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Abstract

Objective: To identify whether consensus can be achieved in how clinicians and researchers define, describe, assess, and treat postural control
dysfunction in children with cerebral palsy (CP).

Design: Delphi study with 3 iterative rounds.

Setting: Electronic survey.

Participants: Researchers and/or clinicians (N=43) from 7 countries with a mean 4+ SD of 20411 years of experience working with children
with CP participated. Participants included authors of published works on postural control in CP (identified from a recent systematic review),
members of the Australasian Academy of CP and Developmental Medicine, and 2 major Australian rehabilitation providers.

Interventions: Not applicable.

Main Outcome Measures: The Delphi study consisted of 3 iterative rounds of surveys. In Round 1, respondents answered open-ended questions
regarding their views on (1) definition items for postural control, (2) theoretical frameworks, (3) methods for assessment, and (4) interventions for
postural control dysfunction in children with CP. Rounds 2 and 3 were made up of items generated by participants in Round 1 and combined with
items identified from the literature. Participants indicated their level of agreement for each item on a 7-point Likert scale. Threshold for consensus
was >85% agreement.

Results: Of 306 items generated, 174 reached consensus by Round 3. Most postural control definition items (90%) achieved consensus. Two
theoretical frameworks (14%) reached consensus. Less than half (42%) of assessment items reached consensus. More individual assessment items
(89%) reached consensus than multi-item tools (4%). Just over half (61%) of the items generated for interventions reached consensus.
Conclusion: Consensus was achieved for a postural control definition. However, substantial research is needed to establish a comprehensive,
postural control—specific framework and suite of assessments. These would provide a foundation to improve intervention selection and dosage.
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Children with cerebral palsy (CP) experience significant activity
limitations that are associated with impairments in the develop-
ment of movement and posture. This widely understood and
accepted definition of CP is associated with a great deal of
research on movement dysfunction devoted to classification,”™
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assessment,s‘ and treatment.’ By comparison, however, there
has been limited research on postural control dysfunction devoted
to classification, assessment,®” or treatment.'”

The control of posture in children with CP has been variably
defined in the literature. For example, authors have used terms
such as postural control,”'" balance function,®'*'? postural sta-
bility,"*'” static balance,'® and dynamic stability.'” Although
these appear to refer to elements of the same construct, in order to
improve consistency in approach to assessment and treatment, it is
desirable to have an agreed definition for the overarching
construct of postural control and its elements. An agreed
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theoretical framework would help to describe the relationships
between elements and the overarching definition, for shared un-
derstanding and communication about the control of posture.
Literature involving children with CP lacks an explicit framework
for postural control. Literature for adults with neurologic
impairment has used frameworks for postural control'®?" (eg,
systems theory applied to postural control), but these have not
been validated for children with or without CP.

Without consensus on the definition or theoretical framework
for postural control, a consensus for the most valid and reliable
assessments is also lacking. Two systematic reviews of clinical®
and laboratory-based’ postural control assessments for children
with CP (both published in 2013) identified 3 laboratory tools and
22 different clinical assessments of postural control used in this
population. Results support validity and reliability of laboratory
tools such as forceplates, electromyography, and kinematic anal-
ysis.” However, clinical assessment measures had limited psy-
chometric evidence, and the psychometrics for assessment
batteries that differentiate the components of postural control
remain to be examined.® The extent to which recommended as-
sessments have been translated into clinical practice is unknown.
Furthermore, the systematic review'® of postural control in-
terventions for children with CP in 2015 identified that clinical
assessment measures have rarely been used as outcome measures
for clinical trials. An agreed definition and framework for postural
control is needed to underpin development of valid assessments.

A lack of clarity around definitions, frameworks, and assessment
for postural control means that caution is needed in the interpretation
of results of intervention trials for postural control. Our systematic
review'? on interventions identified 5 approaches that achieved a
moderate level of evidence for improving some aspects of postural
control in children with CP. However, this review did not include
interventions that did not report a specific measure of postural
control, and it may have underestimated the scope of improvements
afforded by other interventions that included individual postural
control assessment items rather than a full test battery. Postural
control—specific assessment items are needed in order to determine
the efficacy of clinical interventions to improve postural control.

