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AIM To determine whether a task-specific physiotherapist-led training approach is more
effective than a non-specific parent-led home programme for attaining bicycle-riding goals in
ambulant children with cerebral palsy (CP).

METHOD Sixty-two ambulant children with CP aged 6 to 15 years (33 males, 29 females,
mean age 9y 6mo) with bicycle-riding goals participated in this multi-centre, assessor-blind,
parallel-group, superiofity randomized controlled trial. Children in the task-specific group
participated in a physiotherapist-led, group-based, intensive training programme. Children in
the parent-led home group were provided with a practice schedule, generic written
information, and telephone support. Both programmes involved a 1-week training period. The
primary outcome was goal attainment at 1 week after training measured using the Goal
Attainment Scale. Secondary outcomes included bicycle skills, participation in bicycle riding,
functional skills, self-perception, physical activity, and health-related quality of life at 1 week
and 3 months after trainings

RESULTS Childrenvintthertask-specific training group had greater odds of goal attainment
than those in the parent-ledshome programme at 1 week after intervention (odds ratio [OR]
10.4, 95% confidence interval [CI] 2.8-38.6), with the evidence for superiority retained at

3 months (OR 4.0, 95% CI 1.3-12.5).

INTERPRETATION The task-specific physiotherapist-led training approach was more
effective for attaining bieyele-riding goals than a non-specific parent-led home programme in

ambulant children with'CP:
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[Boxed text on page 2]

What this paper adds

e  Task-specific physiotherapist-led training programmes are superior to non-specific
parent-led programmes for attaining bicycle-riding goals for ambulant children with
cerebral palsy.

e  This superiority is evident at 1 week after training and is retained at 3 months.

e Low-dose high-density'task-specific training programme can lead to attainment of goals
including learfiing to ride a bicycle.

e An evidence-based approach including dosage and task-specific progression now exists

for clinicians working with children with cerebral palsy who have bicycle riding goals.

[Main text]

Cerebral palsy (CP).is an ambrella term for a group of disorders of movement, posture,
and/or motor function that are permanent but not unchanging and caused by non-progressive
disturbances that occurred in the developing fetal or infant brain.! It is the most common
physical disability of childhood in Australia, with a rate of 1.5 cases per 1000 live births.!
Effective means of engaging children with CP in physical activities are required to reduce the
risk of poor health ‘outcomes in adulthood, including increased risk of chronic disease.?
Training directed towards.goals that are meaningful and engaging for children with CP is
supported by strong eviden€e for improved motor activities, function, and self-care.? The

International Classification of Functioning, Disability and Health (ICF) provides a framework
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to consider activity limitations and participation restrictions when setting these goals and to
measure the impact of training beyond body structures and function.*

Riding a bicyele is.a popular activity for Australian children® and can be a goal for
children with CR.° It is a potential means of engaging this population in a physical activity
that is functional and can be social.” However, we have previously reported that a lower
proportion of ambulant children with CP can ride than their typically developing peers during
childhood, and those who could ride learnt later.® The reasons for this probably go beyond the
motor impairments inherent to CP. For example, physiotherapists and occupational therapists
are routinely involved in training new motor skills in children with CP;® however, a paucity
of evidence to guideitherapists and families in how to train bicycle skills exists. While a
recent systematic review suggests cycling training can improve strength, balance, and gross
motor function in this_population,” all but one!® of the nine included studies involved
stationary cycling and.none focused on bicycle-riding goals.

Task-specifie training is a rehabilitation approach in which individuals actively
practice the goal or task they wish to achieve.!'l12 It is grounded in motor learning and
dynamic-systems theory and involves repetitive practice of context-specific tasks.!>!* The
evidence for task-specifieitraining for improved upper limb function in children with CP13:16
is strong. Howevermevidence for task-specific training of gross motor skills for improving
activity and participation-related outcomes in ambulant children with CP is lacking owing to
limitations in study”design and underpowered samples.!” While no uniform approach to
training bicycle riding in this population is apparent, task-specific training and using goals to
evaluate effectiveness are predominant practices reported by Australian therapists.!® This
clinical uptake of tasksspeeific training is promising; however, so far, no randomized
controlled trial has been'conducted to determine the effectiveness of this approach.

Thus, the primary research question for this study was the following: is a task-specific
physiotherapist-led group training approach (experimental intervention) more effective than a
non-specific parent-led individual home programme (comparison intervention) for attaining
bicycle-riding goals in ‘ambulant children with CP? For brevity, the experiment intervention
will be termed the**task=specific training programme/group’ and the comparison intervention
will be termed ‘the parentsled home programme/group’ throughout this paper. Our hypothesis
was that the task-specific training programme would be more effective at 1 week after
intervention than the non-specific parent-led home programme. The secondary aims were to
explore the effects™of the task-specific training programme compared with the parent-led

home programme on bicyele skills, participation in bicycle riding, functional skills, physical
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activity, self-perception,“and health-related quality of life at 1 week and 3 months after

training.

METHOD
fDesign]

This assessor-blinded, parallel-group, 1:1 randomized controlled superiority trial was

conducted across two sites of the Victorian Paediatric Rehabilitation Service: the Monash
Children’s Hospital (Monash) and Royal Children’s Hospitals, Melbourne, Australia. The
study was prospectively registered with the US National Institutes of Health (NCT03003026)
and the protocol has been published.” Ethics approval was granted by the Royal Children’s
Hospital Human Research Ethics Committee.

The randomizations were computer-generated using block randomization with
variable block sizes (2,.4,.0r 6) stratified by site by an independent statistician. Allocation
was concealed using sequentially numbered opaque envelopes. Randomization was
conducted by a study investigator not involved in any outcome assessment in the week before
the training period. Outcome assessors were blind to allocation but blinding participating
families or treating clinicians was not possible. Families and clinicians were informed of

participant allocation'byrtelephone and/or e-mail.

