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Abstract

Aim: To identify, map, and describe outcome measurement domains and instru-
ments used within a community setting to assess respiratory health in children and
young people aged 1 to 18 years, diagnosed with cerebral palsy (CP).

Method: A scoping review methodology informed structured searches in nine data-
bases, grey literature, and registries, conducted in August 2021 (updated in February
2023). Articles were screened for eligibility by two independent researchers. Any out-
come measurement instruments used to assess respiratory health or associated im-
pact were extracted, categorized, and mapped to health and health-related domains
of the International Classification of Functioning, Disability, and Health.

Results: Seventy-six outcome measurement instruments were identified across 78 ar-
ticles worldwide between 1970 and 2023. These were categorized into ‘Body functions
and structures’ (n=20), ‘Activity and performance’ (n=22), and ‘Participation and
quality of life’ (n=19), with a further 15 mapped to ‘Health care resources use’.
Interpretation: No consensus of ‘what’ to measure and ‘how’ to measure respiratory
health in children and young people with CP was found. Moreover, many measures
were not replicable in individuals with more severe forms of CP, excluding those
at increased risk of respiratory-related morbidity and mortality. Further research is
required to agree important outcome domains and associated measures in research
and clinical practice.

Cerebral palsy (CP) is the most common physical dis-
ability of childhood, affecting 2 to 3 per 1000 live births in
resource-rich countries.! CP is characterized by changes
in tone, movement, and posture, which can affect a child's
ability to breathe, cough, and clear their chest effectively.?
The condition also presents a distinct scope of co-existing
impairments and factors that predispose children, aged 1 to
18years, to respiratory illness, including reduced levels of
voluntary activity, sedentary behaviour, learning disability,
spinal or chest wall deformity, seizure activity, oropharyn-
geal motor dysfunction, and gastro-oesophageal reflux.’”’
Respiratory illness is the leading cause of premature death

in children and young people up to 25years old with CP.® It
is also the most common reason for this population to attend
a primary care consultation, emergency hospital admission,
and intensive care, accruing significant health care costs, in-
creasing pressure on hospital resources,” and adversely im-
pacting on the quality of life for children, young people, and
their families.'”

Outcome measures are a core component in respiratory
health research to determine intervention effectiveness.
Current interventions are wide ranging, aimed at tackling
multiple, simultaneously occurring risk factors of oral-
pharyngeal dysphagia, sialorrhoea, nutritional intake,
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dental hygiene, colonization, airway obstruction, and gas-
trointestinal dysfunction.®'" As part of a multidisciplinary
approach, physiotherapists deliver conservative manage-
ment strategies to improve respiratory fitness, breathing
mechanics, effective coughing, and posture. This includes
therapeutic positioning,'* airway clearance techniques,'>"
lung volume recruitment, and exercise.”’™® These strat-
egies can be delivered flexibly across community and
acute care settings, employing preventative and reactive
approaches to respiratory health. Evidence to support
these strategies has been examined through a Cochrane
review,'> which revealed an overall poor quality of stud-
ies, with inconsistent outcome measures, limiting the ex-
tent to which results could be compared and generalized.
A more recent systematic review of respiratory interven-
tions*’ revealed no significant improvement in respiratory
morbidity, observing only 5 of 37 studies were controlled,
within which only two were judged to implement strong
methodologies. The authors suggested several research
avenues in this topic, with numerous interventions yet to
be explored. However, attention to quality of study design,
adequate sample size, and appropriate outcome measures
was deemed vital.

Outcome measures are also widely implemented in
clinical practice to assess and monitor respiratory health.
Proactive measurement through anticipatory monitoring
approaches can detect change, inform early care decisions
and timely interventions, minimizing irreversible lung dam-
age and emergency hospital use. This aligns with the UK
National Health Service's long-term plan®' to deliver health
care closer to home. Furthermore, it reflects research prior-
ities for paediatric hospital care set by James Lind Alliance
Priority Setting Partnerships, questioning how hospital care
can be improved, shortened, or even prevented for children
who are medically complex.**

Respiratory health is typically measured using spirome-
try, a form of lung function testing used across chronic re-
spiratory conditions®** and neurodisability conditions.?
However, these measurements are challenging to replicate
in children with CP, because of learning, communication,
and swallow impairments, skeletal deformities, altered tone,
posture, and muscle weakness. In the absence of acceptable
outcome measurements to assess, monitor, and evaluate re-
spiratory health, children with CP continue to be vulnerable
to respiratory morbidity and mortality.

To address this problem, a scoping review was un-
dertaken to identify, map, and present the breadth of
community-based outcome measure instruments (OMIs)
implemented in primary research studies for children,
aged 1 to 18years, with CP. The review explored out-
come domains measured, according to the International
Classification of Functioning, Disability, and Health (ICF)
conceptual framework,?® the community-based context in
which they were implemented and by whom, with consider-
ation of limitations or exclusions imposed within research
studies. This review excluded invasive measurements or

What this paper adds

o A limited number and size of experimental de-
signs were found.

o Seventy-six measures were identified to assess
respiratory health in cerebral palsy.

o No consensus was found in ‘what’ or ‘how’ to
measure respiratory health.

o Many measures were not replicable in children
and young people at risk of poorer respiratory
health outcomes.

o Children and young people with comorbidities
and learning disability were frequently excluded
from studies.

those requiring a hospital stay, aligning with health care
and stakeholder priorities aiming to reduce inpatient bur-
den and promote proactive respiratory monitoring closer
to home.”"**

This scoping review aimed to systematically identify,
map, and present existing, non-invasive, community-based
OMIs used to assess outcome domains of respiratory health
in research with children aged 1 to 18 years with CP.

This was achieved through the following objectives:
(1) systematically search and identify relevant OMIs im-
plemented in primary research studies, across a cohort
of children with CP; (2) map OMIs to domains of the ICF
framework;”® (3) compare participant, measurer, and con-
textual factors, reported psychometric properties, and
limitations or exclusions; (4) inform subsequent research
direction in future ‘intervention effectiveness’ research and
community-based clinical practice, within this population
of interest.

The Participation, Concept, and Context framework
informed the scope and research question for this review.
The framework defined: (1) Participants: children aged 1
to 18 years with a clinical diagnosis of CP; (2) Concept: any
non-invasive respiratory health measurement conducted
using device, clinician, parent, or patient reporting; (3)
Context: any OMI feasible to implement in a community-
based setting.

The primary question of the scoping review was: “‘What
community-based OMIs are implemented in primary re-
search to assess domains of respiratory health in children,
aged 1 to 18 years, diagnosed with CP?’

The subquestions of the scoping review were: (1) What
are the domains of respiratory health measured, according
to the ICF?*® (2) What are the participants' characteristics
of those being measured? (3) What environments are used
to implement respiratory health measures? (4) What are
the measurer characteristics of those implementing respi-
ratory health measures? (5) What psychometric properties
are reported for respiratory health measures? (6) What
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are the limitations or exclusions for respiratory health
measures?

METHOD

A scoping review methodology was selected to align with
the purpose of identifying and mapping existing respiratory
health outcome measures in a specific cohort of interest.”’
This review was conducted in accordance with the JBI meth-
odology for scoping reviews for clarity and transparency®®
and registered with JBI in September 2021 which was updated
in September 2022 (Appendix S1). As recommended by the
JBI, the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) extension for scoping reviews
checklist* was used to guide high-quality reporting of this
review (Appendix S2).

Eligibility criteria
Participants

Authors considered studies including children with a clinical
diagnosis of CP. This condition was selected as an exemplar
of chronic neurodisability, because of its prevalence, well-
defined presentation, and widely established association with
respiratory-related morbidity and mortality.® Mixed condi-
tion cohorts were included if subgroup or individual data
were reported for those with CP. The age criteria excluded
cohorts under 1year (mean) because of neonatal differences
in respiratory anatomy, physiology, and management, and
adults over 18years (mean) because of differences between
adult and paediatric OMIs and health care provision.

Concept

Authors considered any OMI examining respiratory health
and/or its impact, encompassing any domain of the ICF
framework.”® OMIs included devices, performance-based
measures, and child/proxy/clinician-reported instruments.
Authors excluded OMIs involving harmful radiation or
ionization, or those requiring implementation in a hospital
setting, to reflect the community-based context of interest
for this review.

Context

This review considered studies conducting OMIs in
community-based settings that did not require a hospital
stay, inclusive of outpatient health care clinics, rehabilitation
and laboratory facilities, home, and educational settings.
These criteria were selected to align with health initiatives
aimed to reduce risk of burdensome hospital admissions that
impact on quality of life for children and families."

