between six weeks and six months, which improved again at 12 months.  

One explanation for the variation in response within BSF domains could be related 

to the short-term effect of spasticity reduction. Short term improvement in tone 

was seen at 6 weeks and this was reflected in improved goal attainment. As 

expected, there was evidence of a gradual return of spasticity in some children 

within the study, due to the temporary effect of BoNT-A treatment on muscle tone. 

(This was also reflected in the lower percentage of children demonstrating a 

technical response in the muscle at six months). 

Once the immediate effects of BoNT-A began to wear off, families may have seen a 

change in BSF goal performance, such as a gradual increase in the number of trips 
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and falls in comparison to six weeks post injection, which in turn may have been 

associated with a deterioration in goal performance as the muscle stiffness had 

returned. However, by 12 months, goal attainment was once again perceived to 

improve, independent of the number of injection cycles.  

One reason could be that children were more likely to achieve a steady state of 

motor performance, utilising changes in tone and improved activity at 12 months, 

and parents and children recognised and acknowledged this as an overall 

improvement in comparison to baseline scores. This was also observed by Eyssen et 

al. (2011) when describing longitudinal change in COPM scores in the adult 

population. They suggested that this is most likely due to a re-evaluation of 

occupational performance taking place, comparing current ability with baseline 

ability. 

Another practical clinical point of note is the relevance of timing at six months. At 

this assessment time point families are asked about their feelings about the need 

for repeat injections and in some cases, this may be a driver for families reporting a 

drop in BSF scores, as this is taken into consideration regarding a child’s eligibility 

for retreatment.  

It may be worth considering that although the fundamental aim of BoNT-A 

treatment is to reduce dynamic spasticity, this is not done in isolation, but as a 

means to enhance a child’s functional activity and improve participation. Therefore, 

improved activity and participation appear to support the aims of treatment as 

measured by COPM.  

9.4 Participation  

CYPwCP can experience greater participation restriction than their peers without 

disabilities (Palisano et al., 2012). Improved meaningful participation is believed to 

be the ultimate goal of many interventions in CP, in order to reduce the differences 

between CYPwCP and their typically developing peers (King et al., 2003). This study 

used the Participation and Environment Measure – Children and Youth (PEM-CY) to 
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evaluate change in participation following BoNT-A. The PEM-CY is one of the few 

paediatric assessment tools that combines the measurement of participation and 

environment in home, school and community settings and contains a considerable 

number of participation items that cover all of the nine domains of the ICF-CY 

Activities and Participation dimensions (Chien et al., 2014). For the purpose of this 

study the participation related constructs of ‘average frequency’ and ‘average 

involvement’ in functional activities were used to evaluate change in all three 

settings. 

After adjusting for clinical confounders, significant changes were found in at least 

one of the constructs of participation in all settings following treatment. 

Nevertheless, change scores were small (0.17-0.44), and it was not possible to judge 

these changes in terms of clinical importance as MCID values are unknown (Coster 

et al., 2011).  

There was a reported higher frequency of participation and involvement in activities 

at home following BoNT-A intervention. As the median age of children in this study 

was 6.5 years (IQR, 5.1-9.6), this may represent a significant improvement in 

participation for this age group as children would still be expected to spend a large 

proportion of their time at home.  

At school, involvement in school activities significantly improved at six weeks, six 

months and 12 months in comparison to baseline. However, the only significant 

increase in the average frequency of participation in school activities was at six 

months. This was possibly limited by the number of school activities listed in the 

measure, as increasing these was beyond the control of families and children, such 

as field trips and attendance at after school activities. 

In the community the average involvement in the community activities did not 

significantly change post injection, this was maybe to be expected as average 

involvement scores were high at baseline (4.1 out of 5). The average frequency of 

participation in community activities increased at all time points post injection for 

the whole group, however a significant difference was observed for children in 



 

287 
 

different GMFCS Levels. Children in GMFCS II and III participated less frequently 

than children in GMFCS I (-8.5% and -13% respectively).  

Participation is a highly complex individual construct, personal to each child and 

family with great variability in the meaning to each individual. In reality it may 

therefore be very difficult to capture change on item-based measures. It remains 

essential however to attempt to determine whether changes following 

interventions such as BoNT-A translate into child and parent perceived changes in 

participation. It has been suggested that the interplay between activity limitation 

and environmental factors is also important (Anaby et al., 2014, Palisano et al., 

2012). Within this study parents’ perception of environmental supportiveness in all 

three settings was relatively high (Home 80%, School 75% and Community 70%) and 

did not significantly change following treatment. Stability in environmental 

supportiveness was to be expected as this was an evaluation of BoNT-A 

intervention with usual care and no specialised intervention was given to improve 

participation.  

The changes observed in this study were in keeping with other interventional and 

observational studies, in which small changes in average frequency and involvement 

in participation were also reported (Gibson et al., 2018, Reedman et al., 2019, 

Valentine et al., 2020a). The changes in participation over time may represent 

clinically meaningful improvement but identifying what the value is for a clinically 

meaningful change in the PEM-CY requires further investigation.  

Both the CPQOL and PEM-CY questionnaires were developed for use in different 

countries (Australia and Canada respectively) and although English language is used 

for the measures, culturally some of the references may be more specific to the 

country where the measure was developed. This can cause some ambiguity when 

parents and children are answering the questions. For example, the use of the term 

‘involvement’ in functional activities in the PEM-CY is understandably multi-faceted 

and this was clarified for the Toxin Study by encouraging parents to think in terms 
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of their child’s ‘engagement’ in a functional activity. Some parents found the 

questionnaires challenging “It’s difficult, I can’t pretend I enjoy it”. 

Ambiguity appeared to be more apparent in the PEM-CY which was not CP specific 

than the CPQOL.  Some PEM-CY participation activities were particular to Canadian 

culture, principally with the examples given in the community section, such as 

participation in religious activities and working for pay and these may have 

influenced the scoring of this section. Krieger et al. (2020) also identified with some 

of these challenges when introducing PEM-CY to a German speaking population. 

There are also cognitive considerations in completing the measure as the test 

developers suggest that the minimum level of comprehension required to complete 

the measure is that of a 12-year-old. This was highlighted as a challenge by 

Srinivasan et al. (2021), who adapted the PEM-CY for use in India leading them to 

suggest that this “may preclude its use in cultures with varying educational levels”. 

The PEM-CY is a complex questionnaire with a number of parts and the difficulties 

of completing it were also highlighted by some of the parents during interviews in 

Phase II   “it's something that you have to really, really read through”.    Several 

authors have suggested that the PEM-CY could be administered using parent 

interviews as an improved mode of administration (Khetani et al., 2015, Longo et 

al., 2019, Srinivasan et al., 2021).  

9.5 Quality of life (QOL)  

Over the last decades, QOL has become increasingly important to assess outcome 

following interventions in CP in both research and clinical practice.  As with goal 

setting, the evaluation of wellbeing following an intervention such as BoNT-A is 

essential in child and family focused practice.  

Collecting both self-report and proxy data can help highlight quality of life issues 

that are most important to CYPwCP and their families (Makris et al., 2021). This 

study used the parent reported Cerebral Palsy Quality of Life measure (CPQOL) to 

examine change in health-related quality of life following BoNT-A.  
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Two aspects of wellbeing related to the Activity and Participation domains were 

selected, ‘Feelings about function’ (Function) and ‘Participation and physical health’ 

(Participation).  As a condition specific tool, CP-QOL incorporates items which are 

meant to reflect the lived experiences of CYPwCP, including children’s and parents’ 

feelings about some of the potentially limiting features of CP, consequently 

providing a more accurate description of children’s HRQoL (Davis et al., 2006, 

Waters et al., 2006). 

In this study after adjusting for all clinical confounders, an improvement was 

reported in QOL at 6-weeks, 6-months and 12-months as measured by both the 

Function (6.22%, 5.47%, 4.54%)  and Participation (7.87%, 8.62%,7.53%) domains of 

CPQOL following BoNT-A.  These changes were statistically significantly improved 

from baseline scores at all time points following treatment.  

In the absence of MCIDs it is hard to evaluate the clinical significance of the changes 

in QOL. However in keeping with the literature where 5% improvement in scores 

have been suggested to represent significant improvement following an 

intervention such as Selective Dorsal Rhizotomy (Pennington et al., 2020), this 

improvement  following BoNT-A treatment may represent a clinically significant 

improvement in both CPQOL Function and Participation scores at 6-weeks and 6-

months and Participation at 12-months following BoNT-A.  

Few studies have evaluated change in QOL in ambulant CYPwCP following lower 

limb BoNT-A.  However, in keeping with the improvement shown in this study, Dai 

and Demiryurek (2017) reported a significant short term improvement in QOL as 

measured by the Child Health Questionnaire (CHQ), comparing two groups receiving 

BoNT-A with and without casting. Significant improvements in QOL scores were 

reported in both groups at 6 weeks and these were improved further at 12 weeks 

post BoNT-A (p<0.001).  In contrast Hastings-Ison et al. (2016) also used the CHQ as 

a proxy measure to assess health-related QOL, comparing two BoNT-A injection 

frequencies but reported no significant change.  
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Kelly et al. (2019) used CPQOL to evaluate change in QOL following BoNT-A, 

evaluating two methods of casting and found no significant improvement in either 

group at 2 or 6 months following BoNT-A treatment. Thomas et al. (2016), 

evaluated two methods of physiotherapy intervention, group versus individual 

following BoNT-A and also found no significant difference between the groups on 

Function or Participation domains of the CPQOL. It was hard to evaluate change 

within the groups, as detail was lacking about within group differences following 

BoNT-A.   

It has been suggested that absence of evidence evaluating the impact of 

interventions in CP might be related to a lack of sensitivity of QOL tools (Davis et al., 

2009, Kelly et al., 2019).  Parents may express disappointment in the magnitude of 

change following treatment and this may be reflected in no significant change in 

QOL outcome (Löwing et al., 2017, Weigl et al., 2007). Others have suggested the 

ceiling effect of the CPQOL may influence the results especially if there are high 

scores at baseline (Reedman et al., 2019). This could explain why CPQOL was 

sensitive enough to pick up change in this study as baseline scores appeared 

relatively low, 67.5% for Function and 56.7% for Participation. However, a lack of 

detail about baseline scores in the other studies makes this difficult to confirm, and 

the absence of MCIDs or score parameters further limits this interpretation. 

9.6 Duration of response – re-injection interval  

Within this study both statistical and clinically significant improvement in activity 

measures were observed up to twelve months following BoNT-A after adjusting for 

clinical confounders. This is in keeping with other research which followed up 

children beyond six months post injection (Hastings-Ison et al., 2016, Löwing et al., 

2017). An improvement in ICF impairment scores was also noted, including a 

significant reduction in dynamic spasticity (technical response) in the injected 

muscle, which was still evident for more than half of the children at six months 

(52%) and 12 months (53 %).  
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The 24 children who had re-injection within the study period (37.5% of all 

participants), did so on average 41.3 (SD 4) weeks after the first injection within the 

study period. This interval was in keeping with other centres who reported longer 

intervals (9-12 months) between injection cycles (De Beukelaer et al., 2022, 

Desloovere et al., 2012, Molenaers et al., 2009). This is in contrast to many of the 

earlier published studies which followed 3-4 monthly injection cycles (Cosgrove et 

al., 1994, Koman et al., 2001, Wong et al., 2005). 

There is increasing evidence to suggest that changes within the muscle following 

BoNT-A last longer than the 12-16 weeks suggested in earlier studies (Aoki and 

Guyer, 2001). A number of researchers have demonstrated more long-term changes 

in muscle histology following a single injection cycle, in some cases over a year (De 

Coulon et al., 2022, Schroeder et al., 2009b, Williams et al., 2013b). Several studies, 

including this one, have shown that increased injection frequency does not afford a 

greater improvement in impairment or activity outcomes (Hastings-Ison et al., 2016, 

Kanovsky et al., 2009).  

Currently, there appears to be a move towards extending re-injection intervals, 

particularly in the paediatric population. However, it is of note that two recent large 

RCTs, sponsored by pharmaceutical companies for licensing purposes, described re-

injection frequencies in the region of 16 weeks (Delgado et al., 2016b, Heinen et al., 

2021).  The recent pharma-sponsored ‘TIM’ study reported re-injection frequencies 

of 16 weeks in 70.7% of participants, with a mean time to injection of 15.6 (5.2) 

weeks (Heinen et al., 2021). Delgado et al. (2017b) reported that 74% of their 216 

patients required re-injection at 16 weeks in their open label study following their 

double-blind RCT. Whilst both research groups acknowledged that longer injection 

frequencies are frequently seen in clinical practice, it may be pertinent to consider 

that the indication for re-injection was largely based on spasticity measures and not 

a change in activity or participation outcome. 
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9.7 Age and repeated injection cycles 

At the beginning of this study (2016), international clinical practice was increasingly 

driven by the adoption of more frequent (four-monthly) injection cycles for younger 

children as highlighted above.  This was based partly on the belief that intensive. 

(i.e., more frequent) treatment of dynamic spasticity with BoNT-A during the early 

stages of a child’s development could delay contracture development and provide 

more benefit regarding motor improvement (Graham et al., 2016, Linder et al., 

2001, Metaxiotis et al., 2002). This was founded on the seminal work referred to 

previously by Cosgrove and Graham (1994) which used a hereditary spastic mouse 

model, when frequent injections throughout the mouse growth period prevented 

the development of fixed muscle contracture and promoted muscle growth. 

Consequently, there were concerns that BoNT-A treatment could be overprescribed 

due to the increased frequency of injection episodes particularly in younger 

children, with potential harm to the growing muscle. 

A number of researchers suggested that younger children benefit from injections 

more than older children  (>8 years) and that treatment should be targeted to 

younger children between the ages of 2 and 5 years  (Franki et al., 2020, Hastings-

Ison et al., 2017, Molenaers et al., 2010, Multani et al., 2019a, Papavasiliou et al., 

2006, Strobl et al., 2015). Despite this drive to limit treatment to young children, 

others had suggested that with appropriate patient selection, identifying the 

presence of dynamic spasticity, older children could also continue to benefit from 

targeted treatment to improve function and reduce pain. They contended that with 

accurate patient selection criteria, age was not necessarily a precluding factor 

(Corry et al., 1998, Franki et al., 2020, Strobl et al., 2015). This is in keeping with the 

experience in clinical practice; suggesting that appropriate patient selection with an 

individualised focused approach, incorporating realistic goal setting to optimise 

outcome, is more important than the age of the child.  

Kahraman et al. (2016) suggested that the number of previous injection cycles had 

an inverse relationship to a positive response to BoNT-A treatment. This together 

with increasing concern about long term effects on growing muscle, led to a 
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suggestion by some authors to limit the number of injection cycles (Linder-Lucht et 

al., 2006, Shortland et al., 2013, Weigl et al., 2007).   

In this pragmatic study, which reflected usual clinical practice, there was an 

opportunity to evaluate the effects of BoNT-A treatment on older children and 

those who had a varied injection history. This represented a spectrum of children 

who had BoNT-A for the first time and those who had more than five previous 

injection cycles.  

The data from this study, supported by the use of multilevel modelling to adjust for 

clinical confounders, suggested that older children who were selected for this 

treatment often did better than younger children in QFM attributes and activity 

scores, as well as muscle selectivity, reduced tone and goal attainment. This was 

partly in keeping with the work of Franki et al. (2015) who found increasing age in 

their study to be associated with an improved outcome using functional goals (using 

GAS and GMFM). However, they also found that younger children had more 

significant reduction in tone, which was not supported by the data from this study.  

The number of children in the older age group within this study, as in other CP 

research, was significantly smaller than those in the younger treatment group. This 

would suggest that the eighteen children in the older group, (28%), who continued 

to receive injections were already a self-(and-perhaps-clinician)-selecting group 

where yearly BoNT-A injections had resulted in functional benefits.  They had 

therefore chosen to continue with treatment with 50% of them having had more 

than three previous injection cycles.  

The results of this study showed that previous injection history did not appear to be 

significant in predicting outcome in any of the variables measured. Our findings are 

in keeping with the work of a number of researchers. Schasfoort et al. (2018) found 

no significant difference in outcome associated with the number of previous 

injection cycles. Read et al. (2016), in a retrospective analysis of three injection 

cycles found significant improvement in gait as measured by the Edinburgh Visual 

Gait Analysis Scale and a maintenance of gait quality in children with equinus after 
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the second and third BoNT-A injection cycle. More recently Delgado et al. (2017b) 

reported sustained clinical improvement in hypertonia and goal attainment over a 

12 month period following up to four repeat injection cycles.  

However, it is challenging to evaluate the effect of repeated injections due to a 

paucity of longitudinal studies evaluating outcome of children following several 

injection cycles. Those that do invariably have small numbers of participants making 

it difficult to draw conclusions. Kahraman et al. (2016), found a lack of information 

regarding repeat injection cycles in the thirteen studies they reviewed. Based on 

their results, they could only find evidence to support functional gains following the 

first two injection episodes  and insufficient evidence to review the effect of 

multiple injections. Evidence would suggest that the majority of children appear to 

discontinue treatment after 2-3 injection cycles, the reasons may be multifaceted 

but most likely due to the progression of dynamic contracture to fixed contracture 

due to the natural progression of CP (Multani et al., 2019b, Weigl et al., 2007). 

9.8 Safety  

There appears to be a general consensus regarding the systemic safety of BoNT-A 

treatment within the paediatric population. Kahraman et al. (2016) and Matthews 

et al. (2016) reviewed data from more than 800 children and concluded from the 

evidence that BoNT-A treatment was considered safe with a low incidence of 

treatment related adverse events when injected into the lower limb muscles of 

CYPwCP. This was confirmed by the data in this study where a small number of mild 

transient side effects were reported, which were in keeping with other studies in 

the field (Guyot et al., 2019, O'Flaherty et al., 2011, Paget et al., 2018a).  All were 

completely resolved by the first post injection assessment at 6 weeks. 

9.9 Strengths and Limitations  

This was a large single site pragmatic mixed methods longitudinal clinical study.  The 

inclusion of outcome measures within all domains of the ICF enabled an evaluation 

of BoNT-A efficacy in areas considered important to CYPwCP.   
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Whilst RCTs are frequently considered to be the research design of choice, it has 

been recognised that mixed methods research may be best placed to evaluate 

interventions in CP. BoNT-A use is an accepted treatment modality and as such a 

control group was not deemed appropriate. It is recognised that in the absence of a 

control group it may not be possible to completely understand to what extent the 

changes observed within this study are totally attributable to BoNT-A. Nevertheless 

the robust longitudinal research design ensured that the timing and magnitude of 

changes in relation to baseline may provide some certainty to the study findings.  

This study was keen to evaluate real world ‘performance’ of pragmatic clinical 

research, as opposed to the controlled snapshot of ‘capacity’ as is frequently 

evaluated in a controlled trial setting.  Within this study children had a combination 

of muscle groups injected which reflects current clinical practice which frequently 

adopts a multilevel approach (Molenaers et al., 2001). Co-intervention is 

acknowledged as an essential part of BoNT-A treatment and this was recognised 

within this study. The reality of clinical practice is that children do not exist in a 

vacuum and have the complexities of real life representing behavioural factors 

(such as personality and motivation of both child and family) and environmental 

factors (such as therapy, recreational activities etc). It is important that research 

captures real life situations which can advise other clinicians who may be in similar 

situations with a similar patient group.  

There is also the added dimension within the paediatric population of natural 

growth and development of skills as well as the acknowledged limitations of the 

progression of musculoskeletal changes in CP. This study has sought to relate all 

statistical changes to published MCIDs where available, in order to provide context 

about meaningful practical change in addition to statistical significance.  

This is the largest reported study using QFM to evaluate change in movement 

quality in CYPwCP and to date there has been no published work evaluating QFM’s 

responsiveness to change following an intervention such as CP.  The QFM allowed 

the standardised quantitative assessment of movement quality which was able to 
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move beyond qualitative descriptions of change in movement quality using ‘gestalt’ 

based ratings.  In order to minimise bias and ensure robustness of the QFM analysis, 

the researcher was blinded to treatment order without access to previous scores 

for each child’s QFM assessments.   

The results from this study suggest that there was an improvement in movement 

quality following BoNT-A treatment. The difference between the timing of response 

for each QFM attribute over the 12-month period was interesting and has clinical 

implications which can assist in orientating treatment programmes targeting 

specific areas following BoNT-A intervention.  

A strength of the study was the use of multilevel modelling to adjust for clinical 

confounders in the study. These aimed to address some of the complexities of 

clinical practice, such as age, GMFCS Level, previous injection history and variety of 

muscles treated, so that the adjusted effect of time on the ICF outcomes studied 

could be evaluated. The number of children involved in this single site study was 

larger than many similar single centre studies in the reported literature following 

BoNT-A intervention. Nevertheless, the use of multiple models for this number of 

participants should still be considered exploratory. 

Another strength of the study was that data were collected by an established 

experienced clinical team who followed a standardised testing protocol which has 

been in use in the clinical setting for 10 years. To ensure reliability in the study 

assessments the clinical team had two training days prior to data collection 

commencing and regular monthly reviews with the researcher to ensure protocol 

adherence during the 18 month of data collection. The data collection did not differ 

from usual clinical practice.  

Limitations 

As this was a pragmatic study, children’s clinical care followed the usual trajectory 

including re-injection when indicated. Consequently, there was a variation in the 

number of treatment episodes each child received within the 12 month study, 
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which was in keeping with a number of other longer term studies (Delgado et al., 

2010, Fehlings et al., 2016, Tedroff, 2009). Whilst this was considered a strength of 

the study, improving the generalizability of the results to clinical practice, it was also 

considered an additional confounder and was therefore adjusted for during 

multilevel modelling.  

One aspect that was not controlled for in this study was the therapy that the 

children received and whilst this was a limitation it was also a realistic evaluation of 

pragmatic clinical practice. All children received a programme of strengthening and 

targeted training in functional activities. The study was not designed to compare 

different methods of therapy, because in clinical practice therapists require 

flexibility to meet individual children’s clinical needs and goals. The minimal level of 

therapy (4-6 weeks) was met for all children in the study.  Usual practice for 

orthotics and serial casting was followed as determined by the local team.  

Measurement tools 

Standardised validated outcome measures were used throughout the study. Whilst 

the aim was to capture children’s usual performance, in reality many of the 

outcomes measured capacity and were unable to capture capability and complex   

performance, including endurance. This is especially true for the walking tests, 

whilst tests were chosen for ease and respecting families’ time constraints, portable 

inertial measurement units such as accelerometers and ‘Fitbits’ may have more 

accurately measured everyday performance. 

The limitations of questionnaires to measure change in participation and HRQoL 

have been highlighted. Whilst families were encouraged to complete the 

questionnaires together, there was a limitation in hearing the child’s voice directly 

evaluating treatment as all the study measures were proxy measures. Nevertheless, 

children’s opinions were sought at all assessment time points and during all activity 

assessments. 
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Chapter 10 Phase II- Qualitative study methodology 

10.1 Introduction 

Cerebral Palsy (CP) is a lifelong neurological condition and despite advances in the 

field, individuals with CP continue to experience substantial barriers to participation 

in everyday life. Current intervention strategies for CP remain limited (Honan et al., 

2022) and interventions often require sustained and significant commitment by 

families for what is considered by many to be small functional gains (Novak, 2014). 

Botulinum Toxin A (BoNT-A) treatment is one such intervention and although it is 

considered an accepted treatment modality for the management of spasticity in 

children with CP, the benefits on function and participation are relatively unknown.  

BoNT-A treatment involves significant commitment from children and families due 

to the need to repeat injections in some cases two to three times a year and 

frequent assessments evaluate the need for, and subsequent impact of the 

treatment (see 4.1.4). Children are often taken out of school for these 

appointments and parents need to take time away from work. Our aim was to 

understand the experience of children and their families undergoing BoNT-A 

treatment and investigate whether standardised assessments, together with 

current treatment procedures, reflect what is important to children and their 

families when evaluating the impact of lower limb BoNT-A injections. 

10.2 Aim of the qualitative study 

The perspectives and experiences of parents and children about their values and 

beliefs remain largely absent when discussing success of interventions (Rosenbaum 

and Gorter, 2012).  With limited qualitative research in this field, the aim of Phase II 

was to understand children’s and parents’ views and experiences of BoNT-A 

treatment, enabling the final research question in this study to be answered: 
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“Investigating the experiences of BoNT-A treatment- Do standardised clinical and 

patient reported outcome measures relate to child and parent perceptions of 

response following BoNT-A treatment?” 

10.3 Design 

Phase II was the qualitative component of the concurrent mixed methods study. It 

encompassed patient centred research, comprising an interpretive descriptive 

design with semi-structured interviews with children and parents.  All the interviews 

and interpretative analysis were carried out by the researcher (LK) and 

subsequently the qualitative findings were integrated with the quantitative data set 

to ensure an integration of all results ensuring true mixed methods research. 

 

An interpretive descriptive design was deemed an appropriate methodological 

approach, as it was able to address ‘complex experiential questions, whilst 

producing practical outcomes’ (Thompson Burdine et al., 2021). The primary goal of 

interpretive design is to address an applied health research question, in this case 

‘BoNT-A use in CP’ and create understanding that is of practical importance to the 

clinical area. It has been described as “an inductive method of qualitative 

research that involves the formation of a description, but then moves this 

description beyond the self-evident to further discover potential ‘associations, 

relationships and patterns within the phenomenon’ (Thorne, 2016) with a focus on 

bringing the analysis back into the context of the practice field” (Stevenson et al., 

2015).  

 

The mosaic approach, combining the ‘traditional methodology of observation and 

interviewing with the introduction of participatory tools’ was selected to guide 

interviews with children and young people (Carter and Ford, 2014, Clark and Moss, 

2011).  This multi-modal approach to data collection is underpinned by the view 

that CYP are experts in their own lives and should be afforded the opportunity to 

share their views whenever possible. Within both clinical settings and in research, 

parents are often consulted on their children’s behalf (Stålberg et al., 2016), which 
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is not necessarily what families want or what yields the most accurate information 

(Verkerk et al., 2021). Generating ‘real’ descriptions of children’s experiences, using 

their own words, was seen as fundamental to this component of the study, ensuring 

that ‘true’ results were captured (Bowling, 2014, Rees, 2011).  The mosaic approach 

utilises a toolkit of different creative techniques to ensure that activities are 

accessible to all participants, acknowledging not only their different skills and 

personalities but also their cognitive and physical abilities (O'Grady and Dusing, 

2015). This was particularly important for children and young people with cerebral 

palsy who can have a range of physical and cognitive impairments.  

  

Whilst it is important to hear directly from children and young people, the 

significant role parents have in evaluating interventions for their children was also 

recognised in assessing realistic outcomes that are meaningful to children and 

families (Clarke et al., 2016).  Including semi-structured interviews with parents 

ensured that their perspective was also heard (Jette and Haley, 2005).   

10.4 Sample and recruitment 

A purposive sampling matrix (Mathison, 2005) was used to identify child-parent 

dyads from the Phase I study sample who were characteristically representative of 

the study population. A target of at least five CYP was selected from each GMFCS 

level I, II and III, following review at six months and invited to participate in this 

phase of the study. It was anticipated that a small diverse sample would be able to 

provide the depth, complexity and richness of information required for this 

qualitative element, involving reflexive thematic analysis of the data (Bowling, 2014, 

Braun and Clarke, 2021b, Carter and Henderson, 2005, Rees, 2011). 

In order to ensure a representative sample within each GMFCS level, CYPwCP with 

good, moderate and poor response to BoNT-A were invited to take part in the 

qualitative component (see Table 10-1 for predetermined end points). To categorise 

participants for Phase II of the study, clinicians were asked to evaluate whether 

there had been a good, moderate or poor response to BoNT-A during the T2 

assessment at six months. This was based on the clinician’s perception of the 
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change in dynamic tone (spasticity) as measured by change in R1 on the Modified 

Tardieu Scale (see 4.2.2).   

Response Summary R1 

Good 
Dynamic catch significantly reduced or 

abolished 
≥50% reduction in dynamic 

catch 

Moderate Dynamic catch partially reduced 
<50% reduction in dynamic 

catch 

Poor 
Dynamic catch unchanged or increased 

(i.e. deterioration) 
0< 0 % 

Table 10-1 Summary of response to BoNT-A for Phase II 

Parents were reassured at each stage that participation in the study would not 

affect their CYP’s access to BoNT-A treatment. 

LK contacted families by telephone after reviewing clinic lists and patient notes to 

identify eligible participants and invited families to confirm their agreement to join 

Phase II of the study. A convenient date for interview was then arranged by the 

researcher. A Patient Information sheet (PIS) was given to each family explaining 

the details of Phase II and a separate consent/assent form was completed prior to 

the interview for families who agreed to take part (Appendix 14.2). Recruitment 

continued until there was a balanced group with representation from all GMFCS 

levels. The first interview took place in October 2018 and the final interview in 

January 2020. The delay in recruitment was associated with an overall delay for the 

study of recruiting children in GMFCS Level III. 

10.5 Semi-structured interview schedules 

Interview schedules were developed by the researcher following training in the 

mosaic approach and coaching in interview techniques.  The key areas to explore 

during the interviews were identified for both children and adults, reflecting gaps in 

the existing research and supported by expert members of the supervisory team 

(KO) with expertise in qualitative research.  

Priority was given to questions exploring CYPwCP and parent attitudes and 

experiences related to their most recent BoNT-A intervention. This involved 
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evaluation of the procedure, exploring the impact of treatment and changes that 

were important to children and families.  However, interview schedules were also 

designed so parents and children could share their experiences about any stage in 

the procedure of receiving BoNT-A injections. These also included specific prompts 

to help encourage more in-depth conversation when required (CYP- and 

parent/carer-specific- see Appendix 14.5). 

Interview schedules were modified following consultation with the study steering 

group, comprising two CYPwCP and their mothers.  The steering group members 

met in person and provided feedback on the overall content of the interview 

schedule, as well as commenting on specific wording and methods of engaging 

families in the interview process.  

They suggested that parents and children should be invited to ‘chat’ or ‘talk’ about 

their experiences, rather than be ‘interviewed’. ‘Interviews’ were deemed by the 

study steering group to be too formal and could be considered intimidating for 

some families. The children from the study steering committee in addition to two 

young children aged 5 years and 12 years (one child with CP and her typically 

developing sibling), were also consulted about the different methods to be used in 

the Mosaic approach, such as use of playmobil™, drawing and postcards in order to 

confirm their suitability for children and young people. A number of extra figures 

were added to the toys available, such as spiderman to broaden the appeal to 

young children. Each child was given a personalised certificate of thanks and a 

choice of stickers following the interview (Appendix 14.5). 

The refined interview schedule was sent for review by the hospital Young People’s 

Advisory Group, (YPAG) which comprises a diverse group of children and young 

people receiving treatment at GOSH for a variety of conditions. A short explanation 

of the main topic areas and information that the researcher wanted to gain from 

the interviews were provided to the YPAG, who were asked to comment on the 

wording and content of the proposed interview schedules for both adults and 

children.  
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The importance of gently easing families into the subject of BoNT-A treatment was 

highlighted by both groups, as well as providing opportunities for them to talk 

about what kind of activities they/their children liked to do and allowing 

participants to elaborate on the impact of BoNT-A on different areas of their 

own/child’s life. These were subsequently emphasised in the interviews.  

All interviews were carried out by the Researcher (LK). Questions were asked in an 

open manner to encourage conversation and explore the interviewee’s own 

thoughts rather than be directed by the researcher.  Using this approach offered 

the opportunity to investigate the experiences of both children and their parents, 

allowing a description in their own words, ensuring that the true results were 

captured (Horstman et al., 2008). Conversation continued until everything on the 

topic guide had been discussed, or children and parents did not wish to say 

anything further.   

 

To aid recall, interviews with parents initially focused on the child’s most recent 

BoNT-A injection and experience of the procedure, with prompts to explore how 

this treatment may have impacted on a child’s activity and participation 

opportunities (drawing on the ICF framework to facilitate discussion). Any concerns 

about the assessment and injection procedures were also discussed.  Parents whose 

children had undergone more than one injection were asked to think about how 

their current experience differed or was the same as previous injections.  Parents 

and children were also encouraged to think about advice they would give to others 

about undergoing BoNT-A treatment.  

Families were given a choice between interviews taking place at the hospital or in 

their own home, however, all parents chose to be interviewed at the hospital whilst 

attending for another appointment. Whilst parents were offered the choice of being 

interviewed separately from their child, all chose to be interviewed with their child 

playing beside them. Similarly, all children chose to have parents with them 

throughout their interview.   
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A choice of different data collection activities was available to facilitate interviews 

with children about their experience of BoNT-A injections. Third person reporting 

was encouraged in order to reduce any potential bias that might have occurred 

from the families knowing the researcher (Oulton et al., 2017). These included:  

writing a letter to a friend who was about to have injections and asking the child to 

‘give them top tips’; a 3rd person craft activity using a cut-out cardboard figure of a 

child about to have injections for the first time; and structural play using 

playmobil™ set up as an injection room in the hospital.  Children could choose any 

activity and move between activities as they wished (see Figure 10-1). The process 

started with CYP being asked how they would describe having injections to their 

friends. 

 

    

        

 

Figure 10-1 Examples of craft activities for  interviews with children 

The interviews were audio recorded with permission from participants using a 

‘jigmo’ encrypted digital voice recorder. Recordings were labelled by [Toxin_study_ 
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participant number], downloaded and stored as Windows Media Audio files in a 

password protected storage folder on a hospital computer. Interviews were 

transcribed verbatim by a professional transcribing service (TAKENOTE™), stored by 

participant number and entered into a password protected database for analysis. 

Each transcript was validated by LK to check accuracy and completeness.  

10.6 Data Analysis 

Data were analysed using reflexive Thematic Analysis (TA) and followed Braun and 

Clarke’s suggested six phase framework summarised in Table 10-2 (Braun and 

Clarke, 2006, Braun and Clarke, 2019, Braun and Clarke, 2021a). The six-phase 

framework allowed interrogation of the data, patterns in the data were explored 

and themes were generated regarding the experience of BoNT-A treatment and its 

impact on children’s lives. The powerful information generated enabled insight into 

how closely the standardised outcome measures related to families’ experience of 

treatment. The results from this chapter are discussed in relation to the results from 

Phase I of the study (quantitative data) in Chapter 12 (synthesis chapter).  

Step 1.  
Familiarisation with the data 

Step 4. 
Developing and Reviewing potential 
themes 

Step 2.  
Generating initial codes 

Step 5.  
Refining, Defining and naming themes 

Step 3.  
Generating initial themes from 
coded and collated data 

Step 6.  
Write -up- producing the report 

Table 10-2 Six phase framework of reflexive thematic analysis (Braun and Clarke, 2019) 

The interviews were transcribed, and the anonymised transcripts were thoroughly 

read and re-read several times. The researcher (LK) coded the original transcripts 

and additional initial coding was also done by the supervisor (KO). These initial 

codes were discussed and reviewed in order to ensure the credibility of the findings 

acknowledging both the effect of the researcher’s familiarity with the families on 

analysis as well as the supervisor’s independence from the data. Quality of coding in 

reflexive TA  is not believed to stem from ‘consensus between coders, but from 

depth of engagement with the data’ and it is based on the reflexive process (Braun 

and Clarke, 2021b). This resulted in enhancement of the analytical power and 
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brought in different issues which helped to ensure the data was interrogated  in a 

richer way (Braun and Clarke, 2019, Braun and Clarke, 2021a). The trustworthiness 

of the results was addressed in that both LK and KO took an active part in the 

analysis of the data. The analyses were discussed in several meetings, and the 

construction of codes, categories and themes was decided upon through agreement 

between the researcher and supervisor (LK and KO). Quotations from the interviews 

are used to illustrate the categories. 

An initial search of the data resulted in the generation of initial codes. Data were 

not coded to fit a pre-existing coding framework but were instead ‘open-coded’ in 

order to best represent the meaning as communicated by parents and children in 

the interviews (Braun and Clarke, 2013).These codes allowed categorisation and 

exploration of patterns leading to development of initial themes, these were then 

reviewed and refined (Appendix 14.10). This approach enabled categories and 

themes and a final narrative to be generated inductively from the experiences of 

both parents and CYP in order to answer the research question (Figure 10-2).  

 

Figure 10-2 Reflexive Thematic Analysis (Braun and Clarke, 2019) 
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The researcher moved between different physical spaces when interrogating the 

data. Using different environments provided a conscious change in mood and ability 

to analyse the data. It was not a linear process but a recursive process between text 

codes and themes. This change allowed modification of the researcher’s analytical 

sensitivity and interpretive responsiveness to the data (Braun and Clarke, 2019, 

Byrne, 2021). Themes were revisited, refined and defined. The themes generated 

reflected the researcher’s interpretive lens and are supported by direct quotes from 

the transcripts (see Appendix 14.10 for examples of coding and theme generation).  

Whilst a predominantly inductive data driven approach was adopted in this study, 

there was also a degree of deductive analysis employed to ensure that the coding 

contributed to producing themes that were meaningful to the research question 

(Byrne, 2021), and also to ensure that the parent and child meanings that were 

highlighted and emphasised from the data were relevant to the research questions. 

It has been suggested that what is relevant within the data is not always apparent 

within the themes chosen by professionals (Peplow and Carpenter, 2013). 

Therefore, the final themes were shared with a family from the steering group 

(mother and son), as a form of ‘proxy member checking’.  The family recognised and 

identified with the chosen themes and confirmed the importance of experiences 

raised within the data, both of them believing that the themes mapped onto the 

assumptions they held about their experience of BoNT-A treatment.  
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Chapter 11 Results of Phase II  

This chapter summarises the results of the thematic analysis of the interviews with 

parents and children Firstly the demographics of the Phase II sample will be 

presented with information about administration of the semi-structured interviews. 

This will be followed by an in-depth analysis of the rich data provided by families 

and the themes identified within the data explored. 

11.1 Phase II study demographics 

Purposive sampling was used to identify 18 child-parent dyads from the Phase I 

study sample who were characteristically representative of the study population. 

There were no significant differences in age, GMFCS level or number of previous 

injection sessions when compared to the total sample. All parents who were invited 

to participate in Phase II agreed to be interviewed.  

Administration details 

Due to the semi structured design and mosaic approach for children, interview 

length varied with each family.  The shortest interview was 30 minutes and the 

longest 65 minutes, with a mean time of 55 minutes.  

The first four children interviewed were under 6 years of age (all girls). During these 

early interviews the girls were very absorbed in the craft activities with few 

comments made about their BoNT-A experience apart from the individual 

recollection of the injection experience. In subsequent interviews, the researcher 

used more structural play using playmobil, setting up a ‘clinic room’ to aid 

discussion about the BoNT-A experience and allowed CYP to carry on with the craft 

activity whilst interviewing the parent (see Figure 10-1). 

Direct quotes have been used to provide evidence of the themes and support the 

findings. Quotes are denoted in italic text, followed by details of the origin of the 

quote (e.g. [99,F,5,I,F_M]). This includes a unique participant identifier, child’s 
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gender (F=Female, M=Male), age (years) and GMFCS category (Level I, II or III) 

followed by interviewee (F= father, M= mother, C= child) and clinicians impression 

of response (G= Good, M=Moderate P=Poor) in order to trace back to coding for 

complete transparency and theme level coding.  

The demographics of the Phase II sample are summarised in Table 11-1. 

Baseline characteristics of participants for 
Phase II 

 
n  

Study participants  
(Female/ Male) 
Parent-child dyads  
Single parent (mother/father) 
Both parents  

 
18 (11/7) 

 
11(11/0) 

7 

Cerebral Palsy distribution  
    Unilateral  
    Bilateral 

 
9 
9 

Dominant tone presentation  
   Spastic 
 Mixed spastic/dystonic 

 
3 

15 

GMFCS Level (Responder: 
Good/Moderate/Poor)  
GMFCS Level I 
GMFCS Level II 
GMFCS Level III 

 
 

7   (4/3/0) 
6   (1/2/3) 
5   (1/2/2) 

Responder: (GMFCS Level I/II/III) 
Good 
Moderate 
Poor 

 
6 (4/1/1) 
7 (3/2/2) 
5 (0/3/2) 

Age years  
mean (SD) 
Range (SD) 

 
7.4 (2.8) 
4.2-12.5 

Age Strata 
4-8 years 
9-18 years 

 
14 
4 

Co-morbidities  
(Learning difficulties/Autistic Spectrum 
Disorder) 

 
8 (7/1) 

BoNT-A treatment 
Median number of injection sessions 
(25th,75th) 

 
2.5 (1,3.3) 

First injection (Toxin naïve) 
Second injection 
Third injection 
Fifth injection 
Seventh injection 

9 
4 
3 
1 
1 

 

Table 11-1 Demographics for participants in Phase II of the study 
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11.2 Summary of the Thematic Analysis of Phase II interviews 

An overarching theme of uncertainty and anxiety was generated from data from the 

parents’ interviews.  Uncertainty was expressed not only in relation to the BoNT-A 

treatment process but also regarding their child’s diagnosis of cerebral palsy and 

what this meant in reality for their everyday lives.  

Underpinning the central theme were six interlocking subthemes which have been 

summarised in Table 11-2.  

Sub themes Categories 

Drivers for treatment 
Uncertainty about the future- anxiety 

about doing the right thing? 

Botulinum Toxin A 
Uncertainty about the effects of the 
drug and anxiety about the injection 

procedure 

Engagement 
How to manage uncertainty and 

anxiety, what works what doesn’t. 

Impact seen through the lens of the 
ICF 

Uncertainty about how it will really 
affect children’s lives 

Managing expectations 
Uncertainty about how children will 
respond -The good the bad and the 

ambivalent. 

Measuring Outcome Uncertainty- should we do it again? 

 

Table 11-2 Themes and sub-themes generated from the data  

The process of data reduction has been illustrated in the thematic map shown in 

Figure 11-1 and each of the subthemes will be discussed in turn in the following 

sections.  



 

 

 

Figure 11-1  Final Thematic map based on Braun and Clarke (2019) 
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11.3 Drivers for treatment  

“When you've got a child with cerebral palsy you are so desperate 

for that child to run around”  

Interviews did not focus directly on the trigger for seeking BoNT-A treatment, but 

did nonetheless reveal some of the reasons why parents chose to undergo this 

relatively invasive procedure of multiple injections for their children.  These were 

described in relation to three specific areas:  

• Physical symptoms, managing pain and impairments associated with CP 

• Parents’ desire for their child to keep up with their peer group   

• Parents’ feeling the need to intervene in some way to help their child and 

minimise the effects of CP.  

A consistent thread was parental uncertainty about their child’s future living with 

CP. Uncertainty about knowing the best thing to do for their child but feeling like 

that they had to try something. Many parents expressed the feeling of having 

nothing to lose from their child trying BoNT-A injections. Further uncertainty was 

highlighted around the subsequent decision making about putting their child 

through more injection cycles. 

11.3.1  Managing pain and symptoms  

In some cases, parents described how their child’s physical symptoms pre-injection 

had led them to seek treatment. Often the reason for seeking treatment was 

inferred, but most frequently success of BoNT-A treatment was measured in terms 

of activity and physical symptoms: 

She can go longer now; she doesn’t get pains in her legs.   

[37,F,5,I,F_M] 
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This father described his daughter’s increased walking distance following injections 

due to less pain. Similarly, another parent enthusiastically recommended BoNT-A to 

other families as her son had experienced relief from pain caused by stiff muscles: 

If their legs are really tight or ... part of their body’s really tight, 

and they’re finding difficulty within pain.  I would definitely 

recommend it. [56,M,9,II,M_P] 

The encouragement for other children to try injections was also reflected by a 

mother of a four-year-old girl, whose daughter had injections for the first time. The 

family had hoped for relief of her physical impairments, but also described 

improved mobility as an unexpected ‘bonus’ following treatment: 

It's always worth a try and I would recommend [it ]… you've got 

the bonus of getting some mobility back [66,F,4,III,M_P] 

Often there is a degree of uncertainty about treatment outcomes and what parents 

can do to manage their child’s disability, as highlighted in the above quote. In the 

case of this family, they were keen to try injections considering it ‘worth a try’ as 

doing nothing was not an option for them.  

11.3.2 Keeping up with peers  

Whilst relief from physical symptoms were highlighted by some parents as an 

important driver for seeking BoNT-A treatment, another key motivation for 

treatment was to improve mobility and help children keep up with their peers.   

Parents understandably compared their child’s physical progress with their typically 

developing peers, expressing uncertainty and anxiety about what the future might 

hold. In order to facilitate their child’s inclusion in the wider community, they were 

willing to intervene in any way possible to help their children and minimise the 

effects of CP.   
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Parents strived for children to realise their full potential and fit in with their peer 

group, as highlighted in this quote from the mother of a four-year-old with limited 

motor ability who walked using a walking frame:  

You are so desperate for your child to have a full life for me the 

participation outweighs everything [66,F,4,III,M_P] 

Interacting with typically developing peers, particularly within physical activities 

such as Physical Education (PE) lessons or in the school playground can often 

highlight to parents and children alike the extent of the disparity in their motor 

ability in comparison to their friends. As this mother pointed out, the school day can 

bring added challenges for a child with CP: 

How they fit in at school and whether they’re able to keep up in 

P.E…. Emotionally, it’s that you really don’t want them to feel left 

out in any way [5-year-old girl, GMFCS I][1,F,5,1,M_G] 

This mother’s quote also highlights the emotional challenges that parents can face 

when observing their children not keeping up physically, as well as alluding to the 

emotional struggles the child may encounter. 

Parents frequently seek treatment at specific milestones and transition points in 

their children’s lives, with the concept of ‘fitting in’ repeated in several different 

accounts. Starting school for the first time appeared to be a particular ‘touchpoint’, 

as a mother whose child had limited motor ability (GMFCS III) explained: 

I wanted it done before school so that when she went into school 

she didn’t feel as restricted, which seems to have worked. 

[70,F,4,III,P_M]  

In this case the timing appeared to work well, improving her daughter’s motor 

ability at the right time for her. This has implications for practice when thinking 

about how much clinicians allow families to control the timing of BoNT-A injections.  
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Acknowledging a parent’s expertise about the best time for treatment may help 

reduce anxiety and stress for families. 

The theme of ‘fitting in’ and ‘keeping up’ appeared to become even more important 

as children grew, and their physical differences became more obvious.  Parents 

were increasingly aware of their children being ‘left behind’, cognisant of the gap 

between them and their typically developing peers widening.  

The issue of being different from their peers was highlighted by many parents. This 

appeared to become more distressing for children as they become increasingly 

aware of their own reduced motor ability and in many cases increased muscle 

stiffness:   

As he's getting older, he's noticing the difference a bit more, so it 

is getting a bit harder, because he's a bit behind I suppose. But he 

still tries to join in and tries to keep up. [19, M, I, 6, M_M]  

This mother reported being prompted to seek BoNT-A treatment for her six-year-

old child in response to things ‘getting harder’ for him. 

The driver for parents to improve their child’s motor ability was not solely related to 

physically keeping up with their peers but also about ensuring that opportunities to 

socialise and make friends were not compromised: 

She’s got to live with it [CP] her whole life.  So, it’s about her 

having a positive attitude towards it.  It’s really important. 

Because they're going to have to maintain it for their whole life, 

and it shapes who they are.  A big part of it, also, is the social side 

of having cerebral palsy, because you might not interact with 

others as much because you just don’t physically put yourself into 

those spaces. [16,F,4,I,M_G]   
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This quote highlights particularly well the pressure on parents to prepare their 

children to live with a ‘lifelong’ disability within today’s society, and not let physical 

restrictions limit them or inhibit their opportunities to participate.  

It was apparent that the desire for some children to physically fit in with their peers 

could lead them to increase their risk of injury. This was highlighted by one mother 

who shared that whilst she was grateful her son could walk, his yearning to fit in 

brought about its own complications:  

Yes, I’m upset. I’ve put a lot in … you know, he can walk, so I’m 

grateful for that, and he’s really determined as well. Like, he 

hasn’t really been using his frame in school because he doesn’t 

want to be different. He says he does fall over and stuff. He hasn’t 

got very good balance, but it does make me sad to see the way 

he’s walking because it’s worse now, when it shouldn’t be really … 

It is affecting him quite a lot. He feels left out. [59,M,6,III,M_P]  

As in the case of many of the parents, increased impairment and activity limitation 

in her son prompted this mother to seek treatment, ultimately to avoid him being 

socially excluded.  The situation was clearly emotionally difficult for the mother and 

the child and highlights the multi-faceted challenges which families experience.  

