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Abstract Objectives: To identify the sleep-based instruments in postural care intervention
research and examine whether the instruments are suitable as postural care outcome mea-
sures specifically for children with severe cerebral palsy.
Data Sources: Investigators searched the electronic databases from 2 university library sys-
tems, including OVID Medline, CINAHL, OT Search, Cochrane Database of Systematic Reviews,
and Health and Psychosocial Instruments for articles published between 2000 and
October 2019.
Study Selection: The initial search yielded 1928 abstracts. Two independent investigators iden-
tified 8 English-language peer-reviewed articles that published postural care intervention
study results.
Data Extraction: Investigators screened the 8 articles and found that 6 included sleep as a pri-
mary or secondary intervention outcome. The principal investigator then fully reviewed these
6 publications, recorded their sleep-related instruments, and applied Coster’s published guide-
lines (2013) to analyze the sleep-based instruments’ suitability as outcome measures.
Data Synthesis:: Collectively, the 6 studies used 8 distinct measures, 6 of which (actigraphy,
Chailey Sleep Questionnaire, Pediatric Sleep Questionnaire, polysomnography, sleep diary,
and Sleep Disturbance Scale for Children) underwent analysis. As stand-alone instruments,
none completely met criteria for suitability as outcome measures for those with severe cere-
bral palsy.
Conclusions: Combined use of the Sleep Disturbance Scale for Children and actigraphy may be
favorable for assessing the sleep-related domains relevant to children with severe cerebral
sus-based Standards for the selection of health status Measurement Instruments; CP, cerebral palsy;
FCS, Gross Motor Function Classification System; PSQ, Pediatric Sleep Questionnaire; SD, sleep diary;
ldren; SDSC-R, revised version of the Sleep Disturbance Scale for Children.
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palsy. However, rehabilitation professionals should test sensitivity and specificity to under-
stand the instruments’ ability for capturing changes in sleep from postural care intervention.
ª 2020 The Authors. Published by Elsevier Inc. on behalf of the American Congress of Rehabil-
itation Medicine. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
Children with severe cerebral palsy (CP) have significant
sleep-related problems.1-3 Common disturbances include is-
sues of sleep initiation, maintenance, breathing, sleep-wake
transition, daytime sleepiness, and total sleep time.1,2 These
sleep disturbances occur more often and begin earlier (eg, at
the age of 3-5y) for children with CP compared with other
children.2,3 In addition, these disruptions are significantly
associated with the severity of CP.3,4 This means that those
at levels IV and V on the Gross Motor Functional Classification
System (GMFCS) have the greatest sleep disturbances.

Given the pervasiveness of these sleep-related prob-
lems, rehabilitation professionals need to know whether
their interventions affect sleep. Multidisciplinary experts
recommend nighttime postural care for those at all GMFCS
levels, and they recommend the intervention “as soon as
possible after birth” for those with severe CP (GMFCS IV and
V).5 Because this intervention takes place at the time of
sleep and uses positioning systems for whole-body support,
it has the potential to affect a child’s sleep function.
Rehabilitation professionals can only understand the effect
of nighttime postural care if they administer outcome
measures capable of capturing sleep-based changes.

Authors of previous studies have stated that sleep prob-
lems amongchildrenwithCPare under-recognizedandunder-
reported, which suggests that many rehabilitation pro-
fessionals are not evaluating sleep.6,7 In addition, those who
do assess and reassess sleepmay fail to appropriately identify
intervention changes because they use nonstandardized
measures or choose instruments that are irrelevant to a
specified intervention or population.8-11 This problem of
inappropriately choosing sleep-based assessments occurs
both clinically andduring intervention research.10,11 Although
previous investigators have examined the psychometric
properties of existing sleep-based assessments,12 none have
addressed whether such measures are capable of capturing
sleep-related changes for children with severe CP receiving
postural care interventions. Investigators must conduct
further examinations of these sleep-based instruments so
rehabilitation professionals can make appropriate choices
when selecting outcome measures.

