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Research Article

Disability and Rehabilitation

Effects of a 12 week community-based high-level mobility programme on 
sustained participation in physical activity by adolescents with cerebral palsy: a 
single subject research design study

Gaela Kilgoura , Ngaire Susan Stottb , Michael Steelec , Brooke Adaird , Amy Hogane and Christine Immsf 
aDepartment of Paediatrics, University of Melbourne, Melbourne, Australia; bDepartment of Surgery, University of Auckland, Auckland, New Zealand; 
cSchool of Allied Health, Australian Catholic University, Brisbane, Australia; dGrow Strong Children’s Physiotherapy, Melbourne, Australia; eCerebral 
Palsy Society, New Zealand; fDepartment of Paediatrics, University of Melbourne, Murdoch Children’s Research Institute, Melbourne, Australia

ABSTRACT
Purpose:  To assess if a high-level mobility programme (HLMP) can promote sustained participation in 
physical activity by adolescents with cerebral palsy.
Methods:  Eight adolescents with cerebral palsy, Gross Motor Function Classification System levels I-II, 
11–16 years, participated in 24 community-based group HLMP sessions across 12 weeks. Participants 
set attendance, involvement, and physical performance goals, completed activity diaries over 58 weeks 
and undertook physical capacity tests. Measures of activity frequency and diversity (attendance) and 
involvement level were collected weekly across baseline (4–6 weeks), intervention (12 weeks), and nine 
months follow-up (including Covid lockdown).
Results:  Median attendance was 23 of 24 HLMP sessions. Attendance goal/s attainment was highest 
during COVID lockdown. Involvement goals were consistently attained throughout all phases. Physical 
performance goal/s attainment was highest during intervention phase but reduced during nine 
months follow-up. Frequency of participation in physical activities varied greatly across study phases 
(range 0–33 episodes/week) with stable variety of activities and generally high ‘involvement.’ During 
the intervention, seven participants improved physical capacity and six maintained, or increased, the 
gains six months later.
Conclusion:  Most participants improved physical capacity post-intervention but only some had 
sustained attendance and involvement in physical activity, highlighting the complexity of physical 
activity participation.

hh IMPLICATIONS FOR REHABILITATION
•	 Health professionals’ promotion of sustained participation in physical activity needs to consider 

individual preferences for frequency, diversity and duration.
•	 Supporting and measuring involvement in physical activity should be prioritised as a key outcome 

of an intervention.
•	 Physical activity interventions should be followed up for longer than six months to determine 

sustained changes in participation outcomes
•	 Measuring physical capacity and performance gains alone is insufficient to determine sustained, 

meaningful participation.

Regular participation in physical activity is important for physical 
fitness and well-being for everyone, including those with disabilities. 
Lack of participation in physical activity in the general population 
has been associated with preventable morbidity [1,2]. Conversely, 
regular participation in physical activity can improve physical fitness, 
cardiometabolic, bone and mental health, cognitive outcomes and 
reduced adiposity in children, youth and adults [1–3]. Despite strong 
evidence for the benefits of physical activity participation, insufficient 
evidence is available to determine the dose-response relationships 
between being active and sedentary, the most effective type of phys-
ical activity, and the outcomes for people with disability.

To achieve the greatest benefits, the premise is that physical 
activity should be sustained. Physical activity that continues over 
an extended period is considered to be sustained. It is different 
to infrequent or one-off physical activities or habitual activities 
of daily living. In the literature, sustained participation may be 
described as activity extending from 6 weeks to 28 years [4,5], 
with no definition consensus. Strategies to sustain participation 
in physical activity in the general population include promoting 
use of outdoor and green spaces [6], developing online and 
in-person social networks [7], targeting health behaviour change 
[8], and increasing skills competence [9].
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For children and adolescents with cerebral palsy, physical activ-
ity is equally important [10]. Yet, limited research has been con-
ducted to determine the health and wellbeing benefits, particularly 
benefits that are long term and result in increased participation 
for this population [11]. Effective interventions to promote physical 
activity in children with cerebral palsy are not well described, and 
how they might translate into improvements in being active in 
everyday life have rarely been measured beyond six months 
[11,12]. Current 24-hour activity guidelines provide recommended 
daily and weekly doses of physical activity; ideas to reduce sed-
entary behaviour; and consideration of a whole-day approach to 
being active for ambulant and non-ambulant children and ado-
lescents with cerebral palsy [13]. The guidelines do not include 
how to sustain being active or a time frame required to optimise 
the likelihood that an activity will be sustained in the future. To 
advance knowledge in this area, there has been a call for a shift 
in focus to participation in physical activity as the primary out-
come, rather than secondary, in studies of interventions to pro-
mote children with cerebral palsy to be more active [14].

