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ABSTRACT

Purpose: Physical activity is essential for maintaining overall health. Cost-effective and easily
administered outcome instruments are valuable for clinical practice and large-scale population studies.
The scoping review aimed to identify and map subjective instruments developed or validated to
measure habitual physical activity and/or sedentary behaviour in children and adolescents with
cerebral palsy aged 0-18years across all levels of the GMFCS-E&R.

Materials and methods: This scoping review was conducted in accordance with the JBI methodology
for scoping reviews and searched the databases PubMed, CINAHL, Web of Science, Cochrane Database
of Systematic Reviews, JBI Database of Systematic Reviews and Implementation Reports, Embase and
Pedro to identify articles.

Results: From 288 full-text references, 13 studies met the inclusion criteria. Nine instruments measured
habitual physical activity and/or sedentary behaviour in children and adolescents with cerebral palsy
aged 18months to 18years. Six subjective instruments were tested for ambulatory children, while
three instruments were tested in children and adolescents at GMFCS-E&R level |-V.

Conclusion and implications: Reporting of the psychometric properties were found on reliability in
three instruments, while data on validity were reported in all instruments. Further studies assessing
the psychometric properties of subjective instruments in the target population are needed.
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> IMPLICATION FOR REHABILITATION

+ Subjective instruments allow for monitoring of physical activity levels in children with cerebral palsy
(CP).

« Personal perceptions of physical activity and/or sedentary behaviour can be assessed using subjective
instruments.

- Caution should be exercised when using subjective instruments to measure physical activity and/or
sedentary behaviour, as knowledge about their validity and reliability is limited.

performance (HPA) and sedentary behaviour (SB) can be measured
using objective methods (e.g., direct observation and use of motion
sensors and heart rate monitors) as well as subjective instruments

Introduction

Cerebral palsy (CP) is a group of permanent disorders of movement

and/or posture and motor function caused by a non-progressive dis-
turbance in the immature brain [1]. Movement- and
neuro-musculoskeletal-related functions, comorbidities and personal
and environmental factors might result in different limitations with
regard to activity performance and participation in physical activities [2].

Children with CP experience barriers to participation in leisure
and sport activities and are challenged to meet the recommended
levels of physical activity and limit sedentary behaviour, which
can impact their overall health and quality of life [3-5]

Physical activity and sedentary behaviour are critical factors influ-
encing public health. Understanding the patterns and determinants
of these behaviours is essential for developing effective interventions
to promote health and prevent disease [6-8]. Habitual physical activity

(e.g., self- or proxy self-report questionnaires, activity diaries, and
structured interviews) [9]. Accurately measuring these behaviours is
essential for developing targeted interventions to enhance HPA and
reduce SB in this population. The reliability and validity of subjective
measures in children with CP are critical for ensuring accurate
assessments.

Systematic reviews on the instruments used for monitoring
HPA for children with CP have been conducted with diverse eli-
gibility criteria and findings [10-12]. Capio et al. included instru-
ments used in field-based research with young people with CP
and concluded that the Activity Scale for Kids-Performance (ASKp)
and the Children’s Assessment of Participation and Enjoyment/
Preferences for Activities of Children (CAPE/PAC) had established
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reliability and validity [10]. Two reviews included questionnaires
with at least 60% of the items relating to the domain of physical
activity performance [11,12]. Clanchy et al. included CAPE/PAC
and the Physical Activity Questionnaire for Adolescents (PAQ-A)
[11]. In contrast, Mitchell et al. considered the PAQ-A and
Multimedia Activity Recall for Children and Adults (MARCA) and
excluded ASKp, CAPE/PAC and the System for Observing Fitness
Time (SOFIT) for not meeting their HPA-measuring inclusion cri-
terion of at least 60% of items being related to physical activity
[12]. Furthermore, a recent scoping review summarised how SB
was measured in children with disabilities and found that MARCA,
the International Physical Activity Questionnaire (IPAQ) and PAQ-A
were used as subjective instruments in research with children and
adolescents with CP [13]. Objective measures, such as accelerom-
eters, heart rate monitors and pedometers, are often used to
validate subjective measures. Comparative studies in children and
adolescents with CP have indicated that subjective tools like the
MARCA shows poor correlation with pedometer data and PAQ-A
shows poor correlation with pedometer data as well as acceler-
ometer data [12]

Moderate correlations and discrepancies between direct and
indirect methods of assessing physical activity are seen in paedi-
atric populations [14,15]. Self-report measures are useful for infor-
mation on physical activity levels, but they risk over- or
underestimating true physical activity level because of measure-
ment bias such as recall bias or social desirability [16,17]. Objective
devices, such as accelerometers, objectively estimates the fre-
quency, duration and intensity and is considered an effective and
feasible instrument to measure physical activity [14,18].
Nevertheless, it is cost intensive and time consuming to administer
in clinical settings and in large-scale populations.

To include measures of HPA as well as SB in large epidemiologic
studies and the data registries on CP, there is a need to identify
instruments that can be employed for children with CP. Public
health surveillance needs to be implemented in a valid and reliable
manner to assess population-wide levels of HPA and SB. The focus
of the current review is to provide a detailed overview of subjec-
tive instruments used for measuring HPA and/or SB, with an
emphasis on the physiological impact of HPA. Subjective instru-
ments that are potentially applicable in clinical practice and quality
registers are needed when objective instruments are not available.
They may serve as an adjunct to collecting objective data regard-
ing treatment effects and support future research into the optimal
patterns and intensities of physical activity as well as the dose-
response relationship between physical activity and health out-
comes in children and adolescents with CP.

The current scoping review aimed to identify and map sub-
jective instruments that have been developed or validated to
measure HPA and/or SB in any setting for 0-18-year-old children
and adolescents with CP across all levels of the GMFCS-E&R [19].

Review questions

i.  Which subjective instruments measure HPA for 0-18-year-
old children and adolescents with CP across all levels of
gross motor function according to the GMFCS-E&R (level
I-V)?

ii.  Which subjective instruments measure SB for 0-18-year-old
children and adolescents with CP across all levels of gross
motor function according to the GMFCS-E&R (level I-V)?

iii. What are the psychometric properties of these instru-
ments, and in what contexts have they been tested?

Material and methods

This scoping review was conducted in accordance with the JBI
methodology [20] and has been reported in line with the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) extension statement for scoping
reviews (PRISMA-ScR) [21]. The JBI methodology was chosen
due to its rigorous and systematic approach to conducting
scoping reviews. In agreement with the JBI methodology [20],
the intend of this scoping review was to provide a compre-
hensive overview of existing subjective instruments and not
to assess the quality of the literature. The objectives, inclusion
criteria and methods for this scoping review were specified in
advance and published in JBI Evidence Synthesis [22]. The
deviations from the protocol are described in the section
Deviations from original protocol.

Participants

This scoping review included studies with participants who were
children and adolescents of 0-18years old with CP across all five
GMFCS-E&R levels.

Concept

This scoping review included studies that reported on subjective
instruments (a) that measure HPA and/or SB, including classifica-
tions and questionnaires that were self-completed, administered
by a parent or caregiver or professionally administered or reported;
(b) were validated for children and adolescents with CP at all or
specific GMFCS levels; and (c) that reported on the psychometric
properties and documented validity, reliability or clinical utility
with respect to measuring HPA and/or SB.

Physical activity is defined as any bodily movement using skel-
etal muscles that results in energy expenditure and, therefore,
encompasses all gross and fine motor tasks, incidental movements
and activities of daily life [23].

HPA is the physical activity performed during the usual
activities of daily life over a period of time (day, week, etc.),
varying through periods of rest, work and leisure [24]. HPA
studies examine the amount (dosage) of HPA, which consists
of the factors frequency, intensity, time and type (FITT) [25].
Frequency refers to how often a person does an activity; inten-
sity represents how hard a person works to do the activity;
duration/time denotes how long the activity is performed for
in any one session, and the type of activity the person performs
refers to the mode of activity [25]. Studies that included instru-
ments that measure HPA for one day or more were considered
for inclusion, as they can be used for consecutive days or
sessions.