Investigators typically apply systematic criteria such as the
COnsensus-based Standards for the selection of health status
Measurement INstruments (COSMIN) Risk of Bias Checklist or
Coster’s guiding questions when critiquing outcome mea-
sures. Although the COSMIN Risk of Bias Checklist is well
known, it is designed for examining the psychometric prop-
erties of patient report instruments.13 Coster’s published
criteria,9 on the other hand, can be used with a variety of
measurement tools and help investigators determine the in-
struments’ fit with a specified population and intervention.
Because both caregiver report and biometric devices have
been used by postural care interventionists to assess sleep,
Coster’s guiding questions may be more appropriate than the
COSMIN checklist when critiquing sleep-based instruments.

Those applying Coster’s guiding questions9 use a series of
“who,” “when,” and “how” questions to determine whether
an instrument is useful for capturing intervention changes.
Some “who” questions include: If someone other than a pro-
fessional will be the respondent, is it probable [they] will be
able to complete the assessment, and Will identified re-
spondents be available throughout the study [intervention]
period.9 Some “when” questions include: Does the length of
time between assessments match the time over which the
instrument is likely to show effects, and Can the measure be
administered as often as required.9 Some “how” questions
include: Does the instrument address the relevant domains of
greatest importance and its dimensions reflect the type of
change expected from the intervention, Is the measure sen-
sitive to the degree of change expected for this population,
and Are item and scale wording appropriate (eg, meaningful,
understandable) for this population.9 This study discusses
results of a scoping review that applies Coster’s questions.

This scoping review aims to (1) identify the sleep-based
instruments used in postural care clinical intervention
research, (2) critique the instruments based on their suit-
ability as postural care outcome measures specifically for
children with GMFCS IV and V CP, and (3) make outcome
measure recommendations. We define this scoping review
as an in-depth coverage of a particular concept based on
existing gaps in the literature.14

Methods

Eligibility and ethics

Investigators (J.A.H.) deemed articles as meeting eligibility
criteria if they were English-language full-length peer-
reviewed original (postural care) research articles in which
sleep was identified as a primary or secondary outcome. In-
vestigators searched publications dated from 2000 to October
of 2019, knowing that 2000 was the first year in which night-
time postural care intervention results were published. In-
vestigators excluded systematic reviews, except to confirm
exhaustive search, and studies measuring exclusively sleep
apnea. This review did not involve human subjects and
received no funding.

Search methods

Two investigators (J.A.H.) independently conducted
searches between January and May 2018. One of the in-
vestigators (J.A.H.) conducted an additional search in
October 2019 across 2 university library systems using the
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following databases: Medline/PubMed, CINAHL, OT Search,
Cochrane Database of Systematic Reviews and Health, and
Psychosocial Instruments, using keywords and boolean op-
erators (eg, AND, NOT). Titles and abstracts were then
screened based on the inclusion and exclusion criteria.
Primary keywords included: sleep, sleep measures, cere-
bral palsy, night postural management, night positioning
equipment, sleep orthosis, postural care, and sleep sys-
tems. Investigators also conducted author and citation
searches and reviewed the published reference lists of
known postural care authors.

Analysis method

The principal investigator (J.A.H.) methodically applied
Coster’s questions,9 determining each sleep-based in-
strument’s suitability as an outcome measure for use in
children with GMFCS IV and V CP. The examination entailed
an iterative process of reviewing Coster’s questions,9 pub-
lished literature about each measure (eg, psychometric
studies), articles on sleep in children with CP, and postural
care intervention research. Additionally, the investigator
contacted published authors when deemed necessary for
proceeding with analysis.

Results

Search results

Search of “sleep assessments AND postural care” revealed
1928 articles, most of which were irrelevant. A further
Medline/PubMed search of “cerebral palsy and night
postural management NOT sleep apnea NOT systematic
Table 1 Original postural care research study description and s

Study Study Description

Dawson et al15 Quasi-experimental, children
with severe motor disorders

(nZ13) compared with
typically developing controls

(nZ12)

Sl

Hankinson and Morton17 Experimental single-subject
longitudinal (nZ11)

Hill et al18 Experimental cross-over,
randomized order, one night
with/without sleep system

(nZ10)
Mol et al4 Descriptive cross-sectional

questionnaire study, night
orthoses users (nZ55)

compared with non-users
(nZ27)

Underhill et al21 Experimental cross-over,

randomized order, 4 nights

with/without sleep system

(n[11)

* Indicates that postural care researchers used that instrument for o
at initial assessment but not reassessment.
review” revealed 64 results. From these abstracts, we
found 9 articles that specifically addressed nighttime
postural care. However, some were review articles and one
was written in French (with only the abstract in English).
Five of these publications included results of original
research examining the effect of nighttime postural care.
We found 3 additional publications after reviewing bibli-
ographies, thus resulting in a total of 8 original research
studies on the effect of nighttime postural care.4,15-21

Investigators had no discrepancy about including these
8 articles for full review.