Using the Family of Participation-Related Constructs (fPRC) 
framework [15] the essential participation constructs of attendance 
and involvement, can form primary outcomes and be linked to 
relationships with the person (activity competence, sense of self 
and preferences), the context, and the environment. The fPRC 
framework promotes understanding of the impact of constructs 
related to a person’s experience of participating, in this instance, 
in physical activity. Attendance is defined as ‘being there’ [15] and 
can be measured as the frequency of attendance and/or the range 
(diversity) of different activities that the child takes part in. 
Attendance is commonly used as a participation outcome measure 
and is widely understood [15,16]. Involvement is the ‘experience 
of participation while attending’ [15], is less often measured and 
poorly understood. Essential elements of involvement may include 
motivation, persistence, affect, engagement, and perhaps social 
connection, which link the person to all levels of the construct. 
The fPRC enables clinicians and researchers to choose components 
of participation and the pathways to be investigated as a means 
e.g., starting point, or ends e.g., a secondary outcome [15].

To achieve sustained participation in physical activity across 
the life course, interventions and approaches need to target the 
constructs of participation attendance and involvement and move 
beyond therapy provided in clinical settings [14]. Running is one 
important community physical activity in which all ambulant chil-
dren can participate. Despite the importance of running as a 
high-level mobility skill, interventions addressing the skill of run-
ning and relationship to community participation in cerebral palsy 
are rare. In one randomised control trial, ambulant children with 
cerebral palsy achieved goal-based running and school participa-
tion outcomes at the end of the 12-week programme. Sustained 
changes beyond the programme are unknown as no follow-up 
was conducted and participation was measured retrospectively 
using 4-month recall at the end of the intervention [17].

To address the gap in knowledge about real time and sustained 
changes in attendance and involvement during and beyond inter-
ventions, single subject research designs (SSRD) have been rec-
ommended [18]. The fPRC was the conceptual framework that 
underpinned the research design that aimed to investigate the 
relationship between attendance and involvement and its effect 
on sustained participation in community-based physical activities 
as a means. A high-level mobility programme (HLMP) for children 
with cerebral palsy was developed, using a SSRD, with the primary 
outcome of participation and secondary outcomes including phys-
ical performance and capacity. The aim was to evaluate the effect 
of a community-based, goal-focused HLMP on physical activity 

participation outcomes of ambulant children living with cere-
bral palsy.

Research Questions:

1.	 Does a community-based HLMP change attendance and 
involvement in physical activity of children with cerebral 
palsy?

2.	 To what extent do these children sustain their attendance 
and involvement in physical activity 9 months after com-
pletion of a community-based HLMP?

3.	 Does a community-based HLMP improve physical perfor-
mance and capacity for physical activity in children with 
cerebral palsy? Are these gains sustained at 6-month 
follow-up?

Methods

Study design

A non-randomised, concurrent, SSRD study design was used with 
a multiple-baseline component. The SSRD involved establishing 
participant goals at baseline and collection of outcomes over five 
phases: baseline (4–6 weeks in length dependent on recruitment 
date), intervention (12 weeks) and three follow-up phases (totalling 
40 weeks post-intervention). The intended follow-up phase had 
been 26 weeks; however, because the COVID-19 pandemic inter-
rupted participants’ lives and the study, the protocol was amended 
to increase the length of follow-up. Follow up phases were: 
12 weeks post HLMP, COVID lockdown (12 weeks of home-based 
physical activity), and 16 weeks post lockdown.

Ethical approval was granted by the Health and Disability Ethics 
Committee of New Zealand (19/STH/22) and Australian Catholic 
University Human Research Ethics Committee (2019-49 R). Written 
informed consent was obtained from each participant and their 
parents. The study was registered with the Australian New Zealand 
Clinical Trials Registry (trial identification number ACTRN 
12619000126112; universal trial number U1111-1226-8425).

Participant Recruitment

Included participants were children/adolescents with cerebral palsy 
aged 7–18 years and functioning at Gross Motor Function 
Classification System (GMFCS) [19] levels I-II. Children needed to 
be able to follow instructions, understand and speak English, and 
set goals. Children were excluded if they had received multi-level 
orthopaedic surgery in the past year or any other surgical inter-
vention in the past six months that may have contraindicated 
their participation in a running programme. Eligibility was con-
firmed by each participant’s nominated health professional (e.g., 
physiotherapist or general practitioner). Recruitment was con-
ducted from healthcare and community physical activity settings 
using posters, advertising on the website and email posts, and 
therapists purposefully informing suitable families of the research. 
Children, assisted by their parents, were asked to rate their gross 
motor functional levels using the GMFCS [19], upper limb ability 
using the Manual Ability Classification System (MACS) [20], func-
tional mobility (Functional Mobility Scale – FMS) [21], and com-
munication skills using the Communication Function Classification 
System (CFCS) respectively [22]. Identification of functional levels 
helped target physical performance goals, drills and skills for each 
adolescent e.g., asymmetric propulsion and arm swing in hemi-
plegia, and for consideration during goal setting and communi-
cation throughout the study.
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High-level-mobility programme