A number of parents talked about their children’s feelings of frustration particularly 

in relation to their tight muscles and inability to walk independently. The physical 

consequences of not being able to keep up, did in some cases, cause children to 

‘self-harm’ out of frustration. One father of a child with a more severe motor 

impairment described how BoNT-A injections had a positive effect on this aspect of 

his daughter’s behaviour:  

 The only thing she ever asks me is why doesn't my legs work?  … 

Because the frustration when she would hit herself in the head, it's 

like her head didn’t work and she'd slap her head to make her 

head work. She hasn't done that for months now.  [66,F,4,III,F_P] 
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This quote highlights the distress some children experience when they realise that 

their bodies don’t work in the same way as their friends. This underlines the extent 

of the emotional as well as physical challenges children with CP may be facing when 

families consider BoNT-A treatment.  

Several parents shared the challenges regarding their child’s changing attitude to 

their own disability. It was apparent that a desire to keep up with peers changes 

with age as does their frustration with their own lack of mobility. This was often 

provoked by increased contact with children and adults outside the immediate 

family and friendship circle, such as when starting school: 

This is the age now where he's starting to notice. Like, before, it 

never really bothered him, but he's now, noticed that there are 

things that his friends do that he can't do and he does get very 

angry, very frustrated. [51,M,5,II,M_G] 

The physical limitations have had a negative effect on this five-year-old boy’s 

emotional well-being and his mother identified his lowered self-esteem and anger 

as a driver for her to seek intervention to help with her sons’ walking ability.   

The emotional impact of children keeping up with peers was re-iterated many 

times, giving insight to the emotional distress of the parents as well as the child 

seen through the parents’ eyes, as illustrated in this quote from a mother of a four-

year-old  

When you've got a child with cerebral palsy you are so desperate 

for that child to run around with her peers and have a full life, 

because children don't stop, they will run and expect you to run .. 

and if you can't keep up, which she couldn't do, she would just sit 

in a corner with her head dropped. So, for me participation 

outweighs everything. [66,F,4,III,M_P]    
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In this example, this mother expressed the extent of the emotional impact of her 

daughter not fitting in with her peer group at four years of age. She sought out 

treatment because she was willing to try any opportunity to improve her child’s 

participation and sense of belonging with her peer group.  

The data highlighted the interplay between impairment at the level of body 

structure and function and reduced motor ability, which could subsequently limit 

participation. Parents shared their concerns about reduced mobility adversely 

affecting their child’s emotional wellbeing. As highlighted earlier if you “don’t 

physically put yourself into those spaces” the interaction can’t happen between 

children and their peers. Important opportunities to socialise can be missed. 

11.3.3 What have we got to lose? 

Many parents highlighted the desire to intervene to help relieve their child’s 

physical impairments associated with having CP. They described the need to just 

‘do’ something, despite uncertainty about whether treatment options, such as 

BoNT-A, would work and were safe:    

You don’t know something’s going to work unless you try it, and if 

it doesn’t then you don’t do it again. But …, you know, if they get 

harmed in the process, and it makes them worse, at least you’ve 

done it with the intention that it was going to make them better, if 

that makes sense. [59,M,6,III,M_P] 

Despite this mother, and other parents, taking a very pragmatic approach to trying 

new interventions, others did acknowledge the reservations and concerns they had 

about having to put their child through repeated injections:  

It's never an easy decision to put your child to have more injections 

in their leg and all of that, but there's no downside and I think 

that's the important thing. We've seen nothing that's negative 

from the Botox. [66,F,4,III,M_P] 
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This quote provides insight into the potential dilemmas parents face when having to 

decide whether or not to continue treatment. As this mother concedes it’s not an 

easy choice, balancing continued treatment and potential discomfort of more 

injections with close evaluation of continued benefits for her child. In this family’s 

case they had not seen any harm.  

However, this contrasted sharply with another mother’s experience which had not 

been as positive and had resulted in little benefit for her daughter:  

Although we didn't want to put her through it, if it was going to 

benefit her then it was worth putting her through that. And after 

this second time, I was like I'm never doing that to her again 

because it didn't [benefit her]  [60,F,6,II,M_P] 

The data reinforced the challenging parental role of repeated decision making 

about choosing interventions which will impact on their child’s care. This element of 

uncertainty and pressure on parents to make a decision about treatments with a 

variable response can result in anxiety for families and guilt if there is no perceived 

benefit.  

What was apparent was that parents were faced with uncertainty about the likely 

impact of BoNT-A treatment on their child. The decision about whether to embark 

on treatment appeared to be a balance of parents’ experience of the perceived 

benefits of treatment. Parents relied on the experience of others to help make their 

decision and in turn shared their own experiences to support other parents:  

Hundred percent, hundred percent…. It's always worth a try and I 

would recommend everyone, the same way we've since met 

parents who've had Botox and they recommended it 

[66,F,4,III,M_P] 

Many parents stressed the variability in response and the differing impact of 

injections on different children, acknowledging that each child is different. Parents, 
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despite encouraging other parents to ‘give it a go’, also shared their own experience 

that BoNT-A wasn’t necessarily the ideal treatment choice for all children: 

Every case is different with cerebral palsy. If you've got a mild 

tone, then I'd definitely give it a go. But if you've got extreme tone, 

I wouldn't bother. [60,F,6,II,M_P] 

The data revealed the degree of pressure and the amount of responsibility placed 

on parents to decide not only about initial BoNT-A treatment but also whether to 

continue with subsequent treatment episodes. The mother in the quote above was 

rather disillusioned as she had put her child through a second set of injections that 

didn’t work but nevertheless it didn’t stop her advising other children to try it, 

adding the caveat that if muscles were too stiff there was an uncertainty as to the 

degree of response and personally, she ‘wouldn’t bother’. 

In contrast one father, who as a healthcare professional was perhaps more aware of 

the conflicting evidence surrounding the benefits of BoNT-A injections, shared his 

opinion:  

On balance looking at the evidence, as long as injections influence 

function I would recommend treatment …. Any improvement in 

function is valuable for any child, any improvement is a difference 

that’s appreciated [64,F,7,II,F_M] 

This example highlights that parents may be willing to opt for treatment often 

expecting only small gains, as any potential functional gains are worthwhile. This 

was confirmed by other parents, including this mother of a five-year-old girl who 

revealed that changes are often subtle and offered this advice to other parents:  

I’d think don’t expect a miracle….  Even if it didn’t change that 

much, I’m still glad we did it. [63, F , 5, II, M_M] 
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This quote re-iterates many parents’ underlying philosophy of ‘what have you got to 

lose?’ when choosing injections for their child. Despite some parents’ uncertainty 

about the efficacy of BoNT-A prior to treatment, the overriding theme from the 

data was the strength of parents’ willingness to try BoNT-A to improve their child’s 

condition. 

Parents sometimes had low expectations for success, framing their response in 

realism when expressing their disappointment with the treatment: 

I didn’t really understand how a needle was going to make a 

change in his leg. To begin with, to be honest. I did have a bit of 

hope, but I wasn’t expecting that because I just thought his leg 

was just past that point anyway, to be fair. [59,M,6,III,M_P] 

Other parents were hopeful for treatment success despite being realistic about the 

potential for treatment success:   

We knew it was only a 50/50 chance of it working…Yes, because 

they said her muscle tone was very extreme. [60,F,6,II,M_P] 

This highlighted that parents could still choose an intervention even when the 

outcome was relatively uncertain. In the absence of a ‘cure’ it has been said that 

parents are willing to try treatments if they believe there is a chance it will improve 

their child’s activity and the ultimate goal of improved participation (Honan et al., 

2022).  

Parents also shared concerns about treatment eligibility. Despite wanting to ‘give it 

a go’, in some circumstances, they felt judged about the mildness of their child’s 

physical impairment. Some families were uncertain as to whether permission for 

treatment with BoNT-A injections would be granted.   This quote, from a parent 

whose daughter had ‘good’ motor ability and could walk independently without the 

use of aids (GMFCS Level I), highlights this point particularly well: 
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The consultant said because she’s mild, the changes and what will 

happen to her, are almost too mild to be treated on the NHS. She 

just said it.  I wasn’t pressuring her or anything.  I was just like, 

what’s the plan or whatever?  But that’s what she ended up saying 

...  the next child came in with a big frame.  So, I know that’s just 

what they’re, sort of, focussing on…  But the thing is, it [botox] 

made such a difference for her.[16, F,4, I,M_G] 

This example, amongst others, highlighted a parental perception of a ‘hierarchy of 

disability’, in some cases dictating whether one child was more ‘deserving’ of 

treatment than another child with CP.  This mother expressed her frustration in 

relation to this, especially as injections did make a difference to her five-year-old 

daughter. Another parent framed this sense of hierarchy in terms of being ‘grateful’ 

that her child was able to access treatment when her condition was considered so 

‘mild’:  

I think the cases like her, I can so see how that would just slip 

through totally……….I think also that even something as advanced 

as a Botox injection is even available for something like this was 

just really encouraging….. so we are a massive advocate….. We are 

really, really pleased with the results, so for us it’s made a massive 

difference [1,F,5,1,M_G] 

This quote illustrates the significance of a positive response to BoNT-A treatment 

‘even’ in a child with a relatively mild motor impairment (GMFCS I) and provides a 

window on some of the complexities of decision making around what treatment 

interventions are deemed appropriate for different levels of disability. 

11.4 Uncertainty about treatment Botulinum Toxin A 

Botulinum Toxin has been classified as ‘one of the most potent neurotoxins known 

to man’ (Lamanna, 1959). Despite the fact that parents were willing to ‘give 

injections a go’ as highlighted in the previous section, understandably an element of 
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uncertainty regarding the use of BoNT-A as a treatment intervention was present in 

parents’ interviews. This uncertainty resulted in a heightened level of anxiety for 

many families. Some parents expressed feelings of anxiety related to all three 

stages of the treatment; before injections when considering the use of BoNT-A- the 

drug, the injection procedure itself, and following the injections, both in the 

immediate period post intervention but also when considering further injections 

once the effects of the injections had worn off.  

Parents were uncertain about whether they ‘were doing the right thing’. They 

stressed the importance of other people’s support in helping them prepare their 

child for a positive injection experience, particularly the professionals in the clinic. 

This mother emphasized the role of the adults around the child and their behaviour 

being paramount in shaping the experience for the child, making it a ‘big deal or 

not’:  

It’s how the adults around you behave, really effects if it’s a big 

deal, making it a big deal or not.  [16,F,4,I,M_G] 

She described the importance of adults’ roles in making any intervention a positive 

intervention. She went on to highlight that providing information about the 

practical details of the procedure would have helped them as parents prepare their 

own child. This mother urged the clinicians in the service to share other children’s 

experiences following injections, especially for those receiving injections for the first 

time.  

Because you’ve seen so many cases and you’ve seen the different 

things, that’s so helpful for a parent because we are only 

experiencing it with this child, so we really don’t know. 

[16,F,4,I,M_G]  

This quote highlights the importance of personal detail for families when seeking 

reassurance for treatment choices (nomothetic versus idiographic knowledge 

(Ashworth et al., 2019)). Professionals have a responsibility to try to alleviate 
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parental uncertainty by providing as much information as possible to families, based 

not only on their generic experience as clinicians, but individualised first-hand 

accounts from families.   

Some parents voiced uncertainty about what to expect from the treatment and 

were unsure about what injections could do for their child. This was the case with 

one mother who revealed that she had no preconceived opinion about what would 

happen before her son’s first treatment as “there was no point of view”:  

I didn’t really know what to expect.  It was just a wait and see sort 

of thing.    [56,M,9,II,M_P] 

However, uncertainty didn’t just affect the immediate family, as one mother 

explained:  

School also, they didn’t know anything.  They were like, ‘Oh, she's 

going to have this done.  We don’t know what that’s going to be 

at all.’ [16,F,4,I,M_G].  

More information would have helped her to advise school staff and other family 

members involved in her daughter’s care: 

So, that would’ve been helpful … maybe if you just say, ‘This is 

what the experiences of other people are.’  That really helps you, 

as a parent, to plan and to know [16,F,4,I,M_G]. 

This quote highlights what parents can find helpful when managing uncertainty and 

the resultant anxiety arising from this (further examples of family engagement will 

be explored later in section 11.5).  

11.4.1  BoNT-A -The drug 

Understandably there were concerns expressed by parents about the injections and 

injection procedure. This was multifaceted, as there was uncertainty expressed 
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about the effects and potential danger of the drug product, the process of injecting 

a known toxic substance into their child’s muscles, and the potential need for 

multiple injections.  

Parents were keen to do the right thing for their child, but one mother expressed 

her anxiety regarding BoNT-A:  

I didn’t really understand what Botox is, you know.  It’s a toxin 

which doesn’t sound very good does it?  So, it is a bit worrying as a 

parent, I was quite worried on that aspect. [63,F,5,II,M_M]  

This mother’s fears had been alleviated somewhat by information provided but she 

was mostly reassured by the fact that the treatment had been recommended by 

professionals in the clinic. However, a degree of hesitancy was still evident in the 

language used: 

I was given a couple of leaflets to read and stuff.  That sort of 

helped ease my mind a bit and I felt because that was what we’ve 

been recommended, so obviously, it can’t be all bad, if they do 

that. [63,F,5,II,M_M]  

Parents also expressed uncertainty about potential side effects of the drug, which 

are listed in some detail before a child’s first injection session:  

You don’t know what the side effects are….  they said something 

about they can lose control of their …bladder. [70,F,4,III,P_M]  

An element of uncertainty is necessarily introduced with the consent process when 

preparing children for injections and warning of the side effects. However, it was 

also apparent that anxiety was heightened in families when they considered there 

to be a ‘lack of transparency’ and uncertainty about what would happen during the 

procedure and the effects afterwards, as highlighted in this case: 
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So, we didn’t know what to expect …he kind of said that it might 

be an overdose the first time because you ‘don’t know how much 

you're giving’, but you are cautious.  I felt like there wasn’t that 

much information, actually, about that process at all … Each case 

is different, but it means that you're not prepared as a parent for 

what will happen [16, F,4, I,M_G]  

The use of emotive words such as ‘overdose’ and a perceived lack of accuracy by 

the professionals ‘you don’t know how much you’re giving’ highlights the degree of 

heightened anxiety for some parents. This was particularly pertinent for children 

having injections for the first time, as well as the significant role that professionals 

can play in accentuating or alleviating parents’ concerns. This quote reflects how in 

this case, the family were not provided with enough information at the time and at 

a level appropriate to their needs. 

The data also highlighted that not all parents expressed the same anxiety when 

choosing BoNT-A as a treatment option. One mother explained that her fears 

regarding the risks of treatment were allayed following information from her local 

medical team:  

Our paediatrician always told us about the Botox [BoNT-A]- it's not 

really a high risk thing, so erased any fears.  [66,F,4,III,M_P] 

This quote from the mother of a four-year-old girl gives some understanding into 

the decision-making processes that parents go through when considering 

interventions for their child. Families do share information with each other, do their 

own research and weigh up what they know about the perceived risks. However, in 

many cases, they are still very reliant on professionals providing information about 

treatments. As in the case of this family, their perception of risk of the treatment 

was shaped by the professional.  

In the case of this family and several others it was apparent that the decision to opt 

for BoNT-A was in the context of it being a relatively ‘low risk’ intervention 
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compared to an irreversible procedure such as orthopaedic surgery.  Another 

mother whose child was listed for a surgical review was not concerned about 

injections in the same way as she was about the operation: 

It's actually the physical operation that always worries me more 

than the actual giving of the injections. Whether it's going to be 

painful, whether she's going to be in distress [66, F, 4, III, M_P] 

This quote illustrates how aware parents are of the hierarchy of interventions that 

their child may be offered. 

Parents did express concern about the long-term effects of BoNT-A treatment and 

the uncertainty about repeating treatment. Concern was expressed by one mother 

in relation to the long-term effects of injecting BoNT-A into her child’s growing 

muscles. This quote highlights the apprehension about what that this might mean 

for her child:  

It's a shame there is no long-term scale of how it affects you later 

on life ... that is the downside [of BoNT-A], [66,F,4,III,M_P] 

However, she went on to rationalize any concerns she may have had regarding the 

long-term effects of injections for her daughter by outweighing them against any 

opportunity to improve her child’s participation and sense of belonging with her 

peer group: 

For me the participation outweighs everything, you are so 

desperate for your child to have a full life [66,F,4,III,M_P] 

This also underlines the struggle that parents often face having to make challenging 

decisions about treatments which could affect their child’s future health, weighing 

up the impact on different areas of their child’s life. 
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11.4.2 BoNT-A -The injection procedure   

The administration of injections, in a day case setting with sedation, understandably 

resulted in an element of uncertainty for parents. This included apprehension about 

what would actually happen on the day, as well as any pain or physical symptoms 

their child might experience following injections. This led to some families 

expressing anxiety about what their children would go through, with one family 

reporting that they had no idea what to expect when their child received injections 

for the first time:    

We didn’t know what to expect, and we didn’t know if the day 

after she had it, she’d be in a lot of pain from deep muscle 

injections, or if she’d go all wobbly and that would have a quick 

effect because you'd have to go wobbly and then it would be 

different.  Then she has to relearn how to walk.  So, we really 

didn’t know what to expect - [16,F,4,I,M_G] 

This quote demonstrates the obvious anxiety brought on by uncertainty regarding 

the whole BoNT-A procedure. This family assumed a loss of walking ability following 

injections. It highlights for clinicians how important it is for parents to be given 

enough information to prepare themselves for the intervention, so that they can 

best support their child.   

In several cases, the reality of the procedure was better than parents imagined. This 

appeared to be related to how well sedation had worked. As this mother shared, 

the amnesic properties of the midazolam sedation used prior to administering the 

injections was a positive experience as her child could not remember the 

procedure: 

So she just had a good time and she says that .. she can't quite 

piece it together, and we think that’s good. [16, F,4, I,M_G]  
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This contrasted to the experience of another mother who had a very stressful 

experience with her daughter’s procedure: 

I thought she wouldn't have a clue what was going on, let alone 

reaching for me and screaming for me to make them stop hurting 

her. [60,F,6,II,M_P] 

Children’s distress during the procedure, despite sedation, understandably results 

in anxiety for parents together with guilt for ‘putting their child through it’. 

Uncertainty about how children would respond to the injections on the day was an 

issue frequently reflected in the data.  It further added to parents’ anxiety regarding 

the procedure.  It was also more worrying for some parents when the child had a 

lack of awareness regarding what was about to happen, as one mother of a child 

with autism reported.  She shared her concerns that she was worried that she  

couldn’t prepare him before the injections:  

Yes, I was a bit anxious.  But more for him than me, because 

obviously he wasn’t very aware of what was going to happen, so it 

was me as a parent who was more scared and worried for him.  

But I felt so at ease. [7,M,12,1,M_G] 

This quote also highlights the mismatch between expectations about what could 

happen and what actually happened during the procedure. In this instance, the 

mother’s recollection of the event was in the end a positive one for both her and 

her son, as she ‘felt so at ease’ despite her initial worries and concerns.    

11.4.3 BoNT-A -Timing and extent of the impact 

Uncertainty regarding the impact of BoNT-A treatment was frequently expressed by 

parents, both short term and long-term following injections. The data suggested 

that having not only the correct information, but also knowing enough detail about 

the variety of different responses to treatment, was empowering for families.  
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There was a great deal of uncertainty about when the families might see a response 

following the injections, as these parents noted in relation to their son’s first set of 

injections: 

I think the first time we thought he’s going to be like jelly, but no, 

it was nothing like that. That’s what I expected, but it was nothing 

like that, he was absolutely the same as it was the day before 

[33,M,4,III,M+F_G].  

This family was preparing for the worst but saw no change at all. Conversely, 

another mother of a four-year-old girl, also having first time injections pointed out 

that more information would have allowed them to plan for all eventualities: 

If you said … it could kick in at 24 hours, or it could take up to four 

to six weeks.  It would pick up and really you don’t notice it, or you 

might notice it straight away.  It’s a gentle thing, you know, that’s 

the other thing.  It’s not this sudden thing where everything goes 

floppy.  I thought she wouldn’t be able to walk because this muscle 

would be floppy and that she’d have to re-organise.  It’s quite a 

gentle thing when it kicks in.  That would have been really helpful 

to know. .…[16,F,4,I,M_G]  

Being aware of the facts appeared to enhance the control families had over the 

procedure as well as improve their degree of ‘preparedness’ both for their child and 

their child’s wider community, such as school and friends.  

In some cases, discussion with other families prior to treatment introduced an 

element of doubt and uncertainty about whether the treatment would work at all 

for their child. However, the sharing of other families’ experiences was generally 

considered useful for providing realistic expectations for parents embarking on 

treatment for the first time. This was highlighted by one mother trying injections for 

the first time with her 12-year-old son:  
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I’d spoken to quite a lot of other mums, and some of them said 

that it’s worked with their children, and some of them said that 

they haven’t seen that much change. So, really, I went into it 

expecting that perhaps not, but for him it’s worked massively.   

[68.M,12,III,M_M]  

It was apparent that speaking to other parents often alleviated anxiety, lowering 

expectations as to the magnitude of response to expect: 

I wasn’t worried about it, I just wondered how effective it would 

be. Because I spoke to so many other people-, and they said, ‘mm, 

not that brilliant’. I mean, you don’t know how it’s going to be, 

because all children are different, aren’t they? They’re all different. 

For him, I think, I couldn’t tell you how much I think it’s worked for 

him … It’s fantastic. [68.M,12,III,M_M] 

Families with less access to shared previous experience appeared to have a greater 

degree of uncertainty and experienced anxiety in putting their child through the 

‘trial’ of treatment. One mother referred to the gravity of the situation, describing it 

as a journey which ended well: 

Yes, it did feel like a really big deal before we did it.  We were like, 

‘We’re going to experiment with this.  It’s going to be good for her.  

We’re not sure.’  Really, we were almost less happy to do it, but it 

was really good. :….  You know, it’s all a journey.…[16,F,4,I,M_G] 

This echoed the feelings of several other parents suggesting BoNT-A was another 

‘stage’ on their journey of navigating interventions for children with CP. 

11.5  Engagement- managing uncertainty and anxiety  

Although parents alluded to the anxiety and uncertainty they sometimes felt when 

embarking on their BoNT-A journey, the data revealed a number of elements which 
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helped to alleviate anxiety and provide more certainty. These appeared to focus on 

three areas of engagement related to; parents, children and the wider community 

all underpinned by the provision of information and adequate communication.  

Parents shared examples of what was helpful and not so helpful in managing both 

theirs and their child’s uncertainty around the BoNT -A treatment process. Weaving 

through the data were examples of engagement and rapport building, which 

suggested good examples of family centred practice when things went well. This 

was reinforced with good information sharing with parents children, and local 

community services. 

11.5.1 Parental Engagement   

Parental involvement and engagement within healthcare settings is recognised to 

be multifaceted in nature (Goodall and Montgomery, 2014). In practice, 

communication and engagement opportunities take place weeks before the 

injection procedure in the out-patient clinic. Baseline assessments occur and the 

BoNT-A process is explained in order to help families make an informed decision 

and try and alleviate anxiety and uncertainty. Clinics can provide a less pressured 

environment for many families than on the ward on the injection day. The data 

suggested that parents generally appreciated the time taken for pre-injection 

assessments and the opportunity to discuss their child’s care. It was apparent that 

communication about the treatment process was important to parents as it enabled 

them to prepare both themselves and their children for what to expect:  

it’s amazing because, there’s lots of time for questions and there’s 

really good assessment. [33,M,4,III,M_G] 

Other parents shared they had ‘more than enough information’ [66,F,4,III,M_P] 

The data showed that providing information appeared to be as relevant for families 

undergoing repeat injections as for families coming for the first time.  A mother 

whose child was having injections for the first-time said:   
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To be honest, the information, it meant, as parents, it meant 

everything was perfect … because everything was explained, if we 

had any questions, we felt we could ask them, and no question 

was too stupid. [10,F,4,II,M_P] 

This quote illustrates the importance of building rapport, an essential factor in 

engagement and making families feel at ease. Positive involvement and 

communication with the whole team was an experience shared by others, as in the 

case of a boy coming in for his fifth set of injections whose family highlighted the 

importance of the team approach both in clinics and on the ward: 

Yes, amazing. …. I knew what was going to happen, whole team 

spoke to me, told me what to expect and where we would go from 

here, so I was fully aware. [7,M,12,1,M_G]. 

Other families referred to a whole team approach highlighting both the 

professionalism and care during the injection procedure: 

The whole procedure itself, the care … this isn't just one person, 

there's like a team of five the whole time … I mean, surrounded by 

professional care [66,F,4,III,M_P]. 

However, questions about the injection period also prompted suggestions about 

how with more information, parents could have prepared their own children better 

for the procedure.  One mother of a child with autism and a more severe motor 

disability (GMFCS III) shared how her uncertainty about the procedure may have 

elevated the degree of anxiety her son experienced on injection day. She suggested 

ways this could have been alleviated:   

if you have little handouts for children to look at in the run-up … 

parents can just have a look at it so they can see that, actually, on 

the day, by reminding (them) in the book it said, “you can have the 

cream on”, and then they remember. Because I know on the run-
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up … he kept asking me questions and he was getting himself in a 

state. And I was trying to reassure him, but kids work with things a 

lot better when it’s visual. [59,M,6,III,M_P]  

This quote, amongst others, highlights the challenging role and responsibility 

parents have managing their child’s care.  As an expert in her child’s management, 

this mother was aware of the best way to help him, i.e., through the provision of 

visual information, and with more information this could have been part of the 

planning process.  

Parents also suggested ways to improve communication between families and 

professionals, emphasizing that communication needs to be a two-way process.  

One mother, for example, suggested alternative methods of communication could 

work better due to everybody’s lives being ‘so busy’ (professionals and families 

alike), she would rather check with her daughter any change in performance in the 

immediate time after injections: 

If you just ask me via e-mail, I think then it would take me five 

minutes, [my daughter] and I could have a quick chat, rather than 

saving it for six months. [1,F,5,1,M_G]  

The potential problem of ‘recalling’ the child’s response to injections because 

appointments are often spread over months is highlighted here and also by other 

parents.   

This dynamic approach of communication, enabling parents to “come to these 

meetings a bit more prepared” [1,F,5,1,M_G] referenced a family’s desire for 

‘preparedness’ not only for the injection procedure but also for the post injection 

assessments, reinforcing that parents and children are active partners in their own 

care. 

Many parents demonstrated that they were not only active partners but essential 

drivers in their child’s care, with one parent for example suggesting that they could 
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prepare for the clinic assessments by recording videos of their child doing activities 

at home and in the community, reasoning that it would provide a more meaningful 

picture of their child’s progress: 

If you say what the things that you want to see are, and then if we 

video it at different times, because … there's a lot that you don’t 

see.  [16,F,4,I,M_G] 

This mother reported the frequent mismatch between what her daughter did in 

clinic during formal testing, which was more a measure of capacity, and her child’s 

usual performance which she observed in the community. An ability to capture a 

child’s usual performance is something parents are very aware of, and it is highly 

pertinent both to parents and professionals particularly when planning ongoing 

treatment. It was apparent that active engagement with the family in terms of how 

best to assess their child’s ‘normal state’ could help reduce parental uncertainty as 

to whether professionals had captured an accurate picture of their child’s need for, 

and response to BoNT-A. 

Another family identified communication issues regarding letters and pointed out 

that the language used in reports between the hospital and the local team was 

often confusing and highlighted how medical jargon can often add to uncertainty 

and anxiety. They suggested how to improve clarity in the way information is 

presented to families with a request to ensure accessibility for all: 

I don’t understand any of it though, that’s the thing.  When the 

reports come through, I don’t understand … make it simpler. There 

are too many big words in it, and I have to look it up … to see what 

it says, what you’re meaning by it. [3,F,4, I, M _M]  

These parents frankly shared the difficulty they had in translating what the 

professionals were saying about their own child.  This quote emphasises the need to 

communicate in plain English, acknowledging differing levels of literacy as well as 

medical understanding. Although it is essential to communicate with the referring 
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local teams, parents are experts in their own child’s care and are drivers of the 

treatment with ultimate responsibility for their child. Engagement must be 

facilitated by improved clarity of communication. 

The ‘Busy-ness’ of children’s lives was also frequently emphasised, “It was manic for 

appointments” [51, M,5, II, M_G].  A number of parents shared the logistical 

problems of co-ordinating all of their child’s care following BoNT-A injections. 

Children are scheduled for increased therapy during this time and frequently have 

orthotics appointments to make new splints.  In some cases, this can be 

overwhelming for families, and parents expressed uncertainty about whether they 

could fit everything in. The data highlighted the importance of rapport with parents 

and need for professionals to be sufficiently engaged in order to understand the 

burdens that are often placed upon families and to see the child in the context of 

the whole family.  

Parents also reflected on the time pressure that everyone is under and emphasized 

the importance of ensuring that communication channels are robust. This was 

highlighted by one mother who valued reminders about follow up appointments 

”with everything else that goes on … with a disabled child, sometimes you do 

forget” [10,F,4,II,M_P]  

11.5.2 Team around the Children 

The data suggested that a child focused, whole team approach was important to 

parents. Individualised management plans tailored to the needs of the child were 

considered crucial.    

Many families valued the time that professionals spent with their children carrying 

out physical assessments, before the procedure in outpatient clinic, “He loves it, he 

thoroughly enjoys it. He thinks this is the fun appointment “[51,M,5,II,M_G]  as well 

as during the injection procedure.  Children were recognized as being central to the 

BoNT-A process with parents valuing their child being involved including being 

transparent and honest about what was going to happen: 
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I think it’s good. Because, you know, you talk to the adults as well, 

but children are also involved in it, so you don’t hide anything from 

them. Now Y’s had it done, I definitely wouldn’t say it’s anything to 

be worried about. [59,M,6,III,M_P] 

Much of the data highlighted positive engagement between children and 

professionals during the injection session on the ward. Parents cited examples of 

good engagement with well prepared, friendly experienced staff. There were 

frequent references to the wider team: 

You just see the experience, the physios, nurses, the way things 

are, the way it’s set up, it’s just amazing. [1,F,5,1,M_G] 

Other parents talked about being well prepared for injections (both parent and 

child) and described the feeling of a ‘team around the child’, as in the case of this 

mother who described her child’s first experience: 

All of it, fantastic. More than enough information. The whole 

procedure itself, the care, …, I mean, this isn't just one person, 

there's like a team of five the whole time, whether they're the play 

therapist or they're the physio … or anyone, I mean, surrounded by 

professional care. I feel it was a perfect experience. 

[66,F,4,III,M_P] 

When it worked well, many parents reported having a positive experience on the 

ward, with their children not being unduly stressed and ‘proudly’ talking about the 

injection experience afterwards with their friends: 

I thought everyone was very friendly, she wasn’t distressed.  She 

was actually quite looking forward to it ... she enjoyed the whole 

day … she had been looking up to it and telling everyone, ‘I’m 

going to have my Botox.’ … she talks about her Botox quite often.  

Any time any hospital gets mentioned, ‘I’ve been to hospital, I’ve 
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had my Botox.’  And it’s a proud … Yes.  Nothing put her off from 

it, so, and we talked about, … what was going to happen, about 

coming back to have it again, and she seems fine. [63,F,5,II,M_M] 

There was also an acknowledgement from some parents of the skill of the team in 

engaging and distracting the child and the positive impact of a play therapist, as the 

mother of a five-year-old boy explained: 

He didn't even know he was having it done. He was waiting for 

them [injections]... He asked us when he came out. ‘I thought we 

were having injections’ ... the young girl [play therapist] was 

talking to him and she had the little laptop thing, and she was 

asking questions …And he's totally focused on that because he 

wants to say the right thing, doesn't he? Because he wants to 

impress her. And seriously, he never knew nothing ... he was so 

concentrating on the game, he didn't even flinch. [51,M,5,II,M_G]  

Tailoring the distraction specifically to each child’s age, anxiety level and cognitive 

ability was seen to aid in the preparation of the injection session. Teamwork 

between the injecting team, play therapist and ward staff appeared to alleviate 

anxiety for the child and family. Early engagement with children ensures as good an 

experience as possible. This is particularly important as in many cases children have 

to return for further injections.  

When the experience was a good one it was encouraging to hear how the 

procedure was rated positively by both parents and children. Tailoring interventions 

to individual need was important and involved the expertise of the team. This was 

highlighted in the quote below, when several distraction techniques were used: 

I think the thing that we appreciated was the dog therapy, I think 

it was a small thing, but he really enjoyed it and it just comforted 

him…. she [the play therapist] let him watch something he wants 

to watch, so to be fair, he was watching it and having the actual 



 

339 
 

injection didn’t impact him … he was so focused on watching that, 

he forgot what was going on at the other end. [33,M,4,III,M_G] 

This anxious boy was so distracted that he hadn’t been aware that the injections 

had even taken place. Distraction also appeared to be related to the child’s 

awareness of the injections, and how awake they were. Many parents talked about 

the impact of sedation on their child’s injection experience. A number of families 

were unsure about ‘what to expect’ and there was a lot of uncertainty about how 

their child would react to the sedation and how much their child would ‘feel’ the 

injections. Parents reported less stress surrounding the injections when their child 

experienced what they considered to be an ‘optimal’ level of sedation, together 

with positive distraction therapy as provided by the play specialist and wider team: 

When you take her in, … you’re really good with her, when she’s in 

there the play person is really good. We have story time... 

[3F,4,1,M_M]  

In the following quote the family referred to a deeper level of sedation together 

with distraction which worked for their daughter: 

Well, they said it has an amnesiac, which I hope it did.  So, she just 

had a good time and she says that, she can't quite piece it 

together, and we think that’s good. The actual process of having 

the injections was amazing. It couldn’t have been more brilliant, 

and you can see that she’s almost not conscious about it’s 

happening [16, F,4, I,M_G] 

These positive comments contrasted sharply with parents’ feedback regarding 

distressing scenes when their children were having injections and anxiety levels 

were high, as in the case of a six-year-old child who had undergone a previous 

traumatic procedure without sedation.  
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This quote acknowledges the immense guilt her mother experienced putting her 

child through it again when the second injection session also did not go well: 

She was screaming, looking at us, wide eyes saying, 'Mummy, 

make them stop. Why are you letting them do this? Mummy, 

make them stop,' she fought the sedation … as soon as she came 

out ... she went to sleep … I thought she wouldn't have a clue what 

was going on, let alone reaching for me and screaming for me to 

make them stop hurting her. And she was dreaming about it 

afterwards and started waking up in the night as well … Her 

anxiety went mad, and she was not having none of it, and I was 

like I'm never putting her through that again. And I said to her, I'm 

not putting her through, especially as this time it didn't work. 

[60,F,6,II,M_P]  

This disturbing quote highlights the extreme parental anxiety which can be 

associated with an invasive procedure such as Botulinum Toxin injections. Parents 

are often uncertain about whether they are doing the right thing. In this case the 

child had a poor response to this set of injections and the family did not see any 

change and further treatment was not recommended. We hear in this account the 

traumatic experience that both the child and the parent went through – the mother 

holding her daughter whilst the injections took place. This experience highlights the 

potential for having a long-term effect on both the child and the parents, which has 

continued beyond the injection period.  

The above example highlights the importance of giving parents and children the 

opportunity to voice their concerns when things don’t go well. This is essential in 

order to minimize further distress for the child in the future both on the ward and in 

the preparation for further procedures.  

It was apparent that experiences differed between families however, a difficult 

experience during the injection procedure didn’t necessarily put families off from 
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trying again. One father recalled the details of the procedure, and highlighted how 

the injection experience affects everyone, parents and children: 

The event, the actual event … you did it nice and quick and 

everything else. But, emotionally, I think it was draining for her, it 

was draining for me and I’m quite a tough guy, so, but it was very 

draining for me and I think that has been a flashpoint for her. She 

will know something’s happened there. So, yes, I don’t want to 

say, ‘Oh, it was terrible.’ It wasn’t terrible, it was just … to be 

honest, really not sure [about] the sedation, what it did, because 

she still screamed in there ... it’s the wait, it’s the anticipation, that 

is not good for her. [70,F,4,III,F_M] 

This quote highlights a number of different issues, the intense emotion that parents 

experience as well as the effect on the child and the impact of waiting for the 

injections to happen, all leading to heightened anxiety. These experiences can 

impact on the difficulties parents face when persuading their child to have further 

injections.  

There was much uncertainty from parents regarding how sedated children would 

be, as well as how much they would remember about the event. This was a point 

constantly revisited by parents about the anxiety of choosing to put their child 

through further injections and something that must be acknowledged when 

preparing children for repeat injections. 

11.5.3 Engagement with the community  

The data provided information about the challenges parents can encounter when 

trying to help their child engage with the wider community, following BoNT-A 

treatment. They were often uncertain about what to do to support their child and 

appreciated being signposted by the GOSH clinical team to other participation 

opportunities.  
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This was highlighted by parents of some of the more able children:  

because you took the extra mile, he’s done his running, he played 

his football, and it was fantastic [7,M,12,1,M_G]. 

You do support because on certain events like obviously when we 

came post Botox there would be some things I’ve noticed that 

[child] will be struggling with, and your colleagues … have printed 

off … local clubs in the area that X could benefit from … like a CP 

football group. [1,F,5,1,M_G]  

The interviews highlighted some issues about communication between families and 

their local teams, with parents being concerned that there was not a three-way 

traffic of communication between themselves, GOSH and local teams:  

[GOSH] communicating with my local term perfect, my local team 

communicating with you is the issue. [10,F,4,II,M_P] 

The data suggested that this can often increase anxiety levels and uncertainty about 

future management of their child if communication is not open and fluid. Following 

successful treatment with first time injections for her four-year-old daughter, 

another mother expressed frustration about a perceived lack of involvement with 

the local team in making a future plan for further treatment. This was expressed in 

relation to the consultant paediatrician who planned to leave further assessment 

for a year: 

After not expecting it to work and then it working really well... 

because from our consultant’s point of view, “we saw her after 

eighteen months and now we’re not going to see her for another 

year” [16,F,4,I,M_G] 
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Uncertainty regarding ongoing management can be a source of anxiety for parents. 

This mother frustratedly highlights the amount of time and energy they have put 

into the treatment process.:  

The physiotherapist said she might try and put something in, in a 

few months.  So, now it’s worked really well and we’ve had the 

good result … and now she’s beginning to tighten.  Actually, now 

we’ve got no plan for her!  You invest all this time and energy 

…That’s it, they need to have a plan! [16,F,4,I,M_G] 

This quote highlights a break in the link between treatment from a tertiary service, 

engagement with the family and a perceived lack of engagement from the local 

team following injection. As drivers of future treatment, parents want to be part of 

ongoing planning and preparation. Uncertainty about future plans can be 

challenging for families as they often lack the control to coordinate input around 

BoNT-A treatment. They are willing to put their child through this procedure but 

need to have a plan about what happens next.  

11.6 Impact through the ICF lens 

Conversations about the impact of BoNT-A injections on children’s lives generated 

data that could be mapped onto all of the ICF domains of Body function and 

structure (BSF), Activity and Participation. However, most examples given were 

practical illustrations of how injections had improved activity and participation, as 

well as impacting on their child’s behaviour, endurance, and quality of life issues 

such as confidence.  

11.6.1 Body structure and function-improving endurance 

When describing how their children had changed following injections, parents 

talked in general terms about the ease of ‘physical handling’, referring to a change 

in muscle tone and how their child’s muscles felt, or how their limbs looked, but 

rarely about anatomical changes. Descriptions included the child being ‘weaker, 
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(51), legs feeling ‘softer’ [51], or ankles being ‘less tense’ [70], with one parent 

explaining that it was ‘like the muscles were switched off for a while’ [16], and 

others describing the muscles being ‘actually numbed’. Improvements in ‘stretch’ 

and ‘flexibility’ [33] were identified, with one parent referring to walking being 

‘really tight’ [56] beforehand and ‘loosening up quite quickly’ after injections.  

Usually when parents described physical changes in their child, this was closely 

related to a general change in activity. As the quotes below highlight, this was the 

case for families of children with different motor abilities (GMFCS III and GMFCS II 

respectively) who received injections for the first time: 

 There was a drastic improvement to what we saw after we had 

the injections … there was a change in her physical handling, 

everything else, she just seemed to be starting to do different 

things ... there was a difference from that point onwards. 

[70,F,4,III,P_M] 

   

We'll see him just doing something small ... like he'd start jumping. 

[51,M,5,II,M_G] 

The data indicated that families were predominately focused on how much their 

child could ‘do’ after treatment and they drew a connection between the physical 

manifestations, how their child ‘felt’ after the injections and any change in activities 

that they observed.   

Many parents felt their child had improved endurance, with one mother relating 

her daughter’s improvement post injections relative to her twin sister: 

Well, she’s not on her tiptoes, like, she doesn’t get told to get off 

her tiptoes as much, she can go [walk] longer now.  She doesn’t 
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get pains in her legs.  She’s pretty active... her twin sister is likely 

to start moaning about being tired before she will! [37,F,5,I,F_M] 

This example highlights how changes at an impairment level, such as not walking on 

tip toes, resulted in an improvement in the distance her daughter walked. This 

quote emphasises the importance of environmental and family factors; a child lives 

within the centre of their family and children shouldn’t be considered in isolation. 

This mother illustrated this perfectly, measuring the improvement in her daughter’s 

endurance by comparing her to her typically developing sister without CP.  

Whilst several families acknowledged the role injections had in improving their 

child’s endurance, one family was keen to point out that it was the combination of 

BoNT-A plus other interventions which allowed their son to improve his motor 

ability:  

His endurance has improved massively.  I would say from this time 

last year to now, amazing that improvement … He’s changing and 

growing, he’s on medication, Botox, physio, so all of these factors, 

I think, play into it.  I think it’s almost like the first time he had the 

Botox, we felt like he was at a plateau, and this just gave him a 

little bit of a boost. [33,M,4,III,M_G]  

A number of parents emphasised the need to put extra work into rehabilitation, 

describing it as ”BoNT-A plus”, ” it’s not just the Botox…  You have to do the 

therapy” [33,M,4,III,M_G] “six weeks’ intense physio as well…. that makes a big 

difference” [3,F,4,II,P_M]. In the example below, another mother re-iterated the 

need to combine injections with other interventions: 

It all coincided, so he had his injections, he got his splints, he got 

his lycra suit and he got his block of physio all at exactly the same 

time … everything was just all done to all coincide, so we got the 

maximum out of the injections. [51, M,5,II,M_G] 
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This quote also gives an insight into the busy lives of families who have a child with 

CP, a topic repeatedly discussed in the context of receiving injections, in some 

cases, this can be overwhelming and described by some parents as “manic”. It is 

important to recognise the external factors and understand the burdens that are 

often placed on families and their commitment to maximising the benefits of BoNT-

A treatment.  

11.6.2 Activity and personal factors 

11.6.2.1 Improved confidence  

When discussing the positive impact of injections parents frequently talked about a 

change in their child’s confidence after the injections. This manifested socially, 

physically, and emotionally with improved determination, independence, and 

interaction with their peers. 

Parents described their child’s improved determination to interact with other 

children and adults and put themselves physically into new spaces: 

She wants to do things; she wants to walk. She knows she can't, 

because she knows exactly what she’s got, but she’s just got more 

determination at doing things. [70,F,4,III,P_M]  

Parents talked about how, even if they couldn’t necessarily feel a marked change in 

how the muscles felt, they observed improved confidence associated with improved 

stability: 

I don't feel any difference, but for her, she's more steady. Even 

when she's on her splints, she's much more steady after her Botox 

… Steadier, more confident. Much more competent … it gives her 

tons of confidence [66,F,4,III,M_P] 

This example of improved confidence post treatment is particularly interesting 

given that this child was classified clinically as a poor responder by the clinical team. 
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The improvement in activity and resultant change in participation following 

injections was brought out in several interviews. Parents described an improved 

confidence associated with this increased participation, leading to, or resulting 

from, an increased interaction with their peer groups and the opportunity to make 

friends, as illustrated in the following quote: 

She's more mobile in her walker, which is brilliant, because she can 

actually run around in the playground with her friends. So, she's 

getting more confidence to build friendships [66,F,4,III,M_P] 

This quote illustrates the strength of emotion when a mother sees a positive change 

in her child. It’s what children do with the improved mobility, ‘building friendships’, 

which is so good for the family to see.  

Other parents also talked about improved confidence linked to improved activity, 

and one family was keen to share how their son’s swimming ability had improved 

following injections:  

 Yes, he wasn’t enjoying swimming at all, and it really shook his 

confidence because his friends were at a different stage to he is, 

and he found that quite hard.  But I think now he feels more able 

and it’s given him a bit of confidence as well.  He just goes for it 

now and tries his best [56,M,9,II,M_P] 

The example highlights particularly well the link between physical improvement, 

self-esteem, enjoyment and participation.  

11.6.2.2 Improved independence  

Parents talked about their child’s increased independence around the home, 

describing improvements in important activities of daily living such as ”stairs were 

easier”[62] and they were ”going up and down the stairs”[51] independently for the 

first time. The link between confidence and independence is highlighted clearly in 

the following quote:  
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She’s more confident climbing stairs now, before she wanted someone 
behind her all the time whereas now she’ll do it herself [3,F,4,1,M_M] 

Other parents measured success in improved walking and reduced falls:  

I think he’s more confident now and he’s more happy now.  He’s 

not on the floor every ten seconds.  He can actually stand up and 

walk [7,M,12,1,M_G] 

The quote above from a mother of a twelve-year-old boy pointed out that improved 

balance brought about an increased confidence affecting his mood. This highlights 

the complex relationship between physical limitations, in this case frequent falls, 

and a child’s mood and self-esteem. 

Improved independence was important to families, with physical improvements 

such as improved stability meaning a child could be less reliant on their parents to 

support them, even if they were not fully independent: 

First thing I noticed was, where I walk with him and I have to 

support him underneath usually or hold two hands. And so he can 

walk just holding one hand to the car and back. And just how 

much more stable he was and not wobbly. [68.M,12,III,M_M] 

Improved ease with everyday activities was also highlighted in another child with a 

less severe motor disability (GMFCS II): 

 While the injections were at their strongest … he was just walking 

off the kerb, up the kerb, you know, no hesitation, no worry ... he 

just does it, rather than more thinking about doing it 

[51,M,5,II,M_G] 

This quote from a mother gives an insight into how a change in an everyday activity 

such as stepping off a kerb, made life easier for her son, resulting in improved 

confidence. 
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11.6.3 Participation 

11.6.3.1 Function, fun and family- realising potential  

During the interviews, parents were keen to share the fun activities that their 

children participated in such as jumping [51], skipping, swimming [7], gymnastics 

lessons, and tennis [16]. They talked about their children ‘running a lot better’, 

‘running a lot more’ and the fact that it was not so ‘uncomfortable’ for them to run 

[3]. Parents were understandably animated and proud when describing their child’s 

achievements: 

He played his football, and it was fantastic [7,M,12,1,M_G] 

Highlighting what children could do allowed families to concentrate on the positive 

and move away from a focus on impairment (limitations of body function and 

structure), which tended to emphasise what their child could not do. This mother 

illustrated the increased independence that her child with limited motor ability 

(GMFCS III) had experienced in being able to cycle further: 

Definitely I think cycling has even become easier … initially, with 

the bike, I mean, we would barely get halfway and then we’d need 

to push him and stuff, and now, at this point, he’s doing, like, 

three laps.  In six minutes each, you see, so that’s quite an 

improvement [33,M,4,III,M_G]  

This mother went on to say that they knew that there was more work ahead, but 

they were extremely happy with their son’s progress and most importantly so was 

he:  

Look, he’s got, obviously, he’s got a way to go, but it’s not that, 

it’s, like, trying to get the best out of him, the best that he can be. 

The best he can be, yes, and I think he’s doing amazing, I mean, 

we’re pleased with his progress … And he feels very pleased … he 

does, definitely! [33,M,4,III,M_G] 
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The quote highlights realistic expectations of change, and links closely with families 

being instrumental in goal setting and evaluating goals for treatment interventions, 

and best placed to measure change post injection, themes which will be explored 

further in section 11.8 when discussing ways of measuring outcome.  