Research designs

Any primary research design, involving quantitative, quali-
tative, or mixed method, was included to broaden the ex-
ploration of respiratory health measures. Authors excluded
secondary research and registered protocols. However, re-
views and protocols posing a relevant research question were
subject to citation screening and hand searching of subse-
quent published findings respectively.

Types of sources

Authors included unpublished papers and dissertations
of primary research if sufficient data were available for
extraction.

No date limit was set. Non-English language papers un-
derwent machine translation engine translation and were
screened for inclusion.

Search strategy

Authors completed preliminary searches in MEDLINE and
CINAHL to examine and index applicable keywords, inform-
ing initial search terms. These were cross-referenced with rel-
evant systematic reviews.'”?’ The research team agreed three
broad search concepts: ‘paediatric’, ‘neurology’, and ‘respira-
tory’, with exhaustive use of synonyms to ensure comprehen-
sive searching. These were trialled in MEDLINE before final
refinement (see Appendix S3 for an example search strategy).

Full searches were conducted on 3rd August 2021 in the
following databases: AMED, CINAHL, EMCare, MEDLINE,
PsyclInfo, Ethos, Cochrane Central Register of Controlled
Trials, Cochrane Database of Systematic Reviews, and
PROSPERO. Databases reflected a range of biomedical, al-
lied health, and nursing databases, aligning with multidis-
ciplinary management of respiratory health. Grey literature
and registry databases were included to encompass unpub-
lished studies, protocols, and registered trials. To minimize
publication bias, final included papers and relevant reviews
were subject to citation screening. The searches were re-
peated on 24th February 2023 to ensure the most up-to-date
papers were included in the review. An information special-
ist was involved in refining the search strategy.

Study/source of evidence selection

All retrieved database citations were uploaded to Endnote
20 reference manager software (Clarivate Analytics,
Philadelphia, PA, USA) and duplicates removed. Remaining
references were uploaded to a web-based software, Rayyan
(Rayyan Systems, Cambridge, MA, USA), for screening. Two
research team members undertook a pilot screen of 100 titles
and abstracts, informing discussion and refinement of the
criteria.
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Two independent reviewers from the research team com-
pleted the final five-stage screening process detailed as fol-
lows: (1) Title and abstract of all retrieved articles underwent
eligibility screening; reviewer discrepancies were provision-
ally included for full text screen. (2) Eligible titles and ab-
stracts underwent full text screening; reviewer discrepancies
were resolved through discussion. All reasons for exclusion
were recorded in Rayyan software and in the PRISMA flow
diagram. (3) Eligible full texts underwent a second stage of
screening to exclude cohorts that did not meet a clinical di-
agnosis of CP. Reviewers screened cohorts of mixed neuro-
logical diagnoses for available individual or subgroup data.
All reasons for exclusion were recorded in Rayyan software
and in the PRISMA flow diagram (Figure S1). (4) A final
refinement stage of screening was performed across all re-
trieved articles to ensure all relevant papers were identified,
including those published in non-English languages. (5)
Eligible papers and relevant reviews were subject to citation
screening by the first author (RKL) to identify additional
primary studies. Authors were contacted from all relevant
protocols and trials registrations to confirm published study
activity to date.

The results of the search and study inclusion process is
presented in a PRISMA flow diagram®® (Figure S1). Results
of the rerun of searches are provided in Figure S2.

Data extraction

The research team codeveloped a data extraction tool in
Excel, using the primary and subresearch questions of this
review. The tool was piloted with two research team mem-
bers using the first five eligible papers, prompting amend-
ments and refinement for purpose (Appendix S4). Data
extraction included study and participant characteristics,
outcome measures of interest and their characteristics (out-
come domain, time points, measurer characteristics, and
reported psychometric properties), and exclusions or limi-
tations to implementing each outcome measure. The first
author (RKL) extracted data from all included papers and
a second independent reviewer (SG) extracted every other
included paper, amounting to 50% of all papers. Three in-
dividual data extraction discrepancies arose between au-
thors, in reference to recording a Gross Motor Function
Classification System (GMFCS) level, a sample size, and an
outcome measurement for caregiver stress. All three were
resolved with discussion. Results are presented in summary
tables developed by the research team and adapted from the
JBI manual.”® Where data were missing, authors RKL and
SG recorded this as ‘not reported’.

Data analysis and presentation
All extracted OMIs were categorized and mapped onto ICF

domains and subdomains by two members of the research
team, followed by peer discussion and review by the wider

research team. A narrative analysis of results was under-
taken, presented under headings of subquestions posed in
the review, supported by tables and visual graphs where
relevant.

RESULTS
Search results

Primary searches retrieved 4805 articles from databases
and uploaded to Endnote. After removal of duplicates, 3741
articles were subject to title and abstract screening. A sub-
sequent 583 articles were subject to full text screening, of
which 382 were excluded with reasons agreed and recorded
in Figure S1. The remaining 201 articles were eligible for a
subsequent full text screening of children with CP, exclud-
inga further 163 articles exploring children with neuromus-
cular conditions (n=86), neurogenetic conditions (n=27),
neurodivergent conditions (n=15), other progressive con-
ditions or mixed cohorts without subgroup analysis of CP
(n=35). Primary searches retrieved 38 eligible articles. An
additional seven articles were found from rerunning and
screening of searches (February 2023). These were supple-
mented by 33 articles sourced through citation screening
(n=22) and hand searching relevant reviews (n=11), one of
which was a non-English language review which was sub-
ject to Google Translation of citations. Results are presented
in Figure S1.

Study characteristics

The scoping review identified 78 eligible studies, originat-
ing from 29 countries, with the greatest number of articles
conducted in Netherlands (n=11), USA (n=10), Republic
of Korea (n=9), and Australia (n=38). Studies spanned five
decades, from 1970%' to 2022 with 60% (n=47) of articles
published in the last decade, suggesting increased interest
in this area in recent years. Study characteristics are pre-
sented in Table S1; OMI characteristics are summarized in
Table S2.

Observational designs dominated included studies, with
only 19 experimental designs (24%), of which only 11 (14%)
reported randomization. Sample size was much lower in
experimental designs, the largest cohort recorded as 68,
compared to 551 from observational studies.* This limited
number and size of experimental designs align with findings
from topic-related systematic reviews.'>*’

Subquestion 1: Outcome domains of
respiratory health

Outcome domains of measurements were labelled and
mapped to the ICF framework®® core and subdomains,
and presented in Figure 1. Core domains included ‘Body
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functions and structures’, ‘Activity and performance’, and
‘Participation and quality of life’. An additional domain of
‘Health care resources use’ encompassed measurements of
structure and process of care, although this category par-
tially mapped to ‘environmental factors’ of the ICF and was
linked to ‘Participation and quality of life’.

Sub-domains

Respiration functions

Respiratory muscle functions

structures

Additional respiratory functions

Body functions and

Exercise tolerance functions

General tasks and demands

- g
X
Mobility
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Community, social, and civic life
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©
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Quality of life for child
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Quality of life for caregiver

Part

Healthcare admissions

Healthcare visits

Respiratory-related Ilinesses

Pharmacological care needs

Healthcare investigations

Health care resources use

Non pharmacological care needs

FIGURE 1
CXR, chest x-ray.

Body functions and structures

There were 20 OMIs categorized under ‘Body functions
and structures’, implemented 73 times in total across 51 of
78 studies (65%), and observed to be the most frequent out-
come domain measured. Outcome subdomains included

Sub-themes

Respiratory rate and rhythm
Lung capacity, volume, resistance, and flow
Gas exchange
Reported respiratory-related symptoms
Chest wall expansion / movement
Respiratory muscle strength
Respiratory function related to sleep
Respiratory function related to feeding
Respiratory aerobic capacity
Reported exertion
Functional activity measures
Handling stress and psychological demands
Walking
Activity levels / sedentary behaviour
Changing and maintaining posture
Aerobic performance / fitness
Activities of daily living
Sleep activity
Feeding activity
Child Self-perception
Child enjoyment
Caregiver self-perception
Caregiver social life and support
Child health
Child (generic)

Impact of condition (sleep)
Impact of condition (respiratory)
Impact of condition (cerebral palsy)
Caregiver health
Caregiver (generic)

Impact of condition (sleep)
Impact of condition (respiratory)
Impact of condition (cerebral palsy)
Emergency care (frequency / duration)
Secondary care (frequency / duration)
Intensive care (frequency / duration)
GP primary care (frequency / duration)
Frequency / duration
Impact on non-pharmacological needs
Impact on pharmacological needs
Antibiotic use (frequency / duration)
Frequency e.g. CXR

Frequency e.g. suction

Domains of outcome measurement mapped to the International Classification of Functioning, Disability, and Health. Abbreviation:

85U8017 SUOWILLIOD BAIIER.ID 3(gedlidde ay) Aq peuIsnob s Sspiie YO ‘8sN Jo Sa|nJ o} Akeiq i 8uljuO AB]1M UO (SUONIPUOD-PU-SULBY WD A8 |1 ARe.q) U [UO//:SdNy) SUONIPUOD pue SWLB | 8U188S *[1202/20/52] Uo Atelqiauliuo As|in ‘seoinses Akidi TON uopuo abe| (oD AisieAlun Ag ¥S8ST UOWP/TTTT'OT/I0P/L0d A8 | im ARelq i jpul|uoy//Sdny woiy pepeojumoq ‘0 ‘6728697T



¢ |

KNIGHT LOZANO ET AL.

respiratory function, respiratory muscle function, exercise
tolerance, and additional respiratory-related sleep and swal-
low function. These OMIs featured in 16 of 19 experimental
designs, and were primarily conducted by clinicians in con-
trolled environments such as laboratories. Over half of these
OMIs reported participant exclusions, primarily children
unable to follow instructions. This was attributed to effort-
dependent measures requiring voluntary breath control (e.g.
in lung function testing), and compliance wearing of equip-
ment (e.g. facemasks).