SB is defined as waking behaviour characterised by an energy
expenditure of less than 1.5 metabolic equivalents (METs) in a
sitting, reclining or lying posture [23,26].

Studies were excluded if they used instruments that primarily
assessed body structure, physical function, participation and capa-
bility. Studies that did not distinguish between HPA and physical
activity capability were excluded. Furthermore, studies including
instruments exploring the concept physical literacy were excluded.
Physical literacy and HPA are related concepts but differ in scope
and components as physical literacy is defined as the “motivation,
confidence, physical competence, knowledge, and understanding
to value and take responsibility for engagement in physical
activities for life” [27].



Context

Studies sought for inclusion had to provide information about
the instruments used in the systematic assessment of partic-
ipants’ HPA and/or SB in any context, such as at home, edu-
cational institutions and hospitals or other rehabilitation
facilities.

Types of studies

This scoping review considered quantitative, qualitative and
mixed-methods study designs for inclusion. Experimental and
quasi-experimental study designs, including randomised and
non-randomised controlled trials, before-and-after studies and
interrupted time series analysis, were considered. In addition,
analytical observational studies, including prospective and ret-
rospective cohort, case-control and analytical cross-sectional
studies, were considered for inclusion. Descriptive observational
study designs, including case series, individual case reports and
descriptive cross-sectional studies, were also considered.
Examples of qualitative study designs that were considered for
inclusion are phenomenology, grounded theory, ethnography
and qualitative description. Finally, psychometric instrument
development or evaluation studies and systematic reviews were
also considered for inclusion.

Search strategy

The search strategy aimed to find published, in-press and unpub-
lished studies. Databases were searched from their inception to
February 2021 and the search results were updated on 12
October 2023.

A three-step search strategy was implemented. In step one,
an initial search of PubMed (PubMed.gov) and CINAHL (Cumulative
Index to Nursing and Allied Health Literature; EBSCOhost) was
conducted to identify relevant articles on the topic. This was
followed by an analysis of the words contained in the title and
abstract and of the index terms used to describe the articles to
develop the full search strategy.

In step two, the full search strategy was modified according
to each information source and implemented for the following
databases: PubMed (PubMed.gov), CINAHL (EBSCOhost), Web
of Science (Clarivate), Cochrane Library (Wiley), Embase
(Embase.com), JBI Evidence Synthesis (via OVID) and Pedro
(pedro.org.au). In order to include grey literature, Paediatric
Exercise Science and Journal for the Measurement of Physical
Behaviour were searched, as they specialise in physical-activity-as-
sessment methods. The latter not currently indexed in PubMed.
Furthermore, reference lists of systematic reviews and included
full text reports were searched for additional relevant refer-
ences Authors were contacted if a psychometric study was
stated as a reference but not localised through the databases
search or if only abstract were localised. The searches included
combinations and variations of the following keywords: chil-
dren, adolescents, cerebral palsy, physical activity, sedentary,
measurement and psychometrics. The search strategy is detailed
in Supplementary Appendix A — online only. In step three, the
reference lists of the studies included in the review were exam-
ined to identify additional relevant studies.

No restriction regarding language was applied. A research
librarian assisted with all steps of the research strategy to ensure
the quality of the search.
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Source of evidence selection

Following the search, all identified publications were uploaded
into EndNote X20 (Clarivate Analytics, PA, USA), and all dupli-
cates were removed. The systematic review software program
Covidence (https://app.covidence.org/, Covidence, Melbourne,
Australia) was used to facilitate the source selection process.
To increase consistency among reviewers, the entire team
screened a random sample of 25 titles/abstracts using the
eligibility criteria, discussed the results and amended the eli-
gibility criteria and definitions before the screening was
conducted.

All titles and abstracts were screened by two independent
reviewers (MJ, HMR, BL, JK or KL), and those that did not meet
the inclusion criteria were excluded. The full content of potentially
relevant studies was assessed in relation to the inclusion criteria
by MJ and HMR, and reasons for exclusion were recorded.
Disagreements were resolved through discussion and further adju-
dication by BL and KL.

In accordance with PRISMA [28] the results of the search are
presented in a PRISMA flow diagram (Figure 1).

Deviations from the original protocol

The initial aim of the scoping review protocol was to identify and
map subjective instruments developed to measure HPA and/or
SB in children and adolescents with cerebral palsy. However, most
of the identified studies reported on instruments that were devel-
oped for a broad population and subsequently tested in the study
population. Therefore, the aim was specified to include instru-
ments which were either developed or validated in the study
population.

The protocol prespecified the duration/time of HPA measured
as more than one day in daily life. In the review, we included
outcome instruments that measure HPA for less than one day or
more since these tools can be used for consecutive days or ses-
sions. The protocol specified administration as self-, or parent
reported. In the review outcome instruments with professional
reporting were also included, as they can be used in clinical
practice.

In an attempt to identify all relevant studies, search filters
developed by Consensus-based Standards for the selection of health
Measurement Instruments (COSMIN) - for use in systematic reviews
of studies on measurement properties [29] were considered and
tested for application in the search strategy. Using the COSMIN
filters in the initial searches revealed a large number of irrelevant
studies, e.g., the initial search in PubMed revealed 4,630 references
with a high number of irrelevant studies compared to the mod-
ified filter, which revealed 2,160 references. Therefore, the subse-
quent searches were modified to involve only the most sensitive
and precise terms [29].

The data extraction tool was modified during the pilot test,
and the measurement units were not extracted because the out-
come measurements and scoring details were not always acces-
sible in the identified studies. Domains were initially defined
according to the International Classification of Functioning,
Disability and Health (ICF) but redefined according to FITT due
to the variation in terms of participation and HPA. In addition,
the protocol stated that psychometric properties would be pre-
sented according to the COSMIN taxonomy of measurement prop-
erties. However, some of the included studies used different
terminology. Therefore, data were extracted to comply with the
studies’ terminology.
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Figure 1. The PRISMA flow diagram.

Data extraction

Data were extracted from the included studies by two reviewers
independently using a data extraction tool developed by all team
members. The tool included details about the study populations,
concepts, contexts, methods, and findings relevant to the review
questions. If an included study had multiple aims, only details
related to psychometric properties were extracted. The terms of
reliability and validity are extracted as stated in the original stud-
ies. The extraction tool was pilot tested by two reviewers (MJ and
HMR) on two study sources to ensure its relevance and to reduce
potential errors and disagreements. The two reviewers inde-
pendently extracted the data, discussed the results with the team
and updated the data extraction form following an iterative

process. Any disagreements between the reviewers were resolved
through discussion or by a third reviewer. The authors of the
included studies were contacted to request missing or additional
data where required.

Results
Study selection

The literature search identified 9,817 references, of which 6,120
were retained after the removal of duplicates. The titles and
abstracts were screened based on the inclusion criteria and a
total of 5,832 records were eliminated accordingly, leaving 288



reports that were to be subjected to a full-text assessment.
References were scrutinised to localise psychometric studies that
met the inclusion criteria. Authors were contacted if a psycho-
metric study was stated as a reference but not localised through
the databases search or if only abstract were localised. In this
process, psychometric data on four outcome instruments were
identified in four studies [30-33]. In addition, three more studies
were located: three through expert contact [34-36], and one
through chain search [37]. After the full-text assessments, 276
reports were excluded, and 12 reports containing 13 studies were
retained (flow chart Figure 1).

Included instruments

Table 1 ‘Included outcome instruments’ presents the outcome
instruments and summarises the types of study design, concepts
and population characteristics of the studies in which the instru-
ments were identified. In total, 13 studies, which included nine
subjective HPA outcome instruments, were considered eligible for
this review. The studies were located as an abstract (n=1), a PhD
thesis containing two studies (n=2), and 10 were research studies
published from 2008 to 2023. They were conducted in North
America and Canada (n=4), Canada (n=1), Korea (n=1), England
(n=1), Australia (n=2), China (n=2), Turkey (n=1) and Brazil (n=1).