Parents’ desire for their child to realise their full potential was echoed in many 

interviews as a driver for treatment as well as a barometer of treatment success, 

particularly participation at school as this father shared: 

At school, she’ll stand at the school table … participating more 

than she was ...  She wants to stand a bit more … I think in that 

way it’s helped. [70,F,4,III,P_M] 

Recognition of change by the wider community was seen as a positive impact of 

treatment. One mother described increased involvement from her son’s school in 

encouraging participation: 

School are pushing him harder, daily mile … frame-football … 

Swimming … faster, better.  [68.M,12,III,M_M] 

Parents also shared some of the wider challenges and burdens on the whole family 

when trying to encourage their child’s participation in the wider community, with 

one mother explaining that finding the right clubs can be a challenge as well as a 

financial burden: 

It’s a struggle to get her into the clubs and a lot of money. Because 

the ballet, she found hard, so yes, we want to get her into street 

dancing. [3,F,4,1,M_M] 

This point highlights the importance of engagement with the family and local 

community but also illustrates the inequality of access to participation 

opportunities. 
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11.7 Managing expectations  

Interviews revealed that whilst there were positive impacts as described above in 

terms of children’s activity, parents also shared experiences related to ‘adverse’ 

reactions, variation in children’s response to treatment and their views on re-

treatment. These came together to highlight the importance of helping parents to 

manage expectations in relation to the post-injection period.    

11.7.1 Adverse events /side effects 

Adverse events following BoNT-A are well documented and fall into three 

categories:  procedural events (those happening at the time of injection) such as 

bruising or pain at the injection site, adverse events attributable to BoNT-A 

injections such as localised weakness, bladder instability and flu like illness and 

more serious systemic effects such as generalised weakness, dysphagia, and death. 

The more generic term ‘side effects’ is often used when advising parents, both 

terms are however used interchangeably in the clinical setting. 

In clinical practice, parents are advised to look out for the common side effects 

following injections and these are detailed during the consent procedure. In an 

attempt to move away from an emphasis on clinical questioning by the researcher, 

adverse events were not specifically asked about during the interviews. However, 

parents were encouraged to talk about what didn’t go so well following their 

children’s injections.  

As illustrated in this section, a few parents reported mild and transient effects 

which lasted up to three weeks.  The most severe adverse events reported related 

to two children who experienced weakness and episodes of bladder instability.  

Parents were generally open about the side effects children experienced. This was 

especially pertinent with families who had received a number of previous injections.  
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The mother of a five-year-old described how her son was always a bit worse in the 

first couple of weeks:  

Just after, it's like it makes them worse. Because obviously, they 

seem to become a lot weaker, but then the physio kicks in 

[51,M,5,II,M_G] 

This mother didn’t appear unduly concerned by her son’s reaction, instead 

accepting the weakness as an expected side effect of the treatment, probably 

because this was then followed by a positive response to injections. Generally, 

parents reported that the side effects were transient and had cleared by the time 

they were reviewed in the hospital six weeks later: 

There was a little wobble in the first seven to ten days …after that, 

she was upstairs, everything. [70,F,4,III,P_M] 

The importance of being prepared for any adverse events came through strongly, as 

highlighted by the parents of a child with limited motor ability who used a frame to 

walk (GMFCS III) and experienced initial weakness and bladder instability:  

We were aware that there was going to be a bit more wobbliness 

but we would still make her do the same things prior to the Botox, 

and then just assisted her a bit more, than slowly eased off.  So, I 

think we were quite positive in that respect. Because you have to 

know things, like the toilet. Yes, it’s very, very 

important.[70,F,4,III,P_M] 

The sense of pragmatism that comes across in this quote reflects the experiences of 

other parents, when describing their child’s similar transient bladder issues:  

It’s worked a bit better this time, quicker and more effectively … 

but he kept on needing to go to the toilet quite a lot … really 

sudden, he just got to go. [56,M,9,II,M_P].  
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In the context of managing expectations, these quotes highlight the importance of 

families being forewarned about potential side effects. By the time the three 

families quoted above were interviewed, the issues their child had experienced had 

resolved, and parents appeared unphased, particularly in the context of a positive 

response to BoNT-A as in the first two quotes.  

11.7.2 Variability in response to injections - how long does it last? 

Parents were keen to share their experience about how long the effects of the 

injections lasted:  

Every time he's definitely had a good improvement… Yes, a good 

few months, I'd say … I think it was after six months and they said 

his range was still just as good as it was ... the improvement he 

gained the first couple of times he's maintained [19,M,6,M_M] 

Parents talked about a variation in both the timing of when they first observed 

change following treatment and also how long the effects lasted for their children. 

This mother illustrated the gradual change some children experience:   

 I wouldn't say you see any difference overnight, but it's when you 

all of a sudden, you sort of think back a few weeks and you think 

'they couldn't do that' [51,M,5,II,M_G] 

A number of families talked about effects being noticed within ‘a period of weeks’ 

[70] whilst others reported seeing change up to three months after the injections: 

We didn’t see it straight away, like I said, it was a good, I would 

say three months in ... I think following the injections, there wasn’t 

that much of an initial difference, but I think we just persevered 

with the physio, and I think over the weeks, there was definitely an 

improvement. Yes, it wasn’t immediate.  So, it’s weird, I don’t 
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know if that’s what’s supposed to happen, but it was over that 

chunk of time. [33,M,4,III,M_G] 

Whilst the chemical effects of BoNT-A reportedly last for 12-16 weeks, in some 

cases the functional effects last even longer (Carr et al., 1998). This quote highlights 

the uncertainty families can experience in relation to how long the injections should 

last. Another family believed that their child’s benefits lasted longer than they had 

expected:  

It has lasted for quite a while, yes, because I know the effects only 

last for six weeks, but I think it does last a lot longer than that. In 

the long run, yes. [19,M,6,M_M] 

Parents talked openly about noticing when the injections had started to wear off, 

one mother described the change in her daughter as being quite dramatic and 

related it to a marked physical change:  

‘Her tripping and her falling is much worse now. There is 

tightening … she’s been falling’  [16,F,4,I,M_G]  

Yet when asked, unsurprisingly she explained that her daughter finds it hard to 

articulate how things felt different:  

Obviously that muscle was kind of switched off for a while, and the 

switching off is a really gradual thing, and that’s why it’s hard for 

her to answer that question, because she’s actually not that 

aware, because she has that same outlook, whether it’s difficult or 

easy.  [16,F,4,I,M_G] 

She describes how, like many young children, her daughter isn’t aware that a 

change in her walking ability may be because of the injections wearing off. In 

keeping with her young age ‘she just gets on with it’. 
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She talked about the language that her daughter used to explain how things have 

changed:  

She’ll say things like, ‘Mummy, I'm really wobbly.’  That’s what we 

notice.  ‘I'm really wobbly.  I feel shaky.’ She won't be as confident 

with her balance in tasks, but she has the same outlook, whatever.  

She doesn’t have that awareness yet, but we could see the 

difference when suddenly it kind of went back. [16,F,4,I,M_G]  

Other parents talked about observing a ‘quick decline’ and gave practical examples 

of walking up and down a kerb after ten months:  

he's started to hesitate again … it wasn’t gradual … it was more 

sort of, all of a sudden. [51,M,5,II,M_G]   

Closely listening to parents’ accounts of change are essential to guide the need for 

further treatment, as in this quote by parents of a child who had injections for the 

first time:  

If I’m honest with you, I don’t think it’s improving, I do think it’s 

plateaued. But I do think it’s assisting her because of the way that 

she’s moving her body and doing some things. [70,F,4,III,P_M] 

Parents as experts in their child’s care are an essential part of the future 

management planning, as their child’s advocate they are central to the decision 

making about the need for further injections. 

11.7.3 BoNT-A Re-injection  

When considering managing family expectations, a separate theme emerged from 

the data in relation to retreatment options. Some evidence from the literature 

suggests that children may benefit more from the first injection session with less 

response on subsequent reinjections due to physiological changes in the muscle 

(Johnston et al., 2020). The researcher was therefore interested to see if this 
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aligned with families’ own experiences. A variety of experiences were shared 

regarding the effects of repeated injections. 

11.7.3.1 Magnitude of change with retreatment  

Decision making regarding retreatment resulted in additional anxiety for some 

parents. Uncertainty was expressed about the magnitude of response they could 

expect to see with repeat injections, with one father distinguishing between 

maintenance and improvement:  

So, it’s now about seeing if we can jump up to a different level or if 

it’s maintenance. If it’s maintenance, then I’m not sure that’s the 

way we need to be, but if we can hopefully just get even a 2% 

increase, then we’re going the right way, aren’t we? 

[70,F,4,III,P_M] 

Whilst this father clearly felt that to put his daughter through more treatment, 

there had to be more than just ‘maintenance’ of her current state, small gains (in 

this case 2%) were perceived to be better than nothing. The hesitancy and 

uncertainty about doing the ‘right thing’ for their children was a recurrent theme in 

the interviews. Families expressed anxiety about parenting a child with cerebral 

palsy and being unsure about the correct way to deal with their child’s changing 

needs as they grew- consistently citing improved participation in everyday life as a 

driver for wanting further treatment despite being unsure that the benefits 

outweighed the disadvantages.  

Parents were asked whether they had noticed a difference between injection 

sessions, and within the data a variety of responses were presented with positive, 

negative, or uncertain reactions given. 
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One mother, for example, was extremely positive about her child’s second set of 

injections and described a sustained impact: 

I’m really glad we didn’t stop after the first.  I think that was 

excellent …The first one really made a big difference, but then … I 

think with the second it was just better, the growth, the more 

confidence, the learning how to swim, and the injection just all 

came together.  Hard to know what proportion, but it just felt 

really, like, ‘VOOM,’ [1,F,5,1,M_G]  

Whereas another family did not see any improvement:  

It wasn't as effective as the first one, but I do base that on the fact 

that there was no follow up from physio after her block of 

treatment, which I think is paramount to get the maximum 

success … Second time I don't think we got a lot out of it I don't 

think she lost as such, but I don't think she gained anything extra 

[66,F,4,III,D_P] 

As highlighted earlier (Section 11.4.3) parents recognize the importance of BoNT-A 

being part of an extensive rehabilitation package and highlight that for optimal 

results it should not be used in isolation. 

Another mother of a twelve-year-old boy with good motor ability (GMFCS I) 

described how her child’s fourth injection session resulted in positive functional 

benefits, despite the third set being disappointing: 

The first two times he had it done, amazing, fantastic  … which I 

would score ten out of ten, the third time I didn’t see a significant 

amount of change … maybe it just got used to it, or I’m not too 

sure … so I think you’re at a pace because the first time and second 

time you can see things moving, and then, the third time was less. 

Maybe he got to the goals and everything by then.  But the fourth 
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time we did something different, I remember when you did the 

hamstrings, and then we were like, WOW, because you took the 

extra mile, he’s done his running, he played his football, and it was 

fantastic [7,M,12,1,M_G].  

This variation in response between injection sessions makes it difficult to predict 

whether a child will benefit from subsequent retreatment. This lack of certainty 

regarding response to repeated injections has implications for managing parental 

(and child) expectations.  

11.7.3.2 Maturation 

 A further challenge in managing uncertainty for parents is the impact of the child 

naturally maturing with age, making it very difficult to differentiate between 

maturation and the benefits of an intervention: 

I don’t feel that she would be as strong if she hadn’t had the 

Botox, she wouldn’t have been able to get as strong, and to be as 

normal, to be with her peers and doing what they were doing … I 

know that, as they get older, they get stronger anyway, but I think 

that the Botox injections have helped [her] in achieving that a lot 

more [62,F,10,I,M_G] 

This experience was mirrored by other families who had had repeated injections, 

questioning whether progress was due to treatment or natural development. This 

added further uncertainty around deciding about retreatment, an issue relevant to 

many CP interventions and not unique to BoNT-A treatment. 

Another family, when asked whether the benefits of injections were reduced each 

time, were keen to stress that with their daughter, they had seen more functional 

benefits with each set of injections. Once again, they related this to their daughter’s 

improved confidence and increased determination to participate in a number of 

activities: 
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No, there is more response … When she had her third time it lasted 

a lot longer than the first and the second time … See, with her P.E.  

at school she’s doing a lot more, she has a lot more confidence in 

the P.E  doing the balance beams and things like that, she’s a lot 

more confident. She is trying more.  She does outside games now 

as well, with Game On, which is her football thing [3,F,4,1,M_M]. 

Again, parents related success following injections closely to the activities their 

children were doing and the amount of participation they achieved. The responses 

aligned from several families and appeared to be independent from the number of 

injection episodes their child had received. 

11.7.3.3 Mixed results 

In some cases, parents who had observed a negative response the first time had 

gone on to try further injections just to ‘make sure’ and had further disappointing 

results, with no deterioration but also no improvement in stiffness in the muscles: 

I actually noticed he was falling over more. I noticed that he fell 

over more after having it done the first time, and then the second 

time it just didn’t change anything. The stiffness was exactly the 

same as it was before.[59,M,6,III,M_P] 

Parents are extremely sensitive to changes in their child’s condition following 

treatment, they are aware of when things change for the better and for the worse.  

This quote illustrates the role of parents as experts in their child’s care. It 

emphasises the importance of parental opinion which should be central to planning 

future treatment options. Parents know their children, and family opinion was 

closely aligned to clinicians’ reports of physiological changes in the muscles. 

Parents whose children had undergone multiple injections naturally drew 

comparisons between them, often moving between describing these as positive and 

negative.  This was highlighted in the case of a family whose child had had a variety 
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of responses, initially good, a poor response and then no response leaving the 

mother describing her overall impression as ‘neutral’:  

 If you’d asked before, when it was going great … I would said I 

loved it, brilliant, and then if you’d asked me the last time I would 

of said I really don’t like it, but we’ve had the good and the bad, so 

kind of neutral about it now [10,F,4,II,M_P] 

The data suggested that parents were very aware of weighing up the benefits to 

their child and this family had now decided to discontinue treatment following a 

poor response. This highlighted again the role of parents as experts in their own 

child’s care, with a responsibility for decision making, actively choosing to 

discontinue treatment in alignment with the clinical team. 

As the case above illustrates, when things are going well parents recognise the 

change in their children and are often delighted with the intervention. The benefits 

following injections are often articulated using emotive language such as ‘blown 

away’ [68], ‘drastic improvement’ [70], ‘a massive difference’ [1], ‘fantastic’ [7]. 

When injections had not been as successful the language was more subdued, 

negative comments about the impact and how BoNT-A injections adversely affected 

mobility included ‘worse’ [10] a ‘struggle’ [59] and ‘minimal’ [60].   

One mother described her child as ‘unlucky’ when describing an experience of over 

weakening with injections and serial casting, resulting in increased trips and falls 

which in fact resulted in the child accidently stabbing her mother with a fork! [37] 

Another boy had a bad experience with serial casting following injections resulting 

in an infected heel which stopped him walking for six weeks, but his mother did not 

blame the injections: 

Stiffness afterwards was probably a bit worse, but then I put that 

down to the fact that he hadn’t been on his feet rather than the 

injections. I don’t actually think that was because of the injections. 

[59,M,6,III,M_P] 
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This could suggest a reluctance for parents to blame the intervention that they have 

put their child through. Within the clinical assessment clinicians need to offer 

families the opportunity to express disappointment in the treatment, especially 

when thinking about a future management plan. 

The data suggested that there was a large emotional impact on parents when 

repeat injections didn’t result in any positive benefit for their child and several 

parents talked about blaming themselves. This regret was highlighted by one 

mother, who also shared the highs of treatment working well with her daughter, 

and the lows when things did not go as well as the first time:  

Seeing your kid's foot or limb go limp after watching it be stiff for 

so long is a beautiful feeling. But then, when you've got your heart 

and soul set on that again and then it doesn't, you feel like a really 

cruddy parent because you've made her go through that and 

there's no point … and then it didn't work, so I felt even worse, ….. 

because we put her through it thinking this is going to benefit her. 

It isn't about what we feel, it's about what's good for her, and 

then it didn't benefit her at all. [60,F,6,II,M_P]   

This mother’s account was particularly poignant as her daughter went on to have 

orthopaedic surgery during the time of the study.  Her voice is a powerful reminder 

about the pressure parents are under to improve things for their children and the 

challenges they face.  

11.7.3.4 Anxiety of preparing children for retreatment  

There was a consistent theme of first-time experiences laying the groundwork for 

future anxiety or lack of anxiety when a child had to have further injections, this 

was true for both children and parents alike. Families faced a challenge when 

submitting their children to further injections when an injection experience had 

been traumatic, with sedation and distraction therapy not working optimally for 

their child.  
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One family who were keen to try further injections articulated the challenges they 

had faced even getting the child to return to the hospital for a clinic appointment. 

Following a negative experience, this mother was very distressed about how to 

tackle bringing her daughter in for further injections: 

I don’t think anything we do is going to change it, no ... she’s set in 

her ways, she cried last night because she didn’t want to come 

here she said, ‘It hurt’ I had to convince her that we were only 

coming here today to talk [70,F,4,III,M_M] 

The parental role in decision making and preparation of their child is paramount. 

Some parents expressed concerns about the future and repeat injections, with 

several causes cited.  One father was concerned about upcoming planned repeat 

injections as he was anxious about how his four-year-old daughter would react in 

future sessions now that she knew what the injections felt like:  

It’s sort of role reversal, because knowing that we’re going back 

into that situation, it’s different to not knowing. Not knowing, 

you’re just trying to get through the day and prepare the best you 

can. But knowing that we’re coming back to do that, there’s a lot 

of factors there that need to be taken into consideration for it to 

be successful again. [70,F,4,III,F_M] 

The factors that he referred to were preparing his child as she remembered the 

injections and became extremely distressed about the previous set. Her stark 

recollection of the day contrasted with other parents’ accounts when their child did 

not remember the actual injections. 

Whilst the family very much acknowledged their parental role in preparing their 

child for the next set of injections, they shared their concerns at putting her through 

it again. Her mother voiced her anxiety about their chance of success and sought 

guidance in improving the experience:  
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I was more than happy with the preparation going into the 

injections [last time], not an issue...  She’s not going to be the 

same this time… How do I, for lack of a better word, incentivise her 

coming?’ because I really do think she’s going to struggle to the 

extent of, ‘I’m not doing it’. [70,F,4,III,M_M] 

The data has shown the team around the child is very important and engagement 

for both the parents and child is paramount for the next injection session. Benefits 

of injections need to be weighed up with the amount of distress caused by 

injections. Some parents talked about this having a negative effect on other hospital 

visits. 

11.8 Measuring Outcome- are we measuring what matters to families? 

This section focuses on whether standardised clinical tests and questionnaires 

relate to parents’ perceptions of any change occurring following BoNT-A treatment 

11.8.1 Capacity vs Performance 

In practice, formalised testing takes place during hospital clinic appointments. It 

comprises of baseline assessments to decide on the best course of treatment and 

follow-up assessments to evaluate the impact of treatment following injections. 

There are concerns that assessing children in artificial clinic conditions may only be 

a measure of ‘capacity’,  i.e., what a child can do when trying their best in 

standardised conditions and not a reflection of the reality of everyday life (Burgess 

et al., Holsbeeke et al., 2009). Such concerns were raised by a number of parents 

including this mother of a high functioning four-year-old who provided insight 

regarding the functional capacity measured in testing: 

There's a lot that you don’t see.  So even though you spend ages 

doing a really good assessment, but you didn’t ‘see’ the things. 

They’ve been trained, and that’s really amazing that they do that, 
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but it means that the result isn't the real-world 

result…[16,F,4,I,M_G] 

Children frequently improve on ‘standardised’ tests due to repetition and ‘they 

become very good at doing the same task’ [16,F,4,I,M_G]. This mother 

recommended that clinicians should ask parents to observe their children doing 

everyday tasks when they don’t know they are being watched, rather than just 

evaluate the impact of injections in a clinic setting: 

 Just walking that short distance, she can do it very, very 

beautifully, but…walking into the clinic and walking out on the 

street, she kept putting this foot in front of that foot.  It was going 

at an angle and she was stumbling over it. [16,F,4,I,M_G].  

A measure of a child’s true capability and performance is something clinicians try to 

reproduce in a clinic setting, but realistically it’s often challenging to measure 

everyday performance. Parents acknowledged this, describing assessments as ‘quite 

easy’. Motor difficulties in CP are varied and can involve reduced endurance which 

is often harder to evaluate clinically:  

But hers, it’s more the long-distance thing that would hurt her, but 

then I don’t know in a room, can you push her?  I don’t know. 

[63,F,5,II,M_M] 

Logistically a test of endurance may be hard in a clinical setting, however, 

collaborative goal setting can work to improve therapy outcomes effectively and 

efficiently (Darrah 2011). This is essential if clinicians are to identify meaningful 

change during standardised testing, as parents advised that clinical teams don’t 

always see ‘the real current situation’ [16,F,4,I,M_G]. For the more able children 

there were some suggestions about how children could be challenged further with 

cycling and walking longer distances to test endurance, but parents recognised the 

limitations of the physical space at the hospital.  
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The variety of motor abilities of children who took part in the study meant that 

whilst testing for some did not always reflect their true performance, others 

enjoyed the challenge of individual standardised testing, particularly when they felt 

they could demonstrate their true performance: 

 He loves it … he enjoys all the challenges because it's just him. He 

isn't really competing with anyone else, so it's all well 

[51,M,5,II,M_G]   

This mother highlighted the importance of one-to-one assessments for her son, as 

he would have found it emotionally challenging being measured alongside other 

children and not been able to demonstrate a true measure of his motor 

performance: 

If you were to mix it up and do group sessions, you wouldn't get 

half of what you get ... Because he feels, like, someone else is 

doing it better and he won't try so much. [51,M,5,II,M_G]   

The mismatch between capacity and performance is a cause of anxiety for parents, 

particularly when the issue of re-injection is to be considered:  

Her last Botox assessment it was very good, I was actually shocked 

in the room at how straight she could walk and how well-aligned it 

was…  However, actually, her tripping and her falling is much 

worse now, there is tightening …. whereas you didn’t see the 

current situation, the real, current situation [16,F,4,I,M_G] 

By observing her daughter’s best ‘capacity’ in clinic, this mother was concerned that 

her daughter would not be eligible for further injections as clinicians were not 

seeing her true ‘performance’. Once again this highlights the parents’ role as 

experts in their own child’s care and the need to acknowledge parents’ opinions as 

well as capture a child’s true performance. 
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11.8.2 Goal setting 

The data suggested that parents were keen to set specific, measurable treatment 

goals for the injection sessions. Collaborative goal setting is essential, but the 

challenge is to identify areas which may reasonably be expected to improve 

following BoNT-A treatment.  One father explained that they were helped in the 

process by clinicians explaining the treatment plan and relating how the muscles to 

be injected would facilitate the attainment of a goal: 

So, the goals are great… we get asked what the main problem is.. 

and then we…set the goals together. Okay, we’re going to do the 

hamstrings because we want to try to improve the sitting posture, 

improve the heel strike,’ 33,M,4,III,M_G] 

However, several parents expressed how difficult they found it to set realistic goals 

for treatment, particularly when it was the first time that their child had injections. 

This mum expressed concerns that her initial goals may have been too ambitious:  

I feel we might have been a little bit too up there ... with the 

standing [70,F,4,III,M_M] 

Yet, the father of the same child disagreed, highlighting the personal nature of goal 

setting, he was thinking about the long-term picture for his daughter: 

I think that we’re on target for the goals… I’m not setting goals for 

our next set of injections, I’m setting goals that I want to 

achieve…. Long-term goals. [70,F,4,III,F_M] 

As confirmed in the literature, some parents expressed difficulty setting goals and 

found the process ‘quite hard’ and emotionally challenging too: 

I found it very hard to set the goals anyway because at the end of 

the day, I just want her 100%, and it’s hard to actually rate [that]. 

[63,F,5,II,M_M] 
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This example highlights that goal setting can be distressing for some parents 

because it is a reminder of the gap between their child’s development and that of a 

typically developing child. The acknowledgement of this gap has often been the 

driver for seeking treatment.  The same mother went on to explain that talking 

about goals was a challenge in front of her daughter especially as ‘she gets older’.  

Goal setting in this parent’s mind concentrated on what her child couldn’t do rather 

than what she could do, and she found this a negative experience and worried 

about how this affected her child’s self-esteem: 

You know, because she always hears … you don’t even realise 

she’s heard, and you’re like, oh okay … it comes out later… but yes, 

you’re quite mindful to always be positive, but, yes, it’s quite hard.  

[63,F,5,II,M_M] 

The aim is for children to be involved in collaborative goal setting as much as 

possible, but this can be difficult for very young children. As clinicians we need to be 

sensitive to this issue and involve children as much as possible, helping parents 

identify goals which are participation focused and framed in a positive manner 

(Verkerk et al., 2021) 

Another family reiterated this point claiming their goals centred around more 

general long-term aspirations:  

It was just like he leads a normal life without it affecting him, as 

much as we can really. [56,M,9,II,M_P] 

When asked about goals during the interview, parents did not often refer to specific 

goals set before the injections but tended to express more feelings about their 

hopes and aspirations for their children. 

Some parents, having set goals, doubted the accuracy of evaluating them later and 

this father went onto say that he found it hard to score the goals:  
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I think when you’re looking at the scales and stuff like that, might 

as well just throw a dart at a dartboard but it’s okay, that’s not an 

issue [70,F,4,III,P_M] 

This quote links to the uncertainty highlighted by many parents about the 

magnitude of response to expect following injections. It also refers to the variability 

in children’s performances, in clinic children demonstrate their best motor ability 

‘capacity’ often described as their ‘clinic walk’. When at home parents can score 

either ‘capability’, what a child is able to do at home (at their best), or they can 

score their ‘performance’, what they actually do every day at home.  This all leads 

to a variety in response making goal evaluation complicated, which depends on the 

family and also the skill of the professional team in guiding families to select 

realistic, achievable goals. 

11.8.3 Quality of life and Participation 

Two questionnaires capturing health-related quality of life (CPQOL) and 

participation at home, at school and in the wider community (PEM-CY) were 

introduced specifically for the study. Parents were asked to feedback on their 

experiences in completing these and reflect on how meaningful they were.  

Some families appreciated talking about more holistic factors, regarding their child’s 

care. The introduction of questionnaires such as CPQOL offered an opportunity to 

open a dialogue with clinicians about emotional wellbeing of children in the study: 

I don’t think I’ve ever been asked, until today, how he feels 

mentally. It’s always been quite physical, which is obviously 

understandable because that’s the aim of the thing. But then, to 

be fair, I think he’s only just reached that age where it would start 

affecting him maybe more, ….  But I think it might be good to just 

maybe ask, you know, how the child’s feeling, because some 

parents might not bring it up. Because they might not feel like it’s 

relevant [59,M,6,III,M_P] 
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Other parents shared that completing the questionnaires together offered the 

opportunity to discuss issues outside the home with their children, as questions 

were raised about activities at school and in the community.  

Although the feedback indicated parents were overall receptive to completing the 

questionnaires, a number of families reported that they found them too long and 

didn’t find them particularly relevant: 

It’s difficult, I can’t pretend I enjoy it, ……, In my view, I think it’s 

more, doing the physical stuff with [child], and looking at it, and 

filming it, and looking back at those films to see the progression. 

That, I think, is more important than some of those questions  

[62,F,10,I,F_G] 

This father described the questionnaires as not being helpful and preferred the 

other physical tests rating them more important in evaluating change in his very 

able daughter.  

Some families commented on the lack of context to the questionnaires, which 

whilst chosen as the only validated measures for CP, were not specifically designed 

for the British population:  

I think they’re a little dated and … it doesn’t really fit what you’re 

trying to do ... I would look at the structure of them a little more 

and refine them. [70,F,4,III,P_M] 

This lack of context and cultural relevance (particularly questions regarding family 

finance) was picked up by another mother: 

Yes, some of them can be a bit long-winded.. some of the 

questions are a bit repetitive as well, yes. and some of it wasn't 

really relevant.[19,M,1,M_M] 
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Several families found them relevant but too long, with one mother giving insight 

into the increased burden families face: 

Look, if anything, and this is being a bit picky, but there was no 

problem filling those questionnaires in, I think it was really nice to 

reflect back on it.  I just think … it would be better to have it 

slightly shorter because it is time-consuming and, you know, you 

have to really think about it … you know, you’ve got to think about 

the goals, there’s quite a bit of writing to do.  [33,M,4,III,M_G] 

Another mother’s account of filling in the questionnaires also highlighted the 

importance of considering the added burden on the family: 

it's something that you have to really, really read through. To be 

honest with you when I do these questionnaires it's about 25 

minutes because some of the questions are loaded one way 

slightly, so you could do a negative when it should have been a 

positive and vice versa. Some of them don't follow on extremely 

well. I think some need to be batched in a certain different way, 

but I understand why it's done, but I think it's just more a case of 

when you fill them in, it's not to do it quickly you have to give it a 

hell of a lot of thought. [66,F,4,III,M_P] 

And other families found them confusing:  

I struggled with those I find the wording, trying to make sure I 

write the right answers, they’re a little bit, almost, twisted … I just 

had to focus a little bit more … it was just, like, what do they 

actually mean?  [63,F,5,II,M_M] 

Parents were also asked about the additional burden and whether it would have 

been easier to complete the questionnaires online rather than in clinic:  
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I don't think it made much of a difference, to be honest, no…. .. it 

was quite easy because I just did it whilst they were seeing X in the 

appointment anyway. [19,M,1,M_M] 

This quote was representative of all the families interviewed, they did not express a 

strong preference and most families reported they completed them in clinic whilst 

their child was performing the movement tests over the hour’s appointment. 

Are we measuring what is important? 

Generally parents reported that standardised measures did give an indication of a 

change in activity and impairment following treatment but they expressed that only 

the questionnaires (particularly CPQOL) gave parents a chance to reflect on changes 

in children’s self esteem and confidence in their physical abilities.   

Parents reported observing change in their child’s motor ability when watching 

them repeat assessments and seeing change over the 12 months. They felt that 

observing change in a number of different standardised tests provided more 

comprehensive information about the benefits of treatment rather than measuring 

change in one area such as an individual muscle following treatment.   

11.9 Children’s perspective on BoNT-A  

The semi-structured interviews with children elicited similar themes about the 

BoNT-A procedure and sharing of experience about having CP. Children articulated 

this in many incidences more directly than the parents. Each child chose their own 

medium to express their feelings about treatment. Using the mosaic approach 

(Carter and Ford, 2014),  children were free to choose any of the art-based 

materials or playmobil™ figures to play with during the interviews. Children also 

continued playing with these while their parents were interviewed and were then 

allowed to take their crafts home. 
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11.9.1 Drivers for Treatment 

Children as young as six years old shared their feelings about living with CP and they 

were specific about the negative physical signs of CP: 

CP It’s so not amazing ! Tightness in my muscles is painful. 

[59,M,6,III,C_P] 

Pain seemed to feature significantly (more so than in parent interviews) and 

children explained about how weather conditions affected their pain in different 

ways:  

[When it’s cold] My legs get really cramped, and my legs start to 

hurt when I walk. [on a warm day] They’re good, but my legs still 

hurt a teensy bit. [60,F,6,II,C_P] 

Children were clear about the reasons for having BoNT-A “Because I have cerebral 

palsy and my legs started hurting” [60,F,6,II,C_P]. They articulated clearly how 

BoNT-A affected them:  

it makes me a lot stronger… I can walk easily with feet flat … I 

could walk a lot further … fall over less [62,F,10,I,C_G] 

Other children articulated the benefits of treatment by telling playmobil™ figures 

how BoNT-A could help: 

Charlie is going to have his botox to make him better… more 

stronger it will make him do stuff that is really cool, like jumping 

up and down to the sky! [63,F,5,II,C_M] 

They were clear when explaining to the cut-out dolls why their ‘friends’ should try 

BoNT-A claiming it ‘might help her walk’ [3,F,4,II,C_M].  
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Several children shared their feelings by explaining how they would advise friends 

who were considering treatment: 

Well, it will make your legs even better and it will make them even 

more like different than they used to be. It will make little things 

easier. All sorts of things like sports and running...And maybe 

walking, like upstairs and that, and like balancing maybe 

[51,M,5,II,C_G] 

Some older children wrote letters to their friends about to embark on treatment:  

 “Botox (from my experience) … has given me an amazing chance to be able to swim, 

run and it has limited my cerebal pasley [cerebral palsy]” [56,M,9,II,C_P]  

This quote highlighted (as with some parent interviews), a child’s positive 

experience in terms of improved participation was not always related to the 

clinician’s view of outcome. In this case, clinicians had categorised the child’s 

change post BoNT-A as a ‘poor response’, based solely on the reduction in spasticity 

seen following treatment.  This contrasted sharply with the child’s own perception 

of improvement following injections. 

11.9.2  Keeping up with peers  

Some children articulated clearly what having CP stopped them doing and how 

BoNT-A had helped:  

Because I can’t catch up with all my classmates.  I wasn’t at the 

same level as everyone else, but this Botox helped me. 

[59,M,6,III,C_P] 

Sometimes children highlighted the difference after treatment, giving specific 

examples as in this quote, explaining how school trips had been made easier, 

keeping up physically with classmates: 
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 I always used to be right at the back, because I couldn’t walk as 

fast as they did…..but last time we went to Tower of London… we 

were walking for a whole day [62,F,10,I,C_G] 

Although children talked about their peers, they concentrated more on their 

personal participation, such as playing football, giving specific details how injections 

had helped them: 

Well, first of all, I wasn’t kicking as much as I used to. I used to let 

my left leg do most of the work, but now, as I’ve had a lot of 

injections, they’re about equal now. [62,F,10,I,C_G] 

Children with all levels of motor ability shared their experiences of change after 

treatment. As this boy shared who walked using a frame: 

My feet are a bit flatter …  it’s helped with my running … I play for 

frame football, every Saturday … it’s easier than when my feet 

were on tiptoes [68.M,12,III,M_M] 

11.9.3 The injection procedure and beyond  

Older children talked openly about the feeling of having injections:  

Straight away, [it] felt sore I could feel it in my legs 

[68.M,12,III,M_M]  

The physical sensations of injections were remembered regardless of the sedation 

used: 

Yeah, well it just stings, and I just feel like there’s juice in my leg, it 

stings for an hour and I feel like the juice is in my leg.  I just feel it 

when I wobble my leg. [7,M,12,1,C_G]  
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Younger children described the sensation of injections, as in the case of a four-year-

old girl who had injections for the first time and was explaining what injections feel 

like to the cut-out doll she had made: 

Yes….it like feels funny and it might tickle, tickly bad … I was going 

to say tickly funny. [3,F,4,II,C_M] 

Other children shared what they would tell their classmates if they needed 

injections: 

I would tell them that it doesn’t hurt …  You just feel that 

something goes into your leg really quickly …  Yeah, you don’t feel, 

It feels like, you know the sting when you pluck your hair?  It feels 

like it’s just gone in. [1,F,5,1,GC] 

Some children shared what they felt like in the first few days following treatment 

 The next day I just feel like, well, it’s all gone, I guess, but the 

bruise is there, and when I accidently, well, the worst bit is even if 

you touch the bruise once at night, [7,M,12,1,C_G] 

The physical pain associated with injections was highlighted, as well as the 

weakness children sometimes experience, particularly in the first few days:  

Well my leg’s probably weak [on the first day], so I probably rest.  

So, if it’s weak then I can’t put as much pressure on it. 

[7,M,12,1,C_G].  

Your whole leg feels very floppy. After a bit of a time.  It’s only, 

like, the rest of the night, and then in the morning you’re okay. 

[1,F,5,1,C_G] 
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Weakness in the first few weeks was also mentioned by a number of children and 

they weighed this against the positive effects: 

 [It’s] good, but also bad … because, like, sometimes when I have 

it, I fall over after I have it.  [37,F,9,1,C_M] 

Not all children were positive about the effects of injections, some children couldn’t 

really see any difference when asked if they notice any change: 

Not really, I don’t feel it. [1,F,5,1,C_G] 

Another six-year-old boy was not happy as injections had made him ”run slower” 

[19] and a four-year-old girl explained what was harder for her after injections:  

 Like when I play… when I’m kicking …. [hard to kick] its soft and 

hard [3,F,4, I, C_M]  

This quote highlights how hard it can be for young children to articulate the altered 

sensations that they experience and confirms how important it is to find a way to 

hear children’s perceptions of treatment. 

Nevertheless, as in the parents’ interviews, some children shared positive thoughts, 

which all centred around how an increase in activity and greater participation made 

them feel:  

Awesome ... I feel great ... My teacher said I’m better at P.E 

because I haven’t tiptoed. [7,M,12,1,C_G]. 

This 12-year-old boy felt physically better and was pleased that this had been 

noticed by others. Whereas another six-year-old girl highlighted how doing more 

activities had benefitted her confidence: 

[I do] Swimming … Cubs … Cross country … Performing arts … It 

made me not shy. [19,M,6,II, C_M] 
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This was also true for the children who had less motor ability: 

Happier….because my feet is much more flat… [Marks out of 10?] I 

would go for 18. I keep saying ‘look at me! Look at me!’ to 

everybody. And there’ve been sometimes where I’ve been feeling 

too vain. [68.M,12,III,C_M] 

These quotes resonate with parents’ perspectives regarding a change in personal 

emotional factors in their children following an improvement in activity and 

increased participation opportunities.  

The interviews also highlighted how realistic the children were about what BoNT-A 

could do for them. This 12-year-old boy didn’t want any more injections in his legs 

and wanted to concentrate on injections to his arm: 

I think that now my leg’s flat, I know it’s still stiff, but since it’s flat 

now it’s not as hard as it was when I was tiptoeing.  So that’s why I 

want it in my arm now, because sometimes my arm can stick up, 

and that’s why I want my arm to get stronger, and basically, I feel 

like my leg’s like stronger … and I’m really glad. [7,M,12,1,C_G]. 

Another ten-year-old girl shared how injections made her feel following her seven 

treatment cycles and now had decided to stop injections for a while:  

It makes me  a lot stronger… I can walk easily with feet flat ... I 

could walk a lot further… fall over less [62,F,10,I,C_G] 

She even advised others what would make the effects last longer, when discussing 

doing more therapy: 

Well, I would, even though I don’t do it! I would do a mix, maybe 

like one day, do like, say, five or maybe more exercises, then the 
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next day maybe do one, then the day after that do five again, then 

the day after that do one again [62,F,10,I,C_G] 

As with the parents’ data, interviews with children highlighted how even young 

children with CP are perfectly placed to contribute towards future management 

plans and should be encouraged to take a central role in collaborative goal setting.  

11.10 Discussion 

“Investigating the experiences of BoNT-A treatment- Do standardised clinical and 

patient reported outcome measures relate to child and parent perceptions of 

response following BoNT-A treatment?” 

Families face many challenges having a child with a lifelong disability such as CP 

(Palisano et al., 2017, Rosenbaum, 2021b, Shevell et al., 2019). The interviews 

revealed the huge amount of uncertainty parents have regarding the future of their 

children with CP. As other researchers have observed, a lot of emotional energy is 

spent worrying about the future and trying to facilitate how each child can realise 

their full potential (Majnemer et al., 2012). It is widely recognised that enhanced 

participation is the ultimate aim for parents from all interventions in CP, secondary 

to lack of physical harm or pain for their children (Honan et al., 2022). As 

highlighted in the study, parents are constantly seeking ways to improve lives for 

their children. Families listed many drivers for BoNT-A treatment, highlighting the 

multifaceted problems raised as reasons for seeking BoNT-A treatment. The 

physical manifestations of CP result in activity limitation and participation 

restriction which can have an impact on self-esteem and confidence resulting in a 

vicious cycle of lack of participation and lack of inclusion. 

What was apparent was the need for parents to do something to help relieve their 

child’s physical problems. They were willing to try something for ‘anything’, even a 

minimal amount of change. The theme of ’what have we got to lose?’ was ever 

present in the data. This is very much in keeping with other work on intervention in 

CP with doing something being associated with parents not giving up hope on their 
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children’s ability to progress (Gibson et al., 2012). This however did not mean that 

parents adopted an ‘anything goes’ approach. Parents were very aware of whether 

the injections were still providing benefit for their child. They constantly weighed up 

the pros and cons of BoNT-A once they had commenced treatment. As highlighted 

in the work of others Lorin and Forsberg (2016), parents were aware that the role of 

BoNT-A was one component of a successful intervention programme and 

acknowledged the importance of rehabilitation in addition to BoNT-A. 

The belief that parents will continue wanting injections long after the benefits have 

passed in the absence of anything else was not upheld in this data. Parents were 

very aware when it was time to stop. They were philosophical in their approach to 

further injection cycles in the absence of obvious benefit for their children. They 

also had a pragmatic response to expected side effects following injections and 

even in the face of what could be considered significant side effects of excessive 

weakness were in fact ‘neutral’ in their opinion of BoNT-A. Having tried it they were 

happy to move on if they could not see the benefit for their child.  

Although some parents expressed initial reservations about using BoNT-A, the 

safety of the drug did not emerge in the data as a significant issue. Many people 

were familiar with its use in the general population for cosmetic reasons ‘it’s 

everywhere’ and did not perceive BoNT-A treatment to be an overly risky 

procedure. Parents were more concerned about the actual procedure of multiple 

injections and how painful the experience would be for their child. This is consistent 

with the work of Lorin and Forsberg (2016), who also found the same issue in their 

interviews with 15 parents whose children had undergone BoNT-A, describing the 

procedure as ‘troublesome’. It is interesting that the children’s data did not reflect 

undue distress regarding the injection process, although they did acknowledge the 

unpleasantness of the procedure. This could also reflect the amnesic properties of 

the midazolam sedation, which meant that many of the children could not 

remember the procedure. 



 

380 
 

Uncertainty about what to do for the best with their child post-injection focused 

mainly on not knowing the scale of change to expect afterwards. This was 

particularly pertinent for children having injections for the first time and was linked 

to a paucity of information about possible outcomes. Discussing the effects of 

repeated injections revealed that the results were variable, good, bad and neutral. 

However, two main issues were highlighted: uncertainty about whether to put the 

children through the experience again and whether it was worth it for the amount 

of change that parents had observed.  

Uncertainty about the effects of BoNT-A focused on two issues to do with timing of 

response: when families should usually expect to see a change and how long the 

effects would last. As described by others in the field, a sufficient level of 

information is key to alleviating uncertainty about what would happen following 

injections (Lorin and Forsberg, 2016). Sharing different families’ experiences about 

how long it takes for the injections to take effect from other children’s experiences 

would obviously assist parents in ‘planning’ both for the rehabilitation and also 

‘preparing’ their child, school and family life about what could possibly happen. Also 

continuing to warn families that things could be more difficult as they may be 

‘weaker’ in the initial period would help with preparing families for BoNT-A 

treatment.  

Parents were able to set clear goals for BoNT-A treatment and expressed these in 

terms of the activities that they wished their children to participate in. Success was 

measured in terms of improved level of participation rather than change in 

impairment level for many parents and children. Individualised goal setting was 

appreciated by many parents, focusing on their child’s specific needs. However, not 

all families found it easy to set goals and some parents found it distressing. In these 

cases, identifying activities that their children wished to do but couldn’t do was 

often a reminder for parents of the gap between their child and a typically 

developing child. This focus on the difference in physical ability is hardly surprising 

as historically rehabilitation for children with CP has followed a biomedical model 

(Rosenbaum, 2020). Traditional therapy has often been criticised for trying to strive 
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for ‘normal’ in the way activities are done, instead of embracing the child’s different 

ways of doing things. The focus on doing activities in a ‘normal’ way can hinder 

children’s progress and can sacrifice opportunities for participation and inclusion on 

what has been described as an ‘altar of normality’ (Rosenbaum and Gorter, 2012). 

Individualised goal setting should allow children and their families to choose targets 

that are meaningful for them and embrace what they would like to improve and not 

focus on what they cannot do (Angeli et al., 2019).   

The data suggested that a perceived beneficial outcome following repeated 

injections was associated with goal attainment in areas of activity and participation. 

This appeared to be closely aligned to realistic goal setting by families, which in 

many cases reflected moderate expectations of change following treatment. 

Successful outcome following BoNT-A was acknowledged by many to involve timely 

access to optimal rehabilitation.  

In exploring the experience of families following BoNT-A treatment within this 

study, it appeared that the standardised clinical and patient reported outcome 

measures used did relate to families’ perceptions of response following BoNT-A 

treatment. However, parents evaluation of response centred more on changes in 

activity, participation and quality of life benefits, rather than changes in 

impairment. Whilst these areas were reflected in the outcome measures used 

within this study, as highlighted in Chapter 2, few studies to date have evaluated 

change within all domains of the ICF.  

Parental perception of response generally aligned with clinicians’ perceptions of 

response up to six months following BoNT-A treatment. However, there were 

exceptions, and in both instances [56,66] whilst response had been rated poor by 

clinicians, parents reported improvements in activity, participation, and an 

improved confidence for their children. This once again highlighted that success for 

most families was measured in terms of activity and participation and was not only 

focused on aspects of spasticity and impairment.  
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This has important implications for clinical practice. Whilst the parental drivers for 

BoNT-A treatment may include increased spasticity, the spasticity impairment is 

judged by families in terms of how much it interferes with children’s functional 

activity or limits their participation. If clinicians are to evaluate the true benefits of 

BoNT-A treatment, assessment outcomes need to look beyond the measurement of 

impairment and include the factors that are most important to children and 

families, including those which focus on changes in activity and participation. 

Clinicians should evaluate the value and contribution of BoNT-A treatment in the 

achievement of functional and participation goals. 

Damiano et al. (2021),  highlighted this point in a recent WHO working party 

evaluating the efficacy of interventions in CP:  

 
“If an intervention fails to 

enhance the quality of life, activity or participation for that child 

or family either in the short or longer term, is it justifiable? 

 

In order to answer this question outcomes in all of these domains need to be 

evaluated. 

11.11 Strengths and Limitations  

The researcher, whilst known to some of the families, had not been involved in any 

of the children’s injection sessions. It was hoped that this would allow families to 

talk freely about their BoNT-A experience, with someone who was aware of the 

intervention procedure at GOSH but was not directly involved. It was recognised 

that the dual roles of the researcher as clinician and interviewer could have 

introduced an element of bias or skew to the data as there might have been 

reluctance on the part of parents to say anything negative. However, the familiarity 

of the interviewer with the process appeared to facilitate parents sharing of many 

aspects of their BoNT-A experience, both positive and negative. Parents were very 
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open about the anxiety and uncertainty they faced not only regarding BoNT-A 

treatment but also about having a child with CP. This permitted further insight into 

the reasons why families may choose an intervention such as BoNT-A.   

Due to their young age, understandably, children involved in the qualitative 

component of the study preferred to have their parents present during the 

interviews and vice versa. This may have affected the unrestricted feedback 

particularly from parents, as they may not have wanted to share negative feedback 

about BoNT-A treatment. This did not however appear to be the case as parents 

were very open about their feelings.  

The presence of a parent also meant that in some cases children relied on their 

parents to answer for them. However, this was also very helpful as parents were 

able to facilitate the sharing of experiences, particularly for shy and younger 

children, encouraging them to talk to the researcher. This also helped when 

choosing craft activities to encourage conversations about children’s experiences of 

injections. 

Conducting the interviews at the hospital was more convenient for families. 

However, practically this did mean that interviews often took place after a long 

clinic appointment and some children were tired. In these cases, the researcher 

ensured that children had a chance to play and provided a snack and a drink to 

allow the children some ‘down time’ before the interviews. This also provided an 

opportunity for children to play with the materials before talking to the researcher.  

Fitting in with children’s appointments did introduce an increased time element for 

both the researcher and the families. The need for increased flexibility around the 

time of the interviews limited the number of interviews that the researcher could 

do, as one interview would often require a two-hour slot. Children may have been 

more relaxed at home and more forthcoming about their experiences, if 

interviewed in familiar home settings. Nevertheless, children appeared keen to 

participate in the interviews and were enthusiastic about playing with the materials 

provided. In many cases the children did not want to leave the interview setting.  
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Whilst some children could remember the injection experience, the use of 

midazolam sedation, with its amnesic properties was often successful in minimizing 

the unpleasantness of the injection procedure. The researcher asked children 

directly about their memory of the injection day but if a child did not remember any 

details the conversation moved on to the next question and the child was not 

prompted further. This was thought to be important as many children return for 

retreatment and repeated questioning about the unpleasantness of the injection 

session could be detrimental to future episodes of care.  