Participants

Participants were identified and recruited through the Victorian Cerebral Palsy Register and
the two sites of the Victorian Paediatric Rehabilitation Service. Invitation to participate was
also advertised via theywebsite and e-newsletter of the nationally funded Centre of Research
Excellence in CerebralPalsy. Eligible participants were children with CP aged 6 to 15 years
old (inclusive) who were independently ambulant (Gross Motor Function Classification
System [GMFCS] levels I or II), had goals related to bicycle riding, could access a bicycle
and helmet, and lived in the state of Victoria, Australia. Recruitment materials advertised the
study as open to eligible participants who had goals related to riding a bicycle including
activity- and participation-related goals. Activity goals could include learning to ride a
bicycle for the firstitimeror improving bicycle skills. Medical clearance and a parent or
caregiver able to participate were also required, and both the children and parents were
required to understand English. Exclusion criteria were a moderate—severe intellectual
impairment, dual.diagnosis with another developmental disability or condition that may have

impacted their ability! to_ participate safely, botulinum neurotoxin A injection(s), or
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musculoskeletal (or other'major) surgery in the 6 months before randomization. An outcome
assessor obtained informed)consent from eligible participants at baseline assessment (7o)
before collecting participants’ characteristics and baseline data (Fig. S1, online supporting

information).

|lnterventions\

Both the task-specific and parent-led home training groups involved a 1-week intervention
period during school “holidays. The training programmes are described in detail in the
protocol paper and dre summarized below.!® The task-specific programme was delivered by
five physiotherapistsmandgtwo allied health assistants. In the 3 months before the first
intervention period, each clinician undertook a total of 8 hours training for both programmes.

Training of clinicians was led by the primary author and included a manual.

Task-specific training group

Children in the task-specific group participated in a bicycle skills training programme
conducted for up to 2 hours'a day over 3 consecutive days at an outdoor park adjacent to each
site. Thirty minutes 'of daily home practice was prescribed for the 4 remaining days. Each
programme was ledibyrarphysiotherapist, supported by an allied health assistant and delivered
to a group of three to fiverehildren. At least one parent or caregiver attended the programme
per child. This metoflearning-based programme involved task analysis and child-led problem
solving to inform modification of the task and environment while progressing through
increasingly challenging bicycle skills. Each child’s programme was individualized to goals
set at baseline. Whilenthesfocus was on practice of whole skills, adaptive part-practice was
used to enable progressionyNew tasks were scaffolded so participants could achieve at least
some skills: for example, by removing pedals, the therapist stabilizing the bicycle, or
changing the gradient/surface of the practice environment. As skill competence developed,
the task and/or environment continued to be modified so the activity was challenging enough
to require new learning towards attainment of bicycle-riding goals. Clinicians were trained to
enable repetitive,"progressive, and variable practice with the amount and type of feedback
guided by the parti¢ipantClinicians coached parents on task-specific and safe practice in
home and community environments. A Consensus in Exercise Reporting Template?® has been
completed to describe thegprogramme in greater detail (Table S1, online supporting

information).
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[Parent-led home group‘

Current bicycle skills'training practices by therapists in Australia lack uniformity, meaning
‘standard’ or ‘usual”‘care isdifficult to specify.'® Before this study it was found that many of
the ambulant children with CP in Victoria who had learnt to ride did so in informal settings
with their parents.®(Thus, the comparison group involved a parent-led home programme.
Families allocated to this group received written information on bicycle riding including
safety considerations, bicycle and helmet fitting, and suggested practice location. Parents
were encouraged to work towards their child’s bicycle-riding goals for 30 to 45 minutes each
day of the intervention /period, but no specific training methods were detailed. They also
received a telephone‘call frtom a physiotherapist trained in providing general support but not

task-specific guidance.
Outcome measures
Outcomes were assessed at 1 week (77) and 3 months (73) after the intervention period by one

of two physiotherapists trained in measurement procedures and blind to group allocation.

[Primary outcome

The primary outcomejrgoall attainment, was measured using the Goal Attainment Scale
(GAS). The GAS is a criterion-referenced tool that is valid and reliable in children with CP.?!
Two or three goalsspecific to bicycle riding were set in collaboration between the child,
family, and assessor at baseline using proposed criteria for appraising GAS in rehabilitation
research.?? Six levels of attainment were determined for each goal (examples in Table 1).23
The primary outcome was;defined as attainment of at least one goal to an expected, or greater
than expected, level at®TiThis binary interpretation is consistent with recommendations for
using the GAS in paediatric/rehabilitation as it allows appropriate statistical analysis and has
been shown to identify clinically meaningful improvements.?32* The GAS T score was

calculated as a secondary interpretation of goal attainment at both timepoints.?!.

[Secondary outcomeﬁ

Secondary outcomesiwerergoal attainment at 75, bicycle skills, participation in bicycle riding,
functional skills, physical/ activity, self-perception, and health-related quality of life.
Secondary outcomes were-collected at baseline (7p) and measured at 7; and 75, except
physical activity,which was assessed at 7j and 7, only. Outcome selection was informed by

the ICF* and the family of participation-related constructs for childhood disability
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framework? to generate’a holistic picture of the impact of the interventions on bicycle-riding
activity competence and participation-related factors. Bicycle skills and functional skills sit
within the ‘activity’ domain‘of the ICF and the ‘activity competence’ construct of the family
of participation-related _constructs. Participation in bicycle riding and physical activity sit
within the ‘participation’ domain and construct of each framework. Self-perception relates to
the ‘personal factors® domain and ‘sense of self” construct, while it has been proposed that
quality of life encompasses all domains of the ICF.2

Bicycle skills were"assessed using the Cycling Skills Checklist?” (score out of 100) and
two cycling items of the Dutch Pediatric Evaluation of Disability Inventory:?® whether the
child ‘can ride 50m independently but can have help to start’ and/or ‘can ride 100m without
help to start’.