Activity and performance

There were 22 OMIs categorized under ‘Activity and per-
formance’, implemented 51 times in total across 38 of 78
studies (49%). Outcome subdomains included general
tasks and demands, mobility, and self-care inclusive of
sleep and feeding. Objective activity measures primarily
required a controlled clinic or laboratory environment
(e.g. for treadmill, shuttle run tests, and cycle ergometry
testing), of which all imposed exclusions related to level
of mobility and ability to follow instructions.*> *' In con-
trast, subjective activity measures were implemented in
schools, clinics, and home. OMIs within this domain re-
ported highest levels of psychometric properties, although
measurement development studies featuring in this review
primarily recruited ambulatory children with CP, ques-
tioning application of psychometric properties to a wider
cohort of children with CP.

Participation and quality of life

There were 19 OMIs categorized under ‘Participation and
quality of life’, implemented 22 times across 12 of 78 studies
(15%). These OMIs featured in only 5 of the 19 experimental
designs. Despite being the least frequent outcome domain
measured, the number of OMIs was comparable to other
domains, noting high variability. Outcome subdomains in-
cluded community, social and civic life, and quality of life
measures related to the child and/or the caregiver. OMIs in
this domain were implemented across a variety of research
designs, context, and cohorts, imposing the least number
of exclusions. This domain encompassed 4 out of 5 child-
reported OMIs.*>***? All measures contributed ordinal data
sourced from Likert scales.

Health care resources use

There were 15 OMIs of ‘Health care resources use’, imple-
mented 45 times, across 18 studies, of which only three were
experimental designs.'**>** These OMIs described structures
or processes of respiratory-related care, contributing discrete
levels of data, calculated using frequency or length of care
(in days). Most frequently implemented measures included

number (n=9) and duration (n=8) of respiratory-related hos-
pitalizations. Although categorized under ‘Health care re-
sources use’, repeated hospitalizations also overlapped with
subthemes of ‘Participation and quality of life’.

Subquestion 2: Participant characteristics

Eligible studies included participants aged 1 to 18years old,
inclusive of sex. Several studies (n=13) enrolled mixed co-
horts over 18years, encompassing children and young peo-
ple up to 26years, although the mean age remained within
eligibility criteria. There were no significant differences
in the outcome domains or OMIs used in paediatric com-
pared to mixed age cohorts. However, selected OMIs such
as the Self-Perception Profile for Children and the TNO-
AZL Questionnaire for Children's Health-Related Quality
of Life®” were used across the mixed cohort despite reported
validity in paediatric populations only.

Of 78 included studies, 16 (21%) did not report GMFCS
level, limiting full analysis of this subquestion. Eighteen
studies included children of ‘any’ GMFCS classification,
representing GMFCS levels proportionately, notably 32.5%
of participants were classified in GMFCS levels IV to V,
aligning with recent registry literature.*” These studies im-
plemented OMIs across all ICF domains,*® most commonly
within ‘Activity and performance’. However, these measures
did not examine the ‘mobility’ subdomain, but rather parent-
reported sleep”®™ or feeding activity.” > Figure 2 provides
a visual comparison of measurement domains across identi-
tied GMECS cohorts.

Of the studies reporting GMFCS levels, 22 (35%) re-
cruited only ambulatory children classified in GMFCS
levels I to III, representing the most prevalent group of
participants. These studies overwhelmingly favoured
OMIs of ‘Body functions and structures’, specifically
lung function, respiratory muscle strength, and aerobic
capacity, or ‘Activity and performance’ domains, spe-
cifically aerobic exercise testing. Notably, none of these
studies implemented measures of ‘Health care resources
use’, likely attributed to lower risk of respiratory morbid-
ity amongst ambulant children with CP compared to their
non-ambulant counterparts.®*

Thirteen studies selected children classified in GMFCS
levels IV to V, reflecting those most at risk of respiratory
illness. Within this domain, no ‘Activity and performance’
measures were implemented. ‘Body functions and struc-
tures’ measures primarily examined parent-reported
respiratory symptoms®>® and non-effort-dependent
measures; this included home oximetry, capnography,
respiratory observations,”> ®* and a portable interrupter
technique used to measure airway resistance,’>®* noted
to be validated in young children without a neurological
condition.®

Four outlier studies attempted to implement
effort-dependent measures in children classified in GMFCS
levels IV to V, including lung function tests and maximal

60,63,66,67
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FIGURE 3

oxygen consumption during exercise. These studies all ex-
cluded participants who were unable to follow instructions.
Once enrolled, participants were further excluded because
of intolerance or agitation when wearing a face mask, pos-
tural instability, primitive reflex activity, and inability to co-
operate with procedures, with one study excluding 50% of
their recruited cohort.”?

Subquestion 3: Measurement context

Of 78 included studies, 18 (23%) did not specify the envi-
ronment in which OMIs had been implemented, although
authors considered them to be feasible to implement in the
community. Three studies sourced ‘Health care resources
use’ from medical records.”*®*® Six studies reported flex-
ible or mixed contexts in which measurements could be
undertaken in school, home, clinic, online, or telephone.
The remaining studies varied in context, most commonly

Body functions and structures M Activity and performance ' Participation and QoL

Visual presentation of measurement domains across reported Gross Motor Function Classification Scale (GMFCS) cohort groups.

20 25 30 35 40 45

Body functions and structures M Activity and performance ' Participation and QoL

Visual presentation of measurement domains across reported contexts. Abbreviation: QoL, quality of life.

including outpatient facilities or clinics (n=20), followed by
home (n=15), laboratories (n=13), school (n=1), and pre-
admission environments (n=2). Figure 3 provides a visual
comparison of measurement domains across identified
contexts.

Objective measures were implemented in laboratories or
outpatient facilities, primarily measuring ‘Body functions
and structures’ (e.g. lung function) or ‘Activity and perfor-
mance’ (e.g. aerobic exercise testing). Only three objective
measures were implemented in the home: an activity mon-
itoring device,” home oximetry,">®* and airway mucus
encumbrance clinical assessment.®” Subjective measures
represented all ICF domains, although dominated by ‘Health
care resources use’ and ‘Participation and quality of life’.
These were implemented flexibly across all contexts. Only
two subjective measures were implemented in a laboratory
environment: the Borg scale and the Children's OMNI Scale
of Perceived Exertion, both of which were linked to aerobic
exercise testing.%’39
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Subquestion 4: Measurer characteristics

Measurer characteristics informed a subquestion for this
review, to explore key stakeholders in the assessment of res-
piratory health, whilst identifying measurers who may be at
risk of research burden. Of 78 included studies, only 10 meas-
urements across three studies'*”"”> did not report measurer
characteristics. Clinicians or researchers implemented 104
measures across 50 studies, largely mapping to ‘Body func-
tions and structures’ and ‘Activity and performance’ do-
mains. These were primarily objective, with few subjective
measures reported by clinicians, limited to ‘Health care re-
sources use’.

Parent/caregivers implemented 64 measures across 32
studies, mapping to all levels of the ICF. These were subjec-
tive, reported through ordinal scale questionnaires or dis-
crete ‘Health care resources use’. Only seven recordings of
child-reported measures were found across four (5%) studies;
this included two ‘Body functions and structures’ measures,
the OMNI Scale of Perceived Exertion® and the Borg scale,”
and five ‘Participation and quality of life’ measures, includ-
ing the Self-Perception Profile for Children, the Children's
Assessment of Participation and Enjoyment, the TNO-
AZL Questionnaire for Children's Health-Related Quality
of Life,” patient-reported KINDL,” and the Children's
Quality of Life Scale.*” Figure 4 provides a visual compar-
ison of measurement domains across identified measurer
characteristics.