The included outcome instruments in Table 1 are the Early
Activity Scale for Endurance (EASE, two versions), the Habitual
Activity Estimation Scale (HAES), the International Physical Activity
Questionnaire (IPAQ, two versions), the Multimedia Activity Recall
for Children and Adults (MARCA), the Physical Activity Questionnaire
for Adolescents (PAQ-A), the Behaviours of Eating and Activity for
Children’s Health Evaluation System (BEACHES) and the System
for Observing Fitness Time (SOFIT)

The EASE [33,38-42] is a parent-completed measure for children
with CP designed to estimate endurance for activity via reports
of the frequency, intensity, and duration of PA of young children
within their typical environments. It comes in two versions, 11
items and four items, developed for children with CP aged
1.5-5years with GMFCS level I-V. The HAES [30] is a tool for
measuring levels of HPA in clinical research and is validated in
children GMFCS | with a mean age 11.3years. The IPAQ long form
(LF) and short form (SF) is a questionnaire evaluating HPA and
SB and validated in youth GMFCS I-lll from 10years of age [43,44].
The IPAQ-LF consists of 25 questions assessing PA and two ques-
tions assessing sedentary behaviour grouped into four domains:
work activities, travel activities, household and yard-work activities,
and recreational activities [43]. The short version (IPAQ-SF) consists
of six questions assessing PA and one question assessing seden-
tary behaviour [44]. MARCA is a time-use tool relying on accurate
recall in 5-min intervals and validated in youth aged 11-17years
GMFCS 1-V [32]. Software is required to use the MARCA, and
allows one to report activities undertaken on the previous day
from wake-up to bedtime, using a segmented-day format with
self-determined anchor points (e.g., meals, school bells). Activities
from a list of about 250 activities grouped under seven main
rubrics (inactivity, transport, sport and play, school, self-care,
chores, and other) are chosen. Each activity in the MARCA is
associated with an energy expenditure, which allows calculation
of daily minutes of moderate to vigorous physical activity, and
daily physical activity level [32]. PAQ-A is an eight-item tool to
examine HPA at different times throughout the day in the pre-
ceding seven days validated in youth below 17 years at functional
level GMFCS |-V [32]. Each item contains five response options,
which are scored based on the frequency or intensity with which
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physical activity was undertaken (where 1=minimal activity, and
5=high level of activity). An overall physical activity score is cal-
culated from the average of all items, with a higher overall score
indicating a greater level of physical activity. Two measures use
observations, BEACHES [37] and the SOFIT [45], and are validated
in children 6-12years old with a functional level GMFCS | and
6-14years old with a functional level GMFCS I-llI, respectively.

Psychometric properties and context of included instruments

The psychometric data were reported in 12 cross-sectional studies
and a randomised controlled trial. Details about the outcome
instruments, reported psychometric properties, contexts, and key
findings are reported in Table 2. An overview of reported psycho-
metric properties is shown in Table 3.

The EASE (11 items) is a parent-reported measure developed
for children with CP [39]. It was designed to estimate their endur-
ance with regard to activity, reporting the frequency, intensity
and duration of the HPA of young children with CP within their
typical environments. The EASE (11 items) was tested for test-retest
reliability, internal consistency and measurement error in children
who were 18 months to five years old. Construct validity is
reported as well as convergent validity tested against the Six
Minute Walk Test (6MWT), and criterion validity against Paediatric
Outcomes Data Collection Instrument (PODCI) [39,41]. The EASE
(four items) was derived from EASE (11 items) and tested with
children who were 3-12years old. Construct validity and
hypothesis-testing are reported [40,42]. Convergent validity is
tested against 6MWT [33,40] and concurrent validity against an
activity monitor is reported for the four-item EASE [38]. Both
versions are parentally reported instruments.

The IPAQ (IPAQ-SF and IPAQ-LF) is a self- or parent-reported
questionnaire used to provide information regarding children’s
HPA at different times and intensities throughout the day in the
preceding seven days. It was validated for concurrent and criterion
validity in two studies against the Paediatric Outcomes Data
Collection Instrument (PODCI) and accelerometers [43,44].

The MARCA is a self- or parent-reported questionnaire and is
a time-use tool that relies on accurate recall at five-minute inter-
vals and the ability to subjectively grade the intensity of physical
activity as low, medium, and hard. The concurrent validity of the
MARCA against step counts (activity monitor) is reported for
11-17-year-old children and adolescents with CP in an RCT eval-
uating the effectiveness of an intervention in improving physical
activity behaviours in adolescents with CP [32].

The PAQ-A is a self-reported instrument that examines HPA at
different times and intensities throughout the day in the preced-
ing seven days, and its test-retest reliability and convergent valid-
ity against pedometer and accelerometer was tested for
adolescents below 17 years of age [32].

Three of the included instruments are designed to measure
physical activity for an interval of one day or less. The HAES is a
self-report scale that measures intensity, duration of activity and
category of movement as type [46]. Its criterion validity has been
tested using an accelerometer [30]. The BEACHES and SOFIT
involve professional interviews or assessments. The BEACHES is a
measurement system that documents children’s physical activity
and eating behaviour as well as the associated environmental
characteristics and events in their homes and schools. Its criterion
validity has been tested against an accelerometer [37]. The SOFIT
is designed to record a child’s activity levels and the amount of
time the child spends engaged in moderate to vigorous physical
activity during the defined sessions of structured play and free
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HPA/SB (%)

100/-
60/40
60/40

time; type

Domains and
dimensions
intensity;
Intensity; time
Intensity; time

Frequency;

Software
Yes

2n

n=
14

)

(N

Participants Substudy Substudy

n
20
31

Age group GMFCS
Adolescents |-V
<17y
-1l

6-12'y
6-14y

Study design
Cross sec,
PhD-thesis
Cross sec
Cross sec

Study title

Using the internet to increase
physical activity in adolescents

with cerebral palsy are you
kidding??!!

Assessment of measures of
using MTI (Actigraph) among

physical activity of children
with cerebral palsy at home
and school: a pilot study
Physical activity measurement
children with cerebral palsy

Instrument
PAQ-A
BEACHES
SOFIT

[32]
(Australia)
[45]

(China)

Scale for Endurance; HAES: Habitual Activity Estimation Scale; IPAQ-LF: International Physical Activity Questionnaire Long Form; IPAQ-SF: International Physical Activity Questionnaire Short Form; MARCA: Multimedia
Activity Recall for Children and Adolescents; PAC-A: Physical Activity Questionnaire for Adolescents; BEACHES: The Behaviours of Eating and Activity for Children’s Health Evaluation System; SOFIT: System for Observing

Abbreviations: CP: cerebral palsy; GMFCS: Gross Motor Function Classificaton System; RCT: randomised controlled trial; Cross sec: cross-sectional study; PA: physical activity; TD: typically developing; EASE: Early Activity
Fitness Instruction; Time; Y: years; Mins.: minutes.

Table 1. Continued.
Sit 2013 [37]

Maher 2008
(China)
Capio 2010

Study ID
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play activity. Its criterion validity has been validated using an
accelerometer (MTI) and heart rate monitor [45].