Participation in bicycle riding was assessed by parent-recorded time practising (hours
per day or per week) and. level of involvement (scale 1-5 from minimally involved to very
involved) in bicycle'riding in home/community settings.

Functional skills were measured using the scaled scores for the four domains of the
parent-completed Pediatric ‘Evaluation of Disability Inventory - Computer Adapted Test:?
daily activities, mobility, secial/cognitive, and responsibility.

Physical activity"wasrassessed using the Physical Activity Questionnaire for Children
score®® and active time asmeasured by an Activ8 triaxial accelerometer (A8005 Professional
Activity Monitor,A€tiv8, Valkenswaard, the Netherlands). Each child and parent completed
the Physical Activity Questionnaire for Children together. The Activ8 was fitted to the lateral
upper third of the non-affected or preferred thigh using waterproof tape or a leg strap. While
the Activ8 is a valid andyreliable measurement tool for physical activity in CP, it may not
differentiate running fremueycling well.3! Thus, combined active time was utilized and was
defined as the average time standing, walking, running, and cycling in hours per day
conditional upon at least 15 seconds of included minutes being recorded as active.
Participants were asked to wear accelerometers for 7 days and data were included in analyses
if at least 3 days involving at'least 10 hours’ wear time per day was available, consistent with
published literature:31=33

Depending onmamparticipant’s age, self-perception was assessed using the Self-
Perception Profile for Young Children (SPP-YC),** Children (SPP-C),* or Adolescents
(SPP-A).>¢ Related domains<rom each age-group profile were combined to determine a mean
domain score (lgflow competence] to 4 [high competence]) for each group. Combined

domains included cognitive (cognitive [SPP-YC] and scholastic [SPP-C/A] competence),
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social (peer acceptance [SPP-YC] and social competence [SPP-C/A]), physical (physical
[SPP-YC] and athletic competence [SPP-C/A]), while global self-worth domain was only
measured in children_aged 8 years and over (SPP-C/A). Self-perceived bicycle riding
competence was_measured using the cycling item of the Pictorial Scale of Movement Skill
Competence (score [Tor 2, low competence; 3 or 4, high competence).37-38

Health-related quality of life was measured using the Child Health Utility - Nine
Domains utility score (0-1)3° Quality of life and self-perception measures were completed

through interview with'each child.

Adverse events

Adverse events weré defined as any untoward medical occurrence related to the interventions
during the training period. Adverse events were collected by trial clinicians via the training
log and telephone calls.for. task-specific programme group and via telephone calls for the

parent-led home group.

[Compliance measureﬂ

Clinicians completed-attendance logs for the 3-day programme within the task-specific group
and documentedradherencerto the parent-led home group protocol as reported by parents by
telephone. Families in both,groups completed diaries documenting time practising bicycle
skills in home orgeommunity environments, and any other physiotherapy or occupational
therapy received, each day during the intervention period and each week during the follow up

period.

Statistical analysis
The study was powered to find a between-group difference of 50% (from 25% in the parent-
led home programme to 75% in the task-specific training group) in the proportion of children
reaching goal attainment. A sample of 60 children (30 in each group) was required to identify
a 50% difference in proportions of goal attainment with 80% power (on the basis of a two-
sided test with a 5% level'of significance), assuming an intracluster correlation of 0.1between
individuals within altasksspecific training group,'® and an average cluster size of 5 across 12
clusters while accounting for 10% loss to follow up.

Stata 14 statistical seftware (StataCorp LLC, College Station Texas, USA) was used
for analysis. The.analysis of all outcomes was conducted using an intention-to-treat analysis

via mixed effects model. Models included: fixed effects for randomized group (task-specific

This article is protected by copyright. All rights reserved

[Commented [CP6]: Typesetter: B heading




or parent-led) andsite"(as“used in the randomization process), and a random effect to allow
for clustering amonggparticipants trained at the same time in the task-specific training group.
Participants in the patent-led home group were analysed as a single cluster.

For binary outcomes, we report the proportion with each outcome separately in the
two treatment groups, with groups compared by odds ratios (OR) estimated using logistic
regression and reported with 95% confidence intervals (CI) and p-values. For the primary
outcome, we conducted a pre-specified subgroup analysis by GMFCS level (I vs II) and
sensitivity analyses where'we defined the outcome of goal attainment as attaining at least one
goal to (1) somewhat more and (2) much more than expected on the GAS.

Continuous outcomes are reported as the mean and standard deviation by group, with
group comparisons presented as a mean difference estimated by linear regression reported
with 95% CI and p-values.

Data summaries.suggested that some of the baseline variables were associated with
missingness in the|primary outcome (i.e. data were missing at random); thus multiple
imputation was used to handle missing data in line with the pre-specified statistical analysis
plan. Multiple impgtation was conducted using chained equations by treatment group.*’
Complete baseline variables that correlated with the primary outcome were used as auxiliary
variables with sgparaterimputation models for outcomes expected to be highly correlated
(owing to convergence problems when all outcomes were imputed simultaneously). All
analyses were repeated using a complete case analysis and for the per-protocol population as
outlined in the published protocol.!® Throughout this manuscript p-values are interpreted on a
continuous scale representing the strength of evidence against the null hypothesis of no

association, with smallegp-values representing stronger evidence.

RESULTS

Flow of participants through the study

Sixty-two of the 109 children screened for eligibility were randomly assigned to the task-
specific group (n=31) or the parent-led home group (n=31). Figure S1 shows the flow of
participants through the'study. Recruitment was open from November 2016 to November
2017 and data weremcollected from December 2016 to April 2018. Demographics and
baseline outcomes were similar between the groups except for level of bicycle riding skill
(cycling skills score, Dutch<Pediatric Evaluation of Disability Inventory cycling items) and

self-perceived bicy€le riding competency, which were higher in the parent-led home group
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(Table 2). Primary outcome data were obtained from 90% (n=56) of participants, and 73%

(n=45) of participantsWweretincluded in the 3-month follow-up assessment.