After fully reviewing these 8 articles, we found 6 that
used sleep as a primary or secondary outcome.4,15-18,21 We
excluded one of these publications because there was
little detail about their sleep assessment.16 Therefore, we
ultimately included 5 publications (table 1). Collectively,
these 5 studies used low to medium level designs; 3 were
experimental studies (2 cross-over, 1 single-subject
longitudinal), 1 was quasi-experimental, and 1 was
descriptive.4,15,17,18,21 From these studies, we analyzed
6 sleep-based instruments (4 caregiver report and 2 bio-
metric monitoring devices), 3 of the instruments were
used by the postural care researchers as outcome mea-
sures (see table 1),17,18,21 The 6 instruments included
actigraphy, Chailey Sleep Questionnaire (CSQ), Pediatric
Sleep Questionnaire (PSQ), polysomnography, sleep diary
(SD), and Sleep Disturbance Scale for Children (SDSC)
(table 2).

Critical analysis

As suggested by Coster,9 before sharing results, we will
discuss intervention-related expectations (eg, postural
care) and the complexities of the specified outcome being
leep-based instruments

Outcome Sleep-Based Instrument

eep-disordered breathing,
ventilatory function

Sleep diary

Hours asleep Sleep diary*

Sleep quality Polysomnography*

Pediatric Sleep Questionnaire

Sleep disturbance Sleep Disturbance
Scale for Children

Sleep quality Actigraphy*

Chailey Sleep Questionnaire

Sleep diary

Interview

utcome measurement. Instruments without an asterisk were used



Table 2 Description of 6 sleep measures included for analysis

Name Description Type

Chailey Sleep Questionnaire 36-item clinical profile and 35-item sleep profile to guide intervention of
children GMFCS III to V24

CR

Pediatric Sleep Questionnaire 22 items for examining presence of sleep-related breathing disorder, daytime
sleepiness, and other behaviors in children18,25

CR

Sleep Disturbances Scale for Children 26 items to evaluate sleep disturbances from past 6 months, including sleep
initiation/maintenance, breathing, arousal, transitions, daytime sleepiness,

and sweating in children19

CR

Sleep diary Several weeks’ nightly record of sleep activity, typically time to bed, time to
sleep, night waking, overall sleep time 24,29

CR

Actigraphy Wearable accelerometer that tracks rest and activity cycles via gross motor
movement24

BD

Polysomnography Test conducted in clinic to diagnose sleep disorder by recording brain waves,
blood oxygen, heart rate, breathing, eye and leg movements23

BD

Abbreviations: BD, biometric monitoring device; CR, caregiver report.
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measured (eg, sleep disruption). Regarding the interven-
tion, if nighttime postural care produces its desired ef-
fect, rehabilitation professions might expect the child to
experience reduced sleep-related disruptions. In addition,
given both the complexity of sleep itself and the processes
surrounding night positioning,16 it is most realistic to
believe these changes would occur over a period of
months. Although some intervention recipients may
demonstrate immediate sleep-related changes (eg, those
who readily adjust to the supported sleep position and feel
pronounced pain reduction), others would require a period
of adjustment and time for body systems to respond once
routine sleep-system use is achieved. Regarding the
construct of sleep, the literature tells us that children
with severe CP have sleep disruptions crossing many do-
mains.1,2 These domains include difficulty with sleep
initiation and maintenance, alteration in sleepewake
transition, occurrence of sleep breathing disorders, in-
creases in daytime sleepiness, and decreases in total sleep
time.1,2 Therefore, to be considered a good match to the
specified intervention and client population, we suggest a
minimum requirement that the sleep-related instrument
be sensitive to change that occurs over a period of many
months, and that it be capable of assessing the afore-
mentioned sleep-related issues.
Fig 1 Ranking for each instrument accord
Communicating results