Subquestion 5: Psychometric properties

Forty OMIs reported psychometric properties, which were
extracted and categorized into reliability, validity, respon-
siveness, or clinical utility, aligning with established health
measurement taxonomy.””* Forty-six (54%) studies re-
ported at least one psychometric property for one of their

Mixed I
Patient (child)
Parent -
Clinician / researcher -
o

0 20 40

H Healthcare use

implemented OMIs. Of these, 31 studies reported at least
one property for all their implemented measures. There
were no trends noted between level of reporting and research
method.

Within this review, six studies directly explored measure-
ment development: Brehm et al.” and van den Berg-Emons
et al.”® examined reliability of cycle ergometry to assess peak
aerobic power; Gorter et al. measured reliability” and feasi-
bility”® of a treadmill test; Verschuren et al. examined reli-
ability, reproducibility, and validity of shuttle run tests®* and
shuttle ride tests.”” Four of the six studies recruited children
with CP classified in GMFCS levels I to IIL

Validity was most reported in studies (n=37), followed by
reliability (n=29) and clinical utility (n=6). Reliability and
clinical utility featured primarily in OMIs of ‘Body func-
tions and structures’ and ‘Activity and performance’, whilst
validity was reported across all measurement domains. Four
outlier studies reported validity, but acknowledged using
the OMI outside its intended population or method.**>7%7¢
One study reported responsiveness in a validated sleep
questionnaire.77

Completeness of reported measurement properties dif-
fered across outcome domains. ‘Activity and performance’
OMI properties were most widely reported, representing 17
(77%) of the 22 identified OMIs. ‘Participation and quality
of life’ OMI properties were reported for 13 (68%) of the 19
identified OMIs in this domain. ‘Body functions and struc-
tures’ OMI properties were reported for 11 (55%) of the 20
identified OMIs. Table S2 presents these findings.

Subquestion 5: Exclusions or limitations

A key rationale for this review, and what sets children with
CP apart from other chronic respiratory populations, is the
difficulty replicating ‘criterion standard’ respiratory meas-
ures such as spirometry.”>”® Reported eligibility criteria of

60 80 100 120

Body functions and structures m Activity and performance = Participation and QoL

FIGURE 4 Visual presentation of measurement domains across reported measurer characteristics. Abbreviation: QoL, quality of life.
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cohorts warranted examination to determine application of
existing OMIs to a wider population of children with CP and
respiratory health impairment.

Of 78 included studies, 23 (29%) did not report exclusion
criteria for their study, limiting a full analysis for this review.
Of the remaining 55 studies, the most common exclusion
criterion was an ‘inability to follow instructions’ or a cogni-
tive impairment, reported in 28 studies. This criterion was
most prevalent in studies recruiting GMFCS levels I to III
cohorts and justified through need to comply with effort-
dependent measures of lung function, aerobic performance,
and exercise testing. However, this exclusion was also noted
in 10 studies enrolling children in GMFCS levels IV to V,
such as Park et al.,°® who recruited 112 children in GMFCS
levels IV to V for chest x-ray examination, but only 10 were
able to cooperate in lung function testing.

The second most common exclusion was children with
a known acute or chronic respiratory impairment such as
asthma (n =18 studies), frequently justified by risk of exac-
erbation during exercise testing or resisted breathing tech-
niques. However, 13 studies purposely recruited children
with respiratory morbidity or related symptoms, such as
drooling, and aspiration. All but one of these studies’ in-
cluded children in GMFCS levels IV to V, recruiting co-
horts at highest risk of respiratory-related mortality.” These
studies were dominated by subjective measures of ‘Health
care resources use’, ‘Body functions and structures’, and
‘Participation and quality of life’.

Further exclusions included other comorbidities such as
seizures (n=13), medication (n=9), posture or level of mo-
bility (n=10), orthopaedic or spinal deformity (n=7), recent
surgery or botulinum neurotoxin A injection (n=7), pain
(n=1), and behaviour (n=1). Exclusions related to treatment
contraindications were justified in five studies, related spe-
cifically to aerobic fitness testing. Many of these exclusions
reflect factors associated with more severe forms of CP and
poorer respiratory health outcomes.”>’

Pain
Behaviour Il
Contraindication to intervention N
Surgery / Botox NI
Orthopaedic / spinal deformity I |

Figure 5 provides a visual comparison of exclusions
across GMFCS cohorts.

DISCUSSION

The purpose of this scoping review was to identify, map, and
present respiratory health outcome domains and measures
implemented in primary research studies for children with
CP. The review revealed a limited number and size of ex-
perimental designs, lacking consensus of ‘what’ and ‘how’
respiratory health is measured in research. This limits com-
parison and synthesis of findings across studies, aligning
with concerns raised by Blackmore et al.** and Winfield
etal.”

The review identified 76 OMIs across 78 studies, which
were mapped to core ICF domains: ‘Body functions and
structures’, ‘Activity and performance’, and ‘Participation
and quality of life’*® ‘Health care resources use’ was ad-
opted as an additional domain as it only partially mapped
to ICF ‘environmental factors’*® On reflection, authors may
consider alternative conceptual frameworks in future re-
search with increased suitability towards outcomes, such as
the COMET-informed taxonomy,*’ reflecting wider ‘Health
care resources use’, associated with respiratory-related
morbidity and mortality. This particular domain provides
valuable information to inform sustainability in health care
and aligns with UK health initiatives® and the James Lind
Alliance.”> However, these constructs do not provide an-
ticipatory monitoring opportunities to detect early change,
inform timely interventions, and minimize lung damage,
such as those observed in best practices for other chronic re-
spiratory illnesses.”> Furthermore, the discrete data do not
capture meaningful impact of these constructs on children
and their families, suggesting the need to combine such
measures with meaningful ‘Participation and quality of life’
outcomes.'’

Medication [l Il ]
Posture or mobility [IEEEG_— H .
Other comorbidity |l 1l | |
Respiratory comorbidity [N N [ ]
Language or cognition I [ ] |
NR O ]
0 5 10 15 20 25 30
B GMFCS -1l GMEFCS I-IV B GMFCS -V B GMFCS II-V
GMEFCS V=V GMEFCS |-V B GMFCS not known

FIGURE 5
groups. Abbreviation: QoL, quality of life.

Visual presentation of exclusion criteria across reported across reported Gross Motor Function Classification Scale (GMFCS) cohort
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Across ICF domains, ‘Body functions and structures’ fea-
tured greatest consensus of OMIs. However, findings sug-
gest increased consensus was achieved through recruiting
homogenous cohorts with milder forms of CP, excluding
those unable to comply with effort-dependent lung function
measures such as spirometry. Subsequently, these studies do
not inform feasible ways to assess and evaluate those most
at risk of respiratory morbidity and mortality.® Further re-
search to address this challenge is essential to reduce health
care burden and improve quality of life for wider popula-
tions with CP.

In contrast, OMIs mapped to ‘Participation and quality
of life’ were implemented across a wide range of cohorts and
contexts but the domain was considered to have least con-
sensus. Registered trials of ongoing studies to date will only
add to this variability, proposing new measures such as ‘days
missed from school because of respiratory illness’, ‘days
missed off work by caregivers’, and the Beach Center Family
Quality of Life survey,” the Child Health Utility 9D,*
the EQ-5D-Y,* the Canadian Occupational Performance
Measure,* and CP CHILD.® These ongoing studies also add
new ‘Activity and performance’ OMIs, such as goal attain-
ment scale and advanced technology of activity monitoring
devices,* adding to the existing challenge of meta-analysis
within systematic reviews. Authors call for urgent measure-
ment agreement, as experimental research interest grows, to
establish effective management strategies for best practice.

Participant characteristics of motor impairment in-
formed a subquestion for this review because of its evidence-
based association with respiratory health.>>® Many more
studies recruited children with milder motor impairments,
and those that recruited ‘all’ levels of motor impairment rep-
resented a proportionate sample of more severely impaired
children, reflecting wider population distribution estimated
at 25.5% to 34.3%.% Arguably, research should prioritize
recruitment of children classified in GMFCS level V, repre-
senting a higher health care burden population with poorer
health outcomes.® However, children with milder CP im-
pairments also remain at risk of poorer respiratory health,
presenting with lower lung function and respiratory muscle
strength compared to typically developing controls,**™
supporting research to address the entire spectrum of this
condition.