Effects of the intervention

[Primary outcome: goal attainment

There was evidence that participants in the task-specific group had greater odds of goal
attainment at 1 week than those in the home programme (OR 10.4, 95% CI 2.8-38.6,
p=0.001). This finding was consistent for the GMFCS level I and II subgroups and in the
sensitivity analysis Of the primary outcome (Fig. 1). There was also evidence for superior
outcomes in the task=specific programme group for goal attainment at 3 months (OR 4.0,
95% CI 1.3-12.5, p=0.02) and for GAS T scores at both time points (7; mean difference
13.4, 95% CI 8.5-18.2, p<0.001; 7, mean difference 13.1, 95% CI 5.4-20.7, p=0.001). See
Table S2 (online supporting information) for results from the complete case and per-protocol

analyses for goal attainment outcomes which reflect results of the primary analyses.

lBicycle—ridin g-related secondary outcomeﬁ

At baseline, one participant(in the task-specific group and eight participants in the parent-led
group were able torfiderSOmrindependently (could have help to start). After the intervention,
an additional 12 participants, in the task-specific group and three participants in the home-
based programme.were able to achieve this level of bicycle skill. However, little difference in
bicycle skills was found between the groups at either time point (Table 3). There was some
evidence of greater odds of high self-perceived bicycle-riding competence in the task-specific
programme at 7' buf netyatyZ, (Table 3). For participation in bicycle riding, there was some
evidence for better outcomes in the task-specific group for involvement at 75, but not at 77,
and little evidence for a difference for time practising bicycle riding in home/community
settings at either timepoint (Table 3). The results from the secondary analyses for these
outcomes are reported in Table S3 (online supporting information) with results reflecting

those from the primary analysis.

[Other secondary outcomei

There was little evidence of a group difference in outcomes related to functional skills,
physical activity, and selfsperception or quality of life outcomes in the intention-to-treat
analysis (Table 4)#'The results from the complete case and per-protocol analysis for these

outcomes are reported‘in,Table S4 (online supporting information). Within these analyses,
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effects favoured ‘the “parent-led home programme for the daily activities domain of the
Pediatric Evaluationof Disability Inventory - Computer Adapted Test at 75 on both types of
secondary analysis. Between-group differences favoured the task-specific programme at both
time points for the SPP_domain of global self-worth (self-perception) on both types of
secondary analysis, @nd at 3 months on complete-case analysis only for the social/cognitive
domain of the Pediatric Evaluation of Disability Inventory - Computer Adapted Test
(functional skills) [and physical activity when measured by the Physical Activity
Questionnaire for Children (Table S4).

[Compliance with thesinterventions and adverse events

Eighty-eight per cent (n=27) of children in both groups participated in their allocated
programme (Fig. S1). Twenty-four participants allocated to the task-specific programme
attended for all 6 houts.of the centre-based component and completed a median of 19.4
minutes (interquartile range 10.0-46.9) of home practice per day for the remaining 4 days of
the intervention period. In the parent-led home group, the median amount of practice per day
during the intervention period was 17.1 minutes (interquartile range 11.1-26.8, n=25) and
clinicians could contact 26 out of 31 families by telephone. Three task-specific group
participants and [tworparent=led home group participants attended other therapy during the
intervention period (ranges20—120min). This additional therapy did not involve cycling so
these participantsremained in the per-protocol analyses.

No adverse events were reported in either group. A few anticipated events (e.g. minor

fall from bicycle) were reported in the task-specific group, as reported in item 12 of Table S1.

DISCUSSION
To our knowledge, 'this is the first randomized controlled trial to focus on training bicycle
riding in children with CP. We found that a novel physiotherapist-led task-specific
programme was superior compared with a parent-led, non-specific home programme for the
attainment of bicyele-riding goals in ambulant children with CP at 1 week, supporting our
hypothesis. The evidence for greater odds of goal attainment in the task-specific training
group remained at 3imonths*The evidence for the positive effects favouring the task-specific
programme was consistent across pre-determined subgroup and sensitivity analyses of goal
attainment.

Secondarygoutcome results provided some evidence that the task-specific training

programme may benefit ehildren beyond attainment of their bicycle-riding goals; however,
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this was largely on"secondary analyses only. Interestingly, there was also some evidence of
effects favouring theshomeiprogramme on daily activities, consistent with other studies in a
similar population where home programmes have been effective for this outcome.*'#
However, this was_also_only on secondary analyses. Given participant goals primarily
targeted bicycle skills, we were surprised to find a lack of evidence for between-group
differences in bicycle skills after the intervention despite large within-group improvements in
the task-specific programme. However, this could be due to the higher level of bicycle skills
in the parent-led home training group at baseline. The lack of evidence for a treatment effect
in the intention-to-tyeat analysis for physical activity outcomes was not surprising given the
intervention did not target physical activity behaviour.

The strengths of ‘this trial were that it involved an adequate sample, concealed
allocation, blinded outcomeassessment, and used multiple imputation for missing data. Good
participant compliance,. successful embedding of the task-specific programme across two
sites, and a lack of adverse events provide evidence to support the feasibility and safety of the
programme. At up to 8 hours high-density training over a week, the task-specific programme
in the current trial was low dose compared with other motor learning-based approaches for
children with CP, such asghand—arm bilateral intensive therapy including lower extremity,
which involves 90 hourstover 10 days.** While this latter therapy addresses participant goals
across a range of activities, the task-specific programme in the current study focused
specifically on bieycle-related goals. The positive effects of the task-specific training
programme found in our study suggest that short bursts of high-density training can be
effective for children with goals related to specific complex motor skills. This is consistent
with evidence from ‘bieyele skills programmes delivered in a week or less in other
populations includingshildren with Down syndrome and autism spectrum disorder.*43

This study was not without limitations. Attempts were made to dose-match training
time; however, on average, participants in the home programme group did not achieve the
recommended practice time of 30 to 45 minutes per day during the intervention period. This
raises a question around the extent to which effects were mediated by training dose.!®
However, it may'indicatethat relatively independent practice of a new and complex skill is
challenging for many*famili€s, in contrast to the supportive physiotherapy-led task-specific
training programme. In any case, this study aimed to address whether the task-specific
programme was more effective than a pragmatic comparison—it did not seek to determine
which programmes¢omponents were the active ingredients. Moreover, within this study it was

not possible to disentangle,the effect of the key components of the intervention (task-specific,
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physiotherapist-led;” and“group-based) or comparison (parent-led, non-specific, home-based,
individual) programmes.