This paper’s authors incorporate green-, yellow-, and red-
light rankings to clearly communicate each measure’s
suitability. The color rank meanings, modified from previ-
ous studies,22 are as follows: green represents “good
enough” or “having minor problems in comparison to other
instruments”; yellow represents “mostly adequate” or
“need for further development or testing”; and red repre-
sents “inadequate or inappropriate.” Rankings are meant to
show whether the identified sleep-based instruments meet
criteria as outcome measures for children with severe CP
receiving postural care interventions.

After examining 6 sleep-related instruments, none indi-
vidually met Coster’s9 collective “who,” “when,” and
“how” criteria. Some were capable of capturing sleep-
related changes based on “who” and “when,” but none
met criteria on “how” the measure is used (fig 1).
Instrument rankings

Who criteria
The “who” criteria primarily address whether assessment
administrators have the necessary qualifications.9 Based on
ing to the who, when, and why criteria.
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these criteria, all 6 instruments received green-light rank-
ings (for English-language users).

Caregiver report instruments received green-light rank-
ings based on their ease of use. For example, the PSQ de-
velopers reported creating simple concise items and making
revisions after pilot testing, and the SDSC developers stated
that they removed items not understood by mothers after
pilot testing.23,24 In addition, the CSQ designers reported
having incorporated simple language and a glossary into their
instrument.25 Additionally, the SDs reportedly required the
recording of information typically understood by caregivers
(eg, time to sleep, time awake, sleep duration, etc).
Because instrument developers either changed items in
response to caregiver testing or included familiar language,
they received a green light on Coster’s “who” criteria.9

Monitoring devices received green-light rankings because
their administration requires either credentialing or minimal
skills. For example, polysomnography users undergo admin-
istrator credentialing (eg, Registered Polysomnographic
Technologist) and actigraphy users generally need only to
follow basic instructions about device wear or removal.26,27

Although not specifically discussed in studies on the effect
of postural care,18,21 it is reasonable to expect that techni-
cians and caregivers could obtain the skills necessary for
device use, making administration requirements a “good
enough” match to the skills of device users.

When criteria
The “when” criteria relate to whether the instrument is
administered at times when intervention changes are ex-
pected to occur for the given population9 (eg, sleep-related
postural care changes for children with severe CP). On
these criteria, the investigator (J.A.H.) gave green-lights to
the SDSC, SD, and actigraphy, a yellow-light to the PSQ, and
red-lights to polysomnography and the CSQ.

The SDSC, SD, and actigraphy can be administered at
times by which sleep-related postural care changes would
occur while also accounting for night-to-night sleep varia-
tions typical of those with severe CP. The SDSC is meant for
administration in 6-month periods,24 timing that likely al-
lows for sleep-related changes to take effect. SD and
actigraphy could be scheduled and data recorded at
preferred intervals throughout intervention. In addition,
actigraphy allows for continuous data collection throughout
intervention, without presenting undue caregiver burden.
Given the timing of use, these instruments are a “good
enough” match for children with severe CP based on
“when” the instruments are used for data collection.

The PSQ receives a yellow-light, deemed “partially
adequate,” given its time-point of administration and un-
known capacity for capturing change over time. The PSQ
assesses symptoms over a 1-month period, which may allow
for some, but not most, children’s sleep-related changes
and would likely present undue burden for caregivers if
asked to administer every month over a period of months to
years. Additionally, studies thus far have primarily exam-
ined its use as a diagnostic tool or predictor of postsurgical
(adenotonsillectomy) improvement, not for measuring
changes over time.18,23,28 Given these timing factors, the
PSQ receives a yellow-light on “when” related criteria.

Both polysomnography and the CSQ received red-light
rankings because they are not designed for long-term
tracking. Polysomnography, valuable for initial diagnosis,
only accounts for sleep at a moment in time and thus
cannot capture night-to-night variations or represent a
child’s typical sleep. Additionally, its cost prohibits use by
clinicians assessing sleep at various intervention intervals.
Like polysomnography, the CSQ is most useful for initially
identifying sleep problems. The instrument’s developers
designed the assessment to pinpoint sleep problems and
guide clinical intervention, not to capture intervention
changes.21,29 Because polysomnography and the CSQ were
given red-light ratings as outcome measures, the criteria of
“how” will only be applied to the PSQ, SD, actigraphy, and
the SDSC.