Valuable information was gathered from the children’s interviews, allowing an 

insight into the child’s experience of treatment. However, if more time had been 

available, interviews could have taken place over a number of sessions and may 

have provided further deeper understanding of children’s experience of BoNT-A. 

The results are from families from one centre and therefore may be limited in their 

generalizability. Although qualitative research does not generally claim 

generalization of the findings to a larger population, it does aim to facilitate 

transferability of the findings (Peplow and Carpenter, 2013). As this study was an 

interpretative design the aim was to create understanding that could be of practical 

importance in the clinical area.  

Seven main points emerged for improving clinical practice 

• Acknowledging a parent’s expertise about the best time for treatment can 

help minimise anxiety and stress for families. 

• Recognising parents as experts in their own child’s care, aware of the best 

way to help their child understand the BoNT-A procedure. Providing 

information about the procedure in advance helps parents prepare their 

own child, in a manner that is appropriate both for their age and their 

cognitive ability 

• Providing families with sufficiently detailed information about what could 

happen following BoNT-A treatment. Allowing them, to prepare themselves 
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for the intervention, so that they can best support their child and others 

involved in their care (such as teachers and extended family).   

• A recognition of the mismatch between formal testing in clinic, which 

reflects a child’s capacity, in comparison to their usual performance in the 

community. Families are in a position to provide realistic information about 

a child’s capability and performance in daily life, reflecting meaningful 

change post BoNT-A. 

• Improving clarity in the way information is presented in order to improve 

accessibility for all family groups. The language used in reports can be 

confusing, use of medical jargon can add to uncertainty and anxiety 

experienced by families.  

• Parents acknowledge the contribution of BoNT-A as one part of an extensive 

rehabilitation package and are willing to commit to this. However, they 

requested support in optimizing the effects of BoNT-A in order to achieve 

activity and participation goals.  

• Uncertainty regarding the next plan for ongoing management can be a 

source of anxiety for parents. A lack of communication between parents, the 

hospital delivering the intervention and local teams providing rehabilitation 

results in increased anxiety for families.  

Efforts were made to include children with differing response to BoNT-A in order to 

encompass a range of experiences, the sample size of 18 was not small in 

qualitative terms and it could be claimed that there was an acceptable element of 

‘information power’ (Malterud et al., 2016). The interviews were performed by the 

researcher, who was familiar with the procedure through her work as a 

physiotherapist. In an attempt to limit bias in the analysis and reporting of the 

qualitative data a second researcher (KO) was also used to examine the data.  

Including the contribution of a second reviewer of the data, who was independent 

to the service, provided another perspective and enhanced the trustworthiness of 

the results.  
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11.12  Future research 

There is a need to hear more about the child’s experience, particularly about the 

child’s perception of the usefulness of BoNT-A treatment in assisting them or 

hindering them to achieve functional activity and participation goals. There is a 

paucity of research surrounding the lived experience of families following 

interventions, particularly the voice of the child. This study makes a contribution to 

addressing this gap in the literature, but further research is required including 

children of all GMFCS levels with differing cognitive abilities and of different ages 

receiving BoNT-A treatment. 
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Chapter 12 Integration and triangulation of Phase I and Phase II findings 

This research utilised a concurrent mixed methods design, with the qualitative data 

of Phase II of the study embedded within the larger primary quantitative data of 

Phase I. The focus of this chapter is to bring together the findings from the two 

phases of data collection with the aim of understanding the multidimensional 

experience of BoNT-A treatment for CYPwCP and the implications of these findings 

for clinical practice.  

As highlighted in the systematic review in Chapter 2, few studies to date have 

evaluated change in all domains of the ICF. Of those that did evaluate change 

throughout the domains of the ICF, the majority did not compare the findings to 

published MCIDs, resulting in uncertainty regarding the clinical significance of the 

findings. Throughout this research, change scores within the ICF outcomes have 

been compared to the available published MCIDs. This permitted the evaluation of 

outcome in terms of clinical significance to children and families in addition to 

statistically significant change observed following BoNT-a treatment. 

This research used a simultaneous design with both qualitative and quantitative 

data collected concurrently and analysed independently (Heyvaert et al., 2013). 

Although the quantitative data from Phase I were dominant, Phase II qualitative 

data enriched the findings and enabled exploration of families’ experience of 

treatment. This included identifying whether what matters to families was 

identified in the existing outcome measures. Phase II data were analysed for 

themes related to changes in the ICF domains and these were used to clarify the 

effectiveness of BoNT-A in ambulant CYPwCP.  

Using mixed methods in this study permitted access to the different aspects of the 

phenomena of interest, evaluating the benefits of BoNT-A treatment for ambulant 

CYPwCP, which as other researchers have highlighted could not have been accessed 

by one method alone (Creswell and Clark, 2017, Morse and Niehaus, 2009, Wu et 

al., 2019). It can be difficult to capture the essence of experience of both CYPwCP 
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and their families using only research methods that strive for reproducibility and 

generalizability, such as systematic measurement of quantitative data. The 

integration of the data from Phases I and II allowed the recognition of any 

divergences that emerged by comparing qualitative ‘experience’ and quantitative 

‘effect’ data following BoNT-A treatment. As a result of identifying change 

throughout all domains of the ICF, this study was able to evaluate the benefits of 

BoNT-A treatment throughout a number of areas of a child’s life, which are 

considered meaningful to families and CYPwCP. This is in support of WHO guidelines 

which has recommended that any intervention targeted at improving body 

structure and function should be evaluated in terms of improvement in activity, 

participation and quality of life outcomes (Damiano et al., 2021). 

This mixed methods study evaluated objective change in ICF outcomes over a 12-

month period following BoNT-A injections. The main findings from the two phases 

of the study have been summarised in Table 12-1. The ‘fit’ of data integration refers 

to coherence of the quantitative and qualitative findings (Fetters et al., 2013). 

Although the majority of data from Phase I was corroborated by families’ 

experience of BoNT-A treatment, the areas where the data from families’ 

experiences diverged from the quantitative results have been highlighted in red in 

the table. The following sections will explore the integration of these findings (12.1), 

together with the implications for clinical practice (12.4). 

  



 

 
 

ICF Outcome measure 
Timing of Clinically significant improvement in 

Phase I Outcomes* 
Qualitative findings Phase II 

BSF 

Pain 
 
Spasticity 
 
 
Selectivity of movement 

6 weeks & 6 months   
 
6 weeks (Gastrocnemius and Hamstring muscles)  
6 & 12 months (Hamstring muscles) 
 
6 weeks, 6 months & 12 months 

Less pain on walking and at night 
Reduced stiffness, softer, more flexible  
Walking up and down kerbs  

Quality of 
movement 

Alignment 
Dissociated Movement 
Weight Shift 
Co-ordination 
Stability 

6 weeks, 6 months & 12 months 
 
6 & 12 months  
 
Only at 12 months 

Improved ease of movement 
Less tired 
More fluid movement patterns, less effortful 
 X: parents reported less trips and falls following BoNT-A 
earlier than 12 months  

Activity 

GMFM-66 
TUG 
 
1MFWT 
 

6 weeks, 6 months & 12 months 
6 & 12 months 
 
Only at 12 months 
 

Running,  jumping 
Improved mobility in the classroom and in the 
community 
X: parents described children walked further, walked 
longer, kept up with peers, improved endurance earlier 
than 12 months 

Goal attainment  
COPM-Performance 
COPM- Satisfaction  

 
6 weeks & 6 months 
6 weeks, 6 months & 12 months 
 

Parents were  able to set realistic goals, aware when 
effects of injections had worn off & when to discontinue 
treatment 

Participation: 
HRQOL 

 
CPQOL Feelings about Function 
Participation and Physical Health 
 

6 weeks-12 months 
Improved self esteem 
                   confidence 
                   happiness joining with peers 

Participation: 
PEM-CY    
Frequency (F) and 
Involvement in 
activities (I) 

Home [H] 
School [S] 
 
Community [C] 

[H]F/I: 6 weeks, 6 months & 12 months 
[S]F: 6 months I: 6 weeks, 6 months & 12 months 
[C]F:  6 weeks, 6 months & 12 months  
[C]I: No Significant change 

Setting the table 
School mile, playground 
X  parents talked of increased involvement in 
community activities following BoNT-A such as football, 
scouts, cycling, judo 

Table 12-1 Synthesis of quantitative phase I data with qualitative phase II data                X Divergence of Phase II data from Phase I data    [ *following adjustment for clinical confounders] 
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12.1 Synthesis and implications 

Body structure and Function Outcomes 

In agreement with the published literature, this study found that spasticity was 

significantly reduced following BoNT-A injections (Blumetti et al., 2019, Delgado et 

al., 2016b). We did, however, observe a difference in the length of response 

between the two main muscle groups injected, hamstrings and gastrocnemius. 

Whilst both muscles showed a short term reduction in spasticity at 6 weeks, only 

hamstrings showed a continued significant reduction in spasticity throughout the 12 

months. The more global measure of ‘technical response’ within the most injected 

muscles was in keeping with the literature and showed a gradual return of 

increased spasticity between 6 and 12 months post injection (Fattal-Valevski et al., 

2008, Kanovsky et al., 2009, Multani et al., 2019a). Within the Phase II data, parents 

described a reduction in spasticity in terms of a change in ‘stiffness’ lasting for 

variable durations, and an ease in performing passive stretches and improved splint 

tolerance, which were individual to each child and treatment episode. Some 

parents described a sudden increase in spasticity once the effects of BoNT-A had 

worn off: “We could see the difference when suddenly it kind of went back”, “it 

wasn’t gradual … it was more … all of a sudden”.   

 

A small but significant improvement in muscle selectivity was seen, which was 

maintained throughout the 12 months of the study. Parents described the 

consequences of this in terms of improved function such as stepping up and down 

kerbs, utilising the improved muscle selectivity. There was also convergence of the 

data regarding a short term reduction in pain which lasted for up to six months 

which was described by parents and also objectively shown by reduced pain scores.  

 

The introduction of the QFM, the novel outcome measure used in this study, 

allowed the standardised objective assessment of a change in movement quality for 

the first time following BoNT-A treatment. Quality of movement was found to be 

significantly improved following BONT-A injections. However, although an 

improvement in alignment scores was seen at the initial assessment at 6 weeks 
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following treatment, clinically significant changes in other QFM attributes such as 

dissociated movement, co-ordination and weight shift took longer to appear. Most 

parents interviewed described a generalised improvement in movement quality, 

such as ’ease’ of movement and ‘fluidity’ of performing activities in the first weeks 

following treatment, whereas others corroborated the QFM findings and described 

an increasing improvement in movement quality that was most marked three 

months after treatment.  It is of note that stability, as measured by QFM, was only 

found to be clinically significantly improved at 12 months post injection. This was in 

contrast to parents’ descriptions of less trips and falls following treatment, which 

may reflect the multifaceted nature of stability, including changes in co-ordination 

and weight shift.   

Activity outcome measures were improved in the study following BoNT-A injections, 

this was reflected in families’ accounts of change in the amount of activities that 

children did. Parents and children described a variety of functional activities that 

the children were able to do better following treatment, emphasising that 

optimising performance is an ultimate goal in cerebral palsy (Halma et al., 2020). 

Whilst quantitative data demonstrated an improvement in gross motor function 

throughout the 12 months, and an improvement in functional balance and gait 

(TUG), parents also observed an improvement in distance walked which had not 

been reflected in a clinically significant improvement in gait as measured by 

1MFWT. This confirms the findings of other research in this area, which suggests 

that standardised gait tests such as 1MFWT may not be sensitive enough to pick up 

change following an intervention such as BoNT-A (Love et al., 2010b). The 

measurement of endurance was also highlighted as an area not picked up in 

standardised testing, with additional concerns that although capacity is evaluated in 

standardised testing, a child’s true performance is rarely seen in the clinic setting. 

Goal attainment was demonstrated by significant improvement in COPM goal 

scores over the 12 months. Average COPM performance scores, although improved 

at all time points were only found to exceed the MCID at 6 weeks and 12 months 

(approaching clinical significance at 6 months). COPM Satisfaction scores with goal 



 

392 
 

performance were significantly improved across the 12 months. This was in keeping 

with parental reports, as families were aware of the effects of BoNT-A wearing off 

and increased stiffness, nevertheless, many families described ongoing 

improvement from baseline. 

It is of note that although evaluation of response to BoNT-A was closely aligned 

between clinicians and parents in the majority of cases (~90%), some families also 

described an improvement in activity, endurance, confidence and self-esteem when 

clinicians’ evaluation of response to BoNT-A treatment (which had been based 

solely on a reduction in spasticity), had been poor. This emphasises the importance 

of evaluating activity, participation and Patient Reported Outcomes (PROMs) 

following treatment in the assessment of treatment benefits. Including PROMs can 

provide more contextually relevant information regarding children’s ‘functioning’ 

ability (Holsbeeke et al., 2009). They can also address the issue of measuring 

capability (what a child can do in their current environment) and performance 

(what they actually do in the context of where they live, go to school etc.) as 

realistically evaluated by PROM’s versus measuring capacity (best performance) 

with standardised outcome measures administered in artificial clinical settings 

(Fattal-Valevski et al., 2008, Halma et al., 2020).  

It would appear from the results of this study that BoNT-A enables CYPwCP to 

achieve activity and participation goals following treatment and once achieved, 

these activities seem to be maintained, despite the fact that stiffness may have 

returned. These findings are in keeping with the work of others in the field who 

have suggested that BoNT-A has a long term effect on gross motor function in 

CYPwCP even though the effect on muscle tone is short lived (Fattal-Valevski et al., 

2008, Wright et al., 2008). 

This study highlighted that the number of previous injection episodes did not 

appear to be significantly associated with outcome. This was in contrast to earlier 

studies that showed the first two injection cycles were more likely to result in 

improved spasticity and gross motor function (Kahraman et al., 2016, Papavasiliou 
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et al., 2006). Previous injection history within this study was not shown to be a 

significant predictor for outcome in any of the ICF domains in Phase I data. This was 

corroborated by Phase II data, where a number of families who had received 

multiple injection episodes reported a continued positive response which appeared 

to be unrelated to the number of previous injections. Although it was acknowledged 

that children having repeat injections (≥3) were a smaller, self-selecting group, 

whose children had continued to show benefit.  Nevertheless, parents with children 

having repeat injections for the second time also described positive changes 

following BoNT-A, although some parents did describe the magnitude of response 

to be less marked than the first time.  

Age was also not found to be a significant predictor for outcome within this study. 

Whilst it is recognised that younger children are more likely to have more dynamic 

contractures than older children, the evidence within this study suggests that when 

clinical indications for BoNT-A were present, older children where just as likely to 

have a positive outcome as younger children. Older children demonstrated a 

significantly greater improvement in QFM attributes and activity outcomes such as 

1MFWT and GMFM-66 (after adjusting for other clinical confounders). This was 

highlighted by the positive reports from children and parents in Phase II, with 

children who were 12 years old reporting continued benefits. These findings 

support the work of Strobl et al. (2015) who suggested that clinical indication for 

treatment of a dynamic contracture in the injected muscle was more important 

than age (or previous injection history).  

The original vision of the ICF was one of a dynamic system of interconnected parts, 

with the principal purpose being a reminder to focus on what CYPwCP can do. This 

was supported by the findings in Phase II of the study, when parents and children 

highlighted what activities the children could do better following BoNT-A treatment, 

identifying personal factors such as confidence and self-esteem as well as functional 

drivers for treatment.  
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The approach of evaluating how well interventions optimise function in CYPwCP is 

in keeping with current views of the practical use of the ICF for family centred 

practice.  Rosenbaum (2021b) and others (Damiano et al., 2021) have suggested 

that where interventions start (i.e. where interventions are targeted) may be much 

less important than identifying the broader functional goals that interventions are 

hoping to change  (Figure 12-1). 

 

Figure 12-1 Modified ICF adapted from CanChild (Rosenbaum and Gorter, 2012) 

 

As highlighted in Phase II, the main driver for BoNT-A intervention came from a 

parent’s desire to improve their child’s participation in everyday activities, at home, 

in school and in the wider community. Children ‘keeping up’, and ‘interacting’ with 

peers was important to families. The data from Phase I demonstrated an 

improvement in HRQoL following BoNT-A, as measured by CPQOL in the domains of 

function and participation following injections, which was consistent with parental 

reports of improved self-esteem and confidence.   

In contrast, participation as measured by PEM-CY (which was not CYPwCP specific), 

did not show a significant improvement in involvement in community activities. 

These findings did not align with parental reports of improved involvement in 

community activities such as swimming, football and judo. This may reflect a lack of 

sensitivity in generic tools to evaluate change in participation. Change scores were 

of small magnitude and difficult to interpret in the absence of MCIDs. These findings 

were in keeping with other researchers who have used PEM-CY who also found it 

CYPwCP BoNT-A 
Intervention 
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difficult to determine whether the change in participation scores were clinically 

meaningful (Gibson et al., 2018, Reedman et al., 2019).  

There were limitations in the use of this measure, as PEM-CY may not have 

adequately captured the parameters most likely to change following BoNT-A 

treatment, particularly given the small number of questions about physical 

activities. It is recognised that participation of CYPwCP, like that of typically 

developing children can be greatly influenced by individual and family preferences 

(Shimmell et al., 2013). These in turn, can be influenced by factors such as age, level 

of disability and in some cases gender (Shikako-Thomas et al., 2008). Participation 

can therefore be difficult to compare directly between individuals or to typically 

developing children using standardised tests (Sakzewski et al., 2007). This may 

explain the divergence of parents’ experience of improved participation from the 

PEM-CY data.   

  



 

396 
 

12.2 Summary  

The mixed method approach within this study enabled the integration of the 

experiences of children and parents with standardised testing of outcome following 

BoNT-A treatment, throughout all domains of the ICF. It highlighted the drivers for 

treatment and gave insight into the factors that families considered important. The 

results of this study support the approach that interventions should be driven by 

what matters most to families, ‘promoting functioning’ (Figure 12-2). 

 

 

 

Figure 12-2 A modified biopsychosocial approach to functioning (adapted from (Kraus de Camargo et al., 
2019) 

Understanding the concepts of capacity (what a child can do with formal testing), 

capability (what a child can do in their daily environment) and performance (what a 

child usually does) are important for CYPwCP (Halma et al., 2020, Holsbeeke et al., 

2009). Interventions such as BoNT-A may provide an opportunity to minimise the 

gap between the two and maximise performance.  

Within this study the novel inclusion of a standardised measure of movement 

quality (QFM) provided further information regarding the changes observed 

following BoNT-A. The results of the QFM confirmed the changes in movement 

What can we do to 

improve activity and 

participation? 

What will work to 

achieve the child’s 

and family’s goals? 

What matters most 

to children and 

families? 
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quality observed by families following treatment, which had not previously been 

evaluated by other standardised outcome measures.  The variation in response 

within different QoM attributes within this study could have implications for clinical 

practice. These findings showed a delay in clinically significant improvement in four 

out of the five QFM attributes until after the initial 6-week assessment period and 

may provide direction for targeted training following treatment. This could be in 

terms of the content of rehabilitation programmes (targeting the different quality 

attributes) and the length of time the period of rehabilitation should last (beyond 6 

weeks) in order to potentiate the effects of treatment.  

Nevertheless, whilst the benefits of QFM as a research tool have been highlighted, 

its’ usefulness as a clinical tool, particularly in its current format, with significant 

administration and scoring time remain to be seen. The QFM has been shown to be 

responsive in evaluating change in movement quality following BoNT-A treatment, 

however in its current form it is difficult to use in clinical practice. Further work is 

planned with the test developers combining the comprehensive data set of this 

study of 239 separate QFM assessments with the developers’ existing data set, in an 

attempt to streamline the scoring of the QFM attributes. This could enable the 

development of a shorter form of a standardised QoM assessment, possibly using 

‘item sets’ which would require a reduced number of GMFM items to be evaluated. 

This would facilitate its use in clinical practice to evaluate a change in movement 

quality following interventions in CYPwCP.  

Within this study, the majority of children (62.5%) received a single injection 

episode over twelve months. Those children requiring re-injection within the study 

had these almost 10 months following their first injection episode11. These findings 

support the work of other researchers who have recommended extending re-

injection intervals beyond six months and have advocated re-injection intervals of 

12 months (Franki et al., 2020, Hastings-Ison et al., 2016).  The timing of re-injection 

following assessment of outcome within all ICF domains within this study is 

pertinent, particularly when this is considered in the light of emerging evidence 

 
11 Mean time to re-injection 41.3 weeks ± 4 weeks 



 

398 
 

which has shown inhibited muscle growth with repeated injections within 12 

months (De Beukelaer et al., 2022, Schless et al., 2018).  

The experience within this study shows that evaluation of outcome based only at 

the level of spasticity could result in shorter re-injection intervals if activity, 

participation and HRQoL are not also assessed. It supports a body of literature 

which suggests that when evaluating BoNT-A use in CYPwCP, clinicians should move 

beyond assessing outcome only at the level of impairment with a resultant 

overemphasis on a change in spasticity scores (as measured by MAS and MTS), so 

that meaningful outcome can also be evaluated in areas that are important to 

children and families. 

12.3 Strengths and Limitations 

As highlighted by the systematic review in Chapter 2, this research is one of the few 

studies to evaluate longitudinal change following BoNT-A in all domains of the ICF 

over a 12-month period, using both standardised clinical and patient reported 

outcome measures. This was the first study to evaluate change in QoM following 

BoNT-A using a validated outcome measure (QFM), and the only research study to 

compare all ICF outcomes to published MCIDs.  

Whilst the lack of a control group can be considered a limitation of this study, as 

BoNT-A treatment is considered best practice care for focal hypertonia 

management for CYPwCP, there were practical and ethical concerns regarding the 

inclusion of a ‘no treatment’ control group. The use of a longitudinal study design 

permitted each child to act as their own control and the use of multilevel regression 

modelling allowed for the adjustment of clinical confounders. Using MCIDs to 

compare change beyond that expected without treatment also gave strength to the 

results of this study. The results from this study suggest focused, targeted BoNT-A 

treatment to the right child can show benefits in activity and participation domains 

which can persist longer than the reported short-term reduction of spasticity. 



 

399 
 

As this was a pragmatic clinical study, there were a variety of different treatment 

options available (with regards to combinations of muscles injected, as well as the 

content of therapy delivered following treatment). However, this can also be 

considered an advantage as the results of this study represent true clinical practice. 

Therefore, although the research is from a single site, with reference to clinical 

practice at a specialist children’s hospital, the pragmatic nature of the study could 

make it more generalisable to other centres, particularly within the UK.  

The novel use of the QFM as a standardised outcome tool to evaluate movement 

quality provided useful information regarding a change in QoM following BoNT-A. 

This detail of change in movement quality following treatment has not been 

previously reported in the literature and served to supplement the evidence 

regarding a change in capacity following BoNT-A treatment. However, more 

importantly it may highlight a change in both capability and performance not 

usually evaluated by standardised tests. The lengthy administration and scoring 

time do however limit its’ use in routine clinical practice in the current form.  

Information generated about the correlation between attributes from this large 

data set could assist in the development of a more streamlined data set and 

modifying the scoring criteria would make the measure more feasible for use in 

clinical practice.    

12.4 What this study adds to clinical practice 

This study has successfully shown that the efficacy of BoNT-A treatment can be 

evaluated throughout the domains of the ICF in order to assist with clinical decision 

making, involving both children and their families. 

The objective measurement of hypertonia is a well recognised clinical challenge. 

Whilst more sophisticated instrumented approaches could have been used to 

measure spasticity, the Modified Tardieu Scale R1 component successfully 

measured change in dynamic spasticity. The findings were mirrored in the changes 

observed in MAS for the most frequently injected muscles, gastrocnemius and 

hamstrings. Although both measures appeared to validate each other, the MTS 
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provided a more objective measure of spasticity and was able to incorporate 

information regarding spasticity (R1) in addition to information regarding the non-

neural component (R2).  

The more global ‘Technical Response’ introduced within this study endeavoured to 

evaluate the complexity of clinical practice by assessing change relative to published 

SEMs for each muscle group injected. This provided a categorisation of response for 

the main muscle groups identifying ‘responders’, ‘non responders’ and those cases 

that had ‘deteriorated’. Work is underway to operationalise this system within 

DRIVE (Great Ormond Street Hospital’s Data Research, Innovation and Virtual 

Environments Unit), which focuses on data collection to improve clinical care and 

patient experience. This will allow longitudinal data to be collected for children 

following repeated injection episodes and outcomes can be compared between the 

different ICF domains.  

The SMC test successfully measured change in muscle selectivity post injection, 

however in the absence of published MCIDs the magnitude of clinically meaningful 

change was difficult to assess. The multilevel regression analyses revealed that 

muscle selectivity was significantly associated with higher GMFCS level (GMFCS I 

and II) and muscle groups injected (distal versus proximal muscle groups). Muscle 

strength was not measured in this study but its inclusion in further research could 

provide useful information following treatment, particularly in the light of emerging 

science in the area of microscopic and macroscopic change in the muscle regarding 

more long term atrophy beyond 6 months following BoNT-A. 

Within this study, a change in functional balance was successfully evaluated using 

the TUG and supplemented the findings of other activity measures, particularly with 

regards to the timing of response (after 6-weeks). Nevertheless, in keeping with the 

latest Cochrane review (Blumetti et al., 2019), BoNT-A did not appear to 

significantly improve gait parameters and gait capacity as determined by the timed 

walk test used in this study (1MFWT). However, parents interviewed in Phase II 

suggested that improved endurance rather than speed was a driver for BoNT-A 
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treatment. Future studies could consider incorporating a PROM assessing 

endurance such as the Early Activity Scale for Endurance (EASE) (Fiss et al., 2019) or 

the Gait Outcomes Assessment List (GOAL), (Thomason et al., 2018) to capture this 

phenomena. 

The GMFM-66 was effective as a measure of functional activity and was able to 

discriminate between GMFCS Levels. Magnitudes of change were consistent with 

earlier BoNT-A studies (Choi et al., 2019, Valentine et al., 2020b). The introduction 

of the QFM was successful in assessing the impact of reduced spasticity following 

BoNT-A on quality attributes such as alignment, co-ordination and stability. The 

QFM was found to be responsive to change and provided additional information 

regarding the timing of change following BoNT-A over a 12-month period. Clinical 

practice has changed to incorporate recording the GMFM so that movement quality 

can be assessed routinely. 

The COPM successfully evaluated goal attainment following BoNT-A treatment and 

the results showed a small but clinically significant improvement in goal attainment. 

The inclusion of both measures, Performance (COPM-P) and Satisfaction with 

performance (COPM-S), permitted the evaluation of change that was meaningful to 

children and families. Evaluating change in individual goals provided more 

meaningful information about goal attainment than using averaged scores following 

BoNT-A. Goal attainment outcome was once again categorised in terms of 

‘responders,’ ‘non-responders’ and ‘deteriorated’ for the study and has been 

operationalised within clinical practice in order to evaluate longitudinal change over 

a number of injection episodes. Goals have also been separated into activity and 

participation domains in order to provide further depth of evaluation of response 

following BoNT-A. 

PROMs are important in evaluating change following interventions. Within this 

study the CPQOL questionnaire was able to demonstrate an improvement in HRQoL 

regarding participation and feelings about function and pain. Due to the young age 

of children in this study, a proxy reporting measure was used as recommended by 
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the test developers. However, it is imperative that whenever possible the child’s 

voice should be heard. Children as young as 4 are now encouraged within the 

service at GOSH to complete their own questionnaires (with the help of an adult) 

and these now supplement parental questionnaires to assist in planning future 

treatment.  

The PEM-CY was chosen for this study as it is the only validated measure to 

evaluate participation in terms of frequency and involvement in activities in the 

home, school and community setting.  However, the PEM-CY is a more complex 

questionnaire and a number of parents reported difficulty in completing the 

measure. A number of countries have developed their own version of the PEM-CY 

enhancing the cultural relevancy of the measure (Krieger et al., 2020, Longo et al., 

2019, Srinivasan et al., 2021). Modifications of this type could improve the use of 

PEM-CY within the UK.  

Both PROMs would also benefit from the development of MCIDs in order to 

enhance the clinical relevance of change scores of these measures. The results of 

this study will enhance the knowledge base involving the use of these measures. As 

this was a longitudinal study with three collection time points following BoNT-A 

treatment, there is a significant amount of data available. The researcher has 

established collaborations with international users and the results of this study will 

assist in the development of MCIDs.  

The selection of children for re-treatment with BoNT-A, as previously highlighted by 

others, appears to be a complex multifaceted phenomenon and should not be 

based on one outcome measure alone (Heinen et al., 2010, Love et al., 2010b, 

Multani et al., 2019a, NICE, 2012). Whilst increased dynamic tone is undoubtedly an 

important factor in using BoNT-A, within this study a return of dynamic spasticity 

was not always associated with re-injection.  Whilst it is tempting to think of a re-

injection algorithm purely in terms of a return of dynamic tone, the results from this 

study suggest that improvements in functional activity, movement quality and 

participation continue for longer than the reduction in spasticity. Therefore 
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treatment should be considered in terms of goal achievement and evaluating the 

sustained effects resulting from BoNT-A treatment and not only the isolated 

assessment of the return of dynamic spasticity.  

Longer re-injection intervals (in the majority of cases over 12 months) were 

supported by the finding of this study. This was based on the assessment of 

outcome within all ICF domains, both in the short term (6 weeks) following BoNT-A 

and also later in the medium term (6 months) and long term (12 months) post 

injection period when retention of benefits could be evaluated. This permitted the 

evaluation of change in areas that were considered meaningful to children and 

families. These findings support national guidelines which recommend assessment 

of outcome beyond the short term in order to assess meaningful change following 

treatment (NICE, 2012).  

12.5 Recommendations for future research 

The main areas for consideration for future research to emerge from The Toxin 

study were: 

1. The development of MCIDs for PROMs evaluating HRQoL (CPQOL) and 

Participation (PEM-CY), in order to evaluate clinical significance of change in 

these measures following interventions for CYPwCP. 

2. The development and validation of item sets to shorten the QFM test and 

improve efficiency of administration of the QFM in order to standardise 

quality of movement assessment in clinical practice.   

3. The development of an agreed core set of clinical outcome measures within 

each ICF domain in order to evaluate the efficacy of BoNT-A. This would 

permit evaluation of the benefits of BoNT-A treatment over a larger number 

of participants, involving a number of different healthcare settings. 

4. Longitudinal studies investigating a number of injection episodes using a 

defined core data set. Adequately powered studies will permit multilevel 

regression analysis of a series of outcome measures and provide information 

regarding the long-term effect pf BoNT-A. 
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5. Integration of quantitative and qualitative data following BoNT-A treatment 

with emerging research regarding the microscopic and macroscopic changes 

in muscles morphology following injections. This will further assist with risk-

benefit analyses regarding the benefits of treatment for ambulant CYPwCP.  

Clinical research … next steps  

1. Recognising the importance of co-intervention 

Evaluation of an extended rehabilitation period beyond the initial short-term 

reduction in spasticity following BoNT-A treatment, in order to assess long term 

outcomes throughout ICF domains 

2. Improved transition for adolescents into Adult BoNT-A services 

  

Exploration and introduction of clinical outcome measures used in adult services 

in order to facilitate transition for adolescents into Adult BoNT-A services- 

consideration of a health passport encompassing all domains of the ICF beyond 

body structure and function. 

 

12.6 Conclusion 

The findings from this study suggest that judicious, targeted use of BoNT-A does 

have a place in improving activity and participation for CYPwCP which can be 

maintained up to 12 months following treatment. As with all interventions in CP, 

outcomes should be evaluated in terms of their success in ‘improving functioning’, 

which was one of the main drivers from families for treatment.  

Results from this single site study were intended to represent the first stage in 

identifying predictors to BoNT-A treatment in order to better inform clinical practice 

and assist decisions that families and clinicians make about using BoNT-A. In order 

to extrapolate findings to a larger population, multicentre longitudinal prospective 

studies with standardised primary outcome measures are required to provide 

sufficient power for multivariate analysis.   
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14.2 Patient Information Sheets (PIS) / Assent Forms- Examples 

    

A. Parent/Carer Information Sheet 

The Toxin Study 

Understanding Clinical and Patient Reported Response of Children and Young People 

with Cerebral Palsy to Botulinum Toxin Injections: A Longitudinal Observational 

Study 

We would like to invite you and your child to participate in this research study. 

This study is looking at the use of Botulinum Toxin Injections in children and young people 

with cerebral palsy who can walk (either on their own or with walking aids). Before you 

decide whether you would like to participate it may be helpful to understand why this 

research is being done and what will be asked of you and your child if you decide to 

participate.  

 

Please take the time to read this information carefully and take home a copy of this. You may 

wish to discuss your choice with your family and friends. This patient information sheet 

describes the purpose, procedures, benefits, risks and safety issues of the study. 

 

What is the purpose of the study? 

Children and young people with cerebral palsy often have muscle stiffness. This can cause 

movement difficulties and limit the activities they can do.  Botulinum Toxin A (also known as 

‘botox’ or ‘toxin’) can be injected into muscles to temporarily reduce muscle tightness, pain 

and in some cases make movement easier.  The chemical effect of botulinum toxin is 

temporary, lasting a few months, which means injections may need to be repeated. The time 

for this varies between 4 - 12 months and in some cases longer.  

 

We know that botulinum toxin can be successful in reducing muscle stiffness in children with 

cerebral palsy. What we do not know, is whether reducing this muscle tightness actually 

makes life easier for children and young people with cerebral palsy. Does it change how 

much they can do (activity) or how much they can join in at home, school and in the 

community (participation)?We want to knowhow long any changes last and whether our 

measurements in clinic pick up the important things that matter to children and young people 

with cerebral palsy and their families? 
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There has been little research looking at how Botulinum Toxin injections can influence a 

child’s life with cerebral palsy and even less research has looked at change over a twelve 

month period. 

 

When you have read this information you will be given the opportunity to ask questions. If 

you decide to take part and allow your child to participate in the study, you will be asked to 

sign a consent form. You will be given a copy of the consent form and the original will be 

kept as part of your child’s medical records. 

 

Why have we been invited to take part? 

We have invited you to participate in this study because your child has a diagnosis of 

cerebral palsy and has been assessed as having muscle stiffness which may benefit from 

treatment with Botulinum Toxin A injections.  

We are inviting parents with children who have a diagnosis of cerebral palsy, aged between 

4 and 18 years, who are able to walk (with or without walking aids) and are under the care of 

Motor Disorders Service at Great Ormond Street Hospital. 

 

Do we have to take part? 

No, you do not have to take part.  Participation is completely voluntary which means you are 

free to decide whether or not you would like to take part. If you and your child say yes now, 

you are free to stop at any time without giving a reason. This will not affect your child’s 

current or future care or inclusion in any future research projects. 

 

What will we be asked to do if we agree to take part?  

We will only ask your child to take part if you agree for us to invite them. We have a separate 

information sheet for children and young people, which will help to explain to your child their 

involvement in more detail. 

 

Your child’s Botulinum Toxin treatment will follow the usual routine clinical practice for 

children attending the motor Disorders Service at GOSH.  The team will carry out the usual 

assessments for your child in clinic, once before injection and at 6 weeks, 6 months and 12 

months post injection.  

 

With your permission we would like to use this data collected in clinic for the study. 

In addition to our usual clinical practice, we will ask you and your child to complete a 

standardised questionnaire (see below) at the time of each clinic appointment.  
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These Questionnaires are; 

Cerebral Palsy Quality of Life questionnaire (CPQOL) 

We are very interested in how your child feels about their quality of life and not just about 

their stiff muscles.  The Cerebral palsy Quality of life questionnaire (CPQOL) has been 

specially developed for use with children with cerebral palsy and we will ask your child (with 

your help) to complete this. This should take ~20 minutes to complete.   

Participation Environment Measure – Children and Youth (PEM-CY) 

We want to know how your child joins in (participates), in a variety of settings such as home 

school and community. We will ask you (with your child’s help) to complete a standardised 

Participation questionnaire (PEM-CY).  This shouldtake~20-30 minutes to complete.  

 

These questionnaires can be completed in the hospital(paper form or electronically) or at 

home (paper only) and brought to the hospital on your next visit, whichever you and your 

child prefer. 

 

Goal setting 

As per our usual clinical practice, you and your child will have an opportunity to explore the 

main physical difficulties that your child experiences. Three goals will be set during the pre-

injection appointment and will be revisited at each clinic assessment. These will target areas 

which you hope the botulinum toxin injections can help. 

We have also added an additional assessment tool to be completed by the researcher; The 

Quality Function Measure (Quality FM). This tool will assess the quality of your child’s 

movements in more detail.  It will be scored from the video recording of your child’s 

standardised Gross Motor Function Measure (GMFM) which takes place in clinic as part of 

our usual clinical practice.  This will not involve any extra movement tests for your child and 

is scored by the researcher following the clinic appointment.  

What are the possible risks and benefits of taking part? 

 

We will gather information about the benefits of botulinum toxin injections for children with 

cerebral palsy. Whilst we cannot guarantee that this will help your child, we believe the 

information will help to guide treatment for children with cerebral palsy in the future, here at 

Great Ormond Street Hospital and other hospitals providing Botulinum Toxin injections.  

Additionally, some children and their parents who take part in this study will have the 

opportunity to be interviewed in phase II. They will be invited to talk about their experience of 



 

440 
 

botulinum toxin injections in more detail, which they may find helpful.  Please let us know if 

you and your child would be interested in being considered for this phase of the study.  

 

There are no known risks for you or your child in taking part in this research study. At the 

end of each assessment, you will be informed of your child’s progress as per usual clinical 

practice. The plan for future treatment (including re-injection) will be based on clinical 

indication together with your preference and the input of your child’s local team.  

Participating in this study will not change your child’s clinical treatment. 

 

Will taking part in this study be confidential? 

 

With your permission we will inform your local team that you are taking part in this study.  

All information which is collected about your child during the course of the research will be 

kept strictly confidential, which means only the research team will be able to see it. Any data 

we gather will have your child’s name and address removed (and replaced with codes). If we 

share any results, these will be kept anonymous so that you or your child cannot be 

identified.  

 

How will the data be kept secure and what happens to the data at the end of the 

study? 

 

All paper data will be stored in a locked filing cabinet, which is located in The Motor 

Disorders office at Great Ormond Street Hospital. This is only accessible by a swipe card. 

Personal identifiable data and consent forms will be stored separately to research data. 

Electronic data is stored on password protected servers accessed by Trust computers and 

encrypted laptops. At the end of the study personal data will only be stored and accessed for 

up to 12 months. Research data will be stored for 15 years or in accordance with GOSH 

Trust policies.  

 

Can we withdraw from the project? 

 

Yes, your participation is entirely voluntary. You are free to withdraw from the study any time 

without having to give a reason.  If you choose not to enter the study, or to withdraw once 

entered, this will in no way affect your child’s future medical care. However, with your 

permission we would still like to use the data collected up to that point. 

 

What will happen to the results of the study? 

 

All the families who take part will receive a report of the findings. The results will also be 

published and presented so they can be shared with other healthcare professionals and 

researchers as well as special interest groups such as SCOPE and Hemi help.  The National 
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Institute of Health Research (NIHR), who has funded this study, will receive a full study 

report. All data that is shared will be anonymised so that children and families cannot be 

identified. 

 

 

Who has funded and reviewed this research project? 

 

This research has been funded by a National Institute of Health Research (NIHR) Clinical 

Doctoral Research Fellowship and has been reviewed by independent researchers as part of 

the process of applying for funding.  The study is supported by the Movement Disorders 

Service, Wolfson Neurodisability Service at Great Ormond Street Hospital.  

 

Lesley Katchburian(chief investigator), is carrying out this project as part of a 

research doctorate programme supervised by Professor Eleanor Main (details below).  

 

 

Ethical approval has been gained for this study from ……………..   

 

What if I have any questions about the study?  

If you have any additional questions please contact Lesley Katchburian 

What if I have any concerns about the study?  

If you have any concerns or other questions about this study or the way it has been carried 

out, please talk to a member of the research team or your clinical team. If you remain 

unhappy, or wish to comment in any other way, you can contact the Patient Advice and 

Liaison Service (PALs) on 020 7829 7862 or email: pals@gosh.nhs.uk   

Contact for further information:   

 

 
 
 
 
 
 
 

Thank you for reading this and considering whether to let your child 
take part in the project. 

 
CYP Information Sheet phase I (13-18 y) v1 21.02.2017        IRAS 211617 

mailto:pals@gosh.nhs.uk
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B. Children and Young Person’s Information Sheet 
 

The Toxin Study 

 

 
 

Understanding clinical and patient reported response of children and young 
people with cerebral palsy to Botulinum Toxin injections: a longitudinal 

observational study 

 
We would like to invite you to take part in a research study. 

This study is looking at the use of Botulinum Toxin Injections in children and young people 

who have cerebral palsy. Before you decide whether you would like to join in with this study, 

it may help to understand why the research is being done and what it would involve for you.  

 

Please read the following information leaflet carefully – it tells you what will happen if you 

decide to take part. Take time to consider whether or not you would like to be involved and 

talk to others about taking part if you wish. Please ask us if there is anything that is not clear 

or if you would like more information.  

 

What is the purpose of the study? 

Some children and young people with cerebral palsy have difficulty moving and taking part in 

activities because of muscle tightness or stiffness. Botulinum Toxin A (a medicine also 

known as ‘botox’ or ‘toxin’) is injected into muscles to reduce muscle tightness, and make 

movement easier.  The effects of toxin injections are temporary, lasting a few months, which 

means sometimes the injections need to be repeated.  

 

What we would like to know in this study is…. 

 

Does reducing the tightness in your muscles make life easier for you?  

Do injections change how much you can do or how much you can join in at home, at school 

or out in the community with your friends and family? 

How long do any changes last after the injections? 

We would also like to know if what we measure in the hospital clinic picks up the important 

things that matter to you and your family following your injections. 
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When you have read this information you will be given the opportunity to ask any questions 

you may have. You will then be asked to sign an assent form if you decide to take part in the 

study. You will be given a copy to keep and the original will be kept as part of your medical 

records. 

 

Why have I been invited to take part? 

We are inviting children and young people (aged between 4 and 18 years) who have 

cerebral palsy and are due to have Botulinum Toxin A injections at Great Ormond Street 

Hospital. 

 

Do I have to take part? 

No, you do not have to take part.  Participation is completely voluntary which means you are 

free to decide whether or not you would like to take part. If you say yes now, you are free to 

stop at any time without giving a reason.  

 

What will I be asked to do if we agree to take part?  

We will do all the usual tests in clinic, once before you have your injection and the same 

ones again at 6 weeks, 6 months and 12 months after your injections. This is the same as 

our usual clinical practice for children receiving botulinum toxin injections. We want to see if 

the Botulinum toxin injections have changed anything about the way you move and we want 

to see how long these changes last. 

 

As part of this study we have added two questionnaires to be filled in around the time of 

each clinic appointment. There will be one questionnaire for you to fill in about how happy 

you are feeling about your movements and another one for your parents to fill in about how 

much you are doing at home at school and around your neighbourhood. You can help them 

to answer the questions if you would like to. 

There is no need to worry about filling in your questionnaire because you can always ask 

someone to help if you need it. You can answer your questionnaire at home or in the clinic 

it’s up to you. 

We have also added a new assessment score about the quality of your movements after 

injections. Do not worry, this will not mean you have to stay any longer than usual in the 

clinic!  The researcher can do this later by looking at the video recording taken in clinic of 

your movement tests. 

At your 6 month appointment you may be asked to take part in an additional part of the study 

which will involve a short interview. We will ask about any changes you might experience 

following botulinum toxin injections, to see if they match up with what the tests in clinic tell 
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us. Please let us know if you are interested in being asked to join the second part of the 

study. 

How long will I be asked to take part for? 

We would like to see you for once before your injections and then 3 times afterwards just to 

check how you are getting on.   

 

What are the disadvantages of taking part? 

Taking part in our study means you will have to give up some time to fill in a questionnaire 

every time you have a clinic appointment.  We think it will take you about 15-20 minutes.  

You can do this at home or when you are at the hospital waiting for your appointment - 

whichever suits you best. 

 

What are the advantages of taking part? 

By taking part in the study you will help us gather information about the changes that happen 

following botulinum toxin injections.  We believe that the information you give us will help to 

guide treatment for children with cerebral palsy in the future, here at Great Ormond Street 

Hospital and other hospitals who give Botulinum Toxin injections.  

 

Additionally, some children and their parents who take part in this study will also have the 

chance to be interviewed.  They will be able to talk about their experience of botulinum toxin 

injections in more detail, which they may find helpful.  

 

Will taking part in this study be confidential? 

Yes. All information collected about you during the study will be kept confidential, which 

means only the research team, will be able to see it. Any data we collect will have your name 

and address removed (and replaced with codes). If we share any results, these will be kept 

anonymous so that you cannot be identified and nobody will be able to guess it is you. 

 

How will you keep my data secure and what happens to my data at the end of the 

study? 

All paper data will be stored in a locked filing cabinet; this is in The Motor Disorders office at 

Great Ormond Street Hospital. You can only enter this office by using a swipe card. Any 

information which has your name on will be stored separately to research data. Electronic 

data is stored on computers and laptops and can only be used with passwords.  At the end 

of the study your personal data will only be stored and accessed for up to 12 months. 

Research data will be stored for 15 years in agreement with the rules at Great Ormond 

Street Hospital. 

 

 

What if I don’t want to carry on with the study? 
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If you agree to take part in the study you can stop at any time without telling us why.  If you 

do decide to stop, your care at the hospital will not be affected in any way. However, if you 

and your family agree we would still like to use the data collected up to that point. 

 

What will happen to the results of the study? 

You will receive a report of the findings. The results will also be shared with other healthcare 

professionals and researchers.  

Who is organising and funding this study? 

This study is being carried out by Lesley Katchburian (Clinical Specialist Physiotherapist) 

and The Motor Disorders Team at Great Ormond Street Hospital. The research has been 

funded by a National Institute of Health Research (NIHR) Clinical Doctoral Research 

Fellowship. 

 

Lesley Katchburian, chief investigator is carrying out this project as part of a research 

doctorate programme supervised by Professor Eleanor Main (please see her details 

below).  

 

Ethical approval has been gained for this study from ……………..   

 

Who should I contact with any questions?  

 

You can contact Lesley either by Lesley.katchburian@gosh.nhs.uk 

or  07xx88000 

Contact for further information:   
 
 

Thank you for taking the time to read this information leaflet! 

 

 

mailto:Lesley.katchburian@gosh.nhs.uk


 

 

 



 

 
 



 

 

CYP PIS  Words and symbols 4-8 years 

   



 

 

Examples of Consent/ Assent forms 

C. Parent Consent Forms 

   

   

   
CONSENT FORM for PARENTS/CARERS  

 
Understanding clinical and patient reported response of children and young people 
with cerebral palsy to Botulinum Toxin injections: a longitudinal observational study 

 

 YES NO 

1. I confirm that I have read and understood the information sheet (v1 1.2.2017) for the 
study titled above and have had the opportunity to ask questions and have had 
these answered satisfactorily. 

  

2. I confirm that I have had sufficient time to consider whether I will take part in the 
study.  

  

3. I understand that my participation is voluntary and I am free to withdraw at any time, 
without giving any reason, without my child’s medical care or legal rights being 
affected. 

  

4.  I agree to complete a questionnaire regarding my child’s level of participation at 
each clinic appointment. 

  

5 I agree to assist my child complete a quality of life questionnaire at each clinic 
appointment. 

  

6. I understand that any direct quotes from me in goal setting or questionnaires will be 
completely anonymous and kept confidential, and I agree for these to be used for 
educational purposes connected to this study e.g. presentations, training, 
publications if names are removed. 

  

7. I confirm that if I decide to stop taking part in the study that any questionnaires I 
have completed will be included in the data unless I ask for them to be withdrawn.  

 
 

 

8. I agree to you contacting my child’s GP to let them know my child is participating in 
the study. 

  

9 I agree to you contacting my child’s Physiotherapist to let them know my child is 
participating in the study and to ask for their feedback regarding my child’s therapy. 