The HLMP provided task-specific training of running skills for one 
hour, twice each week, for 12 weeks. The HLMP design was based 
on motor training principles [23,24] and delivered at school sports 
fields, a local playground or, in poor weather, indoor therapy 
rooms. The HLMP was delivered by a qualified physiotherapist 
with extensive physical activity prescription and coaching expe-
rience and assistance from an athletics trainer for half of the 
sessions; both with experience in physical activity for people with 
disability. An individualised home exercise programme (HEP) was 
provided and updated fortnightly; with 2–3 sessions of self-practice 
recommended each week to enhance goal attainment. Participants 
had no restrictions on therapy provision during the study period. 
The design of the HLMP intervention is summarised in 
Supplementary Table 1 using the Template for Intervention 
Description and Replication (TIDieR) checklist [25].

Outcome measures

a.	 Goal Attainment Scale: Individual attendance, involvement 
and physical performance goals (that did not need to be 
running based) were identified using semi-structured inter-
views with each child and parents. Participants could 
choose more than one goal in each area. Examples of 
chosen goals included: “I play tennis with my family every 
week” (attendance), “I sort of like exercising” (involvement), 
“I can run 500m without stopping” (physical performance). 
Goals were scaled in discussion with participants during 
the baseline period using Goal Attainment Scale (GAS) 
methods [26]. GAS ratings were collected fortnightly for 
up to 26 weeks from the start of the HLMP. In total, 16 
physical performance goals, 8 attendance and 9 involve-
ment goals were set. Participants retained the same goals 
throughout the study, progressively resetting the levels of 
attainment for physical performance when goals were 
achieved.

b.	 Attendance Diary: frequency, diversity and duration of 
activity: A study-specific diary was designed and piloted 
prior to use with 12 children, aged 7–16 years. Attendance 
frequency (how often), diversity (range of activities) and 
duration of activity greater than 15 minutes were recorded 

weekly for up to 58 weeks. Participation in school-based 
physical activity was excluded from diary records.

c.	 Involvement Diary: Participants rated their level of involve-
ment each week for each activity in their diary as ‘not at 
all,’ ‘somewhat’ or ‘very involved.’ Involvement was opera-
tionalised for participants as “think about how you felt, 
how much you were thinking about the activity and how 
hard you tried during each activity.”

d.	 Physical capacity: Three cerebral palsy specific, valid and 
reliable running tests, and the Revised High-Level Mobility 
Assessment Tool (HiMAT) [27], assessed physical capacity. 
All physical testing occurred using a standardised protocol, 
in the same order and location, with a 3-minute rest 
between each test [28–33]. Testing took one hour for each 
participant and was conducted as follows: (i) 2-dimensional 
gait and running sagittal and frontal video recording to 
capture strides/20m, time/20m, time/40m and to use for 
analysis of running form [17]; (ii) Muscle power sprint test 
(MPST) [33]; (iii) Revised HiMAT [27]; (iv) 10x5m agility test 
[33]; and (v) 10m modified shuttle run test (10m SRT-I and 
SRT-II for children classified GMFCS I-II respectively) [32].

Analyses

Descriptive statistics were calculated and tabulated for each phase 
for each participant from their diary data including: (i) the number 
of times goal attainment was achieved (GAS score of 0, +1 or 
+2); (ii) total (min/max) frequency of attendance in physical activ-
ity; (iii) mean weekly frequency (total, min/max); (iv) diversity of 
activities—total (number of specific activities) and median (inter-
quartile range) weekly diversity; (v) duration in minutes (total and 
range per activity, plus mean (and range) weekly duration and 
mean minutes per day. The minimum recommended weekly dura-
tion of physical activity of 420 min for children and adolescents 
with cerebral palsy was used as the duration comparator [13]. 
Weekly level of involvement, and weekly level of involvement for 
time spent active, during each phase for three ratings of involve-
ment were also calculated (not at all = 1 point, somewhat = 2 
points, very involved = 3 points).

Data were displayed graphically for each participant, for each 
study phase, for all outcome measures. Visual and graphic analysis 
using SSRD guidelines for change in trend (slope), shift in level, 

Table 1.  Participant demographics and summary of study participation.