The 95% confidence intervals for treatment effect in the subgroup analysis of goal
attainment by GMFCS level were very wide and included the no difference result (Fig. 1).
This was probably due to the smaller number of participants within each subgroup. However,
the results across all goal attainment outcomes (Fig. 1) consistently favoured the task-specific
programme. There was also)a reasonably large amount of missing data, in particular for the
outcomes related to physical activity. Although we used multiple imputation to account for
missing data — a well-documented means of improving precision where data are missing —
there is mixed evidence whether it is appropriate to use where more than 40% of data are
missing such as for the physical-activity-related outcomes in this study.* Further, when
considering clinical implications of randomized controlled trial findings, care needs to be
taken with interpreting.mean.group differences, especially in heterogeneous populations such
as those with CP.4¢ A specialized programme may not be necessary for all: some participants
achieved their goals at home with their parents. So, while this study demonstrated evidence of
superiority of the task-based intervention across the study as a whole, it would be worth
exploring the heterogeneity of the effectiveness of this intervention across subgroups in
future studies.

This study was limited to 3 months follow-up and to children classified in GMFCS
levels I or II. Theslimitation in insufficient observation timeline may be the reason for no
difference between the two groups in some secondary outcomes. Future work should explore
longer-term involvement in community cycling and enablers of this. A recently published
trial that tested the efficacy of functional electrical stimulation and adapted cycling in
children classified indgGMECS levels II to IV helps address the knowledge gap across the
spectrum of CP.#” In the context of the focus on goals in paediatric rehabilitation*® and the
goal-directed disability insurance funding model in Australia,** findings have the potential to
translate well into (clinical practice. To optimize knowledge translation, it will also be
important to direct efforts to school and community settings.

In summary, we'have shown that a task-specific physiotherapist-led group training
programme is superiofitorainon-specific parent-led home individual programme for attaining
bicycle-riding goals_in ambulant children with CP in the short term. It may also lead to
additional short-term self-perception of bicycle-riding competence and medium-term
participation-related’benefits. Specific evidence-based guidance is now available to clinicians

working with children®with CP who have bicycle-riding goals. This is important in the
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context of rehabilitation“inereasingly being directed towards the individual’s activity and
participation goals. Future“work should explore supporting ongoing participation in cycling
and identify conditions that support goal attainment so interventions can be targeted to

individuals and findings can be translated across settings.
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Table S1: Consensus’on Exercise Reporting Template (CERT).
Table S2: Goal\attainment outcomes — complete case and per-protocol populations.
Table S3: Bike riding related secondary outcomes— complete case and per-protocol
populations.
Table S4: "Other related secondary outcomes — complete case and per-protocol
populations.

Figure S1: Designrandparticipant flow through the study.
REFERENCES

1. Australian Cerebral Palsy Register. Australian Cerebral Palsy Register report [Internet].
Available at: https://cpregister.com/wp-content/uploads/2019/02/Report-of-the-

This article is protected by copyright. All rights reserved



10.

11.

12.

13.

Australian-Cerebral-Palsy-Register-Birth-Years-1995-2012.pdf (accessed 30 July 2018).
Novak I, McIntryre S, Morgan C, et al. A systematic review of interventions for children
with cerebral palsy: state of the evidence. Dev Med Child Neurol 2013; 55: 885-910.
Peterson MD, Ryan JM, Hurvitz EA, Mahmoudi E. Chronic conditions in adults with
cerebral palsy. JAMA 2015; 314: 2303-5.

World Health Organization. ICF: International Classification of Functioning, Disability
and Health. Geneva: World Health Organization, 2001.

Australian Bureau of Statistics. Children’s participation in cultural and leisure activities,
Australia, April 2012 [Internet]. Available at:
http://www.abs.gov.au/ausstats/abs@.nsf/Products/4901.0~Apr+2012~Main+Features~R
ecreational+activities?QpenDocument (accessed 30 July 2018).

Toovey R, Reid S, Rawicki B, Harvey A, Watt K. Ability of independently ambulant
children with cerebral palsy to ride a two-wheel bicycle: a case—control study. Dev Med
Child Neurol 2017; 59: 395-401.

Raje F, Saffrey A. The value of cycling [Internet]. Available at:
https://www.gov.uk/government/uploads/system/uploads/attachment _data/file/509587/va
lue-of-cycling.pdf (aceessed 30 July 2018).

Australian Instituterof'Health and Welfare. Therapy and equipment needs of people with
cerebral palsy and likeydisabilities in Australia [Internet]. Cancerra: Australian Institute
of Health and Welfare, 2006. Available at:
http://cpaustralia.com.au/media/20421/Therapy-and-equipment-needs-of-people-with-

Cerebral-Palsy.pdf (accessed 30 July 2018).

Armstrong E, Speneer,S, Kentish M, Horan S, Boyd R, Carty C. Efficacy of cycling
interventions to dmprove function in children and adolescents with cerebral palsy: a
systematic review. Clin Rehabil 2019; 33: 1113-29.

Mohanty P, Meshram N, Pattnaik M. Comparison of dynamic cycling vs static cycling
on endurance, (balance, and walking ability of children with cerebral palsy. Int J
Physiother Res2015;3:'1163-70.

Hubbard 1J, Weilson"C, Carey LM. Task-specific training: evidence for and clinical
practice. Occup TherInt2009; 16: 175-89.