  

10 I agree to be contacted regarding participation in phase II of the study 6 months 
after my child’s injections. 

  

11. I agree to take part in the above study.   

   

 

Full name of Child_______________________                    
      

 
 
________________________ ________________        ____________________ 
Full name of Parent/Guardian  Date       Signature 
 
_____________________________________________________________Researcher        

   Date   Signature   
 



 

 

D. CYPwCP Assent Forms 



 

 



 

 

14.3 Study Manual 

Example of recruitment protocol- instructions for clinicians 

RECRUITMENT  THE TOXIN STUDY 

 

 

 

 

Is the child on the waiting list for lower limb Botulinum Toxin Injections? Do they have an injection 

date planned? Do they meet the eligibility criteria below? 

If YES …please ask Admin to send family an invitation letter (A) to join the study and a Patient 

Information Sheet (B) together with their pre-injection appointment letter. 

Or if letter already sent Clinical staff to phone family and ask if they are happy to talk to researcher 

about the study. 

Eligibility Criteria 

 
Inclusion Criteria 
CYP 

• Confirmed diagnosis of CEREBRAL PALSY (Unilateral or bilateral CP) with hypertonia 
(due to spasticity +/or dystonia) 

• GMFCS level I,II or III 

• 4-18 years 

• Requiring lower limb BoNT-A injections for dynamic hypertonia interfering with lower 
limb functional goals or causing pain (patients can also be receiving U/L injections at 
the same time) 

 
 
 
Exclusion Criteria 
CYP 

• History of previous orthopaedic surgery to the injected muscle in last 12 months 

• History of previous neurosurgery for tone reduction in last 12 months 

• Lower limb BoNT-A injections in previous 12 weeks 

• Unrelated musculoskeletal problems, such as recent acute injury, or congenital structural 
deformity 

• Contra indications to BoNT-A treatment 

• Fixed muscle Contracture with no dynamic component  

• Unable to complete baseline assessments 
 
Parents/carers 

Insufficient knowledge of English language to complete outcome measure 
  

 

 

 



 

 

The family can confirm they are happy to discuss the study with LK (or research team member in 

her absence) either by filling in the form attached to Invitation letter A or letting NDS Admin team 

know when they phone to confirm the appointment.   

Notes for Research Team member 

….Please explain that 

….……our service has been established for 20 years and although we understand that Botulinum 

Toxin can have a positive effect in relaxing stiff muscles, what we really want to know is whether 

this change in the muscle affects other areas of a child’s life? For example how much they can 

move about, whether it helps them to join in with their friends and family and how long the 

effects of the botulinum toxin injections last in different children.  

 

We hope that this study will give us more information about Botulinum Toxin treatment and help 

us improve the service for children and their families. 

 

1. Explain to the family that this study attempts to mirror usual clinical practice. We will 

carry out all the usual standardised assessments and we will do this at their child’s  

a. Pre-injection appointment 

b. 6 weeks post injection 

c. 6 months post injection 

d. 12 months post injection 

 

2. Parents should be reassured that at each stage their child’s participation in the study will 
not affect their access to Botulinum Toxin -A treatment, treatment will continue to be 
provided as clinically indicated. 
 

3. Check families have been provided with an invitation letter (A), Parent information sheet 

(PIS) (B) and an age appropriate child information leaflet (C). 

 

4. Explain to the family who are considering taking part in the study that they will be asked 

to complete the additional questionnaires introduced for the study at the 4 assessments 

as well as provide COPM goal scores. This will be gone into in more detail at the pre-

injection appointment when consent is taken. 

 

 

THANKYOU 

 

  



 

 

A. Instructions for each assessment time point T0-T3 

 



 

 

 



 

 

 

 



 

 

B  Study Assessments- Instructions for Clinicians 

 

 

 

 



 

 

 

  



 

 

 

Test Procedure 

 

SCORING SMC 

0 No movement when asked to dorsiflex the foot 

1 Limited dorsiflexion using mainly extensor hallucis longus and/or extensor 
digitorum longus 

2 Dorsiflexion using extensor hallucis longus, extensor digitorum longus and 
some tibialis anterior activity 

3  Dorsiflexion achieved using mainly tibialis anterior activity but 
accompanied by hip and/or knee flexion 

4 Isolated selective dorsiflexion achieved, through available range, using a 
balance of tibialis anterior activity without hip and knee flexion 

 

 

 

 

 

Selective Motor Control Test (SMC) 

Tips  

Make sure that the child is comfortable. They can be sat on the plinth with 
the back rest to support them and if required a small support under their 
knee. Encourage the child to pull up their foot and touch a toy. 

 



 

 

Modified Ashworth Scale MAS 

NORMAL 0 No increase in Muscle tone 

MILD 1 Slight increase in muscle tone- manifesting 
as a ‘catch and release’ or by minimal 
resistance at the end of range of 
movement when the part is moved. 

 1+ Slight increase in muscle tone- manifesting 
as a ‘catch’ followed by minimal resistance 
throughout the remainder (less than half) 
of range of movement. 

MODERATE 2 More marked increase in muscle tone 
through most of the range of movement 
but part easily moved. 

SEVERE 3 Considerable increase in muscle tone 
passive movement is difficult 

 4 Rigid part cannot be moved 

 

 

 

 

 

 

 

 

  

Tips  

1. Always try to take first measurement for each muscle group being 

tested (max 3 trials) 

a. If we continue to  assess in an attempt to get an average the 

muscle tone will reduce 

b. Speed should be the same as limb falling with gravity ‘fast’ 

2. Tone is variable so we know it will change depending on day etc. but 

we should standardise position tone measured – make a note on ICP 

if position differs from usual. 

3. Contractures vs increased Tone 

a. Record the MAS score within the available range. 

b. Start in maximal position for muscle i.e. if measuring 

plantiflexors start in full plantarflexion; adductors – full 

adduction etc.  

 



 

 

        

C. GOSH Protocol of standardised musculoskeletal examination  for Hamstring and Gastrocnemius 

muscles- Showing Fast and Slow stretch for Modified Tardieu Scale (R1 and R2) (photos 

reproduced with permission from CPIP- Scotland) 

 



 

 

14.4 QFM Scoring 

A. Example of QFM structure and scoring 

Generic scoring for each attribute 

0 = a lot of difficulty (markedly atypical) 
1 = some difficulty (moderate atypical) 
2 = a little difficulty (slightly atypical) 
3 = no difficulty (looks fine) 
 
 
 
 

 
 
 
 

 
 



 

 

 

B. QUALITY FM™ SUMMARY SCORE CALCULATION 

 
 

 
 
 
 

AN OVERALL TOTAL SCORE IS NOT CALCULATED 

*Note: All Stand and Walk items should either be tested or assigned a GMFM and 
Quality FM score of 0 if the item is too difficult for the child to attempt. The ‘not 
tested’ option on the GMFM/Quality FM should be reserved just for items that were 
not tested due to time or fatigue issues.  

 

  



 

 

C. Site specific modified QFM filming schedule 

Site specific modified QFM filming schedule – page 1 

NB: ensure video clip captures both the preparation and end phase of performance for each 
item 
Hands on equipment or mobility aid can be used if required for items highlighted with * 
[modification of GMFM instructions] 
ITEM VIDEO 

ANGLE 
SPECIAL INSTRUCTIONS 

52. Pulls to stand at large 
bench 

Back 
Side 

Ask child to try to hold a steady stand position to finish. 

54. Standing holding bench, 
lifts right foot 

Back 
Left side 

Make sure child not holding on with two hands when leg is 
first lifted.   
Video from side of weight bearing leg:  Subject may need 
to move to parallel bars or to short end of plinth or to stand 
side on to plinth to allow lateral view 

55. Standing holding bench, 
lifts left foot 

Back 
Right side 

65. Cruises 5 steps to right Back 
Side 

Use parallel bars where appropriate to allow lateral views 

66. Cruises 5 steps to left Back 
Side 

Use parallel bars where appropriate to allow lateral views 

59. Sitting on small bench, 
attains standing without use of 
arms 

Front/Back 
Side 

Ask child to try to hold a steady stand position to finish.  
Film from back for GMFCS III cases requiring bench use. 
Position small bench near high plinth or parallel bars for 
GMFCSIII cases who may need to hold on for balance 
after assuming standing. 

56. Standing: maintains, arms 
free, 20 seconds 

Front 
Side 

Ask child to stand quietly with arms at side for 20 seconds. 
Encourage child not to shift weight or move upper body at 
all once in a comfortable and stable position (“frozen 
statue”). 

53. Standing: maintains, arms 
free, 3 seconds 

Front 
Side 

Ask child to stand as quietly as possible with arms at side 
Consider omitting item for children able to stand full 20s.   

57. Standing: lifts left foot, 
arms free, 10 sec 

Front 
Right side 

Ask child to stand as quietly as possible 

58. Standing: lifts right foot, 
arms free, 10 sec 

Front 
Left side 

Ask child to stand as quietly as possible 

62. Standing: lowers to floor 
with control, arms free* 

Front 
Side 

Ask child to hold steady high kneel position to start and to 
also hold the standing position steady with feet together at 
the end.   
Sequences for items 60-62 may be interspersed (i.e. film 
returning to floor between trials for coming up to standing).  
Subject may need to adjust position on floor to allow 
appropriate film angles. 

 

60. High kneeling: attains 
standing through half kneeling 
on right knee without using 
arms 

Front 
Left side 

61. High kneeling: attains 
standing through half kneeling 
on left knee without using 
arms 

Front 
Right side 

63. Standing: attains squat, 
arms free* 

Front 
Side 

Ask child to try to come back up to a steady stand position 

64. Standing: picks up object 
from floor, arms free, returns 
to stand* 

Front 
Side  

Ask child to hold steady stand position to finish  
Film from side of reaching arm 

67. Standing: 2 hands held, 
walks forward 10 steps 

Front 
Side  

Tested for GMFCS III only - omit item if child able to 
walk hands free  

68. Standing: one hand held, 
walks forward 
 

Front 
Side  

Tested for GMFCS III only - omit item if child able to 
walk hands free 



 

 

Site specific modified QFM filming schedule – page 2 

69. Standing: walks forward 10 
steps 
 

Front 
Side or back 

 

70. Standing: walks forward 10 
steps, stops, turns 180 degrees, 
returns 

Front 
Side  

 

71. Standing: walks backward 
10 steps 
 

Front 
Side 

 

72. Standing: walks forward 10 
steps carrying a large box with 
2 hands 

Front 
Side 

 

73. Standing: walks forward 10 
consecutive steps between 
parallel lines 8" apart* 

Front 
Side 

Can be tested with walker 

74. Standing: walks forward 10 
consecutive steps on a straight 
line  

Front 
Side 

 

75. Steps over a stick, right foot 
leading 

Front 
Side (right) 

Establish stick height before filming  
From stable standing start position near stick, child lifts 
leg to step over stick. Ask child to hold standing position 
to start, and also to hold standing position steady at end. 

76. Standing: steps over a stick, 
left foot leading 

Front 
Side (left) 

78. Standing: kicks ball with 
right foot 
 

Front 
Right side 

Can be tested with walker 
Ask child to hold steady stand position to start 

79. Standing: kicks ball with left 
foot 

Front 
Left side 

80. Standing: jumps 12" high, 
both feet simultaneously 

Front 
Side 

Ask child to hold landing position after jump. 
 

81. Standing: jumps forward 
12", both feet simultaneously 

Front 
Side  

Ask child to hold landing position after jump. 
 

82. Standing: on right foot: hops 
on right foot 10 times within a 
24" circle 

Front 
Front  

Ask child to hold steady 2-foot stand position at finish  

83. Standing: on left foot: hops 
on left foot 10 times within a 24" 
circle 

Front 
Front  

Ask child to hold steady 2-foot stand position at finish 

84. Standing holding 1 rail: 
walks up 4 steps, holding one 
rail, alternate feet.  

Back 
Back 

 

85. Standing holding 1 rail: 
walks down 4 steps, holding 
one rail, alternate feet 

Front 
Front 

 

86. Standing: walks up 4 steps, 
alternating feet 

Back 
Back 

 

87. Standing: walks down 4 
steps alternating feet 

Front 
Front 

 

88. Standing on 6" step: jumps 
off, both feet simultaneously 

Front 
Front 

Ask child to hold steady finish position. Should try to do this 
without putting hands forward onto floor. 
 

77: Standing: runs 15 feet, 
stops, returns 

Front/back 
Side at turn 

Film front/back sequence in corridor  



 

 

14.5 Interview Schedules 

A. The Toxin Study: Interview Schedule for children and young people 

 

NB Interviews will be more in-depth but follow usual clinical 

questioning and will provide children and young people the 

opportunity to tell their story and share their views and 

experiences of their life following botulinum toxin injections. The following prompts 

will act as guide for the researcher of issues to cover rather than a list of questions to 

be asked in sequential order. The language used will be appropriate to the child’s age 

and cognitive ability. There will also be the option for children to express themselves 

through arts and craft activities including the use of talking mats. 

 

Today, we are talking about your treatment with botulinum toxin  

• Prompts to answer research question  
Are changes dependent on age at time of injection walking ability treatment 

episode? 

1. Is this your first injection… If no….. how many have you had before? 
a. Are they different? Which one was the best? In what way? Why do 

you think that is? 
 

• Prompts to answer research question  
Does stiffness due to dystonia or spasticity change with Botulinum Toxin A 

injections? 

Have you noticed any change in your muscles following injections? Tell me how your 
muscles feel… 

1. Are your muscles any looser/stiffer/no change? 
a. Has anyone else noticed? Teachers? Family? Your siblings? 
b.  

2. Do you ever get pain in the muscles in your legs? 
When did you get pain in your legs? Has this changed after the injections? 

3. Do you feel like you have more energy?  Is it the same after the 
injections? Are you feeling more tired … can you explain how? 

 



 

 

• Prompts to answer research question  
Does this make a difference to how children can function (activity) and join in 
(participate) with everyday life? Does this influence their quality of life? 

How easily do you move around? How would you describe how much you can walk 
to another person?  

Can you walk in the park and in the playground ? Or do you mostly walk around the 
classroom and at school? Or do you walk mostly with your physio community / 
household/ mostly therapy only? 

1. How would you describe your movement activities following this set of 
injections Are things easier /harder/ no change?  
Are there things you can do now that you found difficult before? 

a. For example how’s your walking now…change in 
distance/ease/quality? 

b. Climbing stairs…support required/speed/style 
 
…Are there other things that have been made harder for you? If yes ..what 
are these? 
 
 

2. Has there been a change in your joining in (participation) since this last set of 
injections? 

a. Thinking about activities that you usually do in school? Any changes… 
for example sit for longer in story time on the mat, getting ready for 
PE etc. 

b. Out of school e.g. clubs? Any changes…. 
c. Anything else?  

 
How do you think the injections have altered any activities /participation? If 
at all? 
 

3. How happy are you with the activities you are able to join in with at school? 
a. Does school help by changing the way they do things? How? Has this 

changed since your treatment? 
b. Have teachers / friends/ other grown ups or anyone else in the school 

noticed any change? 
 

4. How happy are you with what you do outside school? What kind of things do 
you do after school e.g. swimming brownies cubs etc  

a. Has this changed since botulinum toxin? 
b. Are there any new chances to join in with your friends or your 

brothers and sisters or cousins? 
c. If yes…How has this changed following toxin injections? 

 
5. Quality of life? How happy are you about how you can get around? 



 

 

a. Has this changed post injection ……if yes when? Still now? 
b. Is it the same..worse..or better ? Why do you say that? What are the 

signs? 
 
Are you still observing the same changes? If not when did it change? 

 
Prompts to answer research question -Do we measure in clinic what is important for 
families? 

1. When you come to clinic we do lots of movement tests to see how your 
movements are getting on 

a. Can you remember some?  What do you think we are looking at in 
clinic? 

Have we missed anything about your movements that would tell us more about any 
changes that happen after your treatment? 

2. Goal setting  
a. Do you know why you had the botulinum toxin? 
b. Do you remember we set some goals for our treatment?  (Goals are 

things we were hoping would improve with your treatment)  Do you 
know what your goals were? Tell me ..have some things changed that 
you were hoping would?  

i. All of them..some of them..none of them 
c. How easy did you find this goal setting to do in clinic….who‘s goals are 

they? 
d. Do you think that you get enough chance to decide these with 

i. Your mum and dad 
ii. Your local team 
iii. The team at GOSH 

These interviews will be dependent on age and cognitive ability. The 
researcher will modify the schedule to encourage the child to express 
their feelings 
 

• Children will be given the opportunity to use arts and crafts e.g. draw 
pictures about how they feel before and after injections/Write 
postcards to a friend / another child about to have injections/Tell 
stories with Talking Mats 

 

  



 

 

B. The Toxin Study: Interview Schedule for parents 

 

NB Interviews will be more in-depth and will provide parents the 

opportunity to tell their story and share their views and 

experiences of their child’s life following botulinum toxin injections. 

The following prompts will act as guide for the researcher of issues to cover rather 

than a list of questions to be asked in sequential order.  

 

Today, we are talking about your child’s current episode of botulinum toxin 
injections 
 

• Prompts to answer research question  
Are changes dependent on age at time of injection walking ability treatment 

episode? 
 

2. Is this your child’s first injection… If no….. how many have they had before? 
a. How do they compare? 
b. Which episode to date has been your child’s best response? Why do 

you think that is? 
 

• Prompts to answer research question  
Does stiffness due to dystonia or spasticity change with Botulinum Toxin A 

injections? 
 
Have you noticed any change in your child’s muscles following injections?  
 

4. Are the muscles any looser/stiffer/no change? How would you describe 
how the muscles have been injected feel? How has it changed since the 
injections? Is it still changed?   

a. Has anyone else commented on this? Teachers? Family? Your 
child? 

5. Has your child previously complained of pain in their muscles? 
a. If yes  has this changed after the injections? 
b. All the time? At night? When? 

6. Has your child’s energy level changed? 
a. If yes in what way - can you give examples? 

 
 

• Prompts to answer research question  
Does this make a difference to how your child can function (activity) and join 
in (participate) with everyday life? Does this influence their quality of life? 

 



 

 

How easily does your child get around? How would you describe your child’s walking 
ability to another person?  

e.g. community / household/ mostly therapy only? 
 

6. How would you describe your child’s movement activities following this set of 
injections?  
Are there things they can do now that they found difficult before? 

a. For example  if walking …change in distance/ease/quality? 
b. Climbing stairs…support required/speed/style 

 
Are there other things that have been made  harder for your child? If yes 
..what are these? 
 

7. Has there been a change in your child’s participation since this last set of 
injections? 

a. Thinking about activities that they usually do in school? Any changes… 
for example sit for longer in story time on the mat, getting ready for 
PE etc. 

b. Out of school e.g. clubs? Any changes…. 
c. Anything else?  

 
How do you think the injections have altered any activities /participation? If 
at all? 
 

8. How happy do you think your child is with the activities they are able to join 
in with at school? 

a. Do the school adapt activities- how? 
b. Has this changed post toxin? 
c. Have teachers anyone else in the school noticed any change? 

 
9. How happy do you think your child is with the activities they do outside 

school? 
a. How has this changed post toxin? 
b. Are there opportunities for him /her to join in with friends /siblings? 

Has this changed following toxin injections? 
 

10. How would you describe your child’s quality of life? 
a. Has this changed post injection ……if yes when? Still now? 
b. Is it the same..worse..or better ? Why? What are the signs? 

 
 

Are you still observing the same changes? If not when did it change? 
 

• Prompts to answer research question  
Do we measure in clinic what is important for you and your child? 

 
3. In clinic we use a variety of movement tests to capture different parts of your 



 

 

child’s movement abilities. 
For example….measuring how their joints move (Joint range), how 
well they can isolate movement at their joints (selective movement), 
how strong they are (muscle strength) 
We also have some standardised tests looking at walking speed and 
walking ability , and a test to look at balance, jumping and running 

 
What do you think about what we are measuring?   
Is it clear what we are looking at in clinic? 
Have we missed anything about your child that would tell us more about any 
changes they experienced after injections? … what else would you suggest? 
 

4. Goal setting  
a. Do you know what the goals of treatment were? 
b. Has your child achieved these goals  

i. All of them..some of them..none of them 
c. How easy or difficult did you find goal setting to do in clinic? 
d. How well do you think that you get the chance to decide these goals 

with 
i. Your child, Your local team and The team at GOSH? 

 
 

Is there anything else you would like to share about your child’s Botulinum Toxin 
treatment? 
 
 
Example of certificate given to young CYPwCP for participating in Phase II interviews  

 

 
  



 

 

14.6 COPM Goals 

Table shows ICF Coding for Goals set by study participants (n=64) 

ICF-CY coding n 

Body structure and function goals  

b280 Sensation of pain 
Reduce pain during the 
day Reduce pain during 
the night 
Reduce pain in specific area of 
body Reduce pain during walking 

15 

b455 Exercise tolerance functions 
Reduce fatigue 

2 

b735 Muscle tone functions 
Improve ease of stretches  
Reduce scissoring of lower 
limbs 

5 

b760 Control of voluntary movement functions 
Improve balance/stability 

4 

b770 Gait pattern functions 
Improve gait pattern 
Improve foot posture/position 
Improve heel strike during gait 
Straighter legs/ reduce crouch 

36 

b780 Sensations relating to muscles and movement functions 
Reduce stiffness 
 

1 

Total BSF Goals 63 

 
Activity & Participation  goals 

 

 
d410 Changing basic body position 

Improve ability to get in and out of bath 

1 

d415 Maintaining a body position 
Improve standing 
ability/balance Improve 
sitting ability/balance 

3 

d435 Moving objects with lower extremities 
Kicking a ball 
Improve pedalling/cycling with assistance 

4 

d450 Walking 
Reduce trips and 
falls Improve 
walking distance 
Improve walking 
speed Independent 
walking 

58 

d455 Moving around 
Improve stair 
climbing 
Hopping 
Improve 
cruising 

8 



 

 

Improve 
running 

d460 Moving around in different locations 
Walking inside independently 

2 

d465 Moving around using equipment 
Improve walking with walker 

2 

d475 Driving 
Increase distance when 
scooting /  Riding a bicycle 
independently 

3 

d530 Toileting 
Improve independent toileting 

2 

d540 Dressing 
Improve dressing and changing 
Putting on trousers independently 
Putting slippers on foot 

7 

d920 Recreation and leisure 
Improve swimming 
Improve fluidity of 
dancing 
Improve posture during karate 
Improve foot posture during 
ballet 

7 

Total A& P Goals 97 

  

Environmental goals   

e115 Products and technology for personal use in daily living 
Improve tolerance of splint Improve tolerance of AFO 

9 

  

TOTAL 16
9 
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14.7 Statistics 

14.7.1 Statistics- Normality Tests 

BSF  
 
Pain scores Not Normally distributed at any time point 

Tests of Normality 

 

Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

pain_score_T0 .317 47 .000 .788 47 .000 

pain_score_T1 .296 47 .000 .677 47 .000 

pain_score_T2 .372 47 .000 .701 47 .000 

pain_score_T3 .304 47 .000 .716 47 .000 

Lilliefors Significance Correction 

 

 SMC Not Normally distributed at any time point 

 

Tests of Normality 

 

Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

SMC_T0 .213 70 .000 .905 70 .000 

SMC_T1 .254 70 .000 .869 70 .000 

SMC_T2 .274 70 .000 .851 70 .000 

SMC_T3 .287 70 .000 .850 70 .000 

a. Lilliefors Significance Correction 

 

Spasticity R1 Gastrocnemius Not Normally distributed except for T2 

Tests of Normality 

 

Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

R1_Gastroc_T0 .148 59 .003 .927 59 .002 

R1_Gastroc_T1 .109 59 .077 .959 59 .045 

R1_Gastroc_T2 .135 59 .009 .976 59 .290 

R1_Gastroc_T3 .134 59 .010 .955 59 .029 

a. Lilliefors Significance Correction 
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Spasticity R1 Hamstrings Normally distributed T1 and T3 

Tests of Normality 

 

Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

HAM_R1_T0 .169 37 .009 .925 37 .016 

HAM_R1_T1 .149 37 .037 .967 37 .329 

HAM_R1_T2 .189 37 .002 .914 37 .008 

HAM_R1_T3 .133 37 .099 .957 37 .166 

a. Lilliefors Significance Correction 

 

ACTIVITY  

 

TUG Scores Not Normally distributed at any time point 

 

Tests of Normality 

 

Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

TUG_T0 (s) .345 48 .000 .417 48 .000 

TUG_T1 (s) .340 48 .000 .538 48 .000 

TUG_T2 (s) .343 48 .000 .490 48 .000 

TUG_T3 (s) .316 48 .000 .514 48 .000 

a. Lilliefors Significance Correction 

 

 

1MFWT – Normally distributed at each time point 

Tests of Normality 

 

Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

1MFWT_T0 (m) .112 48 .178 .980 48 .581 

1MFWT_T1 (m) .107 48 .200* .956 48 .066 

1MFWT_T2 (m) .115 48 .130 .968 48 .217 

1MFWT_T3 (m) .094 48 .200* .974 48 .349 

*. This is a lower bound of the true significance. 

a. Lilliefors Significance Correction 
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GMFM -66 – Normally distributed at each time point 
 

Tests of Normality 

 

Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

GMFM66_T0 .063 48 .200* .973 48 .337 

GMFM66_T1 .079 48 .200* .967 48 .189 

GMFM66_T2 .083 48 .200* .966 48 .178 

GMFM66_T3 .078 48 .200* .954 48 .059 

*. This is a lower bound of the true significance. 

a. Lilliefors Significance Correction 

 

QFM Not Normally distributed apart from DM T1 and WS T0 

Tests of Normality 

 

Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

Align T0 .108 48 .200* .942 48 .020 

Align T1 .150 48 .009 .905 48 .001 

Align T2 .171 48 .001 .892 48 .000 

Align T3 .138 48 .023 .920 48 .003 

Co-ord T0 .140 48 .020 .932 48 .008 

Co-ord T1 .147 48 .011 .878 48 .000 

Co-ord T2 .176 48 .001 .857 48 .000 

Co-ord T3 .177 48 .001 .854 48 .000 

Dissoc mov T0 .127 48 .050 .937 48 .013 

Dissoc mov T1 .110 48 .196 .953 48 .051 

Dissoc mov T2 .127 48 .049 .926 48 .005 

Dissoc mov T3 .112 48 .179 .929 48 .006 

Stability T0 .097 48 .200* .944 48 .022 

Stability T1 .150 48 .009 .891 48 .000 

Stability T2 .188 48 .000 .866 48 .000 

Stability T3 .170 48 .001 .870 48 .000 

weightshift T0 .098 48 .200* .955 48 .061 

weightshift T1 .128 48 .047 .934 48 .009 

weightshift T2 .117 48 .098 .930 48 .007 

weightshift T3 .139 48 .021 .945 48 .025 

*. This is a lower bound of the true significance. 
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Goal Setting 

COPM-P and COPM-S- Normally distributed at each time point apart from COPM S T0 

Tests of Normality 

 

Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

COPM_TOTAL_P_SC

ORE_T0 

.174 49 .001 .959 49 .086 

COPM_TOTAL_P_SC

ORE_T1 

.104 49 .200* .985 49 .779 

COPM_TOTAL_P_SC

ORE_T2 

.118 49 .086 .975 49 .391 

COPM_TOTAL_P_SC

ORE_T3 

.072 49 .200* .977 49 .430 

COPM_TOTAL_S_SC

ORE_T0 

.130 49 .037 .931 49 .006 

COPM_TOTAL_S_SC

ORE_T1 

.120 49 .075 .973 49 .320 

COPM_TOTAL_S_SC

ORE_T2 

.116 49 .095 .959 49 .088 

COPM_TOTAL_S_SC

ORE_T3 

.101 49 .200* .972 49 .302 

*. This is a lower bound of the true significance 

a. Lilliefors Significance Correction 
 

CPQOL Normally distributed at all time points  

Tests of Normality 

 

Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

Feelings_about_functio

ning_T0 

.073 49 .200* .976 49 .397 

Feelings_about_functio

ning_T1 

.101 49 .200* .964 49 .138 

Feelings_about_functio

ning_T2 

.098 49 .200* .982 49 .665 

Feelings_about_functio

ning_T3 

.077 49 .200* .986 49 .832 

Participation_and_physi

cal_health_T0 

.062 49 .200* .977 49 .434 

Participation_and_physi

cal_health_T1 

.067 49 .200* .990 49 .955 

Participation_and_physi

cal_health_T2 

.075 49 .200* .982 49 .658 

Participation_and_physi

cal_health_T3 

.058 49 .200* .987 49 .872 
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*. This is a lower bound of the true significance. 

a. Lilliefors Significance Correction 

 

PEM-CY 

HOME Frequency and Involvement Not Normally distributed for Average  Frequency 

and involvement at  T1 and T3 

 

Tests of Normality 

 

Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

HOME_Average_Frequency

_(0-7)_T0 

.108 47 .200* .972 47 .324 

HOME_Average_Frequency

_(0-7)_T1 

.148 47 .011 .950 47 .044 

HOME_Average_Frequency

_(0-7)_T2 

.138 47 .026 .952 47 .050 

HOME_Average_Frequency

_(0-7)_T3 

.125 47 .065 .937 47 .014 

HOME_Average_Involvemen

t_T0 

.134 47 .034 .956 47 .076 

HOME_Average_Involvemen

t_T1 

.147 47 .013 .935 47 .011 

HOME_Average_Involvemen

t_T2 

.117 47 .108 .961 47 .122 

HOME_Average_Involvemen

t_T3 

.168 47 .002 .769 47 .000 

*. This is a lower bound of the true significance. 

a. Lilliefors Significance Correction 
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PEM-CY School Average Frequency Normally distributed Average involvement Not 

Normally distributed 

 

Tests of Normality 

 

Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

SCHOOL_Average_Frequen

cy_(0-7)_T0 

.091 46 .200* .977 46 .481 

SCHOOL_Average_Frequen

cy_(0-7)_T1 

.106 46 .200* .978 46 .532 

SCHOOL_Average_Frequen

cy_(0-7)_T2 

.095 46 .200* .983 46 .725 

SCHOOL_Average_Frequen

cy_(0-7)_T3 

 

.075 46 .200* .967 46 .211 

SCHOOL_Average_Involve

ment_T0 

.117 46 .128 .946 46 .034 

SCHOOL_Average_Involve

ment_T1 

.136 46 .033 .901 46 .001 

SCHOOL_Average_Involve

ment_T2 

.188 46 .000 .882 46 .000 

SCHOOL_Average_Involve

ment_T3 

.149 46 .012 .895 46 .001 
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PEM-CY Community Average Frequency Normally distributed 

 Average involvement Not Normally distributed 

 

Tests of Normality 

 

Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

COMM_Average_Frequency

_(0-7)_T0 

.109 47 .200* .973 47 .357 

COMM_Average_Frequency

_(0-7)_T1 

.138 47 .025 .982 47 .693 

COMM_Average_Frequency

_(0-7)_T2 

.080 47 .200* .980 47 .596 

COMM_Average_Frequency

_(0-7)_T3 

.083 47 .200* .977 47 .469 

COMM_Average_Involveme

nt_T0 

.130 47 .045 .942 47 .022 

COMM_Average_Involveme

nt_T1 

.095 47 .200* .938 47 .015 

COMM_Average_Involveme

nt_T2 

.149 47 .010 .930 47 .007 

COMM_Average_Involveme

nt_T3 

.097 47 .200* .934 47 .010 

*. This is a lower bound of the true significance. 

a. Lilliefors Significance Correction 
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14.8.1 Statistics -Non Parametric descriptive data and Tests 

Medians (25th and 75th centile) have been presented for all outcomes. A Friedman 

test was run to determine change in outcome over 12 months following BoNT-A 

injections. Where this was significant, pairwise comparisons using Wilcoxon rank 

sum test with continuity correction were performed with a Bonferroni correction 

for multiple comparisons 

Primary outcome measures 

QFM (%) Pre-
injection 

6 week 
post 
injection 
*** 

6 months 
post 
injection*** 

12 months 
post 
injection*** 

Friedmans 
Test 
P<0.001 

Alignment 56.12 
(30.21-
77.43) 

74.31 
(43.76- 
86.81) 

72.46 (43.34-
86.69) 

77.78 (52.38-
86.69) 

X2 (3) 
=73.93 

Co-
ordination 

61.02 
(36.64-
80.73) 

72.93 
(37.99-
90.59) 

75.01 (45.59-
91.99) 

81.69 (45.59-
91.99) 

X2 (3) 
=79.31 

Dissociated 
Movement 

51.99 
(29.76-
63.94) 

56.78 
(31.25-
71.27) 

57.82 (34.96-
72.32) 

63.1 (42.42-
78.21) 

X2 (3) 
=47.18 

Stability  55.75 
(31.35-
76.61) 

65.76 
(36.26-
86.00) 

70.16 (38.32-
84.87) 

77.59 (48.39-
99.89) 

X2 (3) 
=63.11 

Weightshift 53.49 
(35.12-
67.78) 

61.81 
(36.30-
75.80) 

64.04 (43.19-
77.52) 

67.5 (48.94-
79.44) 

X2 (3) 
=82.98 

 

Median (25th and 75th centile) All results T1-T3 for all attributes significant following 

Bonferroni correction p<.001*** 
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COPM 
Pre-

injection 

6 week 
post 

injection 

6 months 
post 

injection 

12 months 
post 

injection 

Friedmans 
Test 

 

COPM 
Performance 

(1-10) 

3 (2.67-
4.38) 

6.17 (4.46-
7.08)*** 

5 (4-
6.5)*** 

5.67 (4.5-
7.33)** 

X2 (3) 
=73.64 
p<.001 

 

COPM 
Satisfaction  

(1-10) 

3 (2-4) 
5.67 (4.46-

7.5)*** 
4.75 (3.42-

7)*** 
5.67 (4.33-

7.5)*** 

X2 (3) 
=66.98 
p<.001 

Median (25th and 75th centile)Pairwise comparison following Bonferroni correction, 

significant change from baseline p<0.05* P<0.01**, p<0.001*** 
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Secondary outcome measures  

BSF 
Pre-

injection 

6 week 
post 

injection 

6 months 
post 

injection 

12 
months 

post 
injection 

Friedmans 
Test 

 

SMC (0-4) 2 (1-3) 3 (2-3) 3 (2-4)* 3 (2-4)** 

X2 (3) 
=34.01 
p<.001 

 

R1 
Gastrocnemius 
muscle (°) 

-20 (-20,-
10) 

-10 (-20,-
5)*** 

-15 (-20,-
10) 

-15 (-20,-
10) 

X2 (3) 
=36.72 
p<.001 

MAS 
Gastrocnemius 
(0-5) 

3 (3,4) 
2 

(1.75,3)*** 
3 (2,4) 3 (2,3) 

χ2(3) = 
24.48, p < 

.001 

R1 Hamstring 
muscle (°) 

85 (70-90) 

65 (60-
70)*** 

75 (65-
85)* 

75 (60-
87.5)* 

X2 (3) 
=24.48 
p<.001 

MAS 
Hamstrings 
(0-5) 

3 (3,3) 2 (1,2) *** 2(1,3) *** 2 (1,3)*** 
χ2(3) = 
36.72  

p < .001 

 

Median (25th and 75th centile)Pairwise comparison significance following Bonferroni 

correction p<0.05* P<0.01**, p<0.001*** 

 

ACTIVITY Pre-
injection 

6 week post 
injection  

6 months 
post  
injection 

12 months 
post 
injection 

Friedmans 
Test 
 

1 MFWT 
(metres) 

62.5 (46.5-
81) 

68.5 (47.25-
87.75) 

69.0 (47.25-
81.00) 

72.0 
(52.00-
91.00)* 

X2 (3) 
=12.26 
p<0.01 
 

TUG 
(seconds) 

6.23 (4.68-
9.30) 

5.80 (4.79-
8.54) 

5.07 (4.16-
7.39)** 

4.74 (3.98-
7.2)*** 

X2 (3) 
=33.94 
p<.001 

GMFM-66 
(%) 

71.46 
(63.98-
81.93) 
 

74.19 
(66.07-
81.93)*** 

76.15 
(65.89-
83.55)*** 

79.99 
(68.86-
89.7)*** 

X2 (3) 
=65.78 
p<.001 

 

Median (25th and 75th centile)Pairwise comparison significance following Bonferroni 

correction p<0.05* P<0.01**, p<0.001*** 
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Participation  
Pre-

injection 

6 week 
post 

injection 

6 
months 

post 
injection 

12 months 
post 

injection 

Friedmans 
Test 

 

CPQOL 
Function (%) 

67.71 
(60.16-
75.26) 

72.92 
(66.41-
83.85)** 

71.88 
(65.63-
80.47)* 

72.92 
(64.06-

79.43)** 

X2 (3) =17.47 
p=0.001 

 

CPQOL 
Participation(%) 

56.82 
(41.76-
66.19) 

64.20 
(50.85-

75) 

64.77 
(55.40-

73.86)** 

63.63(55.68-
73.30)** 

X2 (3) =17.52 
p=0.001 

PEMCY Home 
Average 
Frequency (0-7) 

5.45 (5-
6) 

5.9 (5.2-
6.2)* 

5.9(5.15-
6.35)*** 

5.8 (5.25-
6.3)** 

X2 (3) =20.62 
p<0.001 

PEMCY Home 
Average 
Involvement (0-
5) 

3.95(3.5-
4.26) 

4.21 
(3.78-
4.5)** 

4.2 
(3.75-
4.5)** 

4.13 (3.87-
4.5)*** 

X2 (3) =24.62 
p<0.001 

PEMCY School 
Average 
Frequency (0-7) 

3.6 (3-
4.5) 

4 (3.2-
4.6) 

4.2 (3.4-
5) 

4.2 (3.2-5) 
X2 (3) 

=4.57p=0.206 

PEMCY School 
Average 
Involvement (0-
5) 

4 (3.25-
4.75) 

4.33 
(3.53-5) 

3.9 
(3.53-

5)* 

4.2 (3.75-
4.95)* 

X2 (3) 
=14.37p=0.002 

PEMCY 
Community 
Average 
Frequency (0-7) 

2.4 (1.9-
3.03) 

2.6 (2.3-
3.6) 

2.8 (2.2-
3.3)* 

2.7 (2.2-
3.48) 

X2 (3) =10.27 
p=0.016 

PEMCY 
Community 
Average 
Involvement (0-
5) 

4.13 
(3.54-
4.5) 

4.25 
(3.72-
4.71) 

4.14 
(3.61-
4.5) 

4.3 (3.69-
4.73) 

X2 (3) =9.12 
=0.028 

 

Median (25th and 75th centile)Pairwise comparison significance following Bonferroni 

correction p<0.05* P<0.01**, p<0.001*** 
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14.8.2 Statistics- Mann Whitney U Tests  Missing Data Analyses 

 

ACTIVITY Measures Missing Data  

Hypothesis Test Summary 

 Null Hypothesis Test Sig.a,b Decision 

1 The distribution of TUG_T0 

(s) is the same across 

categories of Data status. 

Independent-Samples 

Mann-Whitney U Test 

.151 Retain the null 

hypothesis. 

2 The distribution of TUG_T1 

(s) is the same across 

categories of Data status. 

Independent-Samples 

Mann-Whitney U Test 

.128 Retain the null 

hypothesis. 

3 The distribution of TUG_T2 

(s) is the same across 

categories of Data status. 

Independent-Samples 

Mann-Whitney U Test 

.092 Retain the null 

hypothesis. 

4 The distribution of TUG_T3 

(s) is the same across 

categories of Data status. 

Independent-Samples 

Mann-Whitney U Test 

.467c Retain the null 

hypothesis. 

5 The distribution of 

1MFWT_T0 (m) is the 

same across categories of 

Data status. 

Independent-Samples 

Mann-Whitney U Test 

.445 Retain the null 

hypothesis. 

6 The distribution of 

1MFWT_T1 (m) is the 

same across categories of 

Data status. 

Independent-Samples 

Mann-Whitney U Test 

.149 Retain the null 

hypothesis. 

7 The distribution of 

1MFWT_T2 (m) is the 

same across categories of 

Data status. 

Independent-Samples 

Mann-Whitney U Test 

.142 Retain the null 

hypothesis. 

8 The distribution of 

1MFWT_T3 (m) is the 

same across categories of 

Data status. 

Independent-Samples 

Mann-Whitney U Test 

.254c Retain the null 

hypothesis. 

9 The distribution of GMFM 

D (/39) is the same across 

categories of Data status. 

Independent-Samples 

Mann-Whitney U Test 

.696 Retain the null 

hypothesis. 

10 The distribution of GMFM 

E (/72) is the same across 

categories of Data status. 

Independent-Samples 

Mann-Whitney U Test 

.342 Retain the null 

hypothesis. 
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11 The distribution of 

GMFM66_T0 is the same 

across categories of Data 

status. 

Independent-Samples 

Mann-Whitney U Test 

.638 Retain the null 

hypothesis. 

12 The distribution of 

GMFM66_T1 is the same 

across categories of Data 

status. 

Independent-Samples 

Mann-Whitney U Test 

.135 Retain the null 

hypothesis. 

13 The distribution of 

GMFM66_T2 is the same 

across categories of Data 

status. 

Independent-Samples 

Mann-Whitney U Test 

.077 Retain the null 

hypothesis. 

14 The distribution of 

GMFM66_T3 is the same 

across categories of Data 

status. 

Independent-Samples 

Mann-Whitney U Test 

.181c Retain the null 

hypothesis. 

a. The significance level is .050. 

b. Asymptotic significance is displayed. 

c. Exact significance is displayed for this test. 

 

Pain and COPM 

 

Hypothesis Test Summary 

 Null Hypothesis Test Sig.a,b Decision 

1 The distribution of 

pain_score_T0 is the same 

across categories of Data 

status. 

Independent-Samples 

Mann-Whitney U Test 

.786 Retain the null 

hypothesis. 

2 The distribution of 

pain_score_T1 is the same 

across categories of Data 

status. 

Independent-Samples 

Mann-Whitney U Test 

.123 Retain the null 

hypothesis. 

3 The distribution of 

pain_score_T2 is the same 

across categories of Data 

status. 

Independent-Samples 

Mann-Whitney U Test 

.451c Retain the null 

hypothesis. 

4 The distribution of 

pain_score_T3 is the same 

across categories of Data 

status. 

Independent-Samples 

Mann-Whitney U Test 

.418c Retain the null 

hypothesis. 
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5 The distribution of 

COPM_TOTAL_P_SCORE_T0 

is the same across categories 

of Data status. 

Independent-Samples 

Mann-Whitney U Test 

.424 Retain the null 

hypothesis. 

6 The distribution of 

COPM_TOTAL_P_SCORE_T1 

is the same across categories 

of Data status. 

Independent-Samples 

Mann-Whitney U Test 

.945 Retain the null 

hypothesis. 

7 The distribution of 

COPM_TOTAL_P_SCORE_T2 

is the same across categories 

of Data status. 

Independent-Samples 

Mann-Whitney U Test 

.968 Retain the null 

hypothesis. 

8 The distribution of 

COPM_TOTAL_P_SCORE_T3 

is the same across categories 

of Data status. 

Independent-Samples 

Mann-Whitney U Test 

.784c Retain the null 

hypothesis. 

9 The distribution of 

COPM_TOTAL_S_SCORE_T0 

is the same across categories 

of Data status. 

Independent-Samples 

Mann-Whitney U Test 

.547 Retain the null 

hypothesis. 

10 The distribution of 

COPM_TOTAL_S_SCORE_T1 

is the same across categories 

of Data status. 

Independent-Samples 

Mann-Whitney U Test 

.897 Retain the null 

hypothesis. 

11 The distribution of 

COPM_TOTAL_S_SCORE_T2 

is the same across categories 

of Data status. 

Independent-Samples 

Mann-Whitney U Test 

.848 Retain the null 

hypothesis. 

12 The distribution of 

COPM_TOTAL_S_SCORE_T3 

is the same across categories 

of Data status. 

Independent-Samples 

Mann-Whitney U Test 

.803c Retain the null 

hypothesis. 

a. The significance level is .050. 

b. Asymptotic significance is displayed. 

c. Exact significance is displayed for this test. 

 

QFM 

 

Hypothesis Test Summary 

 

 

 Null Hypothesis Test Sig.a,b Decision 
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1 The distribution of Align T0 

is the same across 

categories of Data status. 

Independent-Samples 

Mann-Whitney U Test 

.586 Retain the null 

hypothesis. 

2 The distribution of Align T1 

is the same across 

categories of Data status. 

Independent-Samples 

Mann-Whitney U Test 

.086 Retain the null 

hypothesis. 

3 The distribution of Align T2 

is the same across 

categories of Data status. 

Independent-Samples 

Mann-Whitney U Test 

.134 Retain the null 

hypothesis. 

4 The distribution of Align T3 

is the same across 

categories of Data status. 

Independent-Samples 

Mann-Whitney U Test 

.058c Retain the null 

hypothesis. 

5 The distribution of Co-ord 

T0 is the same across 

categories of Data status. 

Independent-Samples 

Mann-Whitney U Test 

.808 Retain the null 

hypothesis. 

6 The distribution of Co-ord 

T1 is the same across 

categories of Data status. 

Independent-Samples 

Mann-Whitney U Test 

.205 Retain the null 

hypothesis. 

7 The distribution of Co-ord 

T2 is the same across 

categories of Data status. 

Independent-Samples 

Mann-Whitney U Test 

.051 Retain the null 

hypothesis. 

8 The distribution of Co-ord 

T3 is the same across 

categories of Data status. 

Independent-Samples 

Mann-Whitney U Test 

.207c Retain the null 

hypothesis. 

9 The distribution of Dissoc 

mov T0 is the same across 

categories of Data status. 

Independent-Samples 

Mann-Whitney U Test 

.649 Retain the null 

hypothesis. 

10 The distribution of Dissoc 

mov T1 is the same across 

categories of Data status. 

Independent-Samples 

Mann-Whitney U Test 

.294 Retain the null 

hypothesis. 

11 The distribution of Dissoc 

mov T2 is the same across 

categories of Data status. 

Independent-Samples 

Mann-Whitney U Test 

.124 Retain the null 

hypothesis. 

12 The distribution of Dissoc 

mov T3 is the same across 

categories of Data status. 

Independent-Samples 

Mann-Whitney U Test 

.082c Retain the null 

hypothesis. 

13 The distribution of Stability 

T0 is the same across 

categories of Data status. 

Independent-Samples 

Mann-Whitney U Test 

.833 Retain the null 

hypothesis. 

14 The distribution of Stability 

T1 is the same across 

categories of Data status. 

Independent-Samples 

Mann-Whitney U Test 

.181 Retain the null 

hypothesis. 
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15 The distribution of Stability 

T2 is the same across 

categories of Data status. 

Independent-Samples 

Mann-Whitney U Test 

.054 Retain the null 

hypothesis. 

16 The distribution of Stability 

T3 is the same across 

categories of Data status. 

Independent-Samples 

Mann-Whitney U Test 

.234c Retain the null 

hypothesis. 

17 The distribution of 

weightshift T0 is the same 

across categories of Data 

status. 

Independent-Samples 

Mann-Whitney U Test 

.739 Retain the null 

hypothesis. 

18 The distribution of 

weightshift T1 is the same 

across categories of Data 

status. 

Independent-Samples 

Mann-Whitney U Test 

.162 Retain the null 

hypothesis. 

19 The distribution of 

weightshift T2 is the same 

across categories of Data 

status. 

Independent-Samples 

Mann-Whitney U Test 

.054  Retain the null 

hypothesis 

20 The distribution of 

weightshift T3 is the same 

across categories of Data 

status. 

Independent-Samples 

Mann-Whitney U Test 

.144c Retain the null 

hypothesis. 

a. The significance level is .050. 

b. Asymptotic significance is displayed. 

c. Exact significance is displayed for this test. 

 

CPQOL 

 

 

Hypothesis Test Summary 

 Null Hypothesis Test Sig.a,b Decision 

1 The distribution of 

Feelings_about_functioning_T0 is the 

same across categories of Data 

status. 

Independent-Samples 

Mann-Whitney U Test 

.795 Retain the null 

hypothesis. 

2 The distribution of 

Feelings_about_functioning_T1 is the 

same across categories of Data 

status. 

Independent-Samples 

Mann-Whitney U Test 

.547 Retain the null 

hypothesis. 
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3 The distribution of 

Feelings_about_functioning_T2 is the 

same across categories of Data 

status. 