ID

Demographic characteristics Study participation

Age (years) Topography GMFCS MACS CFCS FMS School
Attendance 
HLMP /24 Adverse events at HLMP

Completion of 
activity diaries and 

goal rating

1 13 Spastic L hemi I II I 6,6,6 PS 23 Nil Full − 56 weeks
2 13 Spastic L hemi I II I 6,6,6 PS 23 1x ankle sprain Full − 58 weeks
3 14 Spastic R hemi I III I 6,6,6 SS 23 1x collision in relay Full − 56 weeks
4 15 Spastic R hemi I II I 6,6,6 SS 2 Nil 30/42 weeksa

5 16 Hypotonic R hemi I II II 6,6,6 SS in supported learning unit 23 Nil Full − 58 weeks
6 11 Spastic Diplegia II I I 5,5,5 PS 22 2x slipped on wet grass Full − 56 weeks
7 14 Ataxic-hypotonia R hemi II I II 5,5,5 SS Reader writer for exams 21 1x slipped on wet grass 

2x ankle sprain
Full − 56 weeks

8 16 Spastic R hemi II II II 5,5,5 SS in supported learning class 20 1x calf muscle cramp Full until 48 weeksb

Note. ID, study participant number (A = 1–8). The authors note that A5 has a reported diagnosis of hypotonic hemiplegia. Whilst hypotonia is not recognised 
under the Surveillance of Cerebral Palsy in Europe (SCPE) [36,37], hypotonia is an accepted classification based on clinically descriptive criteria in Australia [38] 
and New Zealand Cerebral Palsy Registers [39,40]. A7 has a diagnosis of ataxic-hypotonia which is recognised under SCPE as ataxia [36,37] and ataxic-hypotonia 
has also been recognised as a distinct cerebral palsy subtype [41].
y: age rounded to years; CFCS: Communication Function Classification System; FMS: Functional Mobility Scale; FMS 6: independent on all surfaces; FMS 5: inde-
pendent on level surface; GMFCS: Gross Motor Functional Classification System; MACS: Manual Ability Classification System; PS: mainstream primary school; L: left, 
R: right, SS: mainstream secondary school; Full: 56 weeks of data collection. aData collection finished at 42 weeks for A4 due to social reasons during COVID; bData 
collection finished at 48 weeks as A8 left New Zealand.

https://doi.org/10.1080/09638288.2023.2256225
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and latency of change were employed [34]. Differences in the 
standard deviation were calculated when a shift in level was 
observed visually. Frequency of attendance in the HLMP and HEP 
(the intervention) were summarised separately to GAS and diary 
data which reported community-based participation. In addition, 
data for all participants were pooled, tabulated, and analysed for 
each phase, enabling comparison of mean frequency and duration, 
and median diversity of participation in physical activity.

Physical capacity data obtained at the four testing sessions for 
participants were pooled, tabulated, and expressed as line graphs for 
graphic, and descriptive analyses. Minimal clinically importance dif-
ferences (MCID) for each test—MPST, Agility test, and 10 m-SRT I or 
SRT II—for each participant were calculated based on norm reference 
values for cerebral palsy [32,33]. No norm referenced values have 
been developed for the HiMAT for children with cerebral palsy and 
recommended Minimal Detectable Change (MDC) values for children 
and adolescents with traumatic brain injury were used [35].

Results

Participant demographics

Eight adolescents were recruited (mean age 13 years 11 months, 
range 11–16 years, SD 1.5 years). There were seven males and one 
female, five functioning at GMFCS Level I and three at Level II. 
The adolescents’ mobilised independently without aids at home 
and in the community (FMS) [21], had upper limb skills classified 
in MACS I-III [20] and communication skills using the CFCS at 
levels I-II [22]. Self- or parent-reported ethnicity was New Zealander 
or New Zealand European. No participant received therapy or 
other treatment during the study period except for orthotic man-
agement. Participants are referred to as A1-8.

Participation in the HLMP and completeness of data collection

Attendance at the 24 HLMP sessions ranged from 2 to 23 (median 
= 23). Except for one participant (A4, the one female participant), 
non-attendance was primarily related to social and school events.

Adverse events

There were no adverse events that limited participation in the 
12-week HLMP. A2 and A7 tripped while attempting drills over 
low hurdles resulting in low level Grade 1 inversion ankle sprains. 
A2 sprain was on his non-hemiplegic ankle, occurred at the end 
of a session, and following RICE treatment at home, could par-
ticipate fully in all remaining sessions thereafter. A7 had a history 

of bilateral ankle instability and was reviewed by an independent 
physiotherapist following his Grade 1 sprains on his right side. 
Conservative management was recommended, and no concerns 
were raised regarding continued participation in the HLMP. Based 
on A7 history, drills and skill-based activities were modified to 
enable full participation and to mitigate risks (e.g., drills over the 
low hurdles were changed to next to the hurdles). No sessions 
were missed due to injury.