Findings revealed children with complex comorbidities
or those unable to follow instructions were underserved in
this review. Although many studies reported phrases such
as ‘cognitive and language abilities insufficient to fulfil re-
spiratory test’®*™ in their exclusion criteria, only one study
employed an IQ level under 60 threshold,” limiting inter-
pretation of how a child's ability to follow instructions was
determined. This participant characteristic is important to
address in future research, as 1 in 2 children with CP have
a learning disability, increasing to two-thirds in those with
greater motor impairment.” Researchers acknowledge such
characteristics increase sample heterogeneity and risk of ad-
verse events during treatment, whilst limiting application of
‘criterion standard’ measures such as spirometry. However,

these exclusions limit application of research to a multi-
morbidity, high health care burden population, who engage
differently with assessment and intervention, and remain
most vulnerable to respiratory illnesses."”>” These exclu-
sions risk perpetuating health and health care disparities,
informing public health research priority for underserved
populations.®

In this review, few research designs featured mixed co-
horts of children and adults, despite respiratory illness per-
sisting as a primary cause of death in a growing population
of young adults with CP.*® This is in part due to the eligibil-
ity criteria imposed by authors. Extending research beyond
the traditional paediatric population presents new chal-
lenges such as conducting validated child-focused measures
in adult cohorts and applying research into health practice
that remains vastly different. However, core literature strives
to encompass children and young people up to 25 years, both
with CP' and chronic neurodisability,® prompting authors
to propose parallel research exploring respiratory outcomes
of young adults, to support challenging transitions to adult
health care services.

The review findings suggested a relationship between
context and measurer characteristics, highlighting risk of
participant burden in research. Objective OMIs were pri-
marily conducted in laboratories or controlled outpatient
facilities, measured by clinicians, researchers, with or with-
out a device, introducing participant burden through travel,
transportation, lack of access to supportive equipment and
familiar networks for participants and their families.”* In
contrast, patient/proxy-reported OMIs were conducted in
more familiar environments, such as school or home, greatly
reducing barriers to participation. Yet, the self-reporting na-
ture of these measures introduces response error and bur-
den, namely for parents.” Caregiver burden is well reported
in CP-focused literature,” which is heightened in families
of low socioeconomic background,” and should inform the
selection of OMI in research, with efforts to mitigate burden
through relevant stakeholder engagement in codesign.

The review findings also revealed significant under-
representation of the child as the measurer. Factors of age,
prevalence of learning and communication impairment in
CP, or the outcome domain (e.g. sleep) may have contrib-
uted to this lower volume of measures. However, adopting
inclusive and flexible methods such as alternative aug-
mented communication or familiar communicators can
support and engage children with CP as respondents in data
collection measures, aligning with best practice guidelines.'
Increased use of these methods in future research will pro-
mote children's voices, building meaningful and authentic
research capacity led by those most affected by respiratory
illness.

Incomplete reporting limits full analysis of OMI psycho-
metric properties, and findings are interpreted with cau-
tion. Studies implementing validated OMIs (e.g. Paediatric
Evaluation of Disability Inventory) often failed to report
this in publication.*® Studies that did report measurement
properties presented varied level of detail, ranging from a

85U8017 SUOWILLIOD BAIIER.ID 3(gedlidde ay) Aq peuIsnob s Sspiie YO ‘8sN Jo Sa|nJ o} Akeiq i 8uljuO AB]1M UO (SUONIPUOD-PU-SULBY WD A8 |1 ARe.q) U [UO//:SdNy) SUONIPUOD pue SWLB | 8U188S *[1202/20/52] Uo Atelqiauliuo As|in ‘seoinses Akidi TON uopuo abe| (oD AisieAlun Ag ¥S8ST UOWP/TTTT'OT/I0P/L0d A8 | im ARelq i jpul|uoy//Sdny woiy pepeojumoq ‘0 ‘6728697T



COMMUNITY-BASED RESPIRATORY HEALTH MEASURES IN CHILDREN AND YOUNG PEOPLE

WITH CEREBRAL PALSY: A SCOPING REVIEW

|11

single citation to embedding psychometric property devel-
opment within their design. Specific measurement develop-
ment studies examining validity and reliability**** excluded
children with significant motor, learning, and respiratory
impairment, limiting the application of findings to a popu-
lation at risk of poorer respiratory health. Further research
is required to examine health measurement properties and
the quality of underlying developmental studies for OMIs
featured in this review, before informing recommendations

for use across the population with CP.

Limitations

For this review, it was necessary to undertake a second stage
of screening to refine the condition of CP, based upon the
vast number of retrieved articles and widely varying neu-
rological presentations. However, the authors acknowledge
this is a deviation from the original protocol. The research
team selected CP as the exemplar condition, because of its
prevalence within chronic neurodisability, its well-defined
presentation, and widely established association with
respiratory-related morbidity and mortality.® However, the
authors note children with other chronic neurodisability
conditions remain at risk of respiratory illness, encouraging
future exploration in a separate review.

The authors acknowledge the vast number of included
studies limited the in-depth analysis and quality assessment
of individual studies. However, review findings were able to
conclude that existing experimental designs were limited in
number and size, and lacked consensus of outcomes, align-
ing with conclusions from robust systematic reviews in the
last decade.'”®® Health measurement properties were not
feasible to examine in depth for this scoping review. For ex-
ample, multiple-item patient-reported outcome measures
have not been subject to in-depth content analysis and have
been categorized based on their ‘dominant’ ICF domain. As
a result, the review may overestimate the number of OMI's
mapped to ‘Participation and quality of life’.

Conclusion

This review revealed no consensus in respiratory health out-
come domains and their associated instruments in children
with CP over the past 50years. Inconsistency of these out-
comes has become a major barrier to determining best prac-
tice with regards to early assessment and delivery of effective
interventions. Furthermore, the body of research in this re-
view reveals inadequate representation of the full spectrum
of CP, presenting a biased evidence base, which could per-
petuate ongoing respiratory health and health care dispari-
ties in children with more severe forms of CP.

There is an urgent need to establish ‘what to measure’,
prioritizing respiratory health domains that are important to
stakeholders. By defining these domains, research can then
examine ‘how to measure’, with an initial focus on feasibility

and acceptability in children with CP most vulnerable to
respiratory morbidity and mortality. Measurement consen-
sus can inform high-quality inclusive research design and a
minimum agreement of outcomes, facilitating comparison
and synthesis across studies, in this underserved research
population. It can also inform measures of anticipatory
monitoring in practice, closer to home, aligning with best
practice guidelines set out by other paediatric chronic re-
spiratory diseases.”> > These long-term research and prac-
tice transformations have potential to determine effective
interventions that can be delivered in a timely manner, be-
fore irreversible lung damage occurs, minimizing escalation
to emergency hospital care, further morbidity, and even
mortality.

ACKNOWLEDGEMENTS

The lead author, Rachel Knight Lozano, Clinical Predoctoral
Research Fellow (NIHR301008) was funded by Health
Education England / National Institute of Health Research
for this research project. The views expressed in this publi-
cation are those of the author(s) and not necessarily those of
the NIHR, NHS or the UK Department of Health and Social
Care.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available
from the corresponding author upon reasonable request.

ORCID
Rachel Knight Lozano ‘© https://orcid.
org/0000-0003-3672-3924

REFERENCES

1. NICE. Cerebral palsy in under 25s: assessment and management;
NICE Guideline [NG62]. 2017.

2. Seddon P, Khan Y. Respiratory problems in children with neurologi-
cal impairment. Archives of disease in childhood. 2003;88(1):75-8.

3. Blackmore AM, Bear N, Blair E, Gibson N, Jalla C, Langdon K, et al.
Factors Associated with Respiratory Illness in Children and Young
Adults with Cerebral Palsy. The Journal of pediatrics. 2016;168:151.

4. Blackmore AM, Bear N, Blair E, Gibson N, Jalla C, Langdon K, et al.
Prevalence of symptoms associated with respiratory illness in chil-
dren and young people with cerebral palsy. Developmental medicine
and child neurology. 2016;58(7):780-1.

5. Blackmore AM, Bear N, Blair E, Langdon K, Moshovis L, Steer K, et al.
Predicting respiratory hospital admissions in young people with cere-
bral palsy. Archives of disease in childhood. 2018;103(12):1119-24.

6. Gibson N, Blackmore AM, Pavleski K, Chang AB, Cooper MS, Jaffe
A, et al. Prevention and management of respiratory disease in young
people with cerebral palsy: consensus statement. Developmental
Medicine and Child Neurology. 2021;63(2):172-82.

7. NHSEngland, NHSImprovement. Learning from lives and deaths —
People with a learning disability and autistic people (LeDeR). 2021.