Excluded instruments

In all, 11 outcome instruments were identified and excluded, as
they did not meet the inclusion criteria. The 11 outcome instru-
ments identified and excluded was: Patient-Reported Outcomes
Measurement Information System Paediatric Physical Activity
(PROMIS PA) [35,36], 24-h checklist [47], The Canadian Assessment
of Physical Literacy (CAPL-2) [48], the Exercise Questionnaire
[31,49], the Activity Questionnaire for Adults and Adolescents
(AquAA) [50-54], the Physical Activity Scale for Individuals with
Physical Disabilities (PASIPD) [55-58], Canada fitness survey [10,59]
the Compendium of Physical Activity [10,60,61], A Youth
Compendium of Physical Activities [34], the Physical Activity
Record [62] and the Physical Activity Questionnaire for Children
(PAQ-C) [12,63,64]. The excluded outcome measurements are listed
along with the reasons for exclusion in Table 4 - online only.
The review team discussed four of these instruments from five
studies in detail during the full-text assessments [31,35,36,47,48],
which led to the exclusion of PROMIS PA, The 24-h checklist,
CAPL-2 and Exercise Questionnaire, that collect data on HPA and
SB. The PROMIS PA instrument was developed to collect data on
children’s lived experiences of short bouts of moderate to rigorous
physical activity [35,36]. The concurrent validity of the PROMIS PA
was explored for a broad population of both healthy and chron-
ically ill children but excluded because no specific diagnosis was
stated in the study [35]. The 24-h checklist was co-created from
interviews with parents of children with CP and health care pro-
fessionals as a checklist to access physical activity, SB as well as
sleep and nutrition, and it is, according to the authors, not an
outcome instrument [47]. The Canadian Assessment of Physical
Literacy (CAPL-2) was developed to assess physical literacy in
children and designed to be inclusive for children with and with-
out disabilities [48]. Finally, the Exercise Questionnaire was devel-
oped through expert consultation, and its items were confirmed
through pilot-testing with youth with CP [31]. However, the aim
of these two studies was not to report on psychometric properties.

Discussion

This scoping review identified and mapped nine subjective out-
come instruments developed to measure HPA and/or SB for chil-
dren with CP. Some of the included outcome instruments have
been validated for both ambulatory and non-ambulatory children,
while others have been validated for ambulatory children and
adolescents with CP. None of the identified subjective outcome
measures cover the entire age span of 0-18years of age, implying
that different outcome instruments must be used for different
ages. The following key areas of importance were identified.

If considered reliable and valid, subjective outcome instruments
are suitable for use in clinical settings or for data collection in
larger populations when objective measurement methods are not
available or viable. The aim was to identify subjective outcome
instruments that measure an individual’s HPA to monitor whether
the individual meets the HPA recommendations, to monitor
change in HPA over time, or to measure an intervention effect in
a clinical setting. When implementing interventions that target
HPA, we need to measure HPA. We excluded outcome instruments
that measured activity and participation in physical activities, such
as the ASKp, which has been validated as a measure of physical
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Table 3. Reported psychometric properties of included outcome instruments.

Instrument Reliability Validity Responsiveness References

Ease 11 Yes Yes No McCoy 2012 [39], Dere
2023 [41]

Ease 4 Yes Yes No Jeffries 2016 [33], Fiss
2019 [40], Wentz 2020
[38], Romeros 2023 [42]

HAES No Yes No Dufour 2015 [30]

IPAQ SF No Yes No Kwon 2020 [43], Lavelle
2020 [44]

IPAQ LF No Yes No Kwon 2020 [43]

MARCA No Yes No Maher 2008 [32]

PAQ-A Yes Yes No Maher 2008 [32]

BEACHES No Yes No Sit 2013 [37]

SOFIT No Yes No Capio 2010 [45]

Table 4. Excluded outcome instruments.

Reported/
Outcome instrument used in Reason for exclusion
Patient-Reported Outcomes [35,36] Population not defined as CP
Measurement Information but ambulatory and
System Paediatric Physical chronically ill, not specified
Activity — PROMIS PA
24-Hour Checklist [47] Check list not an outcome
instrument
The Canadian Assessment of [48] Psychometric properties not
Physical Literacy — CAPL-2 stated
Exercise Questionnaire [48] Psychometric properties not
stated

Not validated for children and
adolescents with CP

The Physical Activity Record [62]

The Physical Activity [12,63,64] Not validated for children and
Questionnaire for Children adolescents with CP
- PAQ-C
The Activity Questionnaire for [50-54] Not validated for children and
Adults and Adolescents adolescents with CP
- AquAA
The Physical Activity Scale for  [55-58] Not validated for children and
Individuals with Physical adolescents with CP
Disabilities — PASIPD
Canada fitness survey [10,59] Source not located or
population not CP
Compendium of physical [10,60] A code book of MET
activity [61] intensities. Not validated
for children and
adolescents with CP
A youth compendium of [34] A code book of MET

intensities. Not validated
for children and
adolescents with CP

physical activities

disability or physical function [65], and CAPE/PAC, which has been
designed and validated as a measure of children’s participation
in everyday activities outside of school [66]. Although these out-
come instruments evaluate various physical activities, their items
are used to assess participation in physical activities and not the
physical activity — according to the FITT definition.

Three out of nine subjective outcome instruments included in
this scoping review (the EASE (11-item), EASE (4-item) and PAQ-A)
were tested for test-retest reliability and the ICC ranged from
good to excellent (0.79-0.99) for the EASE [33,39,41] and good
or excellent (0.90) for the PAQ-A [32]. Internal consistency were
tested only for the EASE (11-item) and EASE (4-item) and showed
good internal consistency [39,41]. Seven outcome instruments
(the EASE (4-item), HAES, IPAQ-LF, IPAQ-SF, PAQ-A, BEACHES and
SOFIT) were tested against accelerometry, while the MARCA was
compared to daily step counts (activity monitor) indicating weak
to fair or moderate correlation with objectively measured HPA
(Table 2). However, criterion validity of the BEACHES and SOFIT
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compared to accelometry indicated higher agreement between
estimates derived from the two measures. Both outcome measures
collected data from professional observation. The EASE (11-item)
and EASE (4-item) are compared to 6 MWT showing low to mod-
erate correlation [33,38,40]. In addition, the EASE (11-item) showed
weak to strong correlations compared with the PODCI [41],
whereas the subscales of PODCI were not correlated with HPA
assessed with the IPAQ [43]. When comparing the correlation
between the subjective outcome instruments and established HPA
measures it is important that the measures align conceptually to
ensure that outcome measures are validated against other out-
come measure representing the same construct. Accelerometers
capture continuous movement data, while 6 MWT assesses func-
tional walking capacity over a fixed period of time.

None of the included outcome instruments were assessed for
responsiveness (Table 3) Responsiveness is an aspect of validity
and defined by the COSMIN as “the ability of an instrument to
detect change over time in the construct to be measured” [67].
Evaluating whether an outcome instrument can detect changes
is crucial for determining if a patient has improved following an
intervention.

Seven studies compared subjective outcome instruments with
accelometry [30,32,37,38,43-45]. Three studies conclude that the
subjective outcome instruments overestimate the time spent
engaged in vigorous physical activity [30,43,44] and underestimate
the time spent being sedentary [32] when compared to objective
accelerometery. Subjective outcome instruments may overestimate
moderate to vigorous physical activity (MVPA) relative to objective
measures since accelerometers are not suitable for water activities,
which may be a common physical activity for children and ado-
lescents with ambulatory activity limitations [68,69]. In addition,
cycling may not be registered accurately depending on acceler-
ometer placement [70]

Seven out of nine outcome instruments included SB as a part
of HPA evaluation (HAES, IPAQ-SF, IPAQ-LF, PAQ-A, MARCA, SOFIT
and BEACHES). The common definition of SB as any waking
behaviour characterised by an energy expenditure of less than
1.5 METs while in a sitting, reclining, or lying posture [36] requires
further examination and new measures within this group of chil-
dren. This definition does not capture the muscle activity required,
for instance, to maintain postural control when sitting for children
challenged by their postural ability, to manually propel a wheel-
chair or to make arm/leg movements [71,72]. Movements that are
typically low intensity, such as sitting unsupported, may require
increased energy for children with spasticity and impaired selec-
tive motor control. However, Verschuren et al. found that energy
expenditure was lower than 1.5 METs during sitting with and
without support in children and adolescents with spastic CP, while
they expended more energy (over 1.5 METs) when standing. This
finding suggests that changing positions from sitting to standing
may contribute to the accumulation of light activity and reduction
of SB in children with CP [73].