Independent-Samples 

Mann-Whitney U Test 

.207 Retain the null 

hypothesis. 

4 The distribution of 

Feelings_about_functioning_T3 is the 

same across categories of Data 

status. 

Independent-Samples 

Mann-Whitney U Test 

.439 Retain the null 

hypothesis. 

5 The distribution of 

Participation_and_physical_health_T0 

is the same across categories of Data 

status. 

Independent-Samples 

Mann-Whitney U Test 

.495 Retain the null 

hypothesis. 

6 The distribution of 

Participation_and_physical_health_T1 

is the same across categories of Data 

status. 

Independent-Samples 

Mann-Whitney U Test 

.247 Retain the null 

hypothesis. 

7 The distribution of 

Participation_and_physical_health_T2 

is the same across categories of Data 

status. 

Independent-Samples 

Mann-Whitney U Test 

.411 Retain the null 

hypothesis. 

8 The distribution of 

Participation_and_physical_health_T3 

is the same across categories of Data 

status. 

Independent-Samples 

Mann-Whitney U Test 

.059 Retain the null 

hypothesis. 

a. The significance level is .050. 

b. Asymptotic significance is displayed. 

 

PEM-CY 

Hypothesis Test Summary 

 

 

 Null Hypothesis Test Sig.a,b Decision 

1 The distribution of 

HOME_Average_Frequency_(0-

7)_T0 is the same across categories 

of Data status. 

Independent-Samples 

Mann-Whitney U Test 

.553 Retain the null 

hypothesis. 

2 The distribution of 

HOME_Average_Frequency_(0-

7)_T1 is the same across categories 

of Data status. 

Independent-Samples 

Mann-Whitney U Test 

.075 Retain the null 

hypothesis. 
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3 The distribution of 

HOME_Average_Frequency_(0-

7)_T2 is the same across categories 

of Data status. 

Independent-Samples 

Mann-Whitney U Test 

.396 Retain the null 

hypothesis. 

4 The distribution of 

HOME_Average_Frequency_(0-

7)_T3 is the same across categories 

of Data status. 

Independent-Samples 

Mann-Whitney U Test 

.302c Retain the null 

hypothesis. 

5 The distribution of 

HOME_Average_Involvement_T0 is 

the same across categories of Data 

status. 

Independent-Samples 

Mann-Whitney U Test 

.697 Retain the null 

hypothesis. 

6 The distribution of 

HOME_Average_Involvement_T1 is 

the same across categories of Data 

status. 

Independent-Samples 

Mann-Whitney U Test 

.328 Retain the null 

hypothesis. 

7 The distribution of 

HOME_Average_Involvement_T2 is 

the same across categories of Data 

status. 

Independent-Samples 

Mann-Whitney U Test 

.606 Retain the null 

hypothesis. 

8 The distribution of 

HOME_Average_Involvement_T3 is 

the same across categories of Data 

status. 

Independent-Samples 

Mann-Whitney U Test 

.392c Retain the null 

hypothesis. 

9 The distribution of 

SCHOOL_Average_Frequency_(0-

7)_T0 is the same across categories 

of Data status. 

Independent-Samples 

Mann-Whitney U Test 

.625 Retain the null 

hypothesis. 

10 The distribution of 

SCHOOL_Average_Frequency_(0-

7)_T1 is the same across categories 

of Data status. 

Independent-Samples 

Mann-Whitney U Test 

.866 Retain the null 

hypothesis. 

11 The distribution of 

SCHOOL_Average_Frequency_(0-

7)_T2 is the same across categories 

of Data status. 

Independent-Samples 

Mann-Whitney U Test 

.773 Retain the null 

hypothesis. 

12 The distribution of 

SCHOOL_Average_Frequency_(0-

7)_T3 is the same across categories 

of Data status. 

Independent-Samples 

Mann-Whitney U Test 

.193c Retain the null 

hypothesis. 
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13 The distribution of 

SCHOOL_Average_Involvement_T0 

is the same across categories of 

Data status. 

Independent-Samples 

Mann-Whitney U Test 

.096 Retain the null 

hypothesis. 

14 The distribution of 

SCHOOL_Average_Involvement_T1 

is the same across categories of 

Data status. 

Independent-Samples 

Mann-Whitney U Test 

.497 Retain the null 

hypothesis. 

15 The distribution of 

SCHOOL_Average_Involvement_T2 

is the same across categories of 

Data status. 

Independent-Samples 

Mann-Whitney U Test 

.532 Retain the null 

hypothesis. 

16 The distribution of 

SCHOOL_Average_Involvement_T3 

is the same across categories of 

Data status. 

Independent-Samples 

Mann-Whitney U Test 

.203c Retain the null 

hypothesis. 

17 The distribution of 

COMM_Average_Frequency_(0-

7)_T0 is the same across categories 

of Data status. 

Independent-Samples 

Mann-Whitney U Test 

.321 Retain the null 

hypothesis. 

18 The distribution of 

COMM_Average_Frequency_(0-

7)_T1 is the same across categories 

of Data status. 

Independent-Samples 

Mann-Whitney U Test 

.557 Retain the null 

hypothesis. 

19 The distribution of 

COMM_Average_Frequency_(0-

7)_T2 is the same across categories 

of Data status. 

Independent-Samples 

Mann-Whitney U Test 

.919 Retain the null 

hypothesis. 

20 The distribution of 

COMM_Average_Frequency_(0-

7)_T3 is the same across categories 

of Data status. 

Independent-Samples 

Mann-Whitney U Test 

.290c Retain the null 

hypothesis. 

21 The distribution of 

COMM_Average_Involvement_T0 is 

the same across categories of Data 

status. 

Independent-Samples 

Mann-Whitney U Test 

.987 Retain the null 

hypothesis. 

22 The distribution of 

COMM_Average_Involvement_T1 is 

the same across categories of Data 

status. 

Independent-Samples 

Mann-Whitney U Test 

.496 Retain the null 

hypothesis. 
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23 The distribution of 

COMM_Average_Involvement_T2 is 

the same across categories of Data 

status. 

Independent-Samples 

Mann-Whitney U Test 

.738 Retain the null 

hypothesis. 

24 The distribution of 

COMM_Average_Involvement_T3 is 

the same across categories of Data 

status. 

Independent-Samples 

Mann-Whitney U Test 

.853c Retain the null 

hypothesis. 

a. The significance level is .050. 

b. Asymptotic significance is displayed. 

c. Exact significance is displayed for this test. 

 

R1 Gastrocnemius 

 

Hypothesis Test Summary 

 Null Hypothesis Test Sig.a,b Decision 

1 The distribution of 

R1_Gastroc_T0 is the 

same across categories of 

missing_data. 

Independent-Samples 

Mann-Whitney U Test 

.929 Retain the null 

hypothesis. 

2 The distribution of 

R1_Gastroc_T1 is the 

same across categories of 

missing_data. 

Independent-Samples 

Mann-Whitney U Test 

.825 Retain the null 

hypothesis. 

3 The distribution of 

R1_Gastroc_T2 is the 

same across categories of 

missing_data. 

Independent-Samples 

Mann-Whitney U Test 

.704 Retain the null 

hypothesis. 

4 The distribution of 

R1_Gastroc_T3 is the 

same across categories of 

missing_data. 

Independent-Samples 

Mann-Whitney U Test 

.469 Retain the null 

hypothesis. 

a. The significance level is .050. 

b. Asymptotic significance is displayed. 
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R1 Hamstrings 

 

 

Hypothesis Test Summary 

 Null Hypothesis Test Sig.a,b Decision 

1 The distribution of HAM_R1_T0 is the 

same across categories of 

missing_data. 

Independent-Samples Mann-Whitney 

U Test 

.003c Reject the null hypothesis. 

2 The distribution of HAM_R1_T1 is the 

same across categories of 

missing_data. 

Independent-Samples Mann-Whitney 

U Test 

.038c Reject the null hypothesis. 

3 The distribution of HAM_R1_T2 is the 

same across categories of 

missing_data. 

Independent-Samples Mann-Whitney 

U Test 

.026c Reject the null hypothesis. 

4 The distribution of HAM_R1_T3 is the 

same across categories of 

missing_data. 

Independent-Samples Mann-Whitney 

U Test 

.043c Reject the null hypothesis. 

a. The significance level is .050. 

b. Asymptotic significance is displayed. 

c. Exact significance is displayed for this test. 

 

Summary  

A Mann-Whitney U test was run to determine if there were differences in MTS R1 

for Hamstrings score between complete (n=37) and missing (n=6) data sets across 

assessment time points. Distributions of the R1 scores for data sets were not 

similar, as assessed by visual inspection. R1 scores for missing (mean rank = 35.25) 

were statistically significantly higher than for complete (mean rank = 19.85) at 

baseline, U = 190.5, z = 2.82, p = .01. 

 

T1 missing n=6 (mean rank 31.75) vs complete n=37 (mean rank 20.42) U = 169.5, z = 

2.07, p = .04 

T2 missing n=4 (mean rank 33.50) vs complete n=37(mean rank 19.65) U = 124, z = 2.22, p = 

.03 

T3 missing n=2 (mean rank 35.25) vs complete n=37(mean rank 19.18) U = 67.5 z = 1.95, p = 

.04 
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However only 3 missing data sets had hamstrings injections and two of these had 

orthopaedic surgery by T3  

1 child with Bilateral Hamstring missed T2 (2 hamstring injections) 

2 children with Bilateral injections missed T3 (4 hamstring injections)  

Numbers are too small to do statistical testing  and draw conclusions 

 

SMC  

 

Hypothesis Test Summary 

 Null Hypothesis Test Sig.a,b Decision 

1 The distribution of 

SMC_T0 is the same 

across categories of 

missing_data. 

Independent-Samples 

Mann-Whitney U Test 

.931 Retain the null 

hypothesis. 

2 The distribution of 

SMC_T1 is the same 

across categories of 

missing_data. 

Independent-Samples 

Mann-Whitney U Test 

.131 Retain the null 

hypothesis. 

3 The distribution of 

SMC_T2 is the same 

across categories of 

missing_data. 

Independent-Samples 

Mann-Whitney U Test 

.517 Retain the null 

hypothesis. 

4 The distribution of 

SMC_T3 is the same 

across categories of 

missing_data. 

Independent-Samples 

Mann-Whitney U Test 

.172 Retain the null 

hypothesis. 

a. The significance level is .050. 

b. Asymptotic significance is displayed. 
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14.8.3 Statistics- QFM Intra-rater reliability 

Intra-rater Paired samples T-Tests  comparing QFM attribute scores  

QFM attribute t df 
Significance. 
(2-tailed) 

Mean 
Difference 

95% Confidence 
Interval of the 
Difference 

Lower Upper 

Alignment .364 11 .723 .12833 -.6475 .9042 

Co-ordination -.048 11 .963 -.01667 -.7886 .7553 

Dissociated 
Movement  

.911 11 .382 .32917 -.4661 1.1245 

Stability -1.615 11 .135 -.28000 -.6616 .1016 

Weight shift .826 11 .426 .21750 -.3617 .7967 

 

Intra-rater agreement Bland-Altman tests and plots 

 
 
 

Mean difference 
between ratings 

SD of difference 
Between ratings 

95% LOA 
(%) 

 

 

Alignment 0.13 1.22 
 

-2.26-2.52 
 

 

Coordination 0.16 1.21 -2.37-2.78  

Dissociated 
movement 

0.33 1.25 -2.78-2.12  

Stability 0.28 0.60 -1.45-0.90  

Weight-shift 0.22 0.91 -1.57-2.04  
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- Bland-Altman plot for intra-rater Alignment scores

 

- Bland-Altman plot for intra-rater Dissociated Movement scores 

 

Bland-Altman plot for intra-rater Co-ordination scores 

 

Bland-Altman plot for intra-rater Stability scores 
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Bland-Altman plot for intra-rater Weightshift scores 
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14.8.4 Statistics -QFM Correlation  

T0 - Baseline Pre- BoNT-A 

 

 
Scatter plot matrices showing correlation of QFM attributes at baseline T0 

QFM Baseline T0 
Correlation coefficients 

(Confidence Interval) Alignment Coordination 
Dissociated 
Movement Stability 

Coordination 
0.88 

(0.81-0.93) 
   

Dissociated Movement 
0.86  

(0.78-0.91) 
0.97 

(0.95-0.98) 
  

Stability 
0.90  

(0.84-0.94) 
0.99  

(0.98-0.99) 
0.96 

 (0.94-0.98) 
 

Weightshift 
0.89  

(0.82-0.93) 
0.98 

 (0.96-0.99) 
0.95 

 (0.92-0.97) 
0.98  

(0.96-0.99) 

 
Pearson correlation for QFM attribute scores at baseline 
 

 

 

GMFCS Level I 

GMFCS Level II 

GMFCS Level  III 
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T1- 6 weeks post BoNT-A  

 

Scatter plot matrices showing correlation of QFM attributes at 6 weeks post BoNT-A 

QFM  T1 
Correlation coefficients 

(Confidence Interval) Alignment Coordination 
Dissociated 
Movement Stability 

Coordination 
0.88 

(0.81-0.93) 
   

Dissociated Movement 
0.88  

(0.8-0.92) 
0.97 

(0.95-0.98) 
  

Stability 
0.90  

(0.84-0.94) 
0.99  

(0.98-0.99) 
0.97 

 (0.95-0.98) 
 

Weightshift 
0.90 

(0.84-0.94) 
0.97 

 (0.96-0.98) 
0.97 

 (0.95-0.98) 
0.98  

(0.97-0.99) 
 

Pearson correlation for QFM attribute scores at 6 weeks post BoNT-A 

 

 

  

GMFCS Level I 

GMFCS Level II 

GMFCS Level  III 
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T2- 6 months post BoNT-A  

 

 

Scatter plot matrices showing correlation of QFM attributes at 6 months post BoNT-

A 

QFM T2 
Correlation coefficients 

(Confidence Interval) Alignment Coordination 
Dissociated 
Movement Stability 

Coordination 
0.88 

(0.81-0.93) 
   

Dissociated Movement 
0.88  

(0.81-0.93) 
0.97 

(0.95-0.98) 
  

Stability 
0.88  

(0.81-0.93) 
0.99  

(0.98-0.99) 
0.97 

 (0.95-0.98) 
 

Weightshift 
0.89 

(0.83-0.94) 
0.98 

 (0.97-0.99) 
0.97 

 (0.95-0.98) 
0.98  

(0.96-0.99) 

Pearson correlation for QFM attribute scores at 6 months post BoNT-A 

 

 

 

 

  

GMFCS Level I 

GMFCS Level II 

GMFCS Level  III 
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T3- 12 months post BoNT-A  

 

Scatter plot matrices showing correlation of QFM attributes at 12 months post 

BoNT-A 

QFM T3 
Correlation coefficients 

(Confidence Interval) Alignment Coordination 
Dissociated 
Movement Stability 

Coordination 
0.85 

(0.76-0.91) 
   

Dissociated Movement 
0.86  

(0.78-0.92) 
0.97 

(0.94-0.98) 
  

Stability 
0.88  

(0.8-0.93) 
0.99  

(0.98-0.99) 
0.96 

 (0.94-0.98) 
 

Weightshift 
0.88 

(0.8-0.93) 
0.97 

 (0.95-0.98) 
0.97 

 (0.95-0.98) 
0.98  

(0.94-0.98) 

 

Pearson correlation for QFM attribute scores at 12 months post BoNT-A 

 

  

GMFCS Level I 

GMFCS Level II 

GMFCS Level  III 



 

 
 

14.8.5 Statistics – Multilevel Regression: The Bayesian Information Criterion   

The Bayesian Information Criterion  (BIC) Null Time Time + all confounders 

ACTIVITY    

QFM alignment 2021.008 1898.079 1825.726 

QFM coordination 1867.445 1759.052 1652.327 

QFM dissociated movement 1848.762 1763.805 1649.569 

QFM stability 1878.625 1788.213 1676.49 

QFM weight shift 1812.505 1690.988 1592.639 

1MFWT 1985.8 1983.629 1901.625 

TUG 1647.917 1651.154 1617.744 

GMFM66 1517.552 1446.826 1366.905 

IMPAIRMENT    

SMC 793.4498 777.1914 777.9102 

R1 hamstrings 1399.573 1350.742 1324.895 

R1 gastrocnemius 2000.66 1982.752 1988.773 

PARTICIPATION    

COPM-performance 1027.42 938.3416 971.6798 

COPM-satisfaction 1095.866 1018.133 1049.899 

CPQOL function 1794.776 1775.345 1777.718 

CPQOL participation 1943.032 1921.101 1918.825 

PEM-CY Home average Frequency 434.6362 439.3713 492.3657 

PEM-CY Home average involvement 363.5901 373.2142 432.211 

PEM-CY School average frequency 646.4382 659.0284 703.7394 

PEM-CY school average involvement 465.5846 483.6491 534.9286 

PEM-CY Community average frequency 559.4301 572.8334 618.3459 

PEM-CY Community average involvement 421.468 438.4303 494.673 

Best fit/Exceeds null model/No apparent relationship 

 

https://en.wikipedia.org/wiki/Bayesian_information_criterion
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14.9 Systematic Review 

14.9.1 Systematic review -PROSPERO protocol 

What are the effects of lower limb botulinum toxin A injections on activity, participation and quality 
of life in ambulant children with cerebral palsy? 
Lesley Katchburian, Xanthe Hodgson, Deepti Chugh, Jo Wray, Belinda Crowe, Joanna Coghill, Kate 
Oulton Lucinda Carr 
 
PROSPERO 2019 CRD42019138523 Available 
from: https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42019138523 
 
Review question 
BoNT-A is already established as an effective antispasticity treatment in the management of children 
and young people with Cerebral Palsy (CYPwCP). However there is little evidence to confirm that any 
improvement seen at impairment level results in a change in activity, participation or quality of life 
(QOL) in this population. 
This systematic review will consider the impact of lower limb BoNT-A injections on activity, 
participation and quality of life in ambulant CYPwCP defined as Gross Motor Function Classification 
System (GMFCS) levels IIII 
 
Searches 
Six electronic databases will be searched: Scopus, CINAHL, MEDLINE, EMBASE, Cochrane Library, 
Web of Science from a publication date from 2007. 
Additional searches will be carried out in the grey literature and from abstracts from conference 
proceedings including; American Academy for Cerebral Palsy and Developmental Medicine, 
European Academy of Childhood Disability and Australasian Academy for Cerebral Palsy and 
Developmental Medicine. Studies will be included if they are published in the English language. 
 
Types of study to be included 
Original trials evaluating the effects of BoNT-A injections into the lower limb muscles of ambulant 
CYPwCP within the three domains of the World Health Organization’s International Classification of 
Functioning, Disability and Health - Children and Youth Model ICF-CY (body structure and functions, 
activity and participation) (WHO 2007). Including; randomized controlled trials; quasi-randomized 
controlled trials; prospective pre-post studies and cohort studies with a concurrent control group. 
Studies should have a minimum of ten participants (n?10). Systematic reviews and meta-analyses 
will be excluded but searched to ensure relevant articles are identified. Articles will be excluded if 
they are reviews, letters, conference abstracts or commentaries. 
 
Condition or domain being studied 
Children and Young People with Cerebral Palsy (CP). This is “a group of permanent disorders of the 
development of movement and posture, causing activity limitation, that are attributed to non-
progressive disturbances that occurred in the developing foetal or infant brain"(Bax et al.2005). The 
motor disorders of CP are often accompanied by “disturbances of sensation, perception, cognition, 
communication and behaviour, by epilepsy and secondary musculoskeletal problems “. CP is the 
most common physical neurodisability of childhood and is the greatest cause of referral to 
rehabilitation services than any other paediatric diagnosis (Odding et al., 2006). It has a life-long 
impact on children and young people and families, with a prevalence of 2-3 per 1000 live births 
throughout Europe and 110, 000 affected individuals in the UK. 
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Participants/population 
Inclusion Criteria: 

Children between 2 and 18 years 
• Confirmed diagnosis of ambulant CP (GMFCS level I-III) 
• Lower limb intra-muscular Botulinum Toxin A administration (alone or in combination with 
additional therapy). 
• Original clinical trials (n ≥10) measuring the therapeutic effect of BoNT-A 
• Therapeutic effect post BoNT-A must include outcomes of activity and participation in addition to 
impairment outcome 
• Full text publication in English 
 
Exclusion Criteria: 
• Participants without CP 
• Failure to describe the ambulatory level of the study participants (currently described as GMFCS 
level I-III). 
• Studies with participants from all GMFCS Levels I-V if relevant data from GMFCS level I-III could not 
be separated. 
• Upper limb BoNT-A only (relevant data from studies with participants of mixed upper and lower 
limb injections where results from lower limb injections could not be separated) 
• Studies investigating effects of BoNT-A for non-motor problems (e.g. .drooling or bladder 
instability) 
• Studies without measurement of therapeutic outcome of BoNT-A (e.g. describing pathophysiology, 
or administration techniques and side effects profiles) 
• No full text available, abstract-only articles (books, conference, letters), systematic review and 
meta analysis. 
• Results reported at less than 4 weeks post BoNT-A injection 
• Full text not available in English. 
 
Intervention(s), exposure(s) 
Lower limb intramuscular injections of Botulinum neurotoxin A (BoNT-A) to children and young 
people with 
ambulant cerebral palsy. 
  

Comparator(s)/control 

Comparators of interest in this review are: 

• No intervention 
• Standard or usual care 
• Additional physical therapy such as casting, functional electrical stimulation or training programs 
 
Context 
 
Main outcome(s) 
Studies will be included if they report continuous outcome related to the ICF domains of body 
functions activity limitations and participation restriction. Outcomes should be evaluated using a 
valid or clinically accepted measure for CYPwCP. 
Timing and effect measures 
Studies will be included if the length of follow up after BoNT-A administration exceeds 4 weeks. This 
will ensure that clinical effects of BoNT-A will be manifest. 
 
Additional outcome(s) 
None 
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Timing and effect measures 
Not applicable. 
 
Data extraction (selection and coding) 
Two reviewers (LK/LC) will screen titles and abstracts of articles to identify articles for inclusion using 
the predefined eligibility criteria. Reference lists of included articles will be reviewed for 
supplementary literature not identified using the search strategy. Backward and forward citation 
chasing will be carried out to help confirm the saturation of the initial searches. Each step of the 
selection process will be captured in a PRISMA-style flow chart. 
 
Full text articles meeting inclusion criteria will be retrieved and reviewed in full by the reviewers. If 
necessary, the study authors will be contacted for clarification and additional information to inform 
study selection. 
 
Summary data of each included article will be extracted independently into a data extraction form 
specifically designed for this review. If there is a study with more than one publication, then reports 
will be compared and the publication with the most complete data will be used. Discrepancies 
between different versions will be highlighted. Disparities will be resolved by discussion and 
consultation with the review team and if there is still disagreement, this will be arbitrated by an 
independent expert. 
 
Microsoft Excel data extraction tables will be used to record details of methodological quality as well 
as the following descriptive details: 
1. Participants: study setting; study population and participant characteristics; 
2. Study: date of publication; country of origin; sample size; study type; length of study. 
3. Intervention; BoNT-A type (BOTOX, Dysport etc.), dose-including dilution details, administration 
(e.g. ultrasound 
guidance), safety outcomes, sedation protocols, no of injections, injection frequency, including toxin 
naive or repeat injection, muscles injected. 
4. Outcome measures used: domains/dimensions of ICF; number of items; description of the items; 
response method; method of administration; psychometric properties (including floor or ceiling 
effects). 
5. Outcome of efficacy of BoNT-A as related to domains of ICF, interpretation and summary scoring. 
 
Risk of bias (quality) assessment 
 
Two reviewers (LK/LC) will assess the quality of the studies independently without blinding to 
authorship or journal conducting 'Risk of Bias' and Quality assessments using AACPDM framework. 
Discrepancies will be resolved by discussion in conjunction with the review team. 
 
 
Strategy for data synthesis 
We will provide a narrative synthesis of the findings from the included studies, structured around 
the range of outcome measures used and documented efficacy. in addition we will analyse baseline 
characteristics of impairment, activity, participation and QOL. We will provide summaries of 
intervention effects of BoNT-A with standardised mean differences for continuous outcomes. 
We anticipate that there will be limited scope for meta-analysis because of the wide range of 
different outcomes measured across the existing studies. However, where studies have used the 
same type of intervention and comparator, with the same outcome measures, we will pool the 
results using a random effects meta-analysis, with standardised mean differences for continuous 
outcomes and calculate 95% confidence intervals and two sided P values for each outcome. 
Analysis of subgroups or subsets 
Subgroup analysis will be used to investigate the effect of BoNT- A in all ICF Domains. 
Contact details for further information 
Lesley Katchburian 
lesley.katchburian@gosh.nhs.uk  
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14.9.2 Systematic Review-Medline Search 

Ovid MEDLINE(R) ALL <1946 to July 15, 2022> 

1 Cerebral Palsy/ 22829 

2 Dystonia/ 7044 

3 exp Muscle Hypertonia/ 13127 

4 hemiplegia/ or quadriplegia/ 19941 

5 (cerebral pals* or spasticity or dystonia* or hypertonia* or increased tone or 

diplegia or quadriplegia or hemiplegia).mp. [mp=title, abstract, original title, name 

of substance word, subject heading word, floating sub-heading word, keyword 

heading word, organism supplementary concept word, protocol supplementary 

concept word, rare disease supplementary concept word, unique identifier, 

synonyms] 88159 

6 1 or 2 or 3 or 4 or 5 90195 

7 exp Botulinum Toxins/ 17957 

8 ((botulinum toxin adj2 A) or (BTX adj2 A) or BTX or (BONT adj2 A) or 

(botulinum neurotoxin adj2 a) or BTA or BTXA or BOTOX or DYSPORT or XEOMIN or 

INCOBOTULINUM TOXIN A or ONABOTULINUM TOXIN or ABOBOBOTULINUM 

TOXIN A or NEURONOX).mp. [mp=title, abstract, original title, name of substance 

word, subject heading word, floating sub-heading word, keyword heading word, 

organism supplementary concept word, protocol supplementary concept word, rare 

disease supplementary concept word, unique identifier, synonyms] 14337 

9 7 or 8 23188 

10 6 and 93932 

11 limit 10 to "all child (0 to 18 years)" 1034  
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14.9.3 Data Extraction Form- instructions for reviewers 

PART 1: REVIEW, REVIEWER AND STUDY INFORMATION 

Study ID  

Reviewer Name  

Date of completion of Form 

Title of Article 

Author   

Source Details (year of publication, journal, vol, page no)  

Type of Report (eg full paper/abstract) 

 

PART 2: STUDY ELIGIBILITY  

Type of STUDY Design 

(RCT, controlled before and after, observational etc..)  

 

Participants in Study classified as ambulant GMFCS I-III 

 or equivalent descriptor(NB ≥ 10 participants)     

 Yes/No/Unclear  

Lower Limb BoNT-A only       

 Yes/No/Unclear  

BoNT-A intervention 

Details of Dose dilution administration details sedation  

BoNT-A frequency- ie no of previous injections Toxin naive/ Note how many injection 

episodes within the study period 

Comparison group  
casting/strengthening/ change in therapy intensity type etc    
Yes/No/Unclear 
  

Outcomes in Impairment/Activity/Participation  

(+/- QOL or Satisfaction measure)      

 Yes/No/Unclear 

If you have answered NO to any of the questions about participants, interventions or 

outcomes please STOP here  

If there is no comparison group or you have answered YES to ALL questions, please proceed 

to Part 3 
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PART 3: INFORMATION ABOUT THE STUDY 

Characteristics of the Study 

Country study conducted   

Source of Funding 

Date study undertaken (data collection) 

Number of participating centres  

 

Characteristics of the Participants: 

Inclusion & Exclusion criteria 

Number of potential participants (i.e. approached for inclusion) 

Number who did participate 

Number of participants at baseline 

Number of participants not followed up and reasons 

Type of comparison group eg intervention casting+ 

Intervention group 

Duration of Follow up  

Age range of participants (range, mean, S.D) 

Gender number % female vs male 

GMFCS levels number, %  

Number of previous injections (or toxin naive) prior to study  

 

Comparison group (if applicable):  

Duration of Follow up  

Age range of participants (range, mean, S.D) 

Gender number % female vs male 

GMFCS levels number, %  

Number of previous injections (or toxin naive) prior to study  

 

Characteristics of BoNT-A intervention 

Product/ dose total and per muscle (including dilution) 

Administration details (who injected/setting –where/ sedation used  

BoNT-A frequency (single or multiple injections in study period)  

Muscle groups injected  

% of children with multiple muscle groups injected 
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Concurrent Therapy interventions post BoNT-A INTERVENTION group   (eg PT/Orthotics 

/Casting/ other..)  

Physiotherapy: (Details of frequency/ content/ dosage/ setting/ delivered by who eg 

assistant or therapist)  

Orthotics: Change (details of type and timing) Casting: duration & timing/ Other..  

Additional Therapy interventions for CONTROL group (eg PT/Orthotics /Casting/ other..) 

Physiotherapy: (Details of frequency/ content/ dosage/ setting/ delivered by who eg 

assistant or therapist)  

Orthotics: Change (details of type and timing) Casting: duration & timing/ Other..  

 

OUTCOMES USED IN THE STUDY (PLEASE LIST) IDENTIFY AS PER ICF - BODY STRUCTURE 

AND FUNCTION/ ACTIVITY/ PARTICIPATION/ QOL/ OTHER 

Primary outcomes in Study:   

What was/were the primary outcome(s)  

How was primary Outcome assessed  

(questionnaire, observation, goniometer,3DGA etc) 

Who completed the primary outcome measure 

How were the primary outcomes obtained (face to face, telephone interview, postal other) 

Place of outcome assessment (outpatients/home etc.)  

Results of primary Outcome Measures 

Mean scores on primary outcome at baseline (S.D) 

Mean score at follow up (S.D) NB referring to Any Minimally important clinical difference 

(MCID) or Minimum Detectable Change (MDC) values note any statistical significance  

 

Secondary outcome(s) in Study 

List secondary outcome(s)  

How was secondary Outcome assessed (questionnaire, observation, goniometer,3DGA etc) 

Who completed the secondary outcome measure 

How were the primary outcomes obtained (face to face, telephone interview, postal other) 

Place of outcome assessment (outpatient/home etc.)  

Results of secondary Outcome Measure(s) 

Mean scores on secondary outcome measures at baseline (S.D)/ Mean score at follow up 

(S.D) NB referring to Any Minimally important  clinical difference (MCID) or Minimum 

Detectable Change (MDC) values Note any statistical significance  
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Adverse events reported           Yes/No  

(If Yes -Please detail)  

PART 4: STUDY QUALITY 

Quality if RCT:  

1. How were the patients selected (convenience sample, all patients from data base, 

purposive sampling?) 

2. Method of randomisation and allocation concealment (describe)  

3. Method of blinding and who was blinded (describe) 

4. Method of analysis (per protocol, intention to treat)  

5. Study groups comparable at baseline (list factors on which groups were compared)  

6. Number of participants lost to follow up (give numbers overall and for each group and 

reasons for attrition)  

Quality if non randomised design:  

1. On what factors were groups compared at baseline and were they comparable?  

2. How were participants allocated to groups  

Quality for ALL studies:  

1.Were hypotheses stated prior to study  

2. Were all aspects of the study conducted prospectively?  

3. Was the intervention comprehensively described and replicable.  

4. Were any adjunctive therapies comprehensively described and replicable?  

5. Was training for the outcome measures described?  

6. Were validated measures used for outcome measures  

7. Were confounding factors considered? If so which? 

 8. What methods were used to control for any confounding  

9. In comparative studies were participants seen within same time frame in each group?  

10. Was the fate of all patients enrolled in the study adequately described?  

Level of evidence I-V (American Academy of CP levels of evidence) 

Any further comments about this study  
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14.9.5 Systematic Review- Levels of evidence and Conduct questions AACPDM 

Levels of evidence used by AACPDM (modified from Sackett)

 

Conduct questions AACPDM Conduct Questions Group studies 

Each question should be answered  

“yes” =1 (criterion/criteria present) or 

 “no” =0 (criterion/criteria not present)  or 

? =0 for those studies unable to answer .  

For group studies, the conduct of an individual study will be judged as Strong (‘yes’ score on 6-7 of the 

questions), Moderate (score 4 or 5) or Weak (score <4) 

        (Darrah et al., 2008)



 

 

14.9.6 Systematic Review – Table of methodology and results of included studies 

Study Characteristics of Study 
 

Country/Funding/ number 
of sites data collection 

points 

Characteristics of BoNT -A 
Intervention 

Including previous 
BoNT-A history, number of 

cycles) 

Comparison group Adjunctive measures Adverse events 
(AE) 

Results showing a relationship between change in BSF and ICF 
Domains 

Study 
conclusion 

Bjornson et 
al. (2007) 

Seattle, USA 
Single site 
 
Data collected between 
October 1997-September 
2001 
 
2 baseline assessments (7 
days apart) and follow up 
3,8,12 and 24 weeks post 
BoNT-A 
 
 
 
Study funded by Research 
grant NCMMR  
Botox was provided by 
Allergan 

OnabotulinumtoxinA (Botox- 
Allergan)  
 
EMG guided injections into 
gastrocnemius muscle 
 
 
Dose: 12 units/kg (up to a max 
400U) diluted at 100 U/ml  
 
Sedation: Midazolam sedation 
 
All children Toxin naïve  
Single injection cycle 

Saline injections Ongoing Physiotherapy (minimum 
60-minute session per week) 
 
No directive regarding type 
quantity and casting or orthotics 

56 AE reported 
over 24 weeks 
(30-BoNT-A 
group 26- 
placebo) 

At 3 weeks Statistically significant decrease compared to 
placebo in QEK  (p=.05), Achilles DTR (p=005) and clonus 
(p<.001)  
At 8 weeks Significant decrease in SMS total (p=.04) and elastic 
path length (p=.05) compared to placebo 
At 12 weeks Statistically significant increase in ankle 
dorsiflexion PROM with knee extended (p=.05) at 12 weeks 
(mean difference of 4.2°)  
Greater change in COPM-Performance score at 12 weeks 
(p=.04) for intervention group (1.7 points change) 
At 24 weeks > change in Vol torque at 24 weeks (p=.03) in 
favour of BoNT-A 
GMFM -88 and 66 scores consistently improved up to 24 weeks 
and were statistically significant in favour of BoNT-A at 24 
weeks(p=.001 and p=.03 respectively) 
Improvement at 12 and 24 weeks but no significant difference 
in COPM-Satisfaction or GAS scores at any time point in favour 
of BoNT-A. (p>.12-.98) 
MAS no change at any time point 

Although changes were observed in a 
number of outcomes in each ICF domain. 
The study failed to demonstrate a match 
between measured effect and perceived 
functional benefit.  
Although some significant physiological 
and mechanical effects noted at 6 
months, family satisfaction with 
outcomes were unchanged.  
The authors conclude that there may not 
be enough functional change or family 
perception of functional change to 
register as meaningful improvement in 
their societal participation 

Delgado et 
al., (2016) 

Multi centre international 
trial. (23 centres, 6 
countries)  
 
Data collected between  
July 2011-June 2014  
 
Time points: 
baseline, 4 weeks & 12 
weeks  
[+ discretionary visits week 
16, 22 +/- 28 for patients 
not requiring reinjection] 
 
Study funded by Ipsen 
Pharma  

Abobotulinumtoxin A (Dysport- 
Ipsen)  
EMG  or ultrasound guided 
injections into gastrocnemius 
muscle  
(2 sites in upper quadrant and 
lower quadrant) and soleus (2 
sites in lower quadrant) 
Max dose of 30 U/kg or 1000U 
diluted at 500 units in 2 ml saline. 
Two groups ABO10 U/kg/leg and 
ABO15 U/kg/leg 
Centres followed their usual 
sedation protocols 
122 children were toxin naïve 113 
had previous injections  
Single injection cycle 

Placebo saline 
injections 

An established physiotherapy 
and/or orthotic regimen was 
permitted provided that it had 
begun >1 month before study 
start and was maintained 
throughout the study   
(No details given regarding 
therapy content) 
 

18 Treatment 
related adverse 
events were 
reported. 
Placebo n=7 and 
Total ABO n=11 
(ABO10 U/kg/leg 
n=6, ABO15 
U/kg/leg n=5) 
144 children 
reported at least 
1 Treatment 
emergent 
adverse events 
TEAE (not related 
to treatment) 
most were of 
mild intensity. In 
all groups, the 
most frequently 
reported TEAEs 
were upper 
respiratory tract 
infection. 
 

GAS Both ABO groups showed better than expected goal 
achievement adjusted mean [SE] GAS score in comparison to 
the placebo group at 4 weeks post injection 51.5 [1.3] for 
ABO10 U/kg/leg / 50.9 [1.3] for ABO15 U/kg/leg  
Children in the placebo group did not reach the expected level 
score 46.2 [1.3]. The adjusted mean (95% CI) treatment 
differences were both statistically significant versus 
placebo4.65 (1.59 to 7.71; p=.003) ABO15 group and5.32 (2.31 
to 8.32; p<.001) ABO10 group   
MAS muscle tone also significantly improved with ABO 
treatment (both doses) compared with placebo. The adjusted 
mean (95% CI) treatment difference versus placebo was -0.49 
(-.0.75—0.23; p<.001) in ABO15 group and maintained at 12 
weeks 
And -0.38 (-0.64 to -0.13; p=.003) in ABO10 group this was still 
significant at 12 weeks p=.04  
PGA scores showed adjusted mean (95% CI) treatment 
difference versus placebo was 0.77 (0.45 to 1.10) for ABO15 

group and 0.82 (0.50 to 1.14) in ABO10 group 
These were significant for both ABO groups versus placebo 
(p<.001). This significant difference continued at 12 weeks   
Tardieu showed angle of catch (XV3) at week 4 (treatment 
effect 7.4 (3.5 to 11.3) in the ABO15 group (p<.001) but 
although positive change this was not significant in ABO10 

group 

Single injections of both doses of 
abobotulinumtoxinA (10 and 15 U/kg for 
unilateral injections,20 and30 U/kg for 
bilateral injections) significantly reduce 
muscle hypertonia and spasticity 
translating into clinical and functional 
benefits 



 

 

Hastings-
Ison et al. 
(2016) 

Two sites (Royal Children’s 
Hospital & Monash, 
Melbourne) Australia  

Data collected between 

December 2007-October 
2012 

 

Funding: Australian 
National Health and 
Medical Research Council 

 

Assessment time points  

Baseline and approximately 
26 months  

(3DGA performed at 
baseline and 4 weeks after 
final injection) 

OnabotulinumtoxinA (Botox- 
Allergan)  

Into calf complex 

6 U/kg bodyweight with 12 
monthly injections 

Dilution 100 U in 4 ml normal 
saline. 

EMG guidance under mask 
anaesthesia 

Two sites in medial belly one site 
in lateral belly of gastrocnemius 

Children with spastic diplegia had 
6U/kg into each limb 

And hemiplegia had 
gastrocnemius and soleus 
injections of affected side 

Max total dose 18 U/kg (available 
for other muscle groups if 
indicated) 

Total mean dose per injection 183 
U/kg (78U/kg) 

All children were toxin naive 

 

OnabotulinumtoxinA 
(Botox- Allergan)  

Into calf complex 

As per intervention 
group but frequency 
was 4 monthly 
injections 

 

Total mean dose per 
injection 185 U/kg 
(79U/kg) 

All toxin naive 

 

 

Usual care Physiotherapy  

Orthotic provision 

Matched funding for 
Physiotherapy post injection for 
both groups. 

2 children in 4 monthly injection 
group received serial casting 

No serious 
adverse events 
reported, mild 
and moderate 
events similar 
between groups 
(43% 9 per 
injection episode 
in 12monthly 
group, 34% 7 in 4 
monthly group).  

Children in 4 
monthly group 
had twice the 
number of 
adverse events. 
Most common - 
flu like illness 
and falls. 2 
children 
attended A+E on 
evening of BoNT-
A - one with 
seizures due to 
omitting 
medication and 
one with post 
injection 
vomiting. 
Adverse events 
per child per yr. 
of treatment = 
1.2 in 12 monthly 
group and 2.2 in 
4 monthly group.   

 

Both groups maintained passive ankle dorsiflexion and no 
significant difference from baseline to 26 months between 12 
mthly and 4 monthly injection groups (3.3 degrees greater in 
12 mthly group, 95% CI -4.7 to 11.2, p = 0.41). Difference in 
mean passive dorsiflexion change was 2 degrees (95% CI -5 to 
9.1). 

 

Both groups demonstrated motor responsiveness to final 
injection on BoNT-A (increased dorsiflexion during stance), no 
significant between group  differences (p=0.19), FMS 50m and 
FAQ additional activities score were slightly better in 4 monthly 
than 12 monthly group but not statistically  significant. No 
significant differences for FMS 5m or 500m, functional 
activities with the FAQ or any domains of Child Health 
Questionnaire. 

Subgroup analysis revealed children with hemiplegia had less 
passive dorsiflexion than children with diplegia regardless of 
injection frequency (p=.001). A large effect size between two 
groups was shown (0.80). Children with Hemiplegia had a 
mean 8.5°(SD 14°) reduction in passive dorsiflexion (9° with 4 
monthly and 8.1° with 12 monthly injections) over 26 months. 
Children with Diplegia had a mean increase of 1.6°(SD12°) 
passive dorsiflexion  (0.1° with 12 monthly injections and 3.1° 
with 4 monthly injections) over 26 months. 

No significant difference between 12-
monthly and 4-monthly injection 
regimens on passive dorsiflexion or 
secondary outcome measures. 

 

Authors recommend 12 monthly 
injections  

 

Showed significant difference between 
hemiplegia and diplegia in subgroup 
analysis  

 

Children with hemiplegia lost range over 
26 months and those with diplegia gained 
range  

Concerns re increasing crouch with 
increased dorsiflexion. 

Hamstrings injections in Diplegic patients 
may be a confounder  

No control group 



 

 

Study Characteristics of Study 
 

Country/Funding/ number 
of sites data collection 

points 

Characteristics of BoNT -A 
Intervention 

Including previous 
BoNT-A history, number of 

cycles) 

Comparison group Adjunctive measures Adverse events 
(AE) 

Results showing a relationship between change in BSF and ICF 
Domains 

Study 
conclusion 

Kelly et al. 
(2019) 

Single site Canada 

Data collected between 

January 2008-
December2014 

Funding: Nova Scotia 
Health Research 
Foundation, Physiotherapy 
Foundation of Canada, IWK 
Health Centre Halifax, Nova 
Scotia 

Assessments at baseline, 
1,2,6 months 

OnabotulinumtoxinA (Botox- 
Allergan)  

BoNT-A+ 3 weeks casting 

using serial casts (weekly change) 

injections into gastrocnemius and 
soleus (+ hamstrings in 1 child) 

Mean dose 107.8 U 

(Range 100-150U) 

*Product not identified in paper, 
but Botox used (personal 
communication Kelly October 
2021) 

No further details of 
administration or sedation  

7 children were toxin naïve 

 

Single injection cycle  

OnabotulinumtoxinA 
(Botox- Allergan)  

BoNT-A+ Single cast 
for 3 weeks 

injections into 
gastrocnemius and 
soleus (+ hamstrings 
in 2 children)  

Mean dose 106.0 U 

(Range 100-140U) 

 

 

8 children were toxin 
naive 

 

 Usual care PT during trial  

(No detail of content varied from 
none 30%, once every 1-2 months 
20% to once every 4-6 months 
50%- no difference between 
groups)  

No AE reported MTS showed significant effects of time for R1 (spasticity) and 
R2 (ROM) (p<.001) as did MAS but not group- by- time at each 
time point up to 2 months but this was no longer significant by 
6 months 

No significant effects of time or group by time were found for 
spatiotemporal parameters of gait 

Significant effects of time were found at all time points for 
GMFM-66 (p=.002) and all PEDI domains except social function 
caregiver assistance (p=.009 to p<.001) 

Increasing scores over time in PEDI exceeded MCID in 4 out of 
6 domains except for social function caregiver assistance and 
mobility caregiver assistance 

No significant change was seen in CPQOL  

Study found no difference in magnitude 
of effects for two casting protocols. 
Authors suggest families may find one 
cast more convenient than 3 changes post 
BoNT-A. 

Function and participation   continued to 
improve over 6 months and although BSF 
measures were no longer significant they 
had not returned to baseline.  

The magnitude of change in function and 
activity did not appear to result in change 
in QOL leading the authors to suggest 
CPQOL may not be sufficiently sensitive to 
change  over time. 

 



 

 

Study Characteristics of Study 
 

Country/Funding/ number 
of sites data collection 

points 

Characteristics of BoNT -A 
Intervention 

Including previous 
BoNT-A history, number of 

cycles) 

Comparison group Adjunctive measures Adverse events 
(AE) 

Results showing a relationship between change in BSF and ICF 
Domains 

Study 
conclusion 

Lowing et 
al. (2017) 

Single site Sweden 

No funding details 

No details of data 
collection time frame 

Assessments at baseline, 
3,12 24 months post 
injection 

OnabotulinumtoxinA (Botox- 
Allergan)  

Ultrasound guided injections into 
plantarflexors +/- other leg 
muscles as required 

Sedation: Topical anaesthesia, 
paracetamol, and nitrous oxide 

Dose: 5.9 (1.7) U/kg body weight 
BoNT-A dilution 50 U/ml saline. 
Number of sites dependent on 
muscle mass. Variable number of 
injection episodes over 24 
months (1-4) 

24 children were toxin naive 

 Usual care PT ranged from 2-4 
times a month post injection for 3 
months (included goal directed 
treatment focus). Each child had a 
home and school training 
programme supervised by PT 

No AE reported GDI increased by 4.1 points (95% CI 0.7:7.5. p=.02) after 12 m, 
ss; unclear clinical significance.  

GDI Categorical outcome at 24 months: Improved n=15; 
unchanged n=14; deteriorated n=7.   

Children with lower GDI before treatment had most increase at 
3 months. No correlation between GDI and MAS, ROM, SMC at 
any time point.   

Median rating for spasticity lower at 3m 2 (1,2) (p<.001) no 
further changes at 12/24 months. PROM increased from 
baseline at 3 months (+6°, p<.001)) and decreased again at 
12m and 24 months (p=.01). SMC increased baseline to 24 m;   
GAS sig increase, 29/40 children attained or exceeded 
expected level. Median GAS T score 50 at 3 and 12m, 60 at 24.  
At 3 months GDI change scores correlated with GAS change 
scores; at 24 months GAS change scores correlated with SMC, 
but not MAS.    

BoNT-A injections had a positive effect on 
spasticity reduction, but this was not 
related to improvement in Gait or Goal 
attainment. 

Improvement in Ankle ROM at 3 months 
was not maintained at 12 or 24 months. 
The influence on desired activities of daily 
living via goal attainment was significant 
and 80% of children attained or exceeded 
desired level of Goal attainment by 24 
months. Clinically meaningful changes in 
gait did not occur during study but the 
authors argue neither did potential 
deterioration.   



 

 

Study Characteristics of Study 
 

Country/Funding/ number 
of sites data collection 

points 

Characteristics of BoNT -A 
Intervention 

Including previous 
BoNT-A history, number of 

cycles) 

Comparison group Adjunctive measures Adverse events 
(AE) 

Results showing a relationship between change in BSF and ICF 
Domains 

Study 
conclusion 

Schasfoort 
et al. (2018) 

Multi-centre study 

2 University hospitals and 5 
Rehabilitation centres 
Rotterdam, The 
Netherlands   

 

Recruited between 
October 2009-September 
2017 

Funding: Netherlands 
Organisation for Research 
and Development and 
Rijndam Rehabilitation, 
Rotterdam, The 
Netherlands 

 

Assessments at baseline, 
12 weeks (when CR ended) 
and 24 weeks  

OnabotulinumtoxinA  injections 
(Botox- Allergan Inc., Eindhoven, 
The Netherlands) + 
Comprehensive rehabilitation 

Injections administered under 
general anaesthesia by 
experienced clinicians in a 
paediatric hospital day-care 
setting. Clinicians adhered to 
recommendations, as described 
in the European Consensus 2009 
(5) and age- and weight-related 
maximum allowed doses were 
injected. 