8. NCEPOD. Each and Every Need: review of the quality of care pro-
vided to patients aged 0-25years old with chronic neurodisability,
using the cerebral palsies as examples of chronic neurodisabling con-
ditions, Chapter 10. 2018:104.

9. Dayman R, Langdon K, Wilson AC, Blackmore AM. Healthcare
usage for respiratory illness by paediatric inpatients with cere-
bral palsy. Acta Paediatrica, International Journal of Paediatrics.
2021;110(5):1554-5.

85U8017 SUOWILLIOD BAIIER.ID 3(gedlidde ay) Aq peuIsnob s Sspiie YO ‘8sN Jo Sa|nJ o} Akeiq i 8uljuO AB]1M UO (SUONIPUOD-PU-SULBY WD A8 |1 ARe.q) U [UO//:SdNy) SUONIPUOD pue SWLB | 8U188S *[1202/20/52] Uo Atelqiauliuo As|in ‘seoinses Akidi TON uopuo abe| (oD AisieAlun Ag ¥S8ST UOWP/TTTT'OT/I0P/L0d A8 | im ARelq i jpul|uoy//Sdny woiy pepeojumoq ‘0 ‘6728697T


https://orcid.org/0000-0003-3672-3924
https://orcid.org/0000-0003-3672-3924
https://orcid.org/0000-0003-3672-3924

12

KNIGHT LOZANO ET AL.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Elema A, Zalmstra TA, Boonstra AM, Narayanan UG, Reinders-
Messelink HA, Vd Putten AA. Pain and hospital admissions are
important factors associated with quality of life in nonambulatory
children. Acta Paediatrica. 2016;105(9):e419-¢25.

Marpole R, Blackmore AM, Gibson N, Cooper MS, Langdon K,
Wilson AC. Evaluation and Management of Respiratory Illness in
Children With Cerebral Palsy. Frontiers in pediatrics. 2020;8:333.
Littleton SR, Heriza CB, Mullens PA, Moerchen VA, Bjornson K.
Effects of positioning on respiratory measures in individuals with
cerebral palsy and severe scoliosis. Pediatric Physical Therapy.
2011;23(2):159-69.

Siriwat R, Deerojanawong ], Sritippayawan S, Hantragool S,
Cheanprapai P. Mechanical Insufflation-Exsufflation Versus
Conventional Chest Physiotherapy in Children With Cerebral Palsy.
Respiratory care. 2018;63(2):187-93.

Yuan N, Kane P, Shelton K, Matel J, Becker BC, Moss RB. Safety, tol-
erability, and efficacy of high-frequency chest wall oscillation in pe-
diatric patients with cerebral palsy and neuromuscular diseases: An
exploratory randomized controlled trial. Journal of Child Neurology.
2010;25(7):815-21.

Hutzler Y, Chacham A, Bergman U, Szeinberg A. Effects of a move-
ment and swimming program on vital capacity and water orienta-
tion skills of children with cerebral palsy. Developmental Medicine &
Child Neurology. 1998;40(3):176-81.

Lee HY, Kim K. Can walking ability enhance the effectiveness of
breathing exercise in children with spastic cerebral palsy? Journal of
physical therapy science. 2014;26(4):539-42.

Shin HK, Byeon EJ, Kim SH. Effects of seat surface inclination on
respiration and speech production in children with spastic cerebral
palsy. ] Physiol Anthropol. 2015;34:17.

Lee HY, Cha YJ, Kim K. The effect of feedback respiratory train-
ing on pulmonary function of children with cerebral palsy: a ran-
domized controlled preliminary report. Clinical rehabilitation.
2014;28(10):965-71.

Winfield NR, Barker N, Turner ER, Quin GL. Non-pharmaceutical
management of respiratory morbidity in children with severe global
developmental delay. Cochrane Database of Systematic Reviews.
2014(10).

Blackmore A, Gibson N, Cooper M, Langdon K, Moshovis L, Wilson
AC. Interventions for management of respiratory disease in young
people with cerebral palsy: a systematic review. Child: Care, Health
and Development. 2019;45(5):754-71.

NHSEngland. Science in healthcare: Delivering the NHS Long Term
Plan. The Chief Scientific Officer's strategy. 2020.

Gill PJ, Bayliss A, Sozer A, Buchanan F, Breen-Reid K, De Castris-
Garcia K, et al. Patient, Caregiver, and Clinician Participation in
Prioritization of Research Questions in Pediatric Hospital Medicine.
JAMA network open. 2022;5(4):e229085-e.

NICE. Cystic fibrosis: Diagnosis and management-NICE guideline
[NG78]. Paediatric Respiratory Reviews. 2017;31:12-4.

Health NIf, Excellence C. Asthma: diagnosis, monitoring and
chronic asthma management: National Institute for Health and Care
Excellence (NICE); 2017.

Birnkrant DJ, Bushby K, Bann CM, Apkon SD, Blackwell A,
Brumbaugh D, et al. Diagnosis and management of Duchenne mus-
cular dystrophy, part 1: diagnosis, and neuromuscular, rehabilitation,
endocrine, and gastrointestinal and nutritional management. The
Lancet Neurology. 2018;17(3):251-67.

WHO. International classification of functioning, disability
and health: children and youth version: ICF-CY. World Health
Organization; 2007.

Munn Z, Peters MD, Stern C, Tufanaru C, McArthur A, Aromataris
E. Systematic review or scoping review? Guidance for authors when
choosing between a systematic or scoping review approach. BMC
medical research methodology. 2018;18(1):1-7.

Peters MD, Marnie C, Tricco AC, Pollock D, Munn Z, Alexander L,
et al. Updated methodological guidance for the conduct of scoping
reviews. JBI evidence synthesis. 2020;18(10):2119-26.

29.

30.

31.

32.

33.

34.

35.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Tricco AC, Lillie E, Zarin W, O'Brien KK, Colquhoun H, Levac D,
et al. PRISMA extension for scoping reviews (PRISMA-ScR): check-
listand explanation. Annals of internal medicine. 2018;169(7):467-73.
Moher D. Citation: Moher D, Liberati A, Tetzlaff J, Altman DG, The
PRISMA Group (2009) Preferred Reporting Items for Systematic
Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med.
2009;6(7):1-6.

Berg K. Effect of physical training of school children with cerebral
palsy. Acta Peediatrica. 1970;59:27-33.

Verschuren O, Ketelaar M, Gorter JW, Helders PJ, Uiterwaal CS,
Takken T. Exercise training program in children and adolescents
with cerebral palsy: a randomized controlled trial. Archives of pedi-
atrics & adolescent medicine. 2007;161(11):1075-81.

Brehm M-A, Balemans AC, Becher JG, Dallmeijer AJ. Reliability of a
progressive maximal cycle ergometer test to assess peak oxygen up-
take in children with mild to moderate cerebral palsy. Physical ther-
apy. 2014;94(1):121-8.

Verschuren O, Takken T, Ketelaar M, Gorter JW, Helders PJ.
Reliability and validity of data for 2 newly developed shut-
tle run tests in children with cerebral palsy. Physical Therapy.
2006;86(8):1107-17.

Verschuren O, Zwinkels M, Ketelaar M, Reijnders-van Son F, Takken
T. Reproducibility and validity of the 10-meter shuttle ride test in
wheelchair-using children and adolescents with cerebral palsy. Phys
Ther. 2013;93(7):967-74.

. Keles MN, Elbasan B, Apaydin U, Aribas Z, Bakirtas A, Kokturk

N. Effects of inspiratory muscle training in children with ce-
rebral palsy: a randomized controlled trial. Braz J Phys Ther.
2018;22(6):493-501.

Van den Berg-Emons R], Van Baak MA, Speth L, Saris WH.
Physical training of school children with spastic cerebral palsy:
effects on daily activity, fat mass and fitness. Int J Rehabil Res.
1998;21(2):179-94.

van den Berg-Emons RJ, van Baak MA, de Barbanson DC, Speth L,
Saris WH. Reliability of tests to determine peak aerobic power, an-
aerobic power and isokinetic muscle strength in children with spastic
cerebral palsy. Dev Med Child Neurol. 1996;38(12):1117-25.

Lauglo R, Vik T, Lamvik T, Stensvold D, Finbraten AK, Moholdt T.
High-intensity interval training to improve fitness in children with
cerebral palsy. BMJ Open Sport Exerc Med. 2016;2(1):e000111.
Maltais DB, Pierrynowski MR, Galea VA, Bar-Or O. Physical activity
level is associated with the O2 cost of walking in cerebral palsy. Med
Sci Sports Exerc. 2005;37(3):347-53.