Strengths and limitations

To ensure a systematic and transparent approach, this scoping
review adhered to the JBI scoping review methodology and
applied the PRISMA-ScR checklist [21]. The quality of the review
was strengthened by publishing a priori peer-reviewed protocol
and due to the fact that at least two authors selected and
reviewed the studies at each stage of the scoping review process.
Our aim was to map outcome instruments developed or validated
for children and adolescents with CP. Since the scoping review
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methodology allows for the inclusion of various study designs, a
comprehensive literature search and screening of reference lists
for all study types was conducted to address the research
questions.

Despite the focus on the systematic approach to conducting
a scoping review, limitations exist. Although the literature search
was comprehensive, only 13 studies containing psychometric data
of reliability and validity were located. Grey literature produced
outside of the traditional peer-review processes that characterise
academic publishing was sought and included; however, it can
be difficult to locate. Furthermore, these sources of literature
include a variety of forms, such as research reports and conference
abstracts, with limited data reporting, making data management
and extraction a challenge.

This scoping review applied a set of search terms with the aim
of locating psychometric data; but in most of the cases, the psy-
chometric data were located in other study types or publications
and a thorough scrutinising of full text article references were
needed to locate psychometric data on subjective instruments
used to measure HPA and/or SB in children and adolescents with
CP. It is also possible that the search terms used may not have
captured all the relevant studies. We used a sensitive search filter,
which yielded a large body of evidence. Despite the comprehen-
sive search strategy, we located additional studies through a
chain search.

Implications for research

This scoping review describes the psychometric properties of
subjective HPA outcome instruments in research focusing on chil-
dren and adolescents with CP. The methodological and practical
challenges identified areas for further research to address the
level of HPA evaluation studies on interventions for children with
CP. First, a better understanding of the psychometric properties
of HPA instruments used for CP is needed. Six outcome measures
(AquAA, Exercise Questionnaire, PAQ-C, PASIPD, Physical Activity
Record and CAPL-2) were used in past research but lacked vali-
dation for a population of children and adolescents with CP.
Evaluation of the psychometric properties of these outcome instru-
ments e.g., by using the Consensus-based Standards for the selec-
tion of health Measurements Instruments (COSMIN) checklist in
larger-scale studies is needed.

Second, seven outcome measures were self- or parent-reported,
while two involved being professionally interviewed or assessed
(BEACHES and SOFIT). Proxy reporting may yield biased responses
since the proxy responder cannot truly know the child’s percep-
tion of intensity. Considerable disagreement between self-report
and proxy-report have been seen regarding health-related
behaviour in children 9-12-year-old [74]. It is important to
acknowledge that proxy respondents for evaluating HPA are
sometimes needed involving children with CP, as children with
CP may have difficulties in understanding abstract concepts of
health and well-being used in subjective HPA instruments.
Children and adolescents with CP may have visual perceptual
problems or lack cognitive and communication skills, limiting
their ability to comprehend and complete self-reported outcome
instruments. Developing instruments that make use of visual aids
may help children with CP understand the intended meaning of
the items and effectively draw upon life experiences during
self-evaluations [75,76].

Finally, further research should explore the reliability and validity
of two more recently developed outcome instruments related to
the HPA of children and adolescents with CP. The Patient-Reported

Outcomes Measurement Information System (PROMIS) is described
as a set of person-centred measures that evaluates and monitors
physical, mental and social health [39] and can be used for children.
The PROMIS PA outcome measure is not yet specifically validated
for children with CP [31,31]. The CAPL-2 is a measure of physical
literacy, with items for measuring physical competence, daily
behaviour, knowledge/understanding and motivation/confidence.
The CAPL-2 was designed to be inclusive and can be used for a
group of children with disabilities and medical conditions to describe
physical literacy, but further data on its psychometric properties for
children and adolescents with CP were not identified [48].

Conclusion

This scoping review identified nine subjective outcome instru-
ments that measure HPA and/or SB in children and adolescents
with CP who are 18 months to 18years old. Seven out of nine
subjective outcome instruments were designed for typically devel-
oped children and their psychometric properties were tested for
the target population and various age ranges.

Six subjective outcome instruments were tested for ambulatory
children and adolescents at GMFCS-E&R level I-lll, while three
instruments were validated for both ambulatory and
non-ambulatory children and adolescents at GMFCS-E&R level I-V.

Psychometric data on validity were reported for nine outcome
instruments, while test-retest reliability was tested in only three
instruments in children with CP according to the guidelines and
criteria established by the COSMIN checklist. Attention must be
paid to the lack of reporting of the psychometric properties of
some instruments as well as the limited correlation to objective
measures of HPA. Novel subjective outcome instruments have
been developed for children and adolescents but need psycho-
metric testing for children and adolescents with CP.

Acknowledgement

We would like to thank the Aalborg University Hospital library
staff, especially the librarian Jette Frost Jepsen for assisting us
with the search and retrieval of citations and the occupational
therapist Jeanette Kristensen from Aalborg University Hospital for
assisting us with the screening of title/abstracts. Funding of the
sources included in the review are listed in Table 1.

Ethical approval

This is a scoping review. No ethical approval required.

Author contributions

All authors contributed to the study conception and design.
Material preparation, data collection, screening and data extraction
were performed by Mette Johansen, Britt Laugesen, Katarina
Lauruschkus and Helle M Rasmussen. The first draft of the manu-
script was written by Mette Johansen and all authors commented
on previous versions of the manuscript. All authors read and
improved the final manuscript.

Disclosure statement

No potential conflict of interest was reported by the author(s).



Funding

The author(s) reported there is no funding associated with the
work featured in this article.

ORCID

Mette Johansen
Britt Laugesen
Katarina Lauruschkus
Helle M. Rasmussen

http://orcid.org/0000-0003-3209-8033
http://orcid.org/0000-0002-2029-7433

http://orcid.org/0000-0002-1801-8503
http://orcid.org/0000-0002-7522-8144

Data availability statement

Data sharing not applicable to this article as no datasets were
generated or analysed during the current study.

References

(11

[2]

(6]

(8]

[10]

(1]

Surveillance of Cerebral Palsy in Europe. Surveillance of ce-
rebral palsy in Europe: a collaboration of cerebral palsy sur-
veys and registers. Surveillance of Cerebral Palsy in Europe
(SCPE). Dev Med Child Neurol. 2000;42:816-824. doi: 10.1111/
j.1469-8749.2000.tb00695 .x.

Graham HK, Rosenbaum P, Paneth N, et al. Cerebral palsy. Nat
Rev Dis Primers. 2016;2(1):15082. doi: 10.1038/nrdp.2015.82.
Verschuren O, Wiart L, Hermans D, et al. Identification of
facilitators and barriers to physical activity in children and
adolescents with cerebral palsy. J Pediatr. 2012;161(3):488-
494. doi: 10.1016/j.jpeds.2012.02.042.

Bjornson K, Fiss A, Avery L, et al. Longitudinal trajectories
of physical activity and walking performance by gross motor
function classification system level for children with cerebral
palsy. Disabil Rehabil. 2018;42(12):1705-1713. doi:
10.1080/09638288.2018.1534995.

Reedman SE, Johnson E, Sakzewski L, et al. Sedentary be-
havior in children with cerebral palsy between 1.5 and 12
years: a longitudinal study. Pediatr Phys Ther. 2020;32(4):367-
373. doi: 10.1097/PEP.0000000000000740.

Lubans D, Richards J, Hillman C, et al. Physical activity for
cognitive and mental health in youth: a systematic review
of mechanisms. Pediatrics. 2016;138(3):e20161642. doi:
10.1542/peds.2016-1642.

Durstine JL, Painter P, Franklin BA, et al. Physical activity for
the chronically ill and disabled. Sports Med. 2000;30(3):207-
219. doi: 10.2165/00007256-200030030-00005.