Full data sets (all GAS and weekly activity charts) were obtained 
for six participants over 56–58 weeks. The female participant A4 
had full data collection until week 21. She returned only 12 (46%) 
of the 26 activity charts during the COVID and follow-up phases. 
Due to low completion rate and significant social strain on this 
family during COVID, the decision was taken to stop data collec-
tion at 6-months follow-up. Participant A8 completed 100% of his 
charts until 6 weeks into the post-lockdown phase (providing 
30 weeks of post-HLMP data); he left New Zealand at this time 
and no further data were collected. Diary data enabled variations 
in participation (actual activities and attendance/involvement) to 
be identified e.g., due to injury, illness, being on holiday, which 
provided important details when collecting a longitudinal record 
of sustained participation.

Completion of the weekly, personalised home exercise pro-
gramme (HEP) was low during the HLMP (total range 1–28 of 
sessions completed, with session duration ranging 15–24 min). 
One participant (A7) completed the HEP the recommended 2–3 
times per week during the intervention phase. Whilst not a study 
requirement, six participants intermittently completed their HEP 
during follow-up phases, with 59 sessions completed in total.

Goal attainment

Table 2 displays the summary of outcomes for all GAS goals across 
the study phases. Involvement goal attainment was the most 
consistently attained throughout all phases, with goals achieved 
at least once by 7 participants. Attainment of attendance goals 
was highest during the COVID lockdown despite venue restrictions 
(5/7 goals achieved for 5/7 participants). Physical performance 
goal attainment was highest during the intervention phase (11/15 
goals attained at GAS scores of 0 or above for 7 participants), 
with reduced attainment during the 9 months of follow-up. Six 
physical goals were incrementally increased up to four times fol-
lowing attainment of GAS scores of +2 – greater than expected 
improvements (see Supplementary Tables 2–4 for all GAS goals 
set and scaled (attendance, involvement, physical performance) 
and Figures 1–3 for graphed results for each participant for each 
GAS goal).

Table 2. O verall goal attainment for all participants in all study phases.

Goal Intervention (12 weeks) Follow-up (12 weeks) COVID (12 weeks)
Post-lockdown follow-up (16 

weeks)

# Goals 
achieved / 

#set

# Participants 
achieved goals / 

#set

# Goals 
achieved / 

#set

# Participants 
achieved goals / 

#set

# Goals 
achieved / 

#set

# Participants 
achieved goals / 

#set

# Goals 
achieved / 

#set

# Participants 
achieved goals / 

#set

Attendance 4/8 3/7a 4/8 3/7 5/7b 5/7 2/7 2/6d

Involvement 6/9c 6/8 8/9 7/8 7/8b 7/8 6/8 6/7
Physical skill 11/15c 7/8 9/16e 6/8 9/16 6/8 9/16 6/7

Note. # = number; Data report number of goals achieved at GAS score of 0 or above compared to number set, and the number of participants achieving goals 
in each phase compared to number who set goals in that phase.
aAttendance goal set by seven participants only.
bSome goals became unachievable during the COVID period or an activity was out of season, leading to number of goals varying.
cSome participants set more than one goal in each category.
dA4 provided no data during the post-lockdown phase leading to fewer goals and participants for each goal.
eA3 added a physical goal after the HLMP, resulting in 16 total goals.

https://doi.org/10.1080/09638288.2023.2256225
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Attendance outcomes

Figure 1 shows variable frequency of attendance in physical activ-
ity (mean 1.7–16.7 occasions/week; range 0–33 occasions/week) 
between participants but stable number of physical activities 
(median range 1–5.5 activities) over time. Participants with low 
frequency and diversity at baseline (A4 and A8) remained low 
through all phases. Participants A1, A5, A6 and A7 increased their 
frequency of activity over the COVID lockdown phase. Participants 
reported a range of 8–27 different activities across each study 
phase, with informal activities most common (total diversity: 14 
formal: 36 informal activities). Formal activities included swimming 
lessons, athletics, personal training, cricket, karate and football, 

while informal varied from walking, running, biking, trampolining, 
skiing, go-karting and kayaking. Participants returned to their pre 
pandemic physical activity choices and frequency following COVID 
lockdown.

Mean weekly duration of physical activity for all participants 
over the five study phases ranged from 38 min (A8) to 525 min 
(A5) (Figure 2). Six participants achieved at least 420 min of phys-
ical activity in some weeks of data collection but only participants 
A1, A5, and A7 achieved the recommended weekly duration for 
a whole phase (COVID lockdown phase). The greatest within and 
between participant variation in mean weekly duration of physical 
activity occurred during the COVID phase.

Figure 1.  Weekly frequency (times participated) and diversity (number of different activities) of physical activity for each participant across phases.
Note. The multiple baseline period varied from 4 to 6 weeks based on recruitment date. Data were intended to be collected weekly. Y axis variable increments due to large variation 
in number of sessions of physical activity participated in each week (frequency). Zero scores for frequency and diversity reflect injury, illness, no activity, or need for a week of rest. 
Gaps in frequency and diversity figures indicate no data returned. Data collection ended at week 42 for A4 and week 47 for A8. HLMP: High level mobility programme; COVID: COVID 
lockdown period in New Zealand
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Visual analysis showed no consistent changes in slope or shift 
in levels following the HLMP during the 9 months of follow-up in 
attendance for any of the participants (Figures 1 and 2). Therefore, 
planned trend lines and latency of change are not displayed and 
differences in the standard deviation for a shift in level were not 
calculated.