Bayona NA, Bitensky/J, Salter K, Teasell R. The role of task-specific training in
rehabilitation therapies.Zop Stroke Rehabil 2005; 12: 58-65.

Thelen E, Smith L. Theoretical models of human development. In: Dynamic systems

theories. London, UKs: John Wiley, 2007.

This article is protected by copyright. All rights reserved


http://cpaustralia.com.au/media/20421/Therapy-and-equipment-needs-of-people-with-Cerebral-Palsy.pdf
http://cpaustralia.com.au/media/20421/Therapy-and-equipment-needs-of-people-with-Cerebral-Palsy.pdf

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

Shumway-Cook A;"Woollacott M. Motor control: translating research into clinical
practice (4th edition). Baltimore, MD: Lippincott Williams & Wilkins, 2012.

Sakzewski L, Gordon A, Eliasson A. The state of the evidence for intensive upper limb
therapy approaches for children with unilateral cerebral palsy. J Child Neurol 2014; 29:
1-14.

Sakzewski L, Ziviani J, Boyd R. Efficacy of upper limb therapies for unilateral cerebral
palsy: a meta-analysis. Pediatrics 2014; 133: e175-204.

Toovey R, Bernie"C; Harvey AR, McGinley JL, Spittle AJ. Task-specific gross motor
skills training for ambulant children with cerebral palsy: a systematic review. BMJ
Paediatr Open 2017; 1:¢000078.

Toovey R, Spittle’AJ, Nicolaou A, McGinley JL, Harvey AR. Training two-wheel bike
skills in children with cerebral palsy: a practice survey of therapists in Australia. Phys
Occup Ther Pediatr.2019; 39: 1-18.

Toovey R, Harvey AR, McGinley JL, Lee KJ, Shih STF, Spittle AJ. Bike skills training
for children with cerebral palsy: protocol for a randomised controlled trial. BMJ Open
2018; 8: ¢019898.

Slade SC, Dionney CEyyUnderwood M, Buchbinder R. Consensus on Exercise Reporting
Template (CERT)mexplanation and elaboration statement. Br J Sport Med 2016; 50:
1428-37.

Kiresuk T, Sherman R. Goal attainment scaling: a general method of evaluating
comprehensive mental health programmes. Community Ment Health J 1968; 4: 443-53.
Krasny-Pacini A, Evans J, Sohlberg MKM, Chevignard M. Proposed criteria for
appraising goal ;attainment scales used as outcome measures in rehabilitation research.
Arch Phys Med Rehabil,2016; 97: 157-70.

Steenbeek D. Goal attainment scaling in paediatric rehabilitation [PhD dissertation].
Utrecht, The Netherlands: Utrecht University, 2010.

Krasny-Pacini A, Hiebel J, Pauly F, Godon S, Chevignard M. Goal attainment scaling in
rehabilitation: a literature-based update. Ann Phys Rehabil Med 2013; 56: 212-30.

Imms C, Granlund™M, Wilson PH, Steenbergen B, Rosenbaum P, Gordon AM.
Participation, bothraimeans and an end: a conceptual analysis of processes and outcomes
in childhood disability. Dev Med Child Neurol 2016; 59: 16-25.

McDougall J, Wright VgSchmidt J, Miller L, Lowry K. Applying the ICF framework to
study changesfin quality-of-life for youth with chronic conditions. Dev Neurorehabil

2011; 14: 41-53.

This article is protected by copyright. All rights reserved



27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Halayko J, Magill-Evans J, Smith V, Polatajko H. Enabling 2-wheeled cycling for youth
with Down syndrome. Pediatr Phys Ther 2016; 28: 224-30.

Custers JWH. Pediatric/evaluation of disability inventory: the Dutch adaption [Internet].
Available at; http:/dspace.library.uu.nl/handle/1874/406 (accessed 30 July 2018).

Haley SM, Coster WJ, Dumas HM, Fragala-Pinkham MA, Moed R. Pediatric Evaluation
of Disability Inventory Computer Adapative Test - development, standardization and
administration manual [Internet]. Available at: http://www.pedicat.com (accessed 30 July
2018).

Kowalski P, Donen RKC. The Physical Activity Questionnaire for Older Children (PAQ-
O) and Adolescents (PAQ-A) manual [Internet]. Available at:

http://www.performwell.org/index.php/find-surveyassessments/outcomes/health-a-

safety/good-health-habits/physical-activity-questionnaire-for-adolescents (accessed 30

July 2018).

Lankhorst K, Van Den Berg-Emons RJ, Bussmann JBJ, et al. A novel tool for
quantifying and promoting physical activity in youths with typical development and
youths who are ambulatory and have motor disability. Phys Ther 2019; 99: 354-63.
Trost SG, Fragala-Pinkham M, Lennon N, O’Neil ME. Decision trees for detection of
activity intensityriniyouth with cerebral palsy. Med Sci Sports Exerc 2016; 48: 958—66.
Migueles JH, Ulf CCulNystro CD. Accelerometer data collection and processing criteria
to assess physical activity and other outcomes: a systematic review and practical
considerations. Sport Med 2017; 47: 1821-45.

Harter S, Pike R. The Pictoral Scale of Perceived Competence and Social Acceptance for
Young Childrensyymanual [Internet]. University of Denver, 1983. Available at:
https://portfolio.dutedu/SusanHarter/page/44342 (accessed 30 July 2018).

Harter S. Self-Perception Profile for Children [Internet]. University of Denver, 2012.
Available at: https://portfolio.du.edu/downloadltem/221383 (accessed 30 July 2018).

Harter S. Self-Perception Profile for Adolescents [Internet]. University of Denver, 2012.
Available at: https://portfolio.du.edu/downloadltem/221931 (accessed 30 July 2018).
Barnett LM, Ridgers'ND, Zask A, Salmon J. Face validity and reliability of a pictorial

instrument for assessing fundamental movement skill perceived competence in young
children. J Sci Med Sport2015; 18: 98-102.