Murray CJL, Vos T, Lozano R, et al. Disability-adjusted life
years (DALYs) for 291 diseases and injuries in 21 regions,
1990-2010: a systematic analysis for the Global Burden of
Disease Study 2010. The. Lancet. 2012;380(9859):2197-2223.
doi: 10.1016/S0140-6736(12)61689-4.

Sirard JR, Pate RR. Physical activity assessment in children
and adolescents. Sports Med. 2001;31(6):439-454. doi:
10.2165/00007256-200131060-00004.

Capio CM, Sit CHP, Abernethy B, et al. Physical activity mea-
surement instruments for children with cerebral palsy: a
systematic review. Dev Med Child Neurol. 2010;52(10):908-
916. doi: 10.1111/j.1469-8749.2010.03737 x.

Clanchy KM, Tweedy SM, Boyd R. Measurement of habitual
physical activity performance in adolescents with cerebral
palsy: a systematic review. Dev Med Child Neurol.
2011,;53(6):499-505. doi: 10.1111/j.1469-8749.2010.03910.x.

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

MEASUREMENT OF PHYSICAL ACTIVITY: A SCOPING REVIEW 13

Mitchell LE, Ziviani J, Oftedal S, et al. A systematic review
of the clinimetric properties of measures of habitual physi-
cal activity in primary school aged children with cerebral
palsy. Res Dev Disabil. 2013;34(8):2419-2432. doi: 10.1016/j.
ridd.2013.04.013.

Ganz F, Hammam N, Pritchard L. Sedentary behavior and chil-
dren with physical disabilities: a scoping review. Disabil Rehabil.
2021;43(20):2963-2975. doi: 10.1080/09638288.2020.1723720.
Adamo KB, Prince SA, Tricco AC, et al. A comparison of in-
direct versus direct measures for assessing physical activity
in the pediatric population: a systematic review. Int J Pediatr
Obes. 2009;4(1):2-27. doi: 10.1080/17477160802315010.
Marasso D, Lupo C, Collura S, et al. Subjective versus objec-
tive measure of physical activity: a systematic review and
meta-analysis of the convergent validity of the physical ac-
tivity questionnaire for children (PAQ-C). Int J Environ Res
Public Health. 2021;18(7):3413. doi: 10.3390/ijerph18073413.
Shephard RJ. Limits to the measurement of habitual physical
activity by questionnaires. Br J Sports Med. 2003;37(3):197-
206; discussion 206. doi: 10.1136/bjsm.37.3.197.

Hidding LM, Chinapaw MJM, van Poppel MNM, et al. An
updated systematic review of childhood physical activity
questionnaires. Sports Med. 2018;48(12):2797-2842. doi:
10.1007/s40279-018-0987-0.

Trost SG, O’Neil M. Clinical use of objective measures of
physical activity. Br J Sports Med. 2014;48(3):178-181. doi:
10.1136/bjsports-2013-093173.

Hanna SE, Rosenbaum PL, Bartlett DJ, et al. Stability and
decline in gross motor function among children and youth
with cerebral palsy aged 2-21 years. Dev Med Child Neurol.
2009;51(4):295-302. doi: 10.1111/j.1469-8749.2008.03196.x.
Peters MDJ, Godfrey C, Mclnerney P, et al. Chapter 11:
scoping reviews (2020 version). In: Aromataris E, Munn
Z, Editors. JBI Manual for Evidence Synthesis. JBI, 2020.
Available from: https://synthesismanual.jbi.global. doi:
10.46658/JBIMES-20-12.

Tricco AC, Lillie E, Zarin W, et al. PRISMA extension for scop-
ing reviews (PRISMA-ScR): checklist and explanation. Ann
Intern Med. 2018;169(7):467-473. doi: 10.7326/M18-0850.
Johansen M, Rasmussen HM, Lauruschkus K, et al.
Measurement of physical activity in children and adolescents
with cerebral palsy: a scoping review protocol. JBI Evid Synth.
2021;19(9):2339-2349. doi: 10.11124/JBIES-20-00283.
Caspersen CJ, Powell KE, Christenson GM. Physical activity,
exercise, and physical fitness: definitions and distinctions for
health-related research. Public Health Rep. 1985;100(2):126-131.
Pate RR, Neill JRO, Lobelo F. The evolving definition of “sed-
entary”. Exerc Sport Sci Rev. 2008;36(4):173-178. doi: 10.1097/
JES.0b013e3181877d1a.

Liguori G, Feito Y, Fountaine C, et al. ACSM’s guidelines for
exercise testing and prescription, eleventh edition.
Philadelphia: Wolters Kluwer; 2021.

Tremblay MS, Aubert S, Barnes JD, et al. Sedentary Behavior
Research Network (SBRN) — terminology consensus project
process and outcome. Int J Behav Nutr Phys Act. 2017;14(1):75.
doi: 10.1186/512966-017-0525-8.

Tremblay MS, Costas-Bradstreet C, Barnes JD, et al. Canada’s
physical literacy consensus statement: process and outcome.
BMC Public Health. 2018;18(Suppl 2):1034. doi: 10.1186/
$12889-018-5903-x.

Moher D, Liberati A, Tetzlaff J, et al. Preferred reporting items
for systematic reviews and meta-analyses: the PRISMA state-
ment. J Clin Epidemiol. 2009;62(10):1006-1012. doi: 10.1016/j.
jclinepi.2009.06.005.


https://doi.org/10.1111/j.1469-8749.2000.tb00695.x
https://doi.org/10.1111/j.1469-8749.2000.tb00695.x
https://doi.org/10.1038/nrdp.2015.82
https://doi.org/10.1016/j.jpeds.2012.02.042
https://doi.org/10.1080/09638288.2018.1534995
https://doi.org/10.1097/PEP.0000000000000740
https://doi.org/10.1542/peds.2016-1642
https://doi.org/10.2165/00007256-200030030-00005
https://doi.org/10.1016/S0140-6736(12)61689-4
https://doi.org/10.2165/00007256-200131060-00004
https://doi.org/10.1111/j.1469-8749.2010.03737.x
https://doi.org/10.1111/j.1469-8749.2010.03910.x
https://doi.org/10.1016/j.ridd.2013.04.013
https://doi.org/10.1016/j.ridd.2013.04.013
https://doi.org/10.1080/09638288.2020.1723720
https://doi.org/10.1080/17477160802315010
https://doi.org/10.3390/ijerph18073413
https://doi.org/10.1136/bjsm.37.3.197
https://doi.org/10.1007/s40279-018-0987-0
https://doi.org/10.1136/bjsports-2013-093173
https://doi.org/10.1111/j.1469-8749.2008.03196.x
https://synthesismanual.jbi.global
https://doi.org/10.46658/JBIMES-20-12
https://doi.org/10.7326/M18-0850
https://doi.org/10.11124/JBIES-20-00283
https://doi.org/10.1097/JES.0b013e3181877d1a
https://doi.org/10.1097/JES.0b013e3181877d1a
https://doi.org/10.1186/s12966-017-0525-8
https://doi.org/10.1186/s12889-018-5903-x
https://doi.org/10.1186/s12889-018-5903-x
https://doi.org/10.1016/j.jclinepi.2009.06.005
https://doi.org/10.1016/j.jclinepi.2009.06.005

14 M. JOHANSEN ET AL.

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

Terwee CB, Jansma EP, Riphagen II, et al. Development of a
methodological PubMed search filter for finding studies on
measurement properties of measurement instruments. Qual
Life Res. 2009;18(8):1115-1123. doi: 10.1007/s11136-009-9528-5.
Dufour S, Lansing N, Bouyer L, et al. The physical
activity-related perceptions of youth with cerebral palsy are
associated with their physical activity performance and fit-
ness. Dev Med Child Neurol. 2015;57(S5):63-64.

Brunton LK, Bartlett DJ. Description of exercise participation
of adolescents with cerebral palsy across a 4-year period.
Pediatr Phys Ther. 2010;22(2):180-187. doi: 10.1097/
PEP.0b013e3181db8aaa.