Involvement outcomes

Participants consistently rated involvement in their activities of 
choice as ‘very involved.’ Involvement remained high with increased 

time spent active for all study phases (Supplementary Figure 4–5). 
Being ‘not involved’ occurred for a total of seven occasions 
between four participants over 13 months. Following the HLMP, 
there was no obvious trend or shift from ‘somewhat involved’ to 
‘very involved’ when weekly involvement in activities was mea-
sured. Being ‘somewhat involved’ was reported for activities con-
sidered chores rather than choice, such as walking the dog (A7), 
biking for errands (A2), and playing with younger siblings (A1). 
Being ‘very involved’ was predominantly observed in organised 
and formal activities, including swimming lessons, sports, karate 
lessons, and athletics practice and competitions.

Figure 2. T ime spent physically active (minutes/week) for each participant across phases.
Note. The multiple baseline period varied from 4 to 6 weeks based on recruitment date. Data were intended to be collected weekly. Y axis displayed in increments of 100 minutes of 
participating in physical activity/week. Zero scores for duration reflect injury, illness, no activity or need for a week of rest. Gaps in duration figures indicate no data returned. Data 
collection ended at week 42 for A4 and week 47 A8. Dashed line represents 420 minutes, which is the minimum recommended duration of moderate-vigorous physical activity per week 
for children with cerebral palsy. HLMP: High level mobility programme; COVID: COVID lockdown period in New Zealand.
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Physical capacity outcomes

The seven participants who attended the HLMP showed improve-
ment in at least one measure of physical capacity using MCID 
values [29,30] and MDC [35]. Six participants maintained or further 
increased the gains 6 months later (Supplementary Figures 6–10). 
Gait parameters also improved in participants who made ongoing 
gains in physical capacity. Participant A4 (non-attendee in HLMP) 
showed lower scores in MPST, 10 m SRT-I and the Revised HiMAT 
physical capacity tests over the testing period and had low levels 
of participation and goal attainment.

Discussion

This study used a SSRD to evaluate whether participation in a 
12-week, community-based HLMP delivered using a goal-focused 
approach could promote individual sustained participation in 
physical activity over the next 40 weeks. We found that the HLMP 
was a safe and well attended intervention for seven of eight of 
the adolescents in this study, consistent with past running inter-
ventions for children with cerebral palsy [17]. The HLMP meet 
recommended intervention guidelines by implementing 
whole-task running practice within the community, with a focus 
on self-identified, functional, participation and physical goals, 
while considering the preferences and ability of each adolescent 
[36]. In addition, quality physical activity participation experiences 
were fostered by offering the HLMP as a group based session 
with their peers with cerebral palsy and providing experienced, 
knowledgeable instructors in adapted physical activity [37].

At baseline, five adolescents showed stable physical activity 
frequency, three maintained duration and all had stable diversity. 
We found highly variable frequency and duration of participation 
in physical activities between adolescents but less within-participant 
variability in all phases of the 13 months’ study period. Participation 
involvement and physical performance goals were more likely to 
be achieved than attendance goals, with less than 30% attainment 
during the post lockdown phase. Despite following goal setting 
guidelines of self-selected, meaningful functional goals in pre-
ferred activities [36], adolescents ability to increase their frequency 
of being active appeared to be challenging.

In all study phases, the diversity of physical activities remained 
relatively stable. Low diversity but consistently high frequency 
and duration of physical activity in some adolescents suggested 
that they had identified their preferences, formed habits, and were 
able to sustained their participation over the 13 months of the 
study. The stable within-participant results for frequency and diver-
sity is a positive result, particularly in children aged 10–13 years, 
when participation in physical activity is known to decline [38].

The HLMP appeared to have a positive influence on five ado-
lescents, who increased their daily duration of physical activity in 
the follow-up phase. The HLMP participation focused approach 
promoted “being active” but was not successful in assisting partic-
ipants to meet or exceed the ‘minimum recommendations’ of 60 min 
of physical activity accumulated each day. The findings are consis-
tent with past research suggesting even the most able children 
with cerebral palsy are more sedentary than their peers [39–41]. 
Focusing on ‘having a go’ and making meaningful changes for low 
active participants rather than meeting guidelines may be the best 
starting point for children and adolescents with cerebral palsy, 
given that ‘doing something is better than nothing’ [42,43].