Mean dose 9 U/kg (5) 

Variety of muscles as clinically 
indicated (10 +listed) 

8 children toxin naïve 

34 had previous injections 

Single injection cycle 

Comprehensive 
Rehabilitation 

 

 

15 children toxin 
naïve 

9 children had 
previous injections 

12 weeks of Comprehensive 
Rehabilitation: Individually 
tailored high intensity goal 
directed Physiotherapy (iPT) +/- 
serial casting + AFOs. Detail 
regarding iPT guideline provided 
and therapists iPT diaries 

No AE Reported 
for either group 

Pain - no significant difference between groups 

 AoC  (dynamic tone) of the rectus femoris muscle was a 
clinically relevant difference in effect in favour of the only-CR 
group (12° difference between groups, p = 0.025). 

Kinematic gait parameter maximum knee angle during the 
swing phase while walking barefoot was the only effect 
outcome that showed a statistically significant and clinically 
relevant difference in effect in favour of the BoNT-A+CR group 
(6° difference between groups in favour of BoNTA+ 

CR, p = 0.034). 

GAS showed similar patterns of improvement for both 
intervention groups at 3 and 6 months (NS p=.791 and.688) 
casting periods and/or alignment of AFOs was complicated in 
both groups, mainly due to pain and pressure complaints. 

No adjustments made for multiple comparisons and counted 
muscles injected  (with an additional left right adjustment) 

 

 Showed an improvement of GMF in both 
groups . 

At the group level giving BoNT-A prior to 
rehabilitation did not increase the 
effectiveness of multimodal CR treatment 
for ambulatory children in this study. 
Outcomes were measured throughout ICF 
therefore need to consider the indications 
for use of BONT-A in this group. 

Due to disturbed randomisation the 
authors warn against attributing 
statistical significance to clinical 
significance due to disturbed 
randomisation 

No control group of usual care of therapy  



 

 

Study Characteristics of Study 
 

Country/Funding/ number 
of sites data collection 

points 

Characteristics of BoNT -A 
Intervention 

Including previous 
BoNT-A history, number of 

cycles) 

Comparison group Adjunctive measures Adverse events 
(AE) 

Results showing a relationship between change in BSF and ICF 
Domains 

Study 
conclusion 

Thomas et 
al. (2016) 

Single site, Queensland CP 
Health Service, Australia 

Funding; Queensland 
Health Community 
Rehabilitation Research 
Scheme & Royal Children’s 
Hospital Foundation Grants 

Assessments: baseline, 10-
12 weeks & 26 weeks 

OnabotulinumtoxinA (Botox- 
Allergan PLC) 

To one or more lower limb 
muscles as per published ‘We 
Move’ guidelines (no details of 
specific leg  muscles injected) 

BoNT-A + Group therapy  

No information about previous 
injection history 

Single injection cycle 

BoNT-A + Individual 
therapy 

All children received 6 hours 
Physiotherapy six x 60 mins 
sessions IND 1:1 PT and GRP had 
1 PT:4/6 children ( + assistant or 
PT student)  so 1:3 

Both groups had HEP casting and 
orthotics as required 

No AE toxin 
related one 
casting AE 

COPM - SATISFACTION no difference between intervention 
groups immediately post intervention; at 26wks ss difference 
for GRP (not clinically meaningful).                                   
PERFORMANCE no difference between intervention groups. 
GRP made ss and clinical meaningful differences at 10 and 26 
weeks in both perf and satisfaction; IND ss at 10 and 26 weeks, 
clinical meaningful at 10 weeks not 26                                                                
EVGS no ss difference b/w or within groups 

 

CP-QOL access to services significantly different for GRP at 10 
weeks                                                                                                     
No sig differences between groups on any other measures.         
PRT within group gain IND at 10 weeks, retained at 26 weeks.                  
GMFM no in group improvements either group (no statistical 
analysis reported)                                 1MFWT GPR showed 
significant difference from baseline 

 

Both groups demonstrated clinically 
significant improvements in COPM P and 
S but minimal change in EVGS which did 
not  

 



 

 

Study Characteristics of Study 
 

Country/Funding/ number 
of sites data collection 

points 

Characteristics of BoNT -A 
Intervention 

Including previous 
BoNT-A history, number of 

cycles) 

Comparison group Adjunctive measures Adverse events 
(AE) 

Results showing a relationship between change in BSF and ICF 
Domains 

Study 
conclusion 

Valentine 
et al. (2020) 

Single site, Perth Australia 

 

Funding: The GMFM 
assessment time was 
funded by an unrestricted 
post graduate education 
grant from Allergan. 
Allergan had no role in the 
design of the study, 
collection, analysis, or 
interpretation of data or 
writing of the manuscript. 

Data collection period (not 
specific) 

GMFM-66 Assessment at 
T2 only 

OnabotulinumtoxinA (Botox- 
Allergan) N=27 

 

No details of administration 

Median (IQR) Total dose per 
treatment=  

6.95 U/kg(4.4,11) 

 Median (IQR)  dose per muscle=  

2.95 (2.2,4) U/kg/muscle 

Mixed lower limb injections 
(multilevel  

Proximal, distal) 

Multiple injection cycles  

(Median 11 (6.71,5.5) 

N/A Usual care provided by 
community provider  

Extra therapy provided following 
toxin (8 extra sessions per limb 
injected)  

Not reported Results described in terms of changed GMFCS level 

6 (21.4%) Improved to GMFCS Level I . Mean GMFM-66 score 
86.9% (5 Hemiplegia,1 diplegia) 

22 children remained GMFCS II (78.6%) GMFM-66 mean score 
72.6% 

Pain (scored from 26 children) 10 children (38.5%) complained 
of pain Mean score 3 (SD 2.4). No relationship with pain and 
comorbidities or BMI 

Median Participation frequency was 6.1 (5.4,6.5) in Home, 
School 3.6 (3.4,4.6) and community 2.2 (1.6,3.0)  

No statistically significant relationship between PEM-CY score 
and topography, final GMFCS level or Pain. Only statistically 
significant negative association between school participation 
and GMFM centile correlation coefficient of -0.5 (p=.01) 

The authors claim that this study confirms 
that the majority of highly treated 
population remains at a stable GMFCS 
level and the GMFM-66 average is 
consistent with published average levels 
(where patients who had undergone 
treatment with BoNT-a , SDR ,ITB were 
excluded). For a small number the GMFCS 
level had improved and none had 
declined  

The study confirmed that children with CP 
at GMFCS level II treated at a young age 
with repeated low to moderate doses of 
BoNT -A within an integrated 
comprehensive service maintain their 
functional motor gains at a later age  
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Country/Funding/ number 
of sites data collection 

points 

Characteristics of BoNT -A 
Intervention 

Including previous 
BoNT-A history, number of 

cycles) 

Comparison group Adjunctive measures Adverse events 
(AE) 

Results showing a relationship between change in BSF and ICF 
Domains 

Study 
conclusion 

Williams et 
al (2012) 

Single site, Perth Australia 

Funded by Princess 
Margaret Hospital(PMH) 
Foundation grant and 
University of Western 
Australia’s (UWA) Research 
and Development Award. 

Assessments baseline x2 12 
weeks and 2 weeks before 
injections, approximately 
5(1) weeks post injection 
and 14 weeks post 
injection 

 

OnabotulinumtoxinA (Botox- 
Allergan) 

All children had bilateral 
Gastrocnemius injections 2-6 
U/kg (+/- muscles as clinically 
indicated no child had more than 
3 muscles injected per leg)  

No administration details 

GMFCS details not given 

Previous injection history : 
minimum of 2 previous injection 
cycles ( mean series=8.93, 
maximum series=15)  

Children randomised to pre 
BoNT-A or Post BoNT-A strength 
training 

8 of the 15 children 
also completed a 6-
month pre -
intervention 
baseline phase = 
control period.   

Mean age 8 .2 years 
(SD 2 years), (n = 6 
GMFCS I, n = 2 
GMFCS II), took part 
in a control phase 
prior to continuing 
onto the 
intervention phase.   

Home based strength training 
programme 3 times a week for 10 
weeks (programme progression 
fortnightly by exercise 
physiologist using American 
College of sports medicine 
guidelines, family member 
trained delivered programme)  + 
usual PT 

No adverse 
events reported 

Spasticity was significantly reduced post injection in summed 
MAS scores reduced at 6 weeks (p=0.033). No significant 
change in MAS with either strengthening programme (p>0.05)   

Motor control, SCALE scores whole sample increased at 6 
months from baseline to final assessment[t(13)=-
2.686,p=.019,ES=.56] 

Children made significant isokinetic strength gains (mean 
p=.022, ES 0.57) in the intervention period in comparison to 
the control period (mean p=0.15, ES 0.56) 

Irrespective of timing significant strength improvements were 
seen at 10 weeks and 6 months. 

Functional improvements were shown in Gas immediately 
(p=.007,ES 4.17) and at 6 months(p=.029, ES 0.99).  

Improvements in MV were seen in all assessed muscles both 
over control and strengthening phase apart from dorsiflexors 
which only showed over strengthening period(p<.001,ES=.80) 
). Changes over control and strengthening  intervention not 
statistically significantly different.  

Both pre and post toxin strengthening showed an 
improvement in strength at 6 months with no significant 
difference 

Home based strength training based on 
individual goals was shown to improve 
strength and functional goal attainment. 
Both pre and post BoNT-A strengthening 
programmes showed an improvement. 
The authors suggest that Pre training may 
be more suitable for those children 
requiring casting post injection. They 
recommend targeted strengthening 
programmes including the injected 
muscles. 

Suggested improvement of BoNTA + 
strengthening is superior to BoNT-A 
alone. 
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Country/Funding/ number 
of sites data collection 

points 

Characteristics of BoNT -A 
Intervention 

Including previous 
BoNT-A history, number of 

cycles) 

Comparison group Adjunctive measures Adverse events 
(AE) 

Results showing a relationship between change in BSF and ICF 
Domains 

Study 
conclusion 

Wright et 
al. (2008) 

Single site, Toronto Canada 

Funding Bloor view 
Children’s Hospital 
Foundation 

Assessments at baseline 2 
months and 6 months post 
injection 

OnabotulinumtoxinA (Botox- 
Allergan) 

mean BoNT-A  dose was 11.5U/kg 
(SD 5.9) with a mean total dose of 
207 units (SD 82.9)  

No further administration details 
Variety of muscles injected 

Gastrocnemius 

Muscle injected=29children 

(Alone or in combination with 
other muscles) 

Hamstrings muscle= 21 children 
(alone or in combination) 

Hip adductors=7 children (alone 
or in combination) 

17 children were toxin naive 

N/A No details given  Not reported Reduction in dynamic spasticity (R1) at 2 months in 
gastrocnemius and hamstrings (p<.05). Improvement was 
maintained at 6 months in injected gastrocnemius muscles 
(p<.001)but no longer significant in hamstrings.  

Improvement in timed walk maintained over 6 months (p<.05). 
Improvement at  2months in GMFM D& E (p<.01) and further 
improved over 6 months(p<.001). For activity and participation 
measures there were changes of at least 3.0 points (maximum 
p<0.001) by 6 months for all subscales except the PODCI upper 
extremity. 

Activity and participation measure changes generally were 
most notable from baseline to 2 months with either 
maintenance of gains or continued improvement through to 6 
months.  

Despite this change score relationships between measures of 
body structure and function (spasticity and timed walk), 
activity (GMFM & PEDI) and participation (PODCI) at 2 months 
and 6 months were poor to fair (r<.40). Predictor combinations 
accounted for <69% of variation in activity and participation 
scores. Predictors often pertained to baseline score, GMFCS 
level or age. 

Improvements were demonstrated 
following BoNT-A injections in all ICF 
measures.  

Despite moderate to strong pairwise 
relationships for many of the BSF and 
activity & participation measures at 
baseline, the strength of change score 
relationships was typically no more than 
fair. Similarly activity and participation  
baseline relationships were strong this 
was not evident in the corresponding 
change score relationships.  

Notably spasticity variables accounted for 
less than 50 % of explained variation in 
GMFN,PODCI and PEDI change score 
models. 

The relationship between changes at 
different ICF levels were complex and 
authors suggest multi factorial.  
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Country/Funding/ number 
of sites data collection 

points 

Characteristics of BoNT -A 
Intervention 

Including previous 
BoNT-A history, number of 

cycles) 

Comparison group Adjunctive measures Adverse events 
(AE) 

Results showing a relationship between change in BSF and ICF 
Domains 

Study 
conclusion 

Yap et al. 
(2010) 

Single site, Shriners 
hospital for children, 
Montreal, Canada 

Funding: Shriners hospital, 
Montreal Children’s 
hospital research unit and 
L’ordre profissionel de la 
physiotherapie du Quebec 

Assessments at baseline 
and 3 months post 
injection 

Botox (Markham,ON,CA) 

8-15 U/kg.  

Mean dose 9.1 U/kg (SD 1.9) 
Mean total dose injected 186.1 U 
(SD 85.2) Conscious sedation used 
injections into gastrocnemius 

2 children had additional upper 
limb injections 

9 children were toxin naïve 

15 had previous injection 
episodes (range 2-7 episodes) 

 

N/A Below knee walking cast 1 week 
post injection. Cast changed every 
1-2 weeks until passive ankle 
dorsiflexion of 10-15 degrees 
achieved (mean 20.6 days SD 8.9). 
Then AFO worn for half day +/- all 
night. PT commenced after cast 
removed, one session every 1-2 
weeks. Details given of 
generalised therapy content  

NoAE reported BoNT-A injections + casting showed statistically significant 
change in all outcome measures.  

Statistically significant change from baseline in PROM and 
AROM, mPRS and MAS (p<.001), GMFM-66 and FAQ (p=.005). 

No significant change in functional independence (WeeFIM) 

No significant correlation between any of the individual 
exposure variables (age, number of treatments distribution or 
severity of CP, parental stress, or child’s motivation) and 
change in muscle tone  

multivariable analysis there was an association with low social 
persistence and low levels of parental stress with greater 
change in tone (p=.006-.017). Significant correlation (r=.39-.41) 
between child’s motivation and change in gait pattern 

Younger age (p=0.015) and fewer number (p=0.024) of BoNT-A 
treatments were associated with greater change in gross 
motor function. Child’s motivation and parenting stress were 
significantly associated with improvements in muscle tone 
(p=0.006–0.017), passive range of motion (p=0.008–0.033), 
gait pattern (p=0.005–0.042), level of ambulation (p=0.001–
0.043), and functional independence (p=0.004–0.027). 

First paper to Looked at parental stress 
and child’s motivation on responsiveness 
to toxin treatment and the modifying 
effect of these variables on muscle tone 
PROM gait pattern level of ambulation , 
gross motor function and functional 
independence.  

BoNT-A injections + casting showed 
statistically significant change in all 
outcome measures. However, younger 
age and fewer number of BoNT-A 
treatment were associated with greater 
change in gross motor function. Child’s 
motivation and parenting stress were also 
significantly associated with 
improvements in muscle tone, PROM, gait 
pattern, level of ambulation and 
functional independence 

Preliminary study exploring interaction 
between modifying factors looking at 
factors that may predict level of 
responsiveness Studies focus on age cp 
type severity ambulatory status BUT 
clinicians acknowledge effect of 
motivation and family coping on 
developmental outcomes but not 
measured in a clinical setting.  

The results suggest age number of 
treatments parental stress  and child's 
motivation can influence the degree of 
responsiveness . The findings suggest that 
the contribution of contextual 
factors(personal environmental) in 
influencing outcomes is under 
appreciated in this population.  

Child motivation and parental stress are 
potentially modifiable.  
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14.10 Thematic analysis 

These are the initial themes established from initial coding of the transcripts 

including additional notes by the researcher. These initial themes were developed 

and reviewed as potential themes then re-visited on a number of occasions and 

refined and further defined and named as in Chapter 11 in order to answer the 

research question  

‘Are standardised assessments and current procedures picking up what is important 

to children and their families following BoNT-A?’ 

Themes initial mapping
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Communication Theme mapping  

 

 

GOSH and family (C_G&F) 

General Feedback on communication /experience 

You do (support) because on certain events like obviously when we came post 

Botox there would be some things I’ve noticed that M will be struggling with, and a 

few of your colleagues or even yourself I believe have printed off, ..local clubs in the 

area that M could benefit from. … like a CP football group which was fantastic that 
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you guys printed off.  SNAP, you guys were the ones that told me about SNAP, 

which was really good.  ….[SIGNPOSTING how GOSH offers practical post injection 

support  PARTICIPATION -[1,F,5,1,M_G] positive for service delivery] 

Just the feedback for this place, I think it’s amazing because, you know, there’s lots 

of time for questions and there’s really good assessment….  I think if anything, it is a 

little bit difficult to get hold of doctor outside of the appointment. 33,M,4,III,M_G] 

Preparation (C_G&F_prep) 

All of it, fantastic. More than enough information. The whole procedure itself, the 

care, …, I mean, this isn't just one person, there's like a team of five the whole time, 

whether they're the play or they're the physio or you or anyone, I mean, 

surrounded by professional care. I feel it was a perfect experience. [66,F,4,III,M_P 

Team around the child  

I was more than happy with the preparation going into the injections, not an issue. I 

think, on the day, again it’s a difficult day, so it’s hard to assess. [70,F,4,III,P_M] 

We were aware that there was going to be a bit more wobbliness but we would still 

make her do the same things prior to the botox, and then just assisted her a bit 

more, than slowly ease off.  So, I think we were quite positive in that respect. 

Because you have to know things, like the toilet. Yes, it’s very, very 

important.[70,F,4,III,P_M] prep for the injections and knowledge of side effects  

Pre clinic and preassessment preparation Yes, and I think it’s good. Because, you 

know, you talk to the adults as well, but children are also involved in it, so you don’t 

hide anything from them. Now .. had it done, I definitely wouldn’t say it’s anything 

to be worried about. [59,M,6,III,M_P] 

No, to be honest, the information, it meant, as parent, it meant everything was 

perfect Yes, because everything was explained, if we had any questions, we felt we 

could ask them, and no question was too stupid.. ….Oh yes, and it’s nice that you 
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ring the day or two before just to remind us, it’s good, with everything else that 

goes on and all the other appointments that you get with a disabled child, 

sometimes you do forget…[10,F,4,II,M_P] 

No, to be honest, the information, it meant, as parent, it meant everything was 

perfect. REPEAT QUOTE [10,F,4,II,M_P]. 

communication with the team) Yes, fantastic.  Yes, amazing. …. I knew what was 

going to happen, your whole team spoke to me, told me what to expect and where 

would go from here, so I was fully aware. [7,M,12,1,M_G]. Impact for service pre 

assessment appointment is important first time  

you already send us a letter, we come in when it says, we’ve never had any issues-

…,We get sufficient notice that I can rearrange my work schedule to, sort of, work 

from home. [62,F,10,I,M_G] 

Different communication methods- suggestions (C_G&F_sugg) 

Not really. I think maybe-, I don’t even know if this is possible, but for example 

when he had his tonsils out, they had like a little book they’d made. Like a little 

booklet. And it detailed everything. They gave it to us at the pre-assessment. On the 

lead up to him having his tonsils out, every day they’d get this book out at some 

point and explain what was going to happen. Maybe something like that for the first 

time. [59,M,6,III,M_P]  information via a booklet  

Yes, so for the first time they can see that they have to come-, I know they have in 

the playroom, (play therapist has a prep booklet on the day ) well, in there, but 

maybe if you have little handouts for children to look at in the run-up-,. And then, 

you know, the parents can just have a look at it so they can see that, actually, on 

the day, by remembering on the book it said you can have the cream on, and then 

they remember. Because I know on the run-up to the-, he kept asking me questions 

and he was getting himself in a state. And I was trying to reassure him, but kids 



 

527 
 

work with things a lot better when it’s visual, [59,M,6,III,M_P]preparation of child at 

home by parents, trying to minimise anxiety for the child  

Yes.  I don’t understand any of it though, that’s the thing.  When the reports come 

through, I don’t understand….could Make it simpler. There are too many big words 

in it, and you-, I have to look it up. No, I bring it up to see what it says.  What you’re 

meaning by it.[3FM1_M] medical jargon method of communication who are the 

reports for ? 

Everybody’s so busy [1,F,5,1,M]…..(?staff& parents)..If you just ask me via e-mail I 

think then it would take me five minutes, or X and I could have a quick chat rather 

than saving it for six months. [1,F,5,1,M_G] ….(so I would ) come to these meetings 

a bit more prepared [1,F,5,1,M_G] feedback about injections keeping in touch 

between appointments (initial plan was to text monthly but thought too 

burdensome for families and researchers with numbers involved) 

If you say what the things that you want to see are, and then if we video it at 

different times, because we observe…., So, yes, there's a lot that you don’t see.  

…[16,F,4,I,M_G] capacity vs capability and performance more realistic when see in 

home setting changed post covid with telemedicine should be easier to use and?  

upload to my gosh   

Parental Involvement around injection assessments .. 

It’s hard to remember between May and now. ..so would be good if team say We’re 

going to see you in three months, just take some notes[1,F,5,1,M] Recall 

If you just ask me via e-mail I think then it would take me five minutes, or X and I 

could have a quick chat rather than saving it for six months. [1,F,5,1,M_G]  

It would be good to ask the family for a quick assessment. [1,F,5,1,M]  

If you say what the things that you want to see are, and then if we video it at 

different times, because we observe…., So, yes, there's a lot that you don’t see.  
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…[16,F,4,I,M_G] capacity vs capability and performance more realistic when see in 

home setting changed post covid with telemedicine should be easier to use and?  

upload to my gosh   

Communication outside GOSH_Others (C_OG) 

GOSH and Local team / Family and Local Team 

(your) communicating with my local term perfect, my local team communicating 

with you is the issue. …[10,F,4,II,M_P] 

After not expecting it to work and then it working really well, and that’s what we-, 

because from our consultant’s point of view, “we saw her after eighteen months 

and now we’re not going to see her for another year”-,.…[16,F,4,I,M_G] Family not 

happy with lack of contact with local team even though they went through 

treatment with their child LACK OF A PLAN  

Anxiety : Parental +/- Child  anxiety   

Preparation of child /family (COMMUNICATION) (A_Prep) 

So, that would’ve been helpful to have, maybe if you just say, ‘This is what the 

experiences of other people are.’  That really helps you, as a parent, to plan and to 

know, because the school also, they didn’t know anything.  They were like, ‘Oh, 

she's going to have this done.  We don’t know what that’s going to be at all.’ 

………It’s how the adults around you behave, really effects if it’s a big deal, making it 

a big deal or not.  So, as it turned out, it didn’t have an immediate affect and so it 

happened over a gradual period of time, and that was really good.…[16,F,4,I,M_G] 

if you have little handouts for children to look at in the run-up-,. And then, you 

know, the parents can just have a look at it so they can see that, actually, on the 

day, by remembering on the book it said you can have the cream on, and then they 

remember. Because I know on the run-up to the-, he kept asking me questions and 
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he was getting himself in a state. And I was trying to reassure him, but kids work 

with things a lot better when it’s visual, [59,M,6,III,M_P] 

because you’ve seen so many cases and you’ve seen the different things, that’s so 

helpful for a parent because we are only experiencing it with this child, so we really 

don’t know. -,.…[16,F,4,I,M_G] parents wanting advice from staff about different 

outcomes and experiences patients have experienced  

Procedure (A_Pro) 

What we have learnt from this though, with X is because obviously the last time she 

had it, she decided to fight the anaesthetic it didnt work not until she'd actually had 

the procedure, which kept her asleep for hours. Worried about next time 

[66,F,4,III,M_P] 

I was more than happy with the preparation going into the injections, not an issue.  

I think, on the day, again it’s a difficult day, so it’s hard to assess. [70,F,4,III,P_M] 

So, we didn’t know what to expect, and we expected-, he kind of said that it might 

be an overdose the first time because you ‘don’t know how much you're giving’, but 

you are cautious.  I felt like there wasn’t that much information, actually, about that 

process at all.  I think that’s probably because each case is different.  So, that’s what 

they …transparency about everything just makes it more-, and that why I don't 

mind you talking to her about it because actually, we’re being very pragmatic about 

everything and that’s worked really well. …Each case is different, but it means that 

you're not prepared as a parent for what will happen [16, F,4, I,M_G] 

Yes, I was a bit anxious.  But more for him than me, because obviously he wasn’t 

very aware of what was going to happen so it was me as a parent who was more 

scared and worried for him.  But I felt so at ease. [7,M,12,1,M_G]. 

Well, they said it has an amnesic, which I hope it did.  So, she just had a good time 

and she says that.. she can't quite piece it together, and we think that’s good. [16, 

F,4, I,M_G] 
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Botulinum Toxin fears ‘poison’ (A_Btx) 

Were you worried about it at all?  Yes, I was a bit, because it’s-, I didn’t really 

understand what Botox is, you know.  It’s a toxin which doesn’t sound very good 

does it?  So, it is a bit worrying as a parent, I was quite worried on that aspect. 

.[63,F,5,II,M_M] 

And did you find out much information before? Yes, I was given a couple of leaflets 

to read and stuff.  That sort of helped ease my mind a bit and I felt because that was 

what we’ve been recommended, so obviously, it can’t be all bad, if they do 

that.[63,F,5,II,M_M]  

I wanted it done before school so that when she went into school, she didn’t feel as 

restricted, which seems to have worked [exp_timing].: But you don’t know what 

the side effects are…. and back then, we didn’t know.  Because they said something 

about they can lose control of their bladder, but ..she was fine…there were no 

adverse effects. [70,F,4,III,P_M]  

 

It's a shame there is no long term scale of how it [botox]  affects you later on life, 

that's the only, that is the downside, but when you've got a child with cerebral palsy 

that you are so desperate for that child to run around with her peers and have a full 

life, because children don't stop, they will run and expect you to run with you and if 

you can't keep up, which she couldn't do, she would just sit in a corner with her 

head dropped. So for me the participation outweighs everything. [66,F,4,III,M_P] 

it's never an easy decision to put your child to have more injections in their leg and 

all of that, but there's no downside and I think that's the important thing. We've 

seen no, nothing that's negative from the Botox. If anything, even though it is short-

lived, that confidence takes her through many months. [66,F,4,III,M_P] (T_Confid) 

(A_ Btx) 

we didn’t know what to expect, and we didn’t know if the day after she had it, she’d 

be in a lot of pain from deep muscle injections, or if she’d go all wobbly and that 

would have a quick effect because you'd have to go wobbly and then it would be 
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different.  Then she has to relearn how to walk.  So, we really didn’t know what to 

expect -,.…[16,F,4,I,M_G] 

Post injection – at home /community (A_postBtx_home) A around effects of toxin 

We were aware that there was going to be a bit more wobbliness but we would still 

make her do the same things prior to the botox, and then just assisted her a bit 

more, than slowly ease off.  So, I think we were quite positive in that respect. 

Because you have to know things, like the toilet ( warned of possible continence 

issues) . Yes, it’s very, very important.[70,F,4,III,P_M] 

Managing expectations (A_manexp) 

If you said look, you know, it could kick in at 24 hours, or it could take up to four to 

six weeks.  It would pick up and really you don’t notice it, or you might notice it 

straight away.  It’s a gentle thing, you know, that’s the other thing.  It’s not this 

sudden thing where everything goes floppy.  I thought she wouldn’t be able to walk 

because this muscle would be floppy and that she’d have to re-organise.  It’s quite a 

gentle thing when it kicks in.  That would have been really helpful to know. 

.…[16,F,4,I,M_G] need to prepare parents for very small gradual effects in the 

majority of cases  

it's actually the physical operation that always worries me more than the actual 

giving of the injection[66,F,4,III,M_P] less stress about inj vs ortho surgery 

 

So, I think that the consultant .. said that, you know, because she’s mild, the 

changes and what will happen to her are almost too mild to be treated onto the 

NHS. She was just like, you know….  She just said it.  I wasn’t pressuring her or 

anything.  I was just like, what’s the plan or whatever?  But that’s what she ended 

up saying.  You know, I know the next child came in with a big frame.  So, I know 

that’s just what they’re, sort of, focussing on.  She did actually say that.  But the 

thing is, it (botox) made such a difference for her.16, F,4, I,M_G]..concerns that 
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children as ‘mild’ wont get treated.. feeling guilty that other children are worse off 

but you still want whats best for your child to realise their potential 

Look, he’s got, obviously, he’s got a way to go, but it’s not that, it’s, like, trying to 

get the best out of him, the best that he can be [Reach his potential]. The best he 

can be, yes, and I think he’s doing amazing, I mean, we’re pleased with his 

progress… And he feels very pleased… he does, definitely! [33,M,4,III,M_G] 

Further injections  (A_Rpt) 

I was more than happy with the preparation going into the injections [first time]), 

not an issue.  I think, on the day, again it’s a difficult day, so it’s hard to assess…..but  

She’s not going to be the same this time. [Mum expresses concern for next time] 

[70,F,4,III,P_M] 

I think that, again, looking back, my answer changed, so it’s, sort of, role reversal 

because knowing that we’re going back into that situation, it’s different to not 

knowing. Not knowing, you’re just trying to get through the day and prepare the 

best you can. But knowing that we’re coming back to do that, there’s a lot of factors 

there that need to be taken into consideration for it to be successful again. 

[70,F,4,III,P_M] [father expresses concern for next time]  

Now I know that when we come back, for instance, we’re going to use the localised 

cream, we’re not going to use the sedative, you know, all sedative. That’s never 

going to happen, it’s never going to happen. She’s aware of it now. So, I’m sitting 

here now going, ‘Unless there’s an improved game plan, we’re really going to have 

a problem,’ because she’s going to come into that-, [Do you think she’s very anxious 

about it all now having had it?] mum: She’s been talking nothing but this set all day. 

She wasn’t coming today because she didn’t want the injections. [70,F,4,III,P_M] 

‘How do I, for lack of a better word, incentivise her coming?’ because I really do 

think she’s going to struggle to the extent of, ‘I’m not doing it’. [70,F,4,III,P_M] 

Uncertainty about repeated injections (A_Rpt) 
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So, it’s now about seeing if we can jump up to a different level or if it’s 

maintenance. If it’s maintenance, then I’m not sure that’s the way we need to be, 

but if we can hopefully just get even a 2% increase, then we’re going the right way, 

aren’t we? [70,F,4,III,P_M] child was very upset during last procedure 

Parenting a child with CP (A_Par) 

how they fit in at school and whether they’re able to-, can they keep up in P.E. . 

[1,F,5,1,M_G] expressing concerns about what CP means for their child 

Emotionally it’s that you really don’t want them to feel left out in any way, so I think 

that is, I think, for reassurance for the parents really, really important. . 

[1,F,5,1,M_G] 

And I think, if she wants to do it, she will do it.  Even if she’ll have trouble, it doesn’t 

bother her, she will get on[63,F,5,II,M_M] (also in Participation) 

Emotionally it’s that you really don’t want them to feel left out in any way 

[1,F,5,1,M_G]  

This is the age now where he's starting to notice. Like, before, it never really 

bothered him, but he's now, he's noticed that there are things that his friends do 

that he can't do and he does get very angry, very frustrated. [51,M,5,II,M_G] 

 

as he's getting older, he's noticing the difference a bit more so it is getting a bit 

harder but, yes, because he's a bit behind I suppose. But, yes, he still tries to join in 

and tries to keep up. [19,M,6,M_M] 

Yes, I’m upset. I’ve put a lot into….. you know, he can walk, so I’m grateful for that, 

and he’s really determined as well. Like, he hasn’t really been using his frame in 

school because he doesn’t want to be different, he says. He does fall over and stuff. 

He hasn’t got very good balance, but it does make me sad to see the way he’s 

walking because it’s worse now when it shouldn’t be really. ……It is affecting him 

quite a lot. He feels left out. [59,M,6,III,M_P] 
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I don't know whether it's because her cerebral palsy's getting worse or just because 

of winter. We're still learning how her body works in that-, but it's a drastic different 

in the cold. [60,F,6,II,M_P] 

He’s really struggling, especially lately. He’s been getting upset because he wants to 

be the same as his friends in school. He falls over a lot. Finds it hard to do certain 

activities like soft play and things like that. Getting himself dressed, running, and he 

does get quite upset about it. And when it’s really cold, it causes him pain as well. 

[59,M,6,III,M_P] 

Parenting a child with CP_Preparedness (A_Par_Prep) 

I also, I often wonder, and we talk about it a lot-, because at the beginning we 

spotted that something was a bit off.  We amongst us as parents, we had some 

differences on whether we saw it or not and whether we thought something 

needed to be done about it.  I can only imagine-, because it’s not like, ‘It’s so 

obvious,’ you know?  So, I think the cases like her, I can so see how that would just 

slip through totally, and I wonder at what point that would have been (…picked 

up)..You know?  Who would have-, I do wonder about that for other children, I 

think. [1,F,5,1,M_G]      Difference between parents opinion / mild CP so could be 

easily missed? Could this influence how parents feed back in an appointment :   

Do you know, like, when we first found out (about CP), I used to think, ‘How will 

physiotherapy actually recover this?  It’s medicine that usually recovers, or 

operations that recover,’ but I seriously believe in physiotherapy, like, it’s amazing, 

you retrain the brain.  I find it astonishing, to be fair. [33,M,4,III,M_G] 

No, I don’t think you’d know as a parent.  I mean, of all the stuff you read up on and 

look out for, that would not be one that you would know,  [1,F,5,1,M_G] …   lack of 

support lack of information regarding CP 

So, I think that the consultant .. said that, you know, because she’s mild, the 

changes and what will happen to her are almost too mild to be treated onto the 
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NHS. She was just like, you know….  She just said it.  I wasn’t pressuring her or 

anything.  I was just like, what’s the plan or whatever?  But that’s what she ended 

up saying.  You know, I know the next child came in with a big frame.  So, I know 

that’s just what they’re, sort of, focussing on.  She did actually say that.  But the 

thing is, it (botox) made such a difference for her.16, F,4, I,M_G]..concerns that 

children so mild wont get treated.. feeling guilty that other children are worse off 

but you still want whats best for your child to realise their potential 

Standardised Testing  

Tests in clinic (Test_capacity) 

Capacity vs Capability and Performance   (How useful to measure)  

If you say what the things that you want to see are, and then if we video it at 

different times, because we observe…., So, yes, there's a lot that you don’t see.  So, 

even though you spend ages doing a really good assessment, but you didn’t see the 

things-, They’ve been trained (children with CP doing repeated tests), and that’s 

really amazing that they do that, but it means that the result isn't the real-world 

result…[16,F,4,I,M_G] [CAPACITY vs CAPABILITY & PERFORMANCE ](Test_capacity) 

So, because what's harder is the practical, the sensory thing that’s going on with her 

as well.  So, it’s almost like after a while of doing the exercises, it’s almost like she’s 

trained to do those exercises really, really well. (CAPACITY / CAPABILITY)  That’s 

what we’ve found, and she’s particularly all very well in her last post-Botox 

assessment.  Yesterday she saw her consultant, and again, if it’s the same task, just 

walking that short distance, she can do it very, very beautifully, but as the doctor 

saw, walking into the clinic and walking out on the street, she kept putting this foot 

in front of that foot.  It was going at an angle and she was stumbling over it.  

(PERFORMANCE) So, partly that’s to do with when they give them more than one 

task to do at a time (asking children to count etc to distract them), which is what it’s 

like in reality, but it’s also just that, in a way, I think that they become very good at 

doing the same task. …[16,F,4,I,M_G] LEARNED CAPACITY REPEATED TESTING 
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He loves it, he thoroughly enjoys it. He thinks this is the fun appointment, the more 

ones he goes to, he enjoys all the challenges because it's just him. He isn't really 

competing with anyone else, so it's all well. ..: If you were to mix it up and do, like, 

group sessions, you wouldn't get half of what you get. But because it's just him, and 

he doesn't feel he's got to. .. Because he feels, like, someone else is doing it better 

and he won't try so much.  

[51,M,5,II,M_G]   

She found them all quite easy.  But hers, it’s more the long-distance thing 

that would hurt her, or -, but then I don’t know in a room, can you push her?  I 

don’t know. [63,F,5,II,M_M] [realistic activities? & bikes? & endurance comments 

from parents]  

There's nothing intrusive. For me this is just her normal day in a more structured 

setting. So there's nothing intrusive. I mean this is just like a normal day and 

although she might be shy to do these exercises, this is common place for 

her[66,F,4,III,M_P. 

Well, she goes through the whole list anyway……She’s told him today that it’s too 

easy for her… It’s too easy today! [3,F,1,M_M][mum said child likes the tests] 

So, most of the assessments that you do are kind of like those physical tests.  So, 

those are good.  It’s good that we could see the balance, the difference in the 

balance in each side, so that we can see what the next things are we need to work 

on. …[16,F,4,I,M_G] 

They’ve been trained (child with CP), and that’s really amazing that they do that, but 

it means that the result isn't the real-world result.  So, that has definitely happened 

in this time. …[disconnect of reality versus artificial testing… challenge of not real 

world testing capacity…repeat quote see above ][16,F,4,I,M_G] 
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Mismatch of tests with reality 

…[16,F,4,I,M_G] parents suggestion ‘aim is to mimic reality’  I think so, and I think 

you could by parent’s videoing. If you say what the things that you want to see are, 

and then if we video it at different times, because we observe, I observe-, even 

though with her last Botox assessment it was very good, I was actually shocked in 

the room at how straight she could walk and how well-aligned it was, even though 

we do the warm-ups every morning and that’s why we do it.  However, actually, her 

tripping and her falling is much worse now.  There is tightening.  Yes.  Then she’s 

been falling as much whereas you didn’t see the current situation, the real, current 

situation.…[16,F,4,I,M_G] 

Goal setting (Test_goals) 

Do you feel like you got the chance to actually think of goals that were important for 

X and for you? Yes.  It was just like he leads a normal life without it affecting him, as 

much as we can really. [56,M,9,II,M_P]  

[Do you feel like you’ve been able to set goals that are import to you and to your 

son?] Yes, because you set goals but you actually achieve them, which is really good 

in that sense.  I’m just so happy that we did persevere with it and keep getting it 

done because-,. ..[7M12M_G]  

….the first two times he had it done, amazing fantastic.  The third, which I would 

score ten out of ten, the third time I didn’t see a significant amount of change, on 

the third time, but nothing too…, maybe it just got used to it, or I’m not too sure, 

but I’m not too sure. . In the sense of …so I think you’re at a pace because the first 

time and second time you can see things moving, and then, the third time was less. 

Maybe he got to the goals and everything by then.  But the fourth time we did 

something different, I remember when you did the hamstrings, and then we were 

like, wow, because you took the extra mile, he’s done his running, he played his 

football, and it was fantastic[7,M,12,1,M_G]. 
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I found it very hard to set the goals anyway Because at the end of the day, I just 

want her 100%, and it’s hard to actually rate, but yes, I just, yes, I found it, yes, it 

was quite hard to..  Yes, especially as they get older.  You know, because she always 

hears.  She’s that bad.  You don’t even realise she’s heard, and you’re like, oh 

okay…It comes out later…F: But yes, you’re quite mindful to always be positive, but, 

yes, it’s quite hard to. [63,F,5,II,M_M] [mum talked about hard to talk about 

shortcomings and areas of difficulties in front of the child when setting goals ]** .. 

Yes, I found that quite hard. Yes, they (local team) do (talk about goals), ..I think 

they get sent the letter as well and they come -, so after the injections, we normally 

have the six-week block when they try and work on the things that are his goals, 

yes-,[19,M,6,M_M] 

Dad:  yes, and actually, like, so, for example, just explaining, ‘Okay, we’re going to 

do the hamstrings because we want to try to improve the sitting posture, improve 

the heel strike,’ so these, to me, are goals.  They’re like, ‘Okay, we expect to see a 

better posture.’ Mum:  It’s good because we know what we, sort of, should be 

aiming for and hopefully, the outcome… So, the goals are great… we get asked what 

the main problem is.. and then we-…set the goals together. 33,M,4,III,M_G] 

Do you feel like you got the chance to actually think of goals that were important for 

X  and for you? Yes.  It was just like he leads a normal life without it affecting him, as 

much as we can really. [56,M,9,II,M_P] 

…thinking about the goal setting. We talked about that before. Did you feel like you 

had the chance to talk about them with the team here, and also with D? Yes. I know 

we talked about climbing down the stairs, that’s one. I can’t remember the others 

And D (local team PT) has been really good as well. As you all ladies have here. 

[68.M,12,III,M_M]  

I feel we might have been a little bit too up there  Ambitious?.. With the 

standing.(mum) Dad: I don’t know because that’s the difference. I think that we’re 

on target for the goals. I don’t think when we’re setting goals, I’m not setting goals 

for our next set of injections, I’m setting goals that I want to achieve…. Long-term 
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goals. [70,F,4,III,P_M] expertise of setting short term and long-term goals requires 

skillful guidance of team   

Questionaires (Test_ques) 

Well, this is really funny you say that, because I was going to say to you, if you gave 

me this questionnaire ) and I only had X, I only had one child with cp.  I would feel 

like I was filling this out and it wouldn’t be any different, that all children with CP or 

not CP were all the same.  It was not until I had a younger child that I distinguished 

the difference for how each child develops, so when you do answer it you notice it 

so much more because you’re like, ‘my child at home who’s a lot younger, can do a 

significant amount of stuff at an age where..’-,[talking about questionnaires and 

filling it out each time reflecting on how questionnaires made mother think about 

everyday activities and how the child was affected]  [7,M,12,1,M_G]. 

It’s difficult, I can’t pretend I enjoy it, ……, that said, if it’s all part of the research to 

make it better for future people with this condition, fantastic. A lot of it causes us to 

think about, what S’s reaction to something will be, I can usually take a guess, but I 

don’t know, and that’s the inherent complexity and difficulty that one has. ……In my 

view, I think it’s more, doing the physical stuff with S, and looking at it, and filming 

it, and looking back at those films to see the progression. That, I think, is more 

important than some of those questions [62,F,10,I,M_G] 

They were very good, they were good, they were well broken down into different 

areas ….Really good detail, I think the right questions were asked.  It was really 

about the quality of life, it spoke about family and, you know, relationships and area 

and local community and so on, which I think is really important.  Yes, and look, I 

don’t know if these-, it’s a good way of assessing progress, and we never got these 

sorts of questions before…. [33,M,4,III,M_G] 

Look, if anything, and this is being a bit picky, but there was no problem filling those 

questionnaires in, I think it was really nice to reflect back on it.  I just think if that 

was something being considered for, I don’t know, more people, then it would be 
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better to have it slightly shorter because it is time-consuming and, you know, you 

have to really think about it…. You know, you’ve got to think about the goals, 

there’s quite a bit of writing to do, but yes, like I said, it wasn’t a problem, but I 

think, if it was to be more for everyone….that comes here, they may not want to do 

such a long questionnaire.  Mum [33,M,4,III,M_G] 

maybe just stagger the questions so there are fewer over a course of time or 

something.  Don’t get me wrong, I think the fact that we’ve done them, I think we 

really appreciated them because it was that reflection of, you know, okay, I haven’t 

thought about this before, and then really, just trying to process where’s he 

improved, what are his goals, how’s the local community?  Dad [33,M,4,III,M_G]  

I struggled with those I find the wording, trying to make sure I write the right 

answers, they’re a little bit, almost, twisted.  Like, I was, I had to make sure that 

right that, yes, I just had to focus a little bit more…… it was just, like, what do they 

actually mean [63,F,5,II,M_M] 

Yes, they’ve been alright. Some of them, you really, you’ve really got to think, 

[68.M,12,III,M_M] 

Really trying to push the mundane things, you know, the smallest things like 

opening a cereal box, those kinds of questions do make you start thinking about, it’s 

not just about doing the physio, the stretches and stuff, it’s actually using your 

hands (and legs) in a real-life situation.  Opening the cereal, taking it out, putting 

the bag back in, pouring your own milk, but we started doing all that with him, now. 

(child had upper and lower limb injections ) [33,M,4,III,M_G] 

Yes. The questionnaires…., it's something that you have to really, really read 

through. To be honest with you when I do these questionnaires it's about 25 

minutes because some of the questions are loaded one way slightly, so you could 

do a negative when it should have been a positive and vice versa. Some of them 

don't follow on extremely well. I think some need to be batched in a certain 

different way, but I understand why it's done, but I think it's just more a case of 
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when you fill them in, it's not to do it quickly you have to give it a hell of a lot of 

thought. A lot. [66,F,4,III,M_P] 

Oh yes, well they ask about obviously how my child feels and how he copes and 

how he manages  (CPQOL).  Yes, pretty self-explanatory.  Because some of them do 

say, like, mall, and they are worded (PEM-CY).  Its either I’m getting used to it, or 

the English grammar is a little bit better. This one’s better than the last one I did, or 

the one before. . I definitely think it’s worth doing.  Because you can get a better 

understanding[7,M,12,1,M_G]…feedback re Australian and Canadian Ques 

Yes, some of them can be a bit long-winded. Yes, some of the questions are a bit 

repetitive as well, yes. and some of it wasn't really relevant. (PEM_CY) CPQOL Okay, 

yes, I preferred that one, I think.  Questions re finance found strange  ..Yes, I 

wondered why that was in there, yes.[19,M,1,M_M] 

Yes, I do (think you are picking up all that’s important for us )…. Yes. I think in the 

questionnaires and stuff, everything’s covered. [59,M,6,III,M_P] 

I think they’re a little dated and I think…, it doesn’t really fit what you’re trying to 

do….. I think when you’re looking at the scales and stuff like that, might as well just 

throw a dart at a dartboard but it’s okay, that’s not an issue [70,F,4,III,P_M] 

I would look at the structure of them a little more and refine them and perhaps, 

instead of focusing in generally and socially, but perhaps you could bring some of 

your stuff here into it. So, what the experience is all about and stuff like that 

because I think you’ll get a better range of data to perhaps assist [..] 

you[70,F,4,III,P_M] 

I have also presumed because there’s a range of children, so therefore it’s got to be 

quite comprehensive but some of it’s just not needed. There’s no relevance to it. 

[70,F,4,III,P_M] 
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I don't think it made much of a difference, to be honest (would you have preferred 

to do them online)…, no…. Yes, it was quite easy because I just did it whilst they 

were seeing X in the appointment anyway. [19,M,1,M_M] 

Timing (Test_timing) 

We came here six weeks after the botulinum and they measured him, so it was 

about the same…..then (at six months) we saw the improvement in that stretching… 

then (at 12 months) he’s maintained every single injection he’s had, he’s 

maintained the range of that stretch. [33,M,4,III,M_G] 

it was quite nice actually, yes, just to see how he's getting on in that in between 

stage, yes. Extra 6 month appointment [19,M,1,M_M] 

Yes, I think it’s reassuring (extra appointment at 6 months). And if you’ve got any 

problems, you know that it’s not going to be too long until you’re seen again so you 

can express what the problems are. …Personally, I think it’s reassuring to come 

because for me you could ring me and say, ‘How’s he getting on’, and I’d say, ‘Yes, 

fine.’ But then, I might have missed something and then, when you see him, you 

might go, ‘Yes, but his arm shouldn’t be bending that way.’ You know, or whatever. 

I don’t know. I think it’s better to be seen[59,M,6,III,M_P]. 