Maher C. Using the internet to increase physical activity in ad-
olescents with cerebral palsy - are you kidding ? ! Adelaide,
Australia: University of South Australia ((Personal Correspondence:
29.04.22) from PhD Thesis PhD); 2008.

Jeffries L, Fiss A, McCoy SW, et al. Description of primary
and secondary impairments in young children with cerebral
palsy. Pediatr Phys Ther. 2016;28(1):7-14. doi: 10.1097/
PEP.0000000000000221.

Butte NF, Watson KB, Ridley K, et al. A youth compendium
of physical activities: activity codes and metabolic intensities.
Med Sci Sports Exerc. 2018;50(2):246-256. doi: 10.1249/
MSS.0000000000001430.

Hooke MC, Neumann J, Tucker CA. Testing the child PROMIS
physical activity measurement in youth attending a large
community event. Pediatr Phys Ther. 2021;33(1):32-36. doi:
10.1097/PEP.0000000000000760.

Tucker CA, Bevans KB, Becker BD, et al. Development of the
PROMIS pediatric physical activity item banks. Phys Ther.
2020;100(8):1393-1410. doi: 10.1093/ptj/pzaa074.

Sit CH. Assessment of measures of physical activity of chil-
dren with cerebral palsy at home and school: a pilot study.
J Child Adolesc Behav. 2013;01(03):6. doi: 10.4172/2375-4494.
1000112.

Wentz EE, Bjornson KF, Kerfeld Cl, et al. Walking performance,
physical activity, and validity of the early activity scale for
endurance in young children with cerebral palsy. Phys Occup
Ther Pediatr. 2020;40(5):557-570. doi: 10.1080/01942638.
2020.1720055.

Westcott McCoy S, Yocum A, Bartlett DJ, et al. Development
of the early activity scale for endurance for children with
cerebral palsy. Pediatr Phys Ther. 2012;24(3):232-240. doi:
10.1097/PEP.0b013e31825c16f6.

Fiss ALF, Jeffries L, Yocum A, et al. Validity of the early ac-
tivity scale for endurance and the 6-minute walk test for
children with cerebral palsy. Pediatr Phys Ther. 2019;31(2):156-
163. doi: 10.1097/PEP.0000000000000577.

Dere T, Serel Arslan S, Alemdaroglu-Giirbiiz i. Validity and
reliability of the Turkish version of the early activity scale
for endurance in preschool children with cerebral palsy. Dev
Neurorehabil. 2023;26(2):101-108. doi: 10.1080/17518423.2023.
2166616.

Fonseca Romeros ACS, Sousa Junior R, Souto D, et al.
Translation, reliability, and validity of the Brazilian—Portuguese
version of the Early Activity Scale for Endurance (EASE). Disabil
Rehabil. 2023;0:1-6. doi: 10.1080/09638288.2023.2194682.
Kwon KB, Choi Y, Sung KH, et al. Correlation between accel-
erometer and questionnaire-based assessment of physical
activity in patients with cerebral palsy. Clin Orthop Surg.
2020;12(1):107-112. doi: 10.4055/cios.2020.12.1.107.

Lavelle G, Noorkoiv M, Theis N, et al. Validity of the
International Physical Activity Questionnaire Short Form
(IPAQ-SF) as a measure of physical activity (PA) in young peo-

[45]

[46]

[47]

(48]

[49]

(50]

[51]

[52]

[53]

(54]

[55]

[56]

[57]

(58]

ple with cerebral palsy: a cross-sectional study. Physiotherapy.
2020;107:209-215. doi: 10.1016/j.physio.2019.08.013.

Capio CM, Sit CH, Abernethy B. Physical activity measurement
using MTI (actigraph) among children with cerebral palsy.
Arch Phys Med Rehabil. 2010;91(8):1283-1290. doi: 10.1016/j.
apmr.2010.04.026.

Hay JA, University B, Cairney J. Development of the habitu-
al activity estimation scale for clinical research: a systemat-
ic approach. Pediatr Exerc Sci. 2006;18(2):193-202. doi:
10.1123/pes.18.2.193.

Verschuren O, Hulst RY, Voorman J, et al. 24-Hour activity
for children with cerebral palsy: a clinical practice guide. Dev
Med Child Neurol. 2021;63(1):54-59. doi: 10.1111/dmcn.14654.
Do J, Blais A, Feldman B, et al. Characterization of physical
literacy in children with chronic medical conditions com-
pared to healthy controls: a cross-sectional study. Appl
Physiol Nutr Metab. 2021;46(9):1073-1082. doi: 10.1139/
apnm-2020-0957.

McPhee PG, Verschuren O, Peterson MD, et al. The formula
for health and well-being in individuals with cerebral palsy:
cross-sectional data on physical activity, sleep, and nutrition.
Ann Rehabil Med. 2020;44(4):301-310. doi: 10.5535/
arm.19156.

Reedman S, Boyd RN, Sakzewski L. The efficacy of interven-
tions to increase physical activity participation of children
with cerebral palsy: a systematic review and meta-analysis.
Dev Med Child Neurol. 2017;59(10):1011-1018. doi: 10.1111/
dmcn.13413.

Bloemen M, Van Wely L, Mollema J, et al. Evidence for in-
creasing physical activity in children with physical disabilities:
a systematic review. Dev Med Child Neurol. 2017;59(10):1004-
1010. doi: 10.1111/dmcn.13422.

Van Wely L, Becher JG, Reinders-Messelink HA, et al. LEARN
2 MOVE 7-12 years: a randomized controlled trial on the
effects of a physical activity stimulation program in children
with cerebral palsy. BMC Pediatr. 2010;10(1):77. doi:
10.1186/1471-2431-10-77.

Van Wely L, Balemans ACJ, Becher JG, et al. Physical activity
stimulation program for children with cerebral palsy did not
improve physical activity: a randomised trial. J Physiother.
2014;60(1):40-49. doi: 10.1016/j.jphys.2013.12.007.
Clutterbuck G, Auld M, Johnston L. Active exercise interven-
tions improve gross motor function of ambulant/
semi-ambulant children with cerebral palsy: a systematic
review. Disabil Rehabil. 2019;41(10):1131-1151. doi:
10.1080/09638288.2017.1422035.

Mcpherson AC, Keith R, Swift JA. Obesity prevention for
children with physical disabilities: a scoping review of phys-
ical activity and nutrition interventions. Disabil Rehabil.
2014;36(19):1573-1587. doi: 10.3109/09638288.2013.863391.
Van Den Berg-Emons RJ, L'Ortye AA, Buffart LM, et al.
Validation of the physical activity scale for individuals with
physical disabilities. Arch Phys Med Rehabil. 2011;92(6):923-
928. doi: 10.1016/j.apmr.2010.12.006.

Slaman J, Roebroeck ME, van Meeteren J, et al. Learn 2 Move
16-24: effectiveness of an intervention to stimulate physical
activity and improve physical fitness of adolescents and young
adults with spastic cerebral palsy; a randomized controlled
trial. BMC Pediatr. 2010;10(1):79. doi: 10.1186/1471-2431-10-79.
Slaman J, Roebroeck M, Dallmijer A, et al. Can a lifestyle
intervention programme improve physical behaviour among
adolescents and young adults with spastic cerebral palsy? A
randomized controlled trial. Dev Med Child Neurol.
2015;57(2):159-166. doi: 10.1111/dmcn.12602.