Barnett LM, Vazou S;sAbbott G, et al. Construct validity of the pictorial scale of
Perceived Movement Skill Competence. Psychol Sport Exerc 2016; 22: 294-302.

Stevens K. Assessingthe performance of a new generic measure of health related quality

This article is protected by copyright. All rights reserved


http://www.pedicat.com
http://www.performwell.org/index.php/find-surveyassessments/outcomes/health-a-safety/good-health-habits/physical-activity-questionnaire-for-adolescents
http://www.performwell.org/index.php/find-surveyassessments/outcomes/health-a-safety/good-health-habits/physical-activity-questionnaire-for-adolescents
https://portfolio.du.edu/SusanHarter/page/44342
https://portfolio.du.edu/downloadItem/221383
https://portfolio.du.edu/downloadItem/221931

40.

41.

42,

43.

44.

45.

46.

417.

48.

49.

of life for children"and refining it for use in health state valuation. Appl Heal Econ Heal
Policy 2011; 9: 157-69:

Jakobsen JC, Gluud €, Wetterslev J, Winkel P. When and how should multiple
imputation be used for handling missing data in randomised clinical trials - a practical
guide with flowcharts. BMC Med Res Methodol 2017; 17: 1-10.

Novak I, Cusick A, Lowe K. A pilot study on the impact of occupational therapy home
programming for young children with cerebral palsy. Am J Occup Ther 2007; 61: 463—8.
Novak I, Cusick A, Lannin N. Occupational therapy home programs for cerebral palsy:
double-blind, randomized, controlled trial. Pediatrics 2009; 124: ¢606-14.

Bleyenheuft Y, ‘Atnould C, Brandao MB, Bleyenheuft C, Gordon AM. Hand and arm
bimanual intensive therapy including lower extremity (HABIT-ILE) in children with
unilateral spastic_cerebral palsy: a randomized trial. Neurorehabil Neural Repair 2015;
29: 645-57.

MacDonald M, Espositio P, Hauck J, et al. Bicycle training for youth with Down
syndrome and autism specturm disorders. Focus Autism Other Dev Disabl 2010; 27: 12—
21.

Ulrich D, Burghardt Aj Lloyd M, Tiernan C, Hornyak J. Physical activity benefits of
learning to riderartwo=wheel bicycle for children with down syndrome. Phys Ther 2011;
91: 1463-77.

Damiano D..Meaningfulness of mean group results for determining the optimal motor
rehabilitation programme for an individual child with cerebral palsy. Dev Med Child
Neurol 2014; 56: 1141-6.

Armstrong EL, -BoydsRN, Horan SA, Kentish MJ, Ware RS, Carty CP. Functional
electrical stimulation®eycling, goal-directed training, and adapted cycling for children
with cerebral palsy: a randomized controlled trial. Dev Med Child Neurol 2020; 62: 1-8.
Oien I, Fallang B, Ostensjo S. Goal-setting in paediatric rehabilitation: perceptions of
parents and professional. Child Care Health Dev 2010; 36: 558—65.

National Disability Insurance Agency. National Disability Insurance Scheme: reviewing
your plan and'goals‘[Internet]. National Disability Insurance Agency, 2016. Available at:

https://www.ndisigoviauw/participants/reviewing-your-plan-and-goals.

Table 1: Goal Attainment'Scale examples

Score  Predicted Activity-related example Participation-related
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attainment at T,

example

+1

+2

Deterioration

Much less than
expected (equal

to start)

Less than

expected

Expected

More than

expected

Much merée'than

expected

Can ride bicycle in straight line
on flat grassy surface 50m with
assistance at seat and
handlebars from two people
Can ride bicycle in straight line
on flat grassy surface 50m with
assistance at seat and
handlebars from one person
Can ride bicycle in straight line
on flat grassy surface 50m with
assistance at seat from one
person

Can ride bicycle in straight line
on flat grassy surface 50m with
close supervision

Can ride bicycle in straight line
on flat grassy surface 50m with
distant supervision

Can ride bicycle in straight line
on flat grassy surface 50m

independently

Rides a bicycle to school

once every 4mo

Rides a bicycle to school

once every 2mo

Rides a bicycle to school

once every month

Rides a bicycle to school

once every fortnight

Rides a bicycle to school

once every week

Rides a bicycle to school

twice a week

Table 2: Characteristics of participants at baseline

Task-specific

Parent-led home

programme, #=31 programme, n=31

Site

Monash Children’s Hospital
The Royal Children’s Hospital

Age, mean (SD), y:mo

Sex
Male
GMFCS

level

18 (58)
13 (42)
9:11 (2:8)

16 (52)

19 (61)
12 (39)
9:1 (2:4)

17 (55)
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I 17 (55)

i 14 (45)
MACS level

Torll 28 (90)

111 3 (10)
Distribution

Unilateral 16 (52)

Bilateral 15 (48)
Predominant motor type

Spastic 25 (81)

Dyskinetic 2 (6)

Ataxic 1(3)

Hypotonic 3(10)
Mild intellectual impairment (IQ >70) 5(16)
Low social risk (score 0 or 1) 18 (58)
Previous bicycle-related experience

Bicycle with training wheels 21 (68)

Balance bicycle 3 (10)

Upright trike 11 (36)

Recumbent trike 4(13)

Mean time (SD) spent practising bicycle skills 0.2 (0.3)
in last month, h

Family interest in bigyelemsiding

Not at all/not reallyfinterested 2 (6)
Somewhat interested 9(29)
Interested/really interested 20 (65)

Parent-rated importance of child attaining

bicycle-riding goals

Not at all/not really‘important 0(0)
Somewhat important 2 (6)
Important/really important 29 (94)

Parent self-perceived bicyclesriding competence

Not at all/not zeally competent 2 (6)

18 (58)
13 (42)

30 (97)
1(3)

15 (48)
16 (52)

24 (78)
13)
13)
5(16)
3(10)
22 (71)