Consistent ratings of high involvement within participation diary 
data suggested adolescents had sustained, high levels of effort, focus, 
motivation and engagement when active. Maintenance of high levels 
of involvement when adolescents increased their time spent active 

and high involvement goal attainment over the research period 
(67–88%), supports the concept that involvement may be of key 
importance to supporting ongoing participation [15]. Sustaining 
involvement may be critical to a life course of physical activity, with 
up to 70% of non-disabled adolescents reportedly withdrawing from 
youth sports between 7 and 18 years of age [44]. Assessing sustained 
participation based on involvement appears to be an important inclu-
sion in participation research and exercise prescription. Measuring 
involvement, however, presents with challenges, given its personal 
nature, the fluctuations that can exist within a physical activity session, 
and the proxy reporting required for some children.

The HLMP focused on running as the goal-directed physical 
activity in view of its importance in recreation, play, and many 
sporting activities [45]. Learning the skill of running in childhood 
may improve running proficiency, increase physical output, 
improve mental health, and lessen the long-term risk of secondary 
health conditions [46,47]. Running is an important skill for ambu-
lant children with cerebral palsy and was the physical activity 
most frequently participated in by young New Zealanders with 
disability and their non-disabled counterparts (47% and 52%, 
respectively) [48]. Despite the global prevalence of participation 
in running [49] and the potential health and social benefits, there 
is a surprising paucity of research on specific interventions to 
improve running in children and adults with disabilities.

We found high levels of physical goal attainment during the 
HLMP (73%), which were slightly lower than those reported by 
Gibson and colleagues of 86% following a similar motor learning 
based running intervention called Xcelerate [17]. Lower physical 
goal attainment beyond the HLMP may reflect changing preferences 
and motivation for the same goals. All seven adolescents who 
regularly attended the HLMP made clinically meaningful changes 
in at least one of the four physical capacity measures and six 
continued to make changes six months beyond the HLMP. Running 
capacity changes were not shown using the randomised control 
trial methodology in Xcelerate and sustained changes beyond that 
programme are unknown as no follow-up was conducted.

The ongoing improvements in physical capacity and physical 
performance following the HLMP provided evidence that children 
with cerebral palsy could learn the skill of running within a par-
ticipation focused approach and translate gains into daily physical 
activities; which is not always demonstrated [50]. The improve-
ments beyond the HLMP, with minimal uptake of the HEP, indicates 
the relative low dose of 24 h of intervention across the interven-
tion period was effective. The findings compare favourably to 
other therapy interventions requiring higher dosing [51], partici-
pation focused interventions [43,52,53] and school based inter-
ventions in typically developing peers where sustained impacts 
beyond six months have been limited to improvement in duration 
of physical activity of 3–14 min/day and not fitness or skills [54].

Participant A4, the only female, attended 2 of the 24 pro-
gramme sessions. Participant A4 showed reduction in some phys-
ical capacity outcomes, had habitually low levels of attendance 
in physical activity and poor goal attainment throughout. Low 
levels of leisure time physical activity diversity and a lack of par-
ticipation in organised sport in adolescence may translate to 
reduced participation in the adult years [55,56] and risk of sec-
ondary morbidities [10] which raises further reasons for concern 
in an already sedentary adolescent.

COVID

Six adolescents maintained or increased their participation and 
physical capacity during the New Zealand three-month COVID 
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lockdown period. This may be explained by more family time and 
more free time to be active. Participants may have developed pos-
itive physical activity participation habits and could practice these 
more in everyday activities at home. Participant involvement and 
diversity scores were consistent during the COVID period, suggest-
ing that adolescents were able to replace their formal activities 
(such as swimming lessons due to lockdowns) with informal activ-
ities, in which they reported high levels of involvement. Return to 
the same physical activity levels post COVID was a positive out-
come, with international literature finding COVID lockdown were 
very challenging for many families with children and young adults 
with disabilities [57].

The complexity of sustaining physical activity participation

Morris et  al. [58] developed the Framework of Sustained 
Participation to provide a structure that may assist clinicians and 
facilitators to promote sustained participation in young people 
with cerebral palsy. The authors defined sustained participation 
as attending the same activity for one year or two seasons; how-
ever, this may not meet the preferences or needs of the adoles-
cent and family or address the components of involvement. 
Determining what needs to be supported and for how long to 
achieve sustained physical activity participation remains a chal-
lenge. Kalhert [59] describes a lapse–recovery relationship for 
participation in physical activity and an expected volatility, con-
sistent with the adolescent diary data in this study. Fluctuating 
frequency and high levels of enjoyment (one component of 
involvement) have also been found in the early years of children 
with cerebral palsy; with context, motor function and parental 
empowerment influencing participation [60]. The importance of 
opportunities and support to participate for children with cerebral 
palsy from their parents, their community, and stakeholders from 
an early age to ensure sustained physical activity participation 
cannot be underestimated [61].