https://doi.org/10.1007/s11136-009-9528-5
https://doi.org/10.1097/PEP.0b013e3181db8aaa
https://doi.org/10.1097/PEP.0b013e3181db8aaa
https://doi.org/10.1097/PEP.0000000000000221
https://doi.org/10.1097/PEP.0000000000000221
https://doi.org/10.1249/MSS.0000000000001430
https://doi.org/10.1249/MSS.0000000000001430
https://doi.org/10.1097/PEP.0000000000000760
https://doi.org/10.1093/ptj/pzaa074
https://doi.org/10.4172/2375-4494.1000112
https://doi.org/10.4172/2375-4494.1000112
https://doi.org/10.1080/01942638.2020.1720055
https://doi.org/10.1080/01942638.2020.1720055
https://doi.org/10.1097/PEP.0b013e31825c16f6
https://doi.org/10.1097/PEP.0000000000000577
https://doi.org/10.1080/17518423.2023.2166616
https://doi.org/10.1080/17518423.2023.2166616
https://doi.org/10.1080/09638288.2023.2194682
https://doi.org/10.4055/cios.2020.12.1.107
https://doi.org/10.1016/j.physio.2019.08.013
https://doi.org/10.1016/j.apmr.2010.04.026
https://doi.org/10.1016/j.apmr.2010.04.026
https://doi.org/10.1123/pes.18.2.193
https://doi.org/10.1111/dmcn.14654
https://doi.org/10.1139/apnm-2020-0957
https://doi.org/10.1139/apnm-2020-0957
https://doi.org/10.5535/arm.19156
https://doi.org/10.5535/arm.19156
https://doi.org/10.1111/dmcn.13413
https://doi.org/10.1111/dmcn.13413
https://doi.org/10.1111/dmcn.13422
https://doi.org/10.1186/1471-2431-10-77
https://doi.org/10.1016/j.jphys.2013.12.007
https://doi.org/10.1080/09638288.2017.1422035
https://doi.org/10.3109/09638288.2013.863391
https://doi.org/10.1016/j.apmr.2010.12.006
https://doi.org/10.1186/1471-2431-10-79
https://doi.org/10.1111/dmcn.12602

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

Longmuir PE, Bar-Or O. Factors influencing the physical ac-
tivity levels of youths with physical and sensory disabilities.
Adapt Phys Activ Quarter. 2000;17(1):40-53. doi: 10.1123/
apaq.17.1.40.

Van Eck M, Dallmeijer AJ, Beckerman H, et al. Physical ac-
tivity level and related factors in adolescents with cerebral
palsy. Pediatr Exerc Sci. 2008;20(1):95-106. doi: 10.1123/
pes.20.1.95.

Ainsworth BE, Haskell WL, Herrmann SD, et al. Compendium
of physical activities: a second update of codes and MET
values. Med Sci Sports Exerc. 2011;43(8):1575-1581. doi:
10.1249/MSS.0b013e31821ece2.

Okur EO, Inal-Ince D, Saglam M, et al. Physical activity pat-
terns in children with cerebral palsy and typically developing
peers. Physiother Theory Pract. 2021;37(6):710-718. doi:
10.1080/09593985.2019.1641863.

Toovey R, Harvey AR, McGinley JL, et al. Bike skills training
for children with cerebral palsy: protocol for a randomised
controlled trial. BMJ Open. 2018;8(2):e019898. doi: 10.1136/
bmjopen-2017-019898.

Toovey RAM, Harvey AR, McGinley JL, et al. Task-specific
training for bicycle-riding goals in ambulant children with
cerebral palsy: a randomized controlled trial. Dev Med Child
Neurol. 2022;64(2):243-252. doi: 10.1111/dmcn.15029.

Costi S, Mecugni D, Beccani L, et al. Construct validity of the
activities scale for kids performance in children with cerebral
palsy: brief report. Dev Neurorehabil. 2020;23(7):474-477.
doi: 10.1080/17518423.2020.1764649.

Imms C. Review of the children’s assessment of participation
and enjoyment and the preferences for activity of children.
Phys Occup Ther Pediatr. 2008;28(4):389-404. doi:
10.1080/01942630802307135.

de Vet HCW, Terwee CB, Mokkink LB, et al. Measurement in
medicine: a practical guide. Cambridge: Cambridge University
Press; 2011.

[68]

[69]

[70]

[71]

[72]

(73]

[74]

[75]

[76]

MEASUREMENT OF PHYSICAL ACTIVITY: A SCOPING REVIEW 15

Lauruschkus K, Westbom L, Hallstréom |, et al. Physical activ-
ity in a total population of children and adolescents with
cerebral palsy. Res Dev Disabil. 2013;34(1):157-167. doi:
10.1016/j.ridd.2012.07.005.

Van Der Linden ML, Wordie SJ, Dufton BK, et al. Leisure time
physical activity in children and young people with cerebral
palsy: a population-based study. Pediatr Phys Ther.
2022;34(2):230-237. doi: 10.1097/PEP.0000000000000882.
Goodlich Bl, Armstrong EL, Horan SA, et al. Machine learning
to quantify habitual physical activity in children with cerebral
palsy. Dev Med Child Neurol. 2020;62(9):1054-1060. doi:
10.1111/dmcn.14560.

Bell KL, Davies PSW. Energy expenditure and physical activ-
ity of ambulatory children with cerebral palsy and of typi-
cally developing children. Am J Clin Nutr. 2010;92(2):313-319.
doi: 10.3945/ajcn.2010.29388.

Walker JL, Bell KL, Boyd RN, et al. Energy requirements in
preschool-age children with cerebral palsy. Am J Clin Nutr.
2012;96(6):1309-1315. doi: 10.3945/ajcn.112.043430.
Verschuren O, Peterson MD, Leferink S, et al. Muscle activa-
tion and energy-requirements for varying postures in chil-
dren and adolescents with cerebral palsy. J Pediatr.
2014;165(5):1011-1016. doi: 10.1016/j.jpeds.2014.07.027.
Koning M, de Jong A, de Jong E, et al. Agreement between
parent and child report of physical activity, sedentary and
dietary behaviours in 9-12-year-old children and associations
with children’s weight status. BMC Psychol. 2018;6(1):14. doi:
10.1186/540359-018-0227-2.

Ego A, Lidzba K, Brovedani P, et al. Visual-perceptual impair-
ment in children with cerebral palsy: a systematic review.
Dev Med Child Neurol. 2015;57(s2):46-51. doi: 10.1111/
dmcn.12687.

Beddow PA. Accessibility theory for enhancing the validity of
test results for students with special needs. Intl J Disabil Dev
Educ. 2012;59(1):97-111. doi: 10.1080/1034912X.2012.654966.


https://doi.org/10.1123/apaq.17.1.40
https://doi.org/10.1123/apaq.17.1.40
https://doi.org/10.1123/pes.20.1.95
https://doi.org/10.1123/pes.20.1.95
https://doi.org/10.1249/MSS.0b013e31821ece12
https://doi.org/10.1080/09593985.2019.1641863
https://doi.org/10.1136/bmjopen-2017-019898
https://doi.org/10.1136/bmjopen-2017-019898
https://doi.org/10.1111/dmcn.15029
https://doi.org/10.1080/17518423.2020.1764649
https://doi.org/10.1080/01942630802307135
https://doi.org/10.1016/j.ridd.2012.07.005
https://doi.org/10.1097/PEP.0000000000000882
https://doi.org/10.1111/dmcn.14560
https://doi.org/10.3945/ajcn.2010.29388
https://doi.org/10.3945/ajcn.112.043430
https://doi.org/10.1016/j.jpeds.2014.07.027
https://doi.org/10.1186/s40359-018-0227-2
https://doi.org/10.1111/dmcn.12687
https://doi.org/10.1111/dmcn.12687
https://doi.org/10.1080/1034912X.2012.654966

	Subjective measurement of physical activity and sedentary behaviour in children and adolescents with cerebral palsy: a scoping review
	ABSTRACT
	Introduction
	Review questions
	Material and methods
	Participants
	Concept
	Context
	Types of studies
	Search strategy
	Source of evidence selection
	Deviations from the original protocol
	Data extraction

	Results
	Study selection
	Included instruments
	Psychometric properties and context of included instruments
	Excluded instruments

	Discussion
	Strengths and limitations
	Implications for research

	Conclusion
	Acknowledgement
	Ethical approval
	Author contributions
	Disclosure statement
	Funding
	ORCID
	Data availability statement
	References