23 (74)
4(13)
17 (55)
0(0)

0.3 (0.5)

2(6)
6 (19)
23 (75)

0 (0)
2(6)
29 (94)

2(6)
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Somewhat competent 2 (6) 5(16)
Competent/really competent 27 (88) 24 (78)
Cycling skills checklist score, mean (SD) 38.9 (11.9), n=29 50.0 (23.9)

PEDI-NL cycling items

Can ride 50m without training wheels, may 1 (3) 8 (206)
have help to start
Can ride 100m without training wheels, no 0 (0) 5(16)
help?
PEDI-CAT domain scaled score, mean (SD)
Daily activities 55.8 (3.1) 56.4 (2.85)
Mobility 64.6 (2.6) 64.6 (2.3)
Social/cognitive 67.5(4.1), n=28 67.5(3.5)
Responsibility 50.3 (5.6), =28 49.8 (4.9)
Active® time per day, mean (SD), h 33(1.2),n=26  3.7(1.3),n=24
PAQ-C score, mean (SD) 2.5(0.7), n=25  2.5(0.5), n=25
SPP domain score, mean (SD)
Cognitive/scholastic competence 2.9(0.8) 2.9 (0.7)
Peer acceptance/social'competence 3.0 (0.7) 3.0(0.7)
Physical¢/athletic competence 2.6 (0.9) 2.5(0.8)
Global self-worthgmean (SD)d 3.3(0.5),n=22  3.2(0.5), n=17
High self-perceived riding competence (score 5 (16) 11 (37), n=30
3-4) on Pictorial Scale of Movement Skill
Competence
CHU-9D HRQoL utility'score, mean (SD) 0.88 (0.1) 0.92 (0.1)

Data are n (%) unless otherwise stated. *All had also achieved ‘Can ride 50m without
training wheels, may have help to start’. PActive defined as walking, running, or cycling. For
children aged 6 or 7/years. 9For children aged 8 to 15 years only. SD, standard deviation;
GMFCS, Gross Motor Function Classification System; MACS, Manual Ability Classification
System; ICF, International Classification of Function, Disability and Health; PEDI-NL,
Dutch Pediatric Evaluation'of Disability Inventory; PEDI-CAT, Pediatric Evaluation of
Disability Inventory — Computer Adaptive Test; PAQ-C, Physical Activity Questionnaire for
Children; SPP, Self-Perception Profile; CHU-9D, Child Health Utility - Nine Domains;
HRQoL, health-related quality of life.

Table 3: Bicycle riding related secondary outcomes: intention-to-treat analysis
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Outcome 1wk (T) 3mo (73)

Mean difference p Mean difference p
(95% CI) (95% CI)

Participation in,bicycle riding
Average involvement in home 0.3 (-0.3t0 1.0) 0.3 0.8 (0.1-1.6) 0.03
practice
Home bicycle skills practice, h* 0.1 (—0.1t00.4) 0.4 0.1(-0.1t00.3) 04

Bicycle skills
Cycling skills checklist score 5.5(-2.5t0 13.6)

OR (95% CI)

<
o

8.0 (—1.0 to 16.9) 0.08
OR (95%CI)  p

hS|

PEDI-NL cycling items achieved
Rides 50m.no.training 1.3 (0.4-3.7) 0.7 1.1 (0.4-3.1) 0.9
wheels, helpstosstart
Rides 100m no training 0.6 (0.2-2.0) 0.4 1.1 (0.4-3.6) 0.8
wheels, no help®
High self-perceived bicycle 4.0 (1.1-15.4) 0.04 2.6(0.7-9.5) 0.2

competence

aHours per day (T)/per week (7). PAll had also achieved riding 50m without training wheels
but could have help to start. ‘€1, confidence interval; OR, odds ratio; PEDI-NL, Dutch
Pediatric Evaluation Disability Inventory.

Table 4: Other secondary outcomes: intention-to-treat analysis

Outcome 1wk (T}) 3mo (73)

Mean difference p Mean difference (95% p
(95% CI) CI)

Functional skills

PEDI-CAT scaled score

Daily activities —0.7(-2.7t0 1.2) 0.4 -1.2(-2.7t0 0.4) 0.1
Mobility 0.6(-04t01.7) 03 03(-1.2t0 1.8) 0.7
Social/cognitive 03(-14t022) 0.7 0.8 (-1.3t02.8) 0.5
Responsibility -0.8(-3.5t02.0) 0.6 -1.0(-4.21t02.2) 0.5
Physical activity
Active? time per day, h — — -0.3(-2.0to 1.5) 0.8
PAQ-C score — — 0.3(=0.3t00.9) 0.4
Self-perception
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SPP domain score

Cognitive®/scholastic 0.1(—02t00.4) 0.6 —0.05(-041t003) 0.8
competence
Peer acceptance®/social 0.1 (-0.2t00.5) 0.5 0.2 (-0.2t00.5) 0.4
competence
Physical®/athletic competence  0.06 (—0.4 to 0.5) 0.8 0.2 (0.3 t0 0.6) 0.4
Global self-worth® 02(-0.8t00.7) 0.9 0.1 (-0.8 to 1.0) 0.8
Health-related quality of life
CHU-9D utility score 0.02 (0.03-0.05) 0.6 0.01 (=0.05 t0 0.06) 0.8

aActive defined as walking, tunning, or cycling. PFor children aged 6 or 7 years. °For children
aged 8 to 15 years only: Clgiconfidence interval; PEDI-CAT, Pediatric Evaluation of
Disability Inventory/='‘Computer Adaptive Test; PAQ-C, Physical Activity Questionnaire for
Children; SPP, Self-Perception Profile; CHU-9D, Child Health Utility - Nine Domains.

[Figure legend]
Figure 1: Forrest plot of goal attainment outcomes as odds ratios. GMFCS, Gross Motor
Function Classification System; CI, confidence interval; 7}, 1 week after training period; 75,

3 months after training period.
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