Parent suggestions -Testing (Test_parents) 

Yes, I mean I am always asked how he’s getting on and loads of stuff. I mean, I don’t 

think I’ve ever been asked, until today, how he feels mentally. It’s always been quite 

physical, which is obviously understandable because that’s the aim of the thing. But 

then, to be fair, I think he’s only just reached that age where it would start affecting 

him maybe more, ….  But I think it might be good to just maybe ask, you know, how 

the child’s feeling, because some parents might not bring it up. Because they might 

not feel like it’s relevant [59,M,6,III,M_P] [important to ask personal 

factors…questionnaires addressing all areas of childs life]  
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I probably could do more with and persevere with it a bit more is cycling, so I don’t 

know if you guys (GOSH) ever had like a cycle bike, I don’t know if it’s the same that 

he could maybe test now when asked if we could support more and do different 

tests ..suggested bikes [7,M,12,1,M_G].  

maybe riding a bike, that would be a good one, because that's a different 

movement because it's a push against. [51,M,5,II,M_G] 

I think (tests) they’re at your limit though, if I’m honest, like, when you do, jumping 

from one-, you do put your all into it, don’t you? The jumping and the walking along 

the line[62,F,10,I,M_G] 

I'm not sure (about extra things to test) but the only things, well I think…. Maybe 

like balancing when maybe jumping different sorts of ways and that. ..they have to 

think of harder stuff because I am so good at it! [51,M,5,II,M_G] 

 

BoNT-A Treatment 

Physical change_positive  (T_positive) 

I’ve been blown away with the Botox, I really am.  [68.M,12,III,M_M] 

there was a drastic improvement to what we saw after we had the injections.  So, 

there was a change in her, physical, handling, everything else, she just seemed to be 

starting to do different things.  So, I don’t know if that means her body was more 

relaxed or more responsive or whatever, but there was a difference from that point 

onwards[70,F,4,III,P_M] 

I mean, if you would have told me three years ago that she’d be that well, I would 

have been so grateful ……when we’re not expecting that, it’s more like that we 

think, ‘Right, okay, let’s keep this going everywhere.’  We are really, really pleased 

with the results, so for us it’s made a massive difference, [1,F,5,1,M_G] 

I think also that even something as advanced as a botox injection is even available 

for something like this (GMFCS I ) was just really encouraging, I thought.  Then it 
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was, yes, so we are a massive advocate. [1,F,5,1,M_G]Parents think child very mild 

so wouldn’t have been eligible for this ‘advanced intervention’ 

Look, he’s got, obviously, he’s got a way to go, but it’s not that, it’s, like, trying to 

get the best out of him, the best that he can be (Reach his potential). The best he 

can be, yes, and I think he’s doing amazing, I mean, we’re pleased with his 

progress… And he feels very pleased… he does, definitely! [33,M,4,III,M_G] 

Participation (T_Partic) 

when you've got a child with cerebral palsy that you are so desperate for that child 

to run around with her peers and have a full life, because children don't stop, they 

will run and expect you to run with you and if you can't keep up, which she couldn't 

do, she would just sit in a corner with her head dropped. So for me the participation 

(following toxin) outweighs everything. [66,F,4,III,M_P] 

She wants to do things, she wants to walk. She knows she can't, because she knows 

exactly what she’s got, but she’s just got more determination at doing things 

[70,F,4,III,P_M]  

 

But he's doing things now that weren't possible before the injections so there has 

definitely been an improvement. So, before, just to jump he would struggle to get 

both feet off the floor, sort of an inch. Now, he can, say, jump off the step. He can’t 

jump up a step but he can jump off the step, you know. Like while the injections 

were at their strongest, like the effects from them, he was just walking off the kerb, 

up the kerb, you know, no hesitation, no worry  

[51,M,5,II,M_G] 

 

She's more mobile in her walker, which is brilliant, because she can actually run 

around in the playground with her friends. So she's getting more confidence to 

build friendships[66,F,4,III,M_P] 

 

First thing I noticed was, where I walk with him. And I have to support him 

underneath, usually. Or hold two hands. And so, he can walk, just holding one hand. 
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To the car and back. And just how much more stable he was. And not 

wobbly[68.M,12,III,M_M] 

 

Just after (injection), it's like it makes them (muscles) worse [51,M,5,II,M_G] Because, 

obviously, they seem to become a lot weaker, but then the physio kicks in, and 

We'll see him just doing something small, wasn't it ..Mum: Yes, like he'd start 

jumping. Dad: Like he just does it, rather than more thinking about doing it. 

[51,M,5,II,M_G] 

 

I remember when you did the hamstrings, and then we were like, wow, because 

you took the extra mile, he’s done his running, he played his football, and it was 

fantastic [7,M,12,1,M_G].  

Skipping, he’s done skipping, after he done the Botox before, he managed to 

conquer skipping didn’t you,? …he’s doing swimming religiously every week..[ 

[7,M,12,1,M_G]. 

I’ve noticed that her running is a lot better, she is running a lot more… It’s not so 

uncomfortable for her to run she does do more walking.. [3F,4,1,M_M]  

She does swimming.  She does gymnastics lessons. tennis and swimming  

.…[16,F,4,I,M_G] 

And I think, if she wants to do it, she will do it.  Even if she’ll have trouble, it doesn’t 

bother her, she will get on[63,F,5,II,M_M] 

M:Definitely, I think, cycling has even become easier. Yes, so we’ve got this track, a 

400m track near where we live, and it’s good because it’s a flat surface.  So, I think 

initially, with the bike, I mean, we would barely get halfway and then we’d need to 

push him and stuff, and now, at this point, he’s doing, like, three laps.  F:  In six 

minutes each, you see, so that’s quite an improvement[33,M,4,III,M_G]  
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But he’s able to stand and do two things.  If I told him to stand and play with the 

iPad, he’s able to hold it (TC: 00:10:00) and do that standing, he’s able to now hold a 

glass of milk and stand and drink it. [33,M,4,III,M_G] 

Yes, kicking a ball, he couldn’t kick a ball before, but now, he’s able to kick a ball and 

stop. [33,M,4,III,M_G] 

[better walking up stairs] ..Stairs were easier….. fall over less [62,F,10,I,M_G] 

….. This was a full day trip, you .., got into London, and then did Seven hours 

(walking on a school trip)…. before she had the Botox, she’d have to have a buggy 

…., [62,F,10,I,M_G] 

Like he'd now jump off the front door step….. like he'd start jumping. Like he just 

does it, rather than more thinking about doing it. [51,M,5,II,M_G] 

 

But he's doing things now that weren't possible before the injections so there has 

definitely been an improvement. ..before, just to jump he would struggle to get 

both feet off the floor, sort of an inch. Now, he can, say, jump off the step. He can’t 

jump up a step but he can jump off the step, you know. ….he used to walk when he 

was going across a road he'd stop dead, one foot, two foot, and then cross the road, 

get to other side, one foot, two foot, but while the injections were at their 

strongest, like the effects from them, he was just walking off the kerb, up the kerb, 

you know, no hesitation, no worry,. [51,M,5,II,M_G] 

 

Yes, he wasn’t enjoying swimming at all (before injections), and it really took his 

confidence because his friends were at a different stage to he is, and he found that 

quite hard.  But, I think now, he feels more able and it’s given him a bit of 

confidence as well.  He just goes for it now and tries his best[56,M,9,II,M_P] 

do the 2k junior park run. [63,F,5,II,M_M] 

It's a shame there is no long term scale of how it (toxin)affects you later on life, 

that's the only, that is the downside, but when you've got a child with cerebral palsy 



 

547 
 

that you are so desperate for that child to run around with her peers and have a full 

life, because children don't stop, they will run and expect you to run with you and if 

you can't keep up, which she couldn't do, she would just sit in a corner with her 

head dropped. So for me the participation outweighs everything. [66,F,4,III,M_P] 

 

First thing I noticed was, where I walk with him. And I have to support him 

underneath, usually. Or hold two hands. And so, he can walk, just holding one hand. 

To the car and back. And just how much more stable he was. And not 

wobbly[68.M,12,III,M_M] 

 

School are pushing him harder, daily mile… frame football… Swimming…. (He is) 

Faster, better.  [68.M,12,III,M_M] 

suppose, we’re walking him to, to there, and we’ll get near it and he’ll go, ‘leave 

me, I can do it’, and he’ll walk the last couple of bits, which we keep telling him off 

for it! [68.M,12,III,M_M][ increased independence]  

Yes, at school, she’ll stand at the school table… … participating more than she 

was....  She wants to stand a bit more, so, yes, I think in that way it’s helped. 

[70,F,4,III,P_M] 

Look, he’s got, obviously, he’s got a way to go, but it’s not that, it’s, like, trying to 

get the best out of him, the best that he can be [Reach his potential]. The best he 

can be, yes, and I think he’s doing amazing, I mean, we’re pleased with his 

progress… And he feels very pleased… he does, definitely! [33,M,4,III,M_G] 

Participation Challenges (T_partic_chall) 

We’ve been trying to get her into clubs, but because she’s only in year one at the 

minute, it’s a struggle to get her into the clubs and a lot of money Because the 

ballet, she found hard, so yes, we want to get her into street dancing…..we try and 

take her swimming as much as we can. [3,F,4,1,M_M] 

Endurance (T_end)  
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I think the other thing is endurance, you know, there’s an improvement in that …. 

His endurance has improved massively.  I would say from this time last year to now, 

amazing, that improvement …..He’s changing and growing, he’s on medication, 

Botox, physio, so all of these factors, I think, play into it.  But I think, for sure, from 

our perspective, the Botox has helped.  I think it’s almost like the first time he had 

the Botox, we felt like he was at a plateau, and this just gave him a little bit of a 

boost. [33,M,4,III,M_G]  

Well, she’s not on her tiptoes, like, she doesn’t get told to get off her tiptoes as 

much She can go (walk)longer now.  She doesn’t get pains in her legs.  She’s pretty 

active.  Like, her twin sister is likely to start moaning about being tired before she 

will. [37,F,5,I,F_M] 

He can actually stand up and walk,..  it (environment) does matter because your 

day-to-day getting up and about and so, yes, no now you can see how he’s 

benefiting from the Botox, from the physio.  Because he is now, he’s at a nice 

pace[7,M,12,1,M_G].  

Timing of response  (T_Respon_time) 

The tense nature of her ankles eased straight away, almost, when I say immediately, 

it wasn’t immediately, but in a period of weeks, you could a different relaxed 

position of her ankles.  And I was quite surprised how quick that worked. 

[70,F,4,III,P_M] 

I wouldn't say you see any difference overnight, but it's when you-, all of a sudden 

you sort of think back a few weeks and you think 'they couldn't do that'. . 

[51,M,5,II,M_G] 

Yes, so it wasn’t even, you know when they said, because our local physio said it 

takes two, three weeks.  We didn’t see it straight away, like I said, it was a good, I 

would say three months in, then you could see that they had actually numbed the 

muscles that they were planning to numb…..I think just the stretch, like, you know, 

just the flexibility (was easier) …..I think following the injections, there wasn’t that 

much of an initial difference, but I think we just persevered with the physio, and I 
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think over the weeks, there was definitely an improvement. Yes, it wasn’t 

immediate.  So, it’s weird, I don’t know if that’s what’s supposed to happen, but it 

was over that chunk of time. [33,M,4,III,M_G] DELAYED RESPONSE TO KICK IN  

He definitely had a bit more motion. He could move about a bit more easily, ….. It 

has lasted for quite a while, yes, because I know the effects only last for six weeks 

but I think it does last a lot longer than that. In the long run, yes. [19,M,6,M_M] 

Then it took another few weeks to really kick in, but it was really gradual, which was 

great in a way because she could adjust to it slowly…..a massive change.:  Yes.  

Massive.  Yes [16, F,4, I,M_G] 

ADL (T_ADL)  

Yes … little things actually, I remember when he had the Botox in his arm, he 

managed to do his zip up, he managed to do his buttons up.  When he had the first 

lot of injections in his leg, it was so much easier to get his shoe on his foot. 

[7,M,12,1,M_G]. 

She’s more confident climbing stairs now before, she wanted someone behind her 

all the time, whereas now she’ll do it herself.. [3,F,4,1,M_M] 

X started to be able to go up and down the stairs. [51,M,5,II,M_G] 

 

BSF/Pain (T_BSF) 

He was really tight, and especially how he walks was quite tight, how he walks, and 

he’s loosened up quite quickly.  Yes, his foot used to be very turned in, even with 

the splint on, [56,M,9,II,M_P] 

Pain (T_BSF_pain) 

When she’s walking…she’d said it’s really, bad again... ...Yes, last two months, she’s 

been moaning more about her leg, yes (~10 months post injection). So, I’d say… it’s 

lasting a lot longer this time…. it (the effects of injections lasting) was about seven 

to eight months it was lasting last time [3,F,1,M_M]. 
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He does get pain in the back of the knee (at night). I think it (BoNT-A) does help a 

bit with that It's mostly when he's done a lot more activity than normal, and it's not 

every night [19,M,1,M_M] 

Yes, it (the pain) reduced. It never went. I mean we don't get pain every night, but 

like, there was less of it, there was less episodes of it. But generally, it's if he's had a 

really busy day and then we have pain. The injections definitely reduce that 

part...Before (faces pain score) was seven or eight out of 10.. at six weeks Probably 

about two It was creeping back up towards a three, yes. It was just starting, you 

know, like, to worsen after six months [51,M,5,II,M_G]. 

 

Weaker(+/-) (T_weakness) 

Just after (injection), it's like it makes them (muscles) worse [51,M,5,II,M_G] Because, 

obviously, they seem to become a lot weaker, but then the physio kicks in, and 

We'll see him just doing something small, wasn't it ..Mum: Yes, like he'd start 

jumping. Dad: Like he just does it, rather than more thinking about doing it. 

[51,M,5,II,M_G]  

 

Mum…She was a little bit unlucky.  The last one she had, because she had serial 

casting after, and then we went on holiday.  So, there was a heatwave in Portugal, 

so it was really hot, she had really weak legs, it was just a bit …. I think it just, 

because it made her legs weaker, and then obviously we went straight into a 

summer holiday.  She came out of the plasters on Thursday and we went on holiday 

on the Friday. [37,F,5,I,F_M] toxin and casting  

Stability (T_stab) 

I don't feel any difference, but for her, she's more steady. Even when she's on her 

splints, she's much more steady after her Botox. ……Steadier, more confident. Much 

more competent… it gives her tons of confidence…. eight weeks (muscle softness 

lasts)  …but the confidence lasts much longer. [66,F,4,III,M_P] 
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Confidence (T_confid) 

[Toxin has had a positive emotional knock on effect]…... because the frustration 

when she would hit herself in the head, it's like her head  didn't work and 

she'd slap her head to make her head work. She hasn't done that for 

months. No the only time she ever asks me is why doesn't my legs work? 

[66,F,4,III,M_P] 

 

She's more mobile in her walker, which is brilliant, because she can actually run 

around in the playground with her friends. So she's getting more confidence to 

build friendships [66,F,4,III,M_P] 

 

Yes, he wasn’t enjoying swimming at all (before injections), and it really took his 

confidence because his friends were at a different stage to he is, and he found that 

quite hard.  But, I think now, he feels more able and it’s given him a bit of 

confidence as well.  He just goes for it now and tries his best[56,M,9,II,M_P] 

I don't feel any difference, but for her, she's more steady. Even when she's on her 

splints, she's much more steady after her Botox. ……Steadier, more confident. Much 

more competent… it gives her tons of confidence…. eight weeks (muscle softness 

lasts)  …but the confidence lasts much longer. [66,F,4,III,M_P] 

This is making him so confident[68.M,12,III,M_M] 

it's never an easy decision to put your child to have more injections in their leg and 

all of that, but there's no downside and I think that's the important thing. We've 

seen no, nothing that's negative from the Botox. If anything, even though it is short-

lived, that confidence takes her through many months. [66,F,4,III,M_P] 

 

she must feel more comfortable with it. More confident [70,F,4,III,P_M] 

and I think he’s more confident now and he’s more happy now.  He’s not on the 

floor every ten seconds.  He can actually stand up and walk [7,M,12,1,M_G]. 



 

552 
 

Experience of Treatment  

Procedure (E_Btx_pro) 

I thought everyone was very friendly, it was done quite efficiently…I think she 

wasn’t, I don’t think, distressed.  She was actually quite looking forward to it.  So, 

yes, no, I think it was only the bit, I think, when the actual injection went into her 

thumb that she cried.(That’s a very painful one), Yes, that’s what they said.  So, and 

apart from that, everything, she enjoyed the whole day I think. I think it was -, she 

had been looking up to it and telling everyone, ‘I’m going to have my Botox.’   No, 

no, she talks about her Botox quite often.  Any time any hospital gets mentioned, 

‘I’ve been to hospital, I’ve had my Botox.’  And it’s a proud -, yes, she wears (It’s a 

positive experience?) : Yes.  Nothing put her off from it, so, and we talked about, 

obviously we didn’t know what was going to happen, about coming back to have it 

again, and she seems fine. [63,F,5,II,M_M] 

All of it, fantastic. More than enough information. The whole procedure itself, the 

care, you, I mean, this isn't just one person, there's like a team of five the whole 

time, whether they're the play or they're the physio or you or anyone, I mean, 

surrounded by professional care. I feel it was a perfect experience. What we have 

learnt from this though, with X is because obviously the last time she had it, she 

decided to-, the anaesthetic to work not until she'd actually had the procedure, 

which kept her asleep for hours. [66,F,4,III,M_P 

Well, they said it has an amnesic, which I hope it did.  So, she just had a good time 

and she says that.. she can't quite piece it together, and we think that’s good. [16, 

F,4, I,M_G] (A_Pro) (E_pro) 

It’s also the hospital.  I mean, you just see the experience that the physios, nurses, 

the way things are, the way it’s set up, it’s just amazing. [1,F,5,1,M_G] staff 

[Is there anything we could do differently to make it better for the kids? ] F:  There 

isn’t to be fair, no there isn’t because the team are so lovely and friendly, I do think 

the team are really lovely and friendly, and I’ve never honestly left once, the unit or 

the hospital or the ward, and thought, ‘oh what was all that about today,’ I never 
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have.  I am really, really pleased with how everyone has been with M. 

[7,M,12,1,M_G].  

So, the actual process of having the injections was amazing. It couldn’t have been 

more brilliant, and you can see that she’s almost not conscious about it’s 

happening[16, F,4, I,M_G] 

Yeah really good [injection experience]The young girl [play therapist] was talking to 

him. ...  

He didn't even know he was having it done. He was waiting for them. .. He never 

knew he had them. He asked us when he came out. ‘I thought we were having 

injections’. ..the young girl was talking to him and she had the little laptop thing, 

and she was asking questions …And he's totally focused on that because he wants 

to say the right thing, doesn't he? Because he wants to impress her. And seriously, 

he never knew nothing…. he was so concentrating on the (game), he didn't even 

flinch. [51,M,5,II,M_G] PROCEDURE 

When you take her in, she’s-, you’re really good with her, when she’s in there the 

play person is really good. We have story time, don't we? Because you're a bit 

wobbly. [3F,4,1,M_M]  

I think the thing that we appreciated was the dog therapy, I think it was a small 

thing, but he really enjoyed it and it just comforted him….. she (play therapist) let 

him watch something he wants to watch, so to be fair, he was watching it and 

having the actual injection didn’t impact him… he was so focussed on watching that, 

he forgot what was going on at the other end. [33,M,4,III,M_G] 

 

 

Parental Expectations (E_Parent_exp) 
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Just after (injection), it's like it makes them (muscles) worse[51,M,5,II,M_G] 

Because, obviously, they seem to become a lot weaker, but then the physio kicks in, 

and I wouldn't say you see any difference overnight, but it's when you-, all of a 

sudden you sort of think back a few weeks and you think 'they couldn't do that'. 

[51,M,5,II,M_G] 

I didn’t really know what to expect.  It was just a wait and see sort of thing.  I wasn’t 

really sure what would happen.  There was no point of view, and that’s what it did, 

so….  I think it’s definitely worth him having it.  He benefits for a while it’s easier for 

him. [56,M,9,II,M_P] 

If you’d asked me a month ago, I’d be going, ‘I'm not sure,’ I would still be hesitant 

because of matching our expectations and seeing the reaction, but I think as time 

progresses, I can see how that has affected her for the positive, to a great extent. 

[70,F,4,III,P_M] IMPORTANT PREPARING FAMILIES FOR EXTENTof change  / MANY 

CASES MINIMAL CHANGE POST INJ*) 

Because I suppose I'm a little bit more open to the fact of what she is doing more, 

what she isn’t doing more, so there was a delayed reaction, I must say.  At the start, 

I was a little bit more, well, we’ve got something but it doesn’t seem to be a lot.  

And there are concerns with  other parts of her body which makes it hard to give a 

real definitive yes or no.  So, for instance, she’s got really tight ankles and rotation 

on her hips, so it’s not like we wanted, oh right, she’s had the injection and she’s 

going to be bouncing around, so it’s managing our own expectations and making 

sure we knew what to expect.  And gauge, if you know what I mean?  There is no 

rule, there is no -, you just don’t know what’s going to happen. [70,F,4,III,P_M] 

yes, I did think about that.  Thinking about, like, if you relax the muscles, the 

muscles she’s got, is she still going to fall, get upstairs, but really and truly, it didn’t 

affect her at all. [70,F,4,III,P_M] [preparation /expectations]  

Yes, it did feel like a really big deal before we did it.  We were like, ‘We’re going to 

experiment with this.  It’s going to be good for her.  We’re not sure.’  Really, we 
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were almost less happy to do it, but it was really good. :….  You know, it’s all a 

journey-,.…[16,F,4,I,M_G] 

I didn’t really know what to expect, but definitely it’s excelled my expectations. 

[68.M,12,III,M_M] 

 I’d spoken to quite a lot of other moms, and some of them said that it’s worked 

with their children, and some of them said that they haven’t seen that much 

change. So, really, I went into it expecting that perhaps not, not-, but for him it’s 

worked massively.   [68.M,12,III,M_M]  

I wasn’t worried about it, I just wondered how effective it would be. Because I 

spoke to so many other people-, and they said, ‘mm, not, not that brilliant’. I mean, 

you don’t know how it’s going to be, because all children are different, aren’t they?: 

They’re all different. For him, I think, I couldn’t tell you how much I think it’s worked 

for him…: It’s fantastic. [68.M,12,III,M_M] 

I think don’t expect a miracle….  Even if it didn’t have that much (of an effect) , I’m 

still glad we did it. [63,F,5,II,M_M] 

I mean, if you would have told me three years ago that she’d be that well, I would 

have been so grateful ……when we’re not expecting that, it’s more like that we 

think, ‘Right, okay, let’s keep this going everywhere.’  We are really, really pleased 

with the results, so for us it’s made a massive difference, [1,F,5,1,M_G] 

I think also that even something as advanced as a botox injection is even available 

for something like this was just really encouraging, I thought.  Then it was, yes, so 

we are a massive advocate. [1,F,5,1,M_G]Parents think child very mild so wouldn’t 

have been eligible for this ‘advanced intervention’ 

I felt like there wasn’t that much information, actually, about that process at all.  I 

think that’s probably because each case is different.  So, that’s what they say...  

Each case is different, but it means that you're not prepared as a parent for what 
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will happen.  So, the actual process of having the injections was amazing-

,.…[16,F,4,I,M_G] 

Experience Negative Parental expectations negative (E_Parent_exp_neg) 

No, (didn’t notice negative things first two injection episodes), We were naïve and 

we were looking at the positive side [10,F,4,II,M_P] 

No, I think the first time we thought he’s going to be like jelly, but no, it was nothing 

like that That’s what I expected, but it was nothing like that, he was absolutely the 

same as it was the day before [33,M,4,III,M+F_G]. 

Experience Procedure negative (E_Btx_pro_neg) 

(I was hoping) That it would just, kind of, relax the muscle and help him to move his 

foot a bit easier so we could at least get a splint on. And maybe to try and stop him 

falling over as much, really….(instead) He did struggle… It was quite a few weeks. 

.[59,M,6,III,M_P] 

[were you worried about him having the Botox the first time? ]  Not really, to be fair, 

because with operations it’s different. I am worried about that, but I think it was 

more just wondering what-, I didn’t really understand what how a needle was going 

to make a change in his arm, but it did. I didn’t think it would in his leg, to begin 

with, to be honest. I did have a bit of hope, but I wasn’t expecting that because I 

just thought his leg was just past that point anyway, to be fair. .[59,M,6,III,M_P] 

mum felt leg was too tight to make any difference child went on to have  surgery 

before T3  

We knew it was only a 50/50 chance of it working…Yes, because they said her 

muscle tone was very extreme. [60,F,6,II,M_P] 

The only negative thing I noticed is he kept complaining of back ache (in bed), but 

only lasted a couple of weeks[68.M,12,III,M_M] 
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Yes, it was so bad, we said we didn’t actually want her to have the injections done 

again…..[did try again reinjection within the study], but then obviously they got 

offered the injections in a different place and not as many places, and then the 

casting, so we said alright we’ll give it one last go.  To be honest I’m neutral on it 

now, if you’d asked before, when it was going great,… I would said I loved it, 

brilliant, and then if you’d asked me the last time I would of said really don’t like it, 

but it’s- we’ve had the good and the bad, so kind of neutral about it now :  We 

won’t be doing it again. I’ve had a chat with Dad, and we’ve agreed that we’ve tried 

it twice now, both since, and it’s been bad two times, so we’ve said we don’t want 

to put her through that..  [10,F,4,II,M_P] 

What we have learnt from this though, with X is because obviously the last time she 

had it, she decided to fight the anaesthetic didnt work not until she'd actually had 

the procedure, which kept her asleep for hours. [66,F,4,III,M_P 

She was screaming, looking at us, wide eyes saying, 'Mummy, make them stop. Why 

are you letting them do this? Mummy, make them stop,' she fought the 

sedation.….as soon as she came out, .. she went to sleep …..(I thought ) she 

wouldn't have a clue what was going on, let alone reaching for me and screaming 

for me to make them stop hurting her. And she was dreaming about it afterwards 

and started waking up in the night as well ….Her anxiety went mad and she was not 

having none of it, and I was like I'm never putting her through that again. And I said 

to her, I'm not putting her through-, especially as this time it didn't work.. 

[60,F,6,II,M_P] NEGATIVE EXPERIENCE  

The event, the actual event, when we’re there and the doctor was there and I think 

you were assisting or guiding whatever the case is, you did it nice and quick and 

everything else. But, emotionally, I think it was draining for her, it was draining for 

me and I’m quite a tough guy, so, but it was very draining for me and I think that 

has been a flashpoint for her. She will know something’s happened there. So, yes, I 

don’t want to, sort of, say, ‘Oh, it was terrible.’ It wasn’t terrible, it was just …..I 

think that stems from her mobility, you know, fight or flight, that sort of thing. The 
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second that she goes, ‘Actually, I’m in a position and I don’t know what to do,’ 

that’s it and you’ve got that freezing, kind of, situation. -,[70,F,4,III,P_M] 

I don’t think anything we do is going to change it, no…([preparation on the injection 

day]) She’s set in her way, ……, she cried last night because she didn’t want to come 

here she said, ‘It hurt, blah blah.’ I had to convince her that we were only coming 

here today to talk [70,F,4,III,P_M] -,[70,F,4,III,P_M] 

[future plan?]  You just have to do it, she will scream, she will cry. I don’t think she’s 

going to take the medicine like she did before, she’s shocked us, the nurses said, 

‘Take this,’ bang, bang, done. …..And she did it and that’s rare. This time, I think, 

because she knows what’s coming, because, to be honest, really not sure the 

sedation what it did, because she still screamed in there. Obviously, it must have 

numbed it a bit, [70,F,4,III,P_M] 

it’s the wait, it’s the anticipation, that is not good for her. [70,F,4,III,P_M] 

Mum…She was a little bit unlucky.  The last one she had, because she had serial 

casting after, and then we went on holiday.  So, there was a heatwave in Portugal, 

so it was really hot, she had really weak legs, it was just a bit …. I think it just, 

because it made her legs weaker, and then obviously we went straight into a 

summer holiday.  She came out of the plasters on Thursday and we went on holiday 

on the Friday. [37,F,5,I,F_M] 

And, so what was it like in comparison to when you just had the Botox injections, 

and didn’t have any serial casts? Well, remember when you prodded me with the 

fork? She was putting stuff on the table, and because her legs were weak, she had a 

fork in her hand.  Luckily It was Mummy’s bum and not Jodie’s head! Weakness 

even without casting previously..causing trips and falls mum describes an incidence 

when child fell[37,F,5,I,F_M] 

with that (serial casting pre injection with infected heel sore )and the injection 

combined, it was six weeks he wasn’t walking for. So, he went back to crawling on 
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his knees. ….stiffness afterwards was probably a bit worse, but then I put that down 

to the fact that he hadn’t been on his feet rather than the injections. I don’t actually 

think that was because of the injections. [59,M,6,III,M_P] 

when her legs were very wobbly that time, was she very upset  No, she was alright, 

after a few weeks she was a bit frustrated more than anything. She obviously went 

from being able to do stuff to then not being able to, so it’s just more frustration 

than anything.[10,F,4,II,M_P] 

It was literally from the minute we left, obviously I know she’d had the 

anaesthetic….Exactly, so we gave it a few days, just to make sure and she just, that 

was it, then literally from that day, she just couldn’t really stand on them.  We 

couldn’t understand, because obviously normally it takes a few weeks for the 

injections to start working, and then she stayed like that for the whole time, Did it 

get worse, more floppy, or not really?:  No it just didn’t change, and then gradually 

she started being able to crawl again and then she was up on her knees, it was 

gradual [10,F,4,II,M_P]. 

(Weakness lasted 1-2 weeks)…Yes, I'd say by the time his physio-, his physio had 

started two weeks after, and I'd say from by the time his physio finished, any signs 

of any weakening were gone. [51,M,5,II,M_G] 

 

Side effects: He had a few, like, where he wet himself. Immediately? No, after a few 

days. But it wasn't so much that he didn't realise, he just wasn't able to hold himself 

as long.  

He was just leaving it too late. Take it for granted how long he could hold himself, 

you know. So, and then finding he was caught short. How long? Just days and then I 

think he's adjusted himself and realised, 'Actually I need to go as soon as I need to 

go.' [51,M,5,II,M_G] 

 

yes, her legs do feel softer in the calf muscle but you can't feel the muscle, if you 

know what I mean. And they said, in her legs, it did work a little bit better on her 
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hamstrings because she had more of a stretch but that, especially the left one, it 

didn't do nothing [60,F,6,II,M_P] 

change it was minimal. Absolutely minimal, not worth Did it make anything worse?  

No, not that I'm aware of  [60,F,6,II,M_P]  

….And then it didn't work, so I felt even worse, ….. because we put her through it 

thinking this is going to benefit her. It isn't about what we feel, it's about what's 

good for her, and then it didn't benefit her at all. [60,F,6,II,M_P]   

First time vs repeated injections (E_Rpt) 

[Do we ask parents what they feel or do we rely on impairment measures families 

have clear ideas when it has worked and not worked and if they want to do it again] 

Positive (E_Rpt_pos) 

[Would you say that this set of injections has been as good as the first set, or better, 

or the same?] F:  I think at least as good, I would say.  Definitely…. Yes, and I’m 

really glad we didn’t stop after the first.  I think that was excellent. …The first one 

really made a big difference, but then the second became-, I think with the second 

it was just better, the growth, the more confidence, the learning how to swim, and 

the injection just all came together.  How to know what proportion, but it just felt 

really, like, ‘Voom,’.  . [1,F,5,1,M_G] (E_Rpt) 

….the first two times he had it done, amazing fantastic.  …., which I would score ten 

out of ten, the third time I didn’t see a significant amount of change, on the third 

time, but nothing too…, maybe it just got used to it, or I’m not too sure, but I’m not 

too sure. . In the sense of …so I think you’re at a pace because the first time and 

second time you can see things moving, and then, the third time was less. Maybe he 

got to the goals and everything by then.  But the fourth time we did something 

different, I remember when you did the hamstrings, and then we were like, wow, 

because you took the extra mile, he’s done his running, he played his football, and it 

was fantastic[7,M,12,1,M_G].  



 

561 
 

A hundred million percent.  A hundred million percent, because I think if we didn’t 

carry on, we would regret it.  Because I don’t think we would have conquered half 

of the stuff that we have…….No, I couldn’t recommend it enough, I feel so lucky and 

so grateful l[7,M,12,1,M_G]..when asked about whether they were happy with 

repeated injections 

[Less response each time ?] No, there is more response [with each injection] …See, 

with her P.E.  at school she’s doing a lot more, she has a lot more confidence in the 

P.E., so she’s a lot more, doing the balance beams and things like that, she’s a lot 

more confident. She is trying more.  She does outside games now as well, with 

Game On, which is her football thing [[3,F,4,1,M_M]. 

I feel it’s worked a bit better this time.  I don’t know if that’s because it’s built up a 

bit, or-,  I’m not sure.  Yes, it does seemed to have worked quicker and more 

effectively. [56,M,9,II,M_P] 

I don’t feel that she would be as strong if she hadn’t have had the Botox (has had 5 

injections), she wouldn’t have been able to get as strong, and to be as normal, to be 

with her peers and doing what they were doing. [62,F,10,I,M_G] 

And I know that, as they get older, they get stronger anyway, but I think that the 

Botox has helped S in achieving that a lot more, do you see what I 

mean[62,F,10,I,M_G] 

I think the more she has it, this'll be the fourth time. When she had her third time it 

lasted a lot longer than the first and the second time….: So I'd say the last couple of 

months has started to wear off and she started to notice struggling more..(lasted 10 

months) [3,F,4,II,P_M] 

What we have learnt from this though, with X is because obviously the last time she 

had it, she decided to fight the anaesthetic didnt work not until she'd actually had 

the procedure, which kept her asleep for hours. [66,F,4,III,M_P [reflections on 

anaesthetic experience for next time]  
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The first time was very good, it was really good. We noticed lots of differences in X. 

Second time I don't think we got a lot out of it and maybe that was physio's fault, 

maybe her body just did not accept it this time. [66,F,4,III,D_P] 

[Unsure any difference/no better ](E_rpt_unsure) 

In his leg, I just didn’t see-, I actually noticed he was falling over more. I noticed that 

he fell over more after having it done the first time, and then the second time it just 

didn’t change anything. The stiffness was exactly the same as it was 

before.[59,M,6,III,M_P] 

I don't think she lost it (previously gained skills)  as such, but I don't think she gained 

anything extra.(with second set of injections) [66,F,4,III,D_P] 

So, I think it’s difficult to compare, I think, because it was different, but yes, I think 

overall, the first one felt like a bit better…But again, it might be that because the 

first one went so well, maybe my expectation was actually, this is going to be, like, 

the next really big leap, but I think it is a gradual improvement rather than anything  

33,M,4,III,M_G] 

I think there was a better response on the first…..Yes, how the muscle felt.  The 

second was very, like, I thought it was a good progress, but maybe our expectations 

were a little different [33,M,4,III,M_G]. 

It wasn't as effective as the first one, but I do base that on the fact that there was 

no follow up from physio after that treatment, which I think is paramount to get the 

maximum success ….Obviously on the first one we had-, by the time we'd actually 

got to the ground floor, exiting the building, her heels were on the ground already. 

Within that one hour. [66,F,4,III,M_P] 

 

 

Negative (E_Rpt_neg) 
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Yes, the first two worked, - She started walking…..she managed to put her foot 

down a lot more and she was a lot more flexible. but then it (third injection) didn’t 

work at all.  Like, really no improvement….. She was worse, after she’d had it done 

she couldn’t walk at all for nearly three weeks. - [10,F,4,II,M_P] 

The first time was very good, it was really good. We noticed lots of differences in X. 

Second time I don't think we got a lot out of it and maybe that was physio's fault, 

maybe her body just did not accept it this time. [66,F,4,III,M_P] 

Because it lasted like three months last time and when she first came out of the 

serial casting the first ever time, it was so nice so I was like, right, although we 

didn't want to put her through it, if it was going to benefit her then it was worth 

putting her through that. And this (second) time, I was like I'm never doing that to 

her again because it didn't even have the benefit of-, her foot getting to touch the 

floor and she (only) had a two-week casting because her skin started to have a 

reaction to the plaster so she couldn't have it for three weeks. [60,F,6,II,M_P] good 

first response bad second response due to upset during procedure and no change 

post inj now had ortho surgery 

Adverse Events (E_AdvEven) 

She was worse, after she’d had it done she couldn’t walk at all for nearly three 

weeks. -  Obviously she lost bladder control as well ….about three weeks that did. 

Obviously once it started kicking in properly, and then wearing off then she started 

getting movement back. [10,F,4,II,M_P] 

..kept on needing to go to the toilet, quite a lot ….really sudden, he just got to go 

(Child):  I just like dash to the loo. [56,M,9,II,M_P] 

There was a little wobble in the first seven to ten days, but then …after that, she 

was upstairs, everything. [70,F,4,III,P_M] 

Toxin wearing off (E_Tox_wearoff) 
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It’s not back to how it was pre-Botox, but it’s different, and I think-, because 

obviously that (tight muscle) was kind of switched off for a while, and the switching 

off is a really gradual thing, and that’s why it’s hard for her (child) to answer that 

question, because she’s actually not that aware, because she has that same 

outlook, whether it’s difficult or easy.  She’ll say things like, ‘Mummy, I'm really 

wobbly.’  That’s what we notice.  ‘I'm really wobbly.  I feel shaky.’ She won't be as 

confident with her balance in tasks, but she has the same outlook, whatever 

(GMFCS I).  She doesn’t have that awareness yet, but we could see the difference 

when suddenly it kind of went back.  However, it’s different … because before, she 

wouldn’t be stumbling over this foot.  So, it’s almost like now she’s programmed 

that she’s got more of a sense going forward, but the foot is getting in the way of it. 

-,.…[16,F,4,I,M_G] 

However, actually, her tripping and her falling is much worse now (toxin worn off).  

There is tightening.  Yes.  Then she’s been falling as much whereas you didn’t see 

the current situation, the real, current situation….. No.  It’s not back to how it was 

pre-Botox, but it’s different.…[16,F,4,I,M_G] 

it's just starting to wear off,  like curbs, he used to walk when he was going across a 

road he'd stop dead, one foot, two foot, and then cross the road, get to other side, 

one foot, two foot, but while the injections were at their strongest, like the effects 

from them, he was just walking off the kerb, up the kerb, you know, no hesitation, 

no worry, but now he's started to hesitate again… Yes, it was quite sudden …Quite a 

quick decline, sort of thing (at 10 months post injection). .. he has had a growth 

spurt. … wasn't gradual, …It was more of …sort of, all of a sudden… [51,M,5,II,M_G]  

first injection  REFERS TO PERFORMANCE BEING AFFECTED NOW WORN OFF 

I don't think she lost it (previously gained skills)  as such, but I don't think she gained 

anything extra.(second set of injections) [66,F,4,III,D_P] 

everything's just getting a bit tighter….[19,M,6,M_M] 

Toxin how long it lasts (E_len) 

It (the effects of injections lasting ) was about seven to eight months it was lasting 

last time and it’s lasting a lot longer this time. [3,F,4,1,M_M]( 
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Every time he's definitely had a good improvement… Yes, a good few months, I'd 

say… I think it was after six months and they said his range was still just as good as it 

was…. I don't think it's reduced (in effect).., I just think that he's not needing it so 

much in his leg at the moment. That's all it is, yes. the improvement he gained the 

first couple of times he's maintained-,[19,M,6,M_M] 

Experience with family school etc (E_others) 

I think …., there’s not enough -, nothing that they (teachers) noticed. 

[63,F,5,II,M_M] 

Advice to other Families (E_AdvFam) 

I think, the same as X, their legs are really tight or and part of their body’s really 

tight, and their finding difficulty within pain.  I would definitely recommend it to 

them. [56,M,9,II,M_P] 

You don’t know something’s going to work unless you try it, and if it doesn’t then 

you don’t do it again. But you’re not, you know-, if they get harmed in the process, 

and it makes them worse, at least you’ve done it with the intention that it was 

going to make them better, if that makes sense. [59,M,6,III,M_P] 

Yes you weigh up the pros and cons. and if it does go wrong, that’s not your fault. 

You did what, at the time, you thought was best. But, yes, unless you try you don’t 

know. [59,M,6,III,M_P] 

Every child's different with cerebral palsy. Every case is different with cerebral 

palsy. If you've got a mild tone, then I'd definitely give it a go. But if you've got 

extreme tone, I wouldn't bother. Which sounds awful and I wouldn't want to say 

that to any parent but depending on the tone of their child, I'd imagine-, because 

obviously if it does any beneficial to someone that hasn't got as much tone, it could 

be beneficial to them and absolutely, go for it, because seeing your kid's foot or 

limb go limp after watching it be stiff for so long is a beautiful feeling. But then 

when you've got your heart and soul set on that again and then it doesn't, you feel 

like a really cruddy parent because you've made her go through that and there's no 

point[60,F,6,II,M_P] ….first time went well second time not went on for ortho 

surgery 
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I would say, it didn’t work as well, for G But you never know, each child is different, 

so, yes, I’d always say to give it a go.  I found the whole experience for her-, it 

wasn’t as stressful as I think maybe other people would find it, so, I would 

recommend it. [63,F,5,II,M_M]  

hundred percent, hundred percent (recommend it). I would say you've got the 

bonus of getting some mobility back but you need a really good dose of self-

confidence to make any medication work and with the Botox that gives you the self-

confidence to make the drug almost go beyond it's lifetime limits and that lasts for 

months and months and months, even if the drug wears off in two months time. 

[66,F,4,III,M_P] 

 

It's always worth a try and I would recommend everyone, the same way we've since 

met parents who've had Botox and they recommended it hundred percent and our 

paediatrician always told us about the Botox it's not really a high risk thing, so 

erased any fears.  [66,F,4,III,M_P] 

 

Timing of treatment (exp_timing) 

I wanted it done before school so that when she went into school, she didn’t feel as 

restricted, which seems to have worked.: But you don’t know what the side effects 

are, and back then, we didn’t know.  Because they said something about they can 

lose control of their bladder, but ..she was fine…there were no adverse effects. 

[70,F,4,III,P_M] TIMING 

Adjunctive treatment (Exp_Toxin_plus) 

I think it’s very different, isn’t it? It depends on your ability, so I think S is so, 

physically active, that, you know, she could get her stretches in doing a lot of 

everyday stuff and she will go on her bike instead of doing physio. Ride up and 

down our drive, and that sort of thing, so for S that is the best thing, but then there 

are other children that have it that are not quite so abled or want to do those 

things, and then stretches, perhaps, is more the way forward for them if you see 

what I mean. [62,F,10,I,M_G] 
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(SLA does extra therapy post BTx in school) she’s good as well, she handles X really, 

really well….. twenty minute a day thing that she does which is 

enough…..maximising what we’re trying to do [70,F,4,III,P_M] 

It’s a combination of doing everything and he does the hard work, we do it but as 

long as your child cooperates and does it, I think that’s another thing.  Some 

children may not want to do it (rehab), can’t do it, but he’s been doing it and 

enjoying it, like, we do everything in play, nothing mean. [33,M,4,III,M_G] 

they (local team) had it all arranged so it all coincided, so he had his injections, he 

got his splints, he got his lycra suit and he got his block physio all at exactly the 

same time…… I mean, it was manic for appointments, but everything was just all 

done, to all coincide so we got the maximum out of the injections. [51,M,5,II,M_G] 

burden on child and family but positive 

Yes.  I thought it was great that we had that (local therapy post BoNT-A), but I think 

in terms of goals, in terms of what exactly was done (rehabilitation), I don’t think 

there was much precision to it.  Maybe that’s just how it is.  That didn’t concern me, 

but I didn’t feel like I knew at the end what had been achieved or what was left to 

do.  They didn’t then communicate it back to us, so it was … whatever, six weeks of 

follow-up, but there was at the end no communication between the physiotherapist 

and us saying, ‘I’m now done with M, I think she is good like this or like that,’ or 

something.  Which, I totally understand why there isn’t, but, so, it felt like more like 

a-[1,F,5,1,M_G], Goal setting with local team ..? lack of communication with parents 

? between GOSH and locals ?  

That’s it.  They need to have a plan, yes.  So, that plan, that’s a plan so we know.  

Otherwise we’re just like-,..…[16,F,4,I,M_G] repeat quote see below  discussing local 

team lack of follow up plan  

[Experience of working post toxin in USA intensive session not with local team 

following first injection] ….That whole mind-set after going to the intensive clinic as 

well, the step by step clinic, they basically said to her, ‘Look, we’re working on your 
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leg because you want it to be stronger.  We’re working on the leg because you want 

this leg to grow as well.  You don’t want it to not grow the same as the other.’  So, 

it’s just really direct.  Then that just makes life so much easier, and then telling the 

school that they can be direct with her like that.  They're like, ‘I can say it to her?’  

It’s like, ‘Yes,’ because otherwise all this stuff is built up around it which will give her 

a bigger stigma in the future, because she’s got to live with it her whole life.  So, it’s 

about her having a positive attitude towards it.  It’s really important. -, Because 

they're going to have to maintain it for their whole life, and it shapes who they are.  

A big part of it, also, is the social side of having cerebral palsy, because you might 

not interact with others as much because you just don’t physically put yourself into 

those spaces..…[16,F,4,I,M_G]  Thoughts about being straight with kids and telling 

them why they need to do certain things  

Our physio, [locally following second injection] They did the intensive sessions 

around the Botox because they weren’t doing it and we were like, ‘The Botox is 

now.  Do you want to work with us or not?’  Now, we’re not going to see them 

again.  Now PT said she might try and put something in, in a few months.  So, now 

it’s worked really well and we’ve had the good result….., and now she’s beginning to 

tighten.  Actually, now we’ve got no plan for her!  So, obviously as parents, we’ve 

put a plan of how we’ll continue to work with her, but-, It’s bizarre because-, You 

invest all this time and energy …That’s it.  They (local team)   need to have a plan, 

yes.  So, that plan, that’s a plan so we know.  Otherwise we’re just like-, 

..…[16,F,4,I,M_G] complaints re no long term follow up no plan following post 

injection therapy  

Highly positive from M’s perspective, but I think it’s not just the Botox…  You have 

to do the therapy….  It’s everything, it’s, like, who you’ve got around you. 

33,M,4,III,M_G] 

I also get the six weeks’ intense physio as well. Which they start that afterwards. 

That makes a big difference. That's what you said last time. So I chased it up 

[3,F,4,II,P_M]. 

No theme group yet ….Doubts about effects of toxin or natural maturation?  Mum 
I mean, she is a different person and she’s had the injections or is that her growing 
up now? Yes, (she’s) much happier. (dad) Yes, that’s hard to tell. [70,F,4,III,P_M] 
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 Introduction of     has proved acceptable in an established clinical 

setting provided clinic times are extended to incorporate the test

     administration in the clinical setting (   mins) compares to 

other standardised tests requiring post clinic evaluation

 Preliminary results suggest that improvement in     is associated 

with short term reduction in dynamic spasticity following Bo T   

 However with a mean     scoring time of    minutes an important 

consideration is whether the lengthy scoring time for post clinic 

analysis prohibits its use in a clinical setting
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Background

Use of the  uality Func on Measure ( FM) to evaluate changes in 
 uality of movement in ambulant children with cerebral palsy following 

lower limb Botulinum Toxin A in ec ons 

 uality of mo ement (   ) is an essential component of effective motor skills in children with  erebral Palsy ( P), influencing not only a 

child s functional activity level but also their participation opportunities.  otulinum  o in   (Bo T  ) is an established treatment modality in the 

management of increased tone in  P and is frequently used in an attempt to optimi e a child s functional skills and improve    . However, 

evidence associating reduction in dynamic spasticity and improvement in     is lacking and there is a demand for more sensitive outcome 

measures to evaluate the efficacy of Bo T   use in  P .  uality  unction  easure (   ) is a standardised outcome measure evaluating 

    of standing, walking, jumping and running skills in ambulant children with  P. It is based on  imensions   and E of the  gold standard  

Gross  otor  unction  easure (G   ) and is reported to be sensitive to change when evaluating therapeutic interventions and assesses 

movement quality in  dimensions   lignment  Sta ility  Coordination  issociation   Weight shift

To evaluate the feasibility of introducing the  uality  unction 

 easure (   ) into an established clinical setting to assess short 

term change in     following lower limb Bo T   use in ambulant 

 P. 

 This feasibility study forms part of a prospective longitudinal 

study evaluating the use of lower limb Bo T   over a    month 

period

   children with  P (    emale,     ale) attending the Bo T   

clinic of a tertiary  otor  isorders  ervice were recruited. 

  ll children were ambulant classified as Gross  otor  unction 

 lassification  ystem (G    ) levels I III

 G     levels  I n     II n     III n     

  ge at recruitment   ean (  )  .  years ( .  ) 

  pecialist Physiotherapists (    years paediatric experience) 

administered the Gross  otor  unction  easure (G   ) pre 

injection and   weeks post injection following a standardi ed 

protocol (up to   trials) to digitally capture performance from 

frontal and coronal planes of movement.as per     protocol 

  ean time to administer the test was    mins (range       mins). 

  dministration time differed between G     levels  

 I     mins (    .  mins)

 II     mins (    .  mins)

 III     mins (     mins)

  evel III children completed fewer test items but took longer to 

complete the tests and exhibited increasing fatigue.
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