One way of achieving consensus is via use of a Delphi study. A
Delphi study is a mixed-methods research tool that uses surveys in 3
progressive rounds.”' The Delphi study has been used to gather expert
opinion of professionals knowledgeable in CP, to inform clinical
practice and enhance decisions regarding future research directions
for this population.”**** The Delphi, particularly when distributed
electronically, has 2 benefits over consensus meetings: (1) it allows
access to a wider scope of participants who do not need to be phys-
ically in the same place; and (2) it avoids any adversarial group
dynamics.”* The validity of the Delphi is improved when used in
conjunction with current literature.”' Therefore, a Delphi study based
on current literature in conjunction with expert opinion is an appro-
priate choice to develop consensus on postural control definitions,

List of abbreviations:

AusACPDM Australasian Academy of Cerebral Palsy and
Developmental Medicine
CP cerebral palsy

CPL Cerebral Palsy League

ICF International Classification of Functioning,
Disability and Health

NHMRC National Health and Medical Research

Council

frameworks, assessment, and interventions. Furthermore, this Delphi
will help to focus future research in this field, which will then inform
clinical guidelines that can advise on intervention approaches.

Therefore, the aim of this study was to collect and synthesize
perspectives about postural control from clinicians and researchers
who have experience with children with CP. Specifically, the aim
was to seek a consensus about (1) definitions of postural control; (2)
frameworks used to describe postural control and guide develop-
ment of the construct and content of assessments and interventions;
(3) assessments for postural control; and (4) interventions used to
treat postural control dysfunction in children with CP.

Methods

A Delphi study, which included 3 rounds of surveys sent electroni-
cally, was used to gather and synthesize expert opinion of clinicians
and researchers. Ethical approval was gained from the National
Health and Medical Research Council (NHMRC)-registered Human
Research Ethics Committees of the Cerebral Palsy League (CPL)
(Queensland) (NHMRC EC00417), The University of Queensland
(NHMRC EC00179), and an expedited approval (waiver) was gran-
ted by the Cerebral Palsy Alliance (NHMRC EC00402).

Gatekeeper approval was obtained to distribute the surveys via
e-mail to (1) members from the Australasian Academy of Cerebral
Palsy and Developmental Medicine (AusACPDM) from the presi-
dent on behalf of the AusACPDM board (pediatric rehabilitation
professionals from the Asia-Pacific region including Australia, New
Zealand, and Asia); (2) the Allied Health Manager of the CPL, who
distributed the surveys to clinicians and researchers working in
Queensland, Australia; and (3) the research manager of the Cerebral
Palsy Alliance, who distributed the surveys to clinicians and re-
searchers working in New South Wales, Australia.

Participants

The recruitment strategy was based on the recommendation from
De Villiers et al,” ™ where the purpose of using a Delphi
approach is to “generate expert opinion in an anonymous fashion”
where an “expert panel is identified and invited to provide opin-
ions.” On this basis, an expert panel was obtained by seeking cli-
nicians and/or researchers with both (1) suitable professional
qualifications required for diagnosing and/or managing postural
control dysfunction in children with CP (ie, physiotherapists,
occupational therapists, speech pathologists, pediatricians, rehabil-
itation physicians, and neurologists who are clinicians and re-
searchers); and (2) reported experience in assessment or treatment
of postural control dysfunction in children with CP (ie, the study
information form requested that participants had past experience in
assessing and/or treating postural control dysfunction in children
with CP before taking part in the study, thereby confirming
knowledge of postural control dysfunction in this population).