Choi JY, Rha DW, Park ES. Change in Pulmonary Function
after Incentive Spirometer Exercise in Children with Spastic
Cerebral Palsy: A Randomized Controlled Study. Yonsei Med ]J.
2016557(3):769-75.

Zuculo GM, Knap CCF, Pinato L. Correlation between sleep and
quality of life in cerebral palsy. CoDAS. 2014;26(6):447-56.

Bertelli L, Bardasi G, Cazzato S, Di Palmo E, Gallucci M, Ricci G, et al.
Airway Clearance Management with Vakiim Technology in Subjects
with Ineffective Cough: A Pilot Study on the Efficacy, Acceptability
Evaluation, and Perception in Children with Cerebral Palsy. Pediatric
allergy, immunology, and pulmonology. 2019;32(1):23-7.

Adams MS, Khan NZ, Begum SA, Wirz SL, Hesketh T, Pring TR.
Feeding difficulties in children with cerebral palsy: low-cost care-
giver training in Dhaka, Bangladesh. Child Care Health Dev.
2012;38(6):878-88.

Bugler KE, Gaston MS, Robb JE. Distribution and motor ability of
children with cerebral palsy in Scotland: a registry analysis. Scottish
Medical Journal. 2019;64(1):16-21.

Sandella DE, O'Brien LM, Shank LK, Warschausky SA. Sleep and
quality of life in children with cerebral palsy. Sleep medicine.
2011;12(3):252-6.

Munyumu K, Idro R, Abbo C, Kaddumukasa M, Katabira E, Mupere
E, et al. Prevalence and factors associated with sleep disorders among
children with cerebral palsy in Uganda; a cross-sectional study. BMC
pediatrics. 2018;18(1):26.

85U8017 SUOWILLIOD BAIIER.ID 3(gedlidde ay) Aq peuIsnob s Sspiie YO ‘8sN Jo Sa|nJ o} Akeiq i 8uljuO AB]1M UO (SUONIPUOD-PU-SULBY WD A8 |1 ARe.q) U [UO//:SdNy) SUONIPUOD pue SWLB | 8U188S *[1202/20/52] Uo Atelqiauliuo As|in ‘seoinses Akidi TON uopuo abe| (oD AisieAlun Ag ¥S8ST UOWP/TTTT'OT/I0P/L0d A8 | im ARelq i jpul|uoy//Sdny woiy pepeojumoq ‘0 ‘6728697T



COMMUNITY-BASED RESPIRATORY HEALTH MEASURES IN CHILDREN AND YOUNG PEOPLE
WITH CEREBRAL PALSY: A SCOPING REVIEW

13

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Newman CJ, O'Regan M, Hensey O. Sleep disorders in children
with cerebral palsy. Developmental Medicine & Child Neurology.
2006;48(7):564-8.

Koyuncu E, Tiirkkani MH, Sarikaya FG, Ozgirgin N. Sleep disor-
dered breathing in children with cerebral palsy. Sleep medicine.
2017;30:146-50.

Gilbertson M, Richardson C, Eastwood P, Wilson A, Jacoby P,
Leonard H, et al. Determinants of sleep problems in children with
intellectual disability. Journal of sleep research. 2021:e13361.

Elsayed RM, Hasanein BM, Sayyah HE, El-Auoty MM, Tharwat N,
Belal TM. Sleep assessment of children with cerebral palsy: Using val-
idated sleep questionnaire. Annals of Indian Academy of Neurology.
2013;16(1):62-5.

Atmawidjaja, Wong SW, Yang WW, Ong LC. Sleep disturbances in
Malaysian children with cerebral palsy. Developmental Medicine &
Child Neurology. 2014;56(7):681-5.

Dreier LA, Kapanci T, Lonnemann K, Koch-Hogrebe M, Wiethoff-
Ubrig L, Rauchenzauner M, et al. Assessment of Sleep-Related
Problems in Children with Cerebral Palsy Using the SNAKE Sleep
Questionnaire. Children. 2021;8(9):1-12.

Kulkarni S, Jadhav T. Prevalence of sleep disorders in children with
cerebral palsy; A questionnaire-based observational study. Journal of
Pediatric Neurosciences. 2021;16(4):269-72.

Patery SWM, Sunartini, Sutomo R. Sleep disorders and associated
factors in children with cerebral palsy. Paediatrica Indonesiana.
2021;61(4):179-85.

Benfer KA, Bell KL, Boyd RN, Weir KA, Ware RS, Davies PSW.
Clinical signs suggestive of pharyngeal dysphagia in preschool chil-
dren with cerebral palsy. Research in Developmental Disabilities.
2015;38:192-201.

Gubbay A, Blackmore, AM. Effects of salivary gland botulinum
Toxin-A on drooling and respiratory morbidity in children with neu-
rological dysfunction. International journal of pediatric otorhinolar-
yngology. 2019;124:124-8.

Trinick RE, Bunni L, Thorburn K, Hackett AP, Dalzell M, McNamara
PS. An observational study examining the relationship between re-
spiratory symptoms, airway inflammation and bacteriology in chil-
dren with severe neurodisability. PloS one. 2015;10(4):e0124627.
Leopando MT, Moussavi Z, Holbrow J, Chernick V, Pasterkamp
H, Rempel G. Effect of a Soft Boston Orthosis on pulmonary
mechanics in severe cerebral palsy. Pediatric pulmonology.
1999;28(1):53-8.

Veugelers R, Calis EAC, Penning C, Verhagen A, Bernsen R, Bouquet
], et al. A population-based nested case control study on recurrent
pneumonias in children with severe generalized cerebral palsy: eth-
ical considerations of the design and representativeness of the study
sample. BMC pediatrics. 2005;5:25.

Morley. Cerebral palsy and sleep disordered breathing. Breathe.
2016;12(4):357-63.

Vianello A, Carraro E, Pipitone E, Marchese-Ragona R, Arcaro
G, Ferraro M, et al. Clinical and Pulmonary Function Markers
of Respiratory Exacerbation Risk in Subjects With Quadriplegic
Cerebral Palsy. Respiratory care. 2015;60(10):1431-7.

Barks L, Davenport P. Wheelchair components and pulmonary
function in children with cerebral palsy. Assistive Technology.
2012;24(2):78-86.

Pede CD, Colombo E, Conte D, Marcon V, Martinuzzi A, Duso M,
et al. Reduction in respiratory exacerbation rate in patients with
severe bilateral cerebral palsy following daily PEP-mask therapy: A
retrospective study. European Journal of Physical and Rehabilitation
Medicine. 2020;56(1):68-72.

Beydon N. Pulmonary function testing in young children. Paediatric
respiratory reviews. 2009;10(4):208-13.

Park ES, Park JH, Rha D-W, Park CI, Park CW. Comparison of the
ratio of upper to lower chest wall in children with spastic quadriple-
gic cerebral palsy and normally developed children. Yonsei medical
journal. 2006;47(2):237-42.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

Nwaobi OM, Smith PD. Effect of adaptive seating on pulmonary
function of children with cerebral palsy. Developmental Medicine &
Child Neurology. 1986;28(3):351-4.

Faria J, Harb J, Hilton A, Yacobucci D, Pizzuto M. Salivary botu-
linum toxin injection may reduce aspiration pneumonia in neu-
rologically impaired children. Int ] Pediatr Otorhinolaryngol.
2015;79(12):2124-8.

Noonan K, Prunty S, Ha JF, Vijayasekaran S. Surgical management of
chronic salivary aspiration. International journal of pediatric otorhi-
nolaryngology. 2014;78(12):2079-82.

Gorter JW, Noorduyn SG, Obeid J, Timmons BW. Accelerometry:
a feasible method to quantify physical activity in ambulatory
and nonambulatory adolescents with cerebral palsy. Int J Pediatr.
2012;2012:329284.

Manrique D, Sato J. Salivary gland surgery for control of chronic
pulmonary aspiration in children with cerebral palsy. International
journal of pediatric otorhinolaryngology. 2009;73(9):1192-4.
Soliman G, Azab A, Abdelbasset W. Effects of intermittent aerobic
training on exercise capacity, pulmonary functions, and gait pa-
rameters in asthmatic children with cerebral palsy: a randomized
controlled trial. European Review for Medical and Pharmacological
Sciences. 2022;26(19):6911-8.

Fitzpatrick R, Davey C, Buxton M]J, Jones DR. Evaluating patient-
based outcome measures for use in clinical trials. 1998.