How criteria
The “how” criteria primarily relate to the match of the
instrument’s domains and items to the population and the
appropriateness of its sensitivity and specificity.9 In this
context, sensitivity refers to the instrument’s ability to
detect sleep disruption or disorder, and specificity refers to
the instrument’s ability to detect absence of sleep disrup-
tion or disorder. Based on these criteria, the PSQ and SD
received red-light rankings, whereas actigraphy and SDSC
received yellow-light rankings.

Instruments receiving red-light rankings are those
addressing no more than 2 of the 5 sleep domains impor-
tant for children with severe CP (domains of sleep initia-
tion and maintenance, sleepewake transition, sleep
breathing, daytime sleepiness, and total sleep time) or
those containing many irrelevant items. The PSQ ad-
dresses only 2 of the identified domains (sleep apnea and
daytime sleepiness), and 8 of its 22 items are not relevant
to children with severe CP (eg, items like fidgets, on the
go, interrupts, and has obesity). SDs also miss important
domains. Although they address sleep quality, they cannot
measure nocturnal epilepsy and obstructive sleep
apnea.30 For these reasons, the PSQ and SD received red-
light rankings.

Actigraphy and SDSC received yellow-light rankings and
were considered as “mostly adequate” based on having
relevant items that address more domains than the other
instruments, while still needing further testing. Actigraphy
measures sleep-quality and nocturnal epilepsy, missing only
the domain of obstructive sleep apnea. The SDSC measures
sleep quality and sleep-related breathing issues, but not
nocturnal epilepsy.30 Additionally, all but 3 of the 26 SDSC
items (sleepwalking, excessive sweating upon falling
asleep, and excessive sweating during sleep) are applicable
to children with severe CP.1 However, both instruments
require further testing of sensitivity and specificity. For
example, Bruni et al24 reported good sensitivity and spec-
ificity of the SDSC for a clinical population, but children
with CP were not part of the study sample (O. Bruni, per-
sonal communication, November 19, 2017). In addition,
only 1 peer-reviewed publication reported the sensitivity
and specificity of actigraphy for children with GMFCS IV and
V CP.31 The instrument’s ability to detect sleep also remains
unknown, given that investigators examined sedentary
versus active states, but not sleep.31 Although these in-
struments show relevance to children with severe CP, their
ability to differentiate sleep versus sleep disruption re-
quires additional research.
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Interpretation

As stand-alone measures, none of the reviewed instruments
can fully capture the anticipated sleep-related postural
care intervention changes relevant to children with GMFCS
IV and V CP. We recommend that rehabilitation pro-
fessionals use more than 1 instrument when measuring
sleep-related postural care outcomes. Of the instruments
reviewed, pairing the SDSC with actigraphy would allow
rehabilitation professionals to gather the most relevant
domain-specific data over a period of many months.
Discussion

This scoping review’s recommendation for using more than
1 sleep-related measure is consistent with past research.
For example, previous authors have stated the importance
of supplementing caregiver report with objective measures
to account for bias.32,33 Acebo et al33 stated that the
combined use of actigraphy and SD gives context to actig-
raphy recordings and helps explain data artifacts. Until
other options for understanding sleep-related changes
become available, it seems necessary for rehabilitation
professionals to continue using multiple sleep-related
instruments.

Sleep is one of many outcomes rehabilitation pro-
fessionals typically examine when evaluating the effect of
nighttime postural care. When considering caregiver
burden, it would be best if there were a single instrument
capable of capturing sleep changes. For example,
commonly examined outcomes include musculoskeletal,
sensory, and breathing-related functions and number of
medical procedures.4,15-21 Caregivers are often called upon
to track progress or be present when clinicians are
measuring these outcomes, which demands their time and
energy. Because of these factors, rehabilitation pro-
fessionals must weigh caregiver costs with the benefits of
using more than 1 instrument on a particular intervention
outcome.