In the present study, some participant’s results demonstrated 
a disconnect between outcomes and highlight the complexity 
of participation. Goal attainment and frequency, diversity, and 
duration of physical activity were not consistent, irrespective of 
gains in physical capacity for some participants. This may reflect 
an intention-behaviour gap regarding physical activity [62], that 
is, what we say we will do, is not always what we do. For exam-
ple, Participant 5 attained his involvement goal and had more 
ratings of being ‘very involved’ as the study progressed. He 
increased frequency of participation and improved in three phys-
ical outcome measures at the end of the HLMP and 6 months 
follow up. Yet, his goal of increasing his frequency of running 
was achieved only once and his physical goal of running 800 m 
without stopping was attained during the HLMP and not 
attempted beyond the programme despite much greater physical 
competency.

Strengths and limitations

The SSRD allowed each adolescents response to participating in 
the HLMP and the effect of the HLMP on sustained attendance 
and involvement to be investigated for 9 months post HLMP. The 
SSRD involved repeated, weekly measurements that provided 
nuanced insight about the results, for example, impacts of illness, 
injury, being on holiday and COVID. We found that longitudinal 
measurement of participation in physical activity in ambulant 
adolescents with cerebral palsy was feasible with almost full data 
collection achieved. The high level of complete data (including 

during a COVID lockdown period) may indicate the value placed 
on the research by these adolescents and the relationships that 
can be formed during research using an SSRD. Longitudinal mea-
surements of this type have long been called for [63,64] with 
shorter time frames considered inadequate to detect change [65] 
or determine retention of gains [66].

Although a valuable design, the SSRD was not without limita-
tions. There was no randomisation element and fewer data points 
in a relatively short baseline (4–6) meant stability was not reached 
for some participants for some measures e.g., duration for five 
adolescents [18]. The variability in the data meant it was not appro-
priate to apply statistical analysis methods. Gaps in weekly partic-
ipation and goal attainment data for A4 after the HLMP led to early 
cessation of data collection and limited the conclusions that could 
be drawn for that participant. Measuring the same goals repeatedly 
for the extended 13-month time-period of the SSRD did not allow 
for changing preferences or personal expectations. This is unlikely 
to be a problem in clinical practice, where more frequent evalua-
tions and opportunities to reset or replace goals are possible. 
Missing data for some participation goals were inevitable due to 
activity and location restrictions during the COVID phase.

Future research

There is growing evidence to support community-based, 
participation-focused interventions [43,52]. However, changes 
have been measured for a maximum of six months post inter-
ventions [43,52,53], which cannot be considered to represent 
sustained participation. Whiteneck and Dijkers [67] described 
participation as the ultimate health outcome and rehabilitation 
goal. While ‘participation’ might imply an ongoing experience, 
for physical activity, sustained participation is needed to confer 
health benefits and thus should be the explicit aim. Understanding 
sustained participation requires further definitional clarity and 
longitudinal measurement. Interventions and longitudinal 
research addressing sustained participation in physical activity 
are essential to promote increased activity levels among people 
with cerebral palsy over the life course to support their health 
and well-being [68–70].

The HLMP was based on contemporary expectations, was prag-
matic, and embraced real-world physical activity participation expe-
riences of adolescents with cerebral palsy [15]. Future research 
should involve trialling the HLMP in younger ambulant children 
with cerebral palsy. Developing high level mobility skills at a 
younger age might support establishing positive health habits from 
a young age, which is an imperative. Running appears to be a 
good choice due to its popularity as a physical activity and impor-
tance as a skill in a range of other physical activities [48,71,72].

Piloting the HLMP in ambulant adults with cerebral palsy using 
a participation-based approach is also recommended. Adults with 
cerebral palsy lose mobility, report increased fatigue, pain and 
mental health issues, which can be minimised by exercise 
[70,73,74]. There is evidence to support increased participation in 
physical activity in adults with cerebral palsy, most of whom do 
not meet the guidelines for physical activity [75]. Participation in 
a community-based HLMP may have benefits beyond participation 
and competence in physical activities.

Qualitative exploration of sustained participation in physical 
activity is also recommended [76]. The voice of people with lived 
experience may help inform the way interventions are delivered 
to encourage lifelong participation and translate current clinical 
practice to meaningful everyday physical activity. Participants’ 
experiences were explored qualitatively during the SSRD and find-
ings are reported separately [77].
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Conclusions

The HLMP was a safe community-based, targeted and goal-directed 
intervention for ambulant adolescents with cerebral palsy, deliv-
ered using a participation-focused approach. Delivery of the HLMP 
twice weekly for 12 weeks appears to have been adequate to 
maintain, improve and sustain participation attendance, involve-
ment and physical capacity, skill and goal attainment, nine months 
beyond the programme for some, but not all, of the eight par-
ticipants. Variability in results within and between participants 
over the 13 months highlights the complex, dynamic and perhaps 
unpredictable nature of participation in physical activity.
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