Mokkink LB, Prinsen CA, Bouter LM, de Vet HC, Terwee CB. The
COnsensus-based Standards for the selection of health Measurement
INstruments (COSMIN) and how to select an outcome measurement
instrument. Brazilian journal of physical therapy. 2016;20:105-13.
Gorter H, Holty L, Rameckers EE, Elvers HJ, Oostendorp RA.
Changes in endurance and walking ability through functional phys-
ical training in children with cerebral palsy. Pediatr Phys Ther.
2009;21(1):31-7.

Redstone F. The effects of seating position on the respiratory pat-
terns of preschoolers with cerebral palsy. International Journal of
Rehabilitation Research. 2004;27(4):283-8.

Wayte S, McCaughey E, Holley S, Annaz D, Hill CM. Sleep problems
in children with cerebral palsy and their relationship with maternal
sleep and depression. Acta Paediatrica. 2012;101(6):618-23.

Pennati F LA, D'Angelo MG, Aliverti A. Non-invasive respiratory as-
sessment in duchenne muscular dystrophy: From clinical research to
outcome measures. Life. 2021;11(9):947.

El-Refaey BH, Abd-El Maksoud GM, Ali OL. Efficacy of feedback re-
spiratory training on respiratory muscle strength and quality of life
in children with spastic cerebral palsy: randomized controlled trial.
Bulletin of Faculty of Physical Therapy. 2017;22:46-52.

Williamson PR, Altman DG, Bagley H, Barnes KL, Blazeby JM,
Brookes ST, et al. The COMET handbook: version 1.0. Trials.
2017;18(3):1-50.

Gibson N. Can RESPiratory hospital Admissions in children with ce-
rebral palsy be reduced?: A feasibility randomized Controlled Trial
(RESP-ACT). https://trialsearchwhoint/Trial2aspx?TrialID=ACTRN
12620000114943. 2020.

Chang ea. Effect of prophylactic azithromycin on chest infections in
children with neurological and neuromuscular impairment. https://
trialsearchwhoint/Trial2aspx?TrialID=ACTRN12621001486819.
2021.

Pool ea. CPMovetime: elliptical training in school aged children
with cerebral palsy. https://trialsearchwhoint/Trial2aspx?TrialID=
ACTRN12621000506897. 2021.

Kwon YH, Lee HY. Differences of respiratory function in children
with spastic diplegic and hemiplegic cerebral palsy, compared with
normally developed children. Journal of pediatric rehabilitation med-
icine. 2013;6(2):113-7.

Kwon YH, Lee HY. Differences in respiratory pressure and pulmo-
nary function among children with spastic diplegic and hemiplegic
cerebral palsy in comparison with normal controls. Journal of physi-
cal therapy science. 2015;27(2):401-3.

85U8017 SUOWILLIOD BAIIER.ID 3(gedlidde ay) Aq peuIsnob s Sspiie YO ‘8sN Jo Sa|nJ o} Akeiq i 8uljuO AB]1M UO (SUONIPUOD-PU-SULBY WD A8 |1 ARe.q) U [UO//:SdNy) SUONIPUOD pue SWLB | 8U188S *[1202/20/52] Uo Atelqiauliuo As|in ‘seoinses Akidi TON uopuo abe| (oD AisieAlun Ag ¥S8ST UOWP/TTTT'OT/I0P/L0d A8 | im ARelq i jpul|uoy//Sdny woiy pepeojumoq ‘0 ‘6728697T


https://trialsearchwhoint/Trial2aspx?TrialID=ACTRN12620000114943
https://trialsearchwhoint/Trial2aspx?TrialID=ACTRN12620000114943
https://trialsearchwhoint/Trial2aspx?TrialID=ACTRN12621001486819
https://trialsearchwhoint/Trial2aspx?TrialID=ACTRN12621001486819
https://trialsearchwhoint/Trial2aspx?TrialID=ACTRN12621000506897
https://trialsearchwhoint/Trial2aspx?TrialID=ACTRN12621000506897

14

KNIGHT LOZANO ET AL.

86.

87.

88.

89.

90.

91

92.

93.

94.

Kwon YH, Lee HY. Differences of respiratory function accord-
ing to level of the gross motor function classification system in
children with cerebral palsy. Journal of physical therapy science.
2014;26(3):389-91.

Day JW, Finkel RS, Chiriboga CA, Connolly AM, Crawford TO,
Darras BT, et al. Onasemnogene abeparvovec gene therapy for symp-
tomatic infantile-onset spinal muscular atrophy in patients with two
copies of SMN2 (STR1VE): an open-label, single-arm, multicentre,
phase 3 trial. The Lancet Neurology. 2021;20(4):284-93.

Kwon YH, Lee HY. Differences of the truncal expansion and re-
spiratory function between children with spastic diplegic and
hemiplegic cerebral palsy. Journal of physical therapy science.
2013;25(12):1633-5.

(NIHR) NIoHR. Improving inclusion of under-served groups in
clinical research: Guidance from the NIHR-INCLUDE project. UK:
NIHR. 2020.

Peterson MD, Wilson AM, Hurvitz EA. Underlying Causes of Death
among Adults with Cerebral Palsy. Journal of Clinical Medicine.
2022;11(21):6333.

DiFazio RL, Harris M, Vessey JA, Glader L, Shanske S. Opportunities
lost and found: experiences of patients with cerebral palsy and their
parents transitioning from pediatric to adult healthcare. Journal of
pediatric rehabilitation medicine. 2014;7(1):17-31.

Anaby D, Hand C, Bradley L, DiRezze B, Forhan M, DiGiacomo A,
et al. The effect of the environment on participation of children and
youth with disabilities: a scoping review. Disability and rehabilita-
tion. 2013;35(19):1589-98.

Mes MA, Chan AHY, Wileman V, Katzer CB, Goodbourn M,
Towndrow S, et al. Patient involvement in questionnaire design: tack-
ling response error and burden. Journal of pharmaceutical policy and
practice. 2019;12(1):1-4.

Marrén EM, Redolar-Ripol D, Boixadés M, Nieto R, Guillamén
N, Herndndez E, et al. Burden on caregivers of children with

cerebral palsy: predictorsandrelated factors. Universitas Psychologica.
2013;12(3):767-77.

95. Vadivelan K, Sekar P, Sruthi SS, Gopichandran V. Burden of care-
givers of children with cerebral palsy: an intersectional analysis of
gender, poverty, stigma, and public policy. BMC Public Health.
2020;20(1):645.

SUPPORTING INFORMATION

The following additional material may be found online:
Appendix S1: JBI systematic review title registration form.
Appendix S2: PRISMA-ScR checklist.

Appendix S3: Search strategy example.

Appendix S4: Data extraction tool template.

Figure S1: PRISMA flow diagram of primary searches.
Figure S2: PRISMA flow chart presenting rerun of searches
(24th February 2023).

Table S1: Study characteristics of included studies.

Table S2: Summary of outcome measures.

How to cite this article: Knight Lozano R, Shannon
H, Gilby ], Goddard S, Turner L, Marsden J.
Community-based respiratory health measures in
children and young people with cerebral palsy: A
scoping review. Dev Med Child Neurol. 2024;00:1-14.
https://doi.org/10.1111/dmcn.15854

85U8017 SUOWILLIOD BAIIER.ID 3(gedlidde ay) Aq peuIsnob s Sspiie YO ‘8sN Jo Sa|nJ o} Akeiq i 8uljuO AB]1M UO (SUONIPUOD-PU-SULBY WD A8 |1 ARe.q) U [UO//:SdNy) SUONIPUOD pue SWLB | 8U188S *[1202/20/52] Uo Atelqiauliuo As|in ‘seoinses Akidi TON uopuo abe| (oD AisieAlun Ag ¥S8ST UOWP/TTTT'OT/I0P/L0d A8 | im ARelq i jpul|uoy//Sdny woiy pepeojumoq ‘0 ‘6728697T


https://doi.org/10.1111/dmcn.15854

	Community-­based respiratory health measures in children and young people with cerebral palsy: A scoping review
	Abstract
	METHOD
	Eligibility criteria
	Participants
	Concept
	Context
	Research designs
	Types of sources

	Search strategy
	Study/source of evidence selection
	Data extraction
	Data analysis and presentation

	RESULTS
	Search results
	Study characteristics
	Subquestion 1: Outcome domains of respiratory health
	Body functions and structures
	Activity and performance
	Participation and quality of life
	Health care resources use

	Subquestion 2: Participant characteristics
	Subquestion 3: Measurement context
	Subquestion 4: Measurer characteristics
	Subquestion 5: Psychometric properties
	Subquestion 5: Exclusions or limitations

	DISCUSSION
	Limitations
	Conclusion

	ACKNO​WLE​DGE​MENTS
	DATA AVAILABILITY STATEMENT

	REFERENCES