Because actigraphy tracks body movement using ac-
celerometers, it is questionable whether the tool can
differentiate sleep and wakefulness, given that children
with severe CP rarely initiate position changes while
lying.34 The only study investigating actigraphy in children
with severe CP compared uniaxial (tracks movement in 1
axis) to triaxial actigraphy (tracks movement in 3 axes).
This study aimed to establish sensitivity and specificity
cutoff points for activity versus inactivity.31 The authors
did not examine sleep, but found that triaxial actigraphy
(not uniaxial) was valid for those with GMFCS IV and V
during waking hours.31 They also concluded that in-
dividuals with GMFCS IV and V, compared with GMFCS I to
III, required different cutoff points.31 Although future
studies are needed, these results suggest that triaxial, not
uniaxial actigraph, might be appropriate for the identified
population.31 In addition, these results reinforce the idea
that rehabilitation professionals’ choice of outcome
measures for children with severe CP will differ from those
of other populations.

Rehabilitation professionals using triaxial actigraphy
may miss important data unless they also use SDs. For
example, previous investigators have found that SDs helped
to explain sleep movements or disruptions caused by parent
handling or data gaps when actigraphy was turned off or not
working.33,35 Given our recommendation that actigraphy be
paired with the SDSC to capture all relevant sleep-related
domains, SD would be the third instrument used for
examining 1 outcome. Rehabilitation professionals need to
carefully consider the time schedules by which they use
these instruments to ensure that the most important data
are collected and to protect caregivers from the potential
burden such data gathering presents.

Another factor to be considered is that, although we
examined the original SDSC in our scoping review, there
now is a more recently published revised version (SDSC-R)
that is likely better suited for children with CP. Although
past postural care interventionists used the original 26-item
English-language SDSC, this version was not validated for
individuals with CP (O. Bruni, personal communication,
November 30, 2019). However, it is not surprising that
postural care interventionists chose the SDSC, given that it
is one of the most frequently used sleep-based assessments
and is known for having psychometric strengths.11 Since the
time the reviewed postural care studies took place, other
investigators have conducted factor analysis on the SDSC.1

These investigators included children with CP in their
study sample, with some even having severe CP (R. Bucks,
personal communication, December 17, 2019). To achieve a
tool with items relevant for those with CP, Marriner et al1

ultimately removed 3 of the original items (2 hyperhidro-
sis, 1 sleep maintenance) and created the SDSC-R. Although
the use of the SDSC-R has not yet been applied to research
on nighttime postural care interventions, we recommend
that rehabilitation professionals consider the SDSC-R over
the SDSC because it is the only version validated for chil-
dren with CP. Additionally, we recommend that in-
vestigators continue examining the SDSC-R, specifically
including a homogeneous sample of children with GMFCS IV
and V CP, because the assessment may test differently for
those with severe CP.
Study limitations

For this scoping review only 1 investigator (J.A.H.) analyzed
the sleep-based instruments using Coster’s questions.9 This
limitation is owing to several factors. First, formal educa-
tion in nighttime postural care is scarce in the United
States, so there are few fully trained practitioners for this
intervention. Second, individuals formally trained in this
intervention may not have expertise in its application for
the specific client population focused on in this review. The
authors of this review invite readers who have such
expertise to contribute by assessing the accuracy of this
analysis or conducting similar investigations.

Detailed information about each measure’s psycho-
metrics is not communicated in this review. This is
because psychometric properties are not the primary
focus given that past studies have already examined the
instruments’ reliability and validity. Although some psy-
chometric information is discussed in this review, readers
interested in such information should appraise previous
publications.
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Conclusions

None of the sleep-based instruments used in past postural
care intervention studies meet the criteria as stand-alone
outcome measures for use in children with GMFCS IV and V
CP. By pairing the SDSC with actigraphy, rehabilitation
professionals could assess all sleep-related domains iden-
tified as relevant to those with severe CP. This conclusion
applies to use of these instruments both in the clinic and in
sleep intervention research. However, both instruments
require additional specificity and sensitivity testing to un-
derstand whether they would capture sleep-related
postural care intervention changes for the identified pop-
ulation during reassessment.
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