Health professionals were contacted from (1) the CPL and CP
Alliance through the organization’s representative; (2) members of
the AusACPDM (nonmedical AusACPDM members, eg, lawyers
or parents, were not contacted); and (3) authors of research articles
about postural control who were identified in recent systematic
reviews® '” and who have published contact details. Potential
participants numbered approximately 711, based on the number of
invitations disseminated (fig 1). Some overlap may have occurred
between invitations to health professionals who were members of
the AusACPDM and staff of the CPL and CP Alliance.
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Open-ended questions for Round-l were generated by the
‘g authors from published literature on postural control in cerebral
£ palsy. Questions were divided into four categories:
s 1. Definition
[ 2. Frameworks
3 3. Assessments
4. Interventions
- Invitation to participate (plus one reminder) sent via email to
& 711 possible participants, including:
E e Staff from Cerebral Palsy services
g e Members of the Australasian Academy of Cerebral Palsy
e and Developmental Medicine
e Authors of postural control literature for children with CP
Round-I item collection from participants (43 respondents)
Items identified from the literature and/or participant responses in
3 Round-1 were thematically arranged into 4 categories:
S 1. Definitions (22 items)
& 2. Frameworks (95 items)
3. Assessments (102 items)
4. Interventions (87 items)
~— -
Round-lI first consensus round (37 respondents)
Respondents rated 306 items on a 7-point Likert scale and they
E were classified as follows:
S e Consensus (115 items)
& e Discarded (0 items)
e Unknown (102 items)
e Discordant (89 items)
—
Round-lll final consensus round (36 respondents)
Respondents rated the 89 discordant items a second time as
= follows:
2 e Consensus (60 items)
ng: e Discarded (0 items)
e Unknown (3 items)
e Discordant (26 items)

Fig 1  Delphi study flow diagram.

Data collection and analysis

Three rounds of surveys were used, which is considered adequate
to achieve an acceptable degree of consensus.”” Consistent with
recent recommendations to improve methodological integrity and
rigor of Delphi studies,”'** the procedures are presented in detail
and include qualitative and quantitative assessments to inform the
construction of each survey round.”'

Round 1 (item generation) of the Delphi was distributed via
e-mail to potential participants. The e-mail included an invitation
to participate and an electronic link to the first of the online sur-
veys, which included the participant information sheet and con-
sent forms. One reminder e-mail was sent 7 to 9 days after the first
e-mail to all nonresponders. Respondents who submitted Round 1
also gave consent to participate in subsequent rounds. Round 1
contained open-ended questions constructed by the authors
(box 1) based on theoretical principles of postural control and
systematic reviews of postural control assessments,®’ in-
terventions,'” and approaches.'” The questions sought responses
for postural control (1) definitions; (2) framework for develop-
ment, assessment, and intervention; (3) assessments; and (4) in-
terventions for children with CP. The first author (R.D.) performed
content analysis of the responses to identify individual items to be
included in Round 2. This analysis was reviewed and confirmed
by the other authors. These items were combined with those
identified in the systematic reviews®'° to form the Round 2 item
list. Round 2 (week 8) and 3 (week 20 after initial mail out) were
subsequently e-mailed to all Round 1 respondents (see fig 1).

www.archives-pmr.org

In Round 2, the first consensus round, respondents ranked each
item for agreement on a 7-point Likert scale (1, strongly disagree; 2,
moderately disagree; 3, slightly disagree; 4, not sure or no comment;
5, slightly agree; 6, moderately agree; 7, strongly agree). For analysis
of Round 2 data, each item was classified into 4 response categories:

1. Consensus: An item reached consensus if >85% of re-
spondents agreed “strongly,” “moderately,” or “slightly.”*>*

2. Discarded: An item was discarded if >85% of respondents
chose to disagree “strongly,” “moderately,” or “slightly.”

3. Unknown: Items that >15% of respondents selected “not sure”
or “no comment” (ie, responses could not achieve >85%
agreement or disagreement).

4. Discordant: For all of these items, respondents could not agree;
therefore, items were retained and then re-presented without
change in Round 3 (see fig 1).

2

For Round 3 data collection, the final consensus round, each
item that was classified as discordant in Round 2 was re-presented
to all respondents to be reranked for agreement on the same
7-point Likert scale. In this round, respondents were first shown a
list of items that reached consensus and a list of items that were
classified as unknown in Round 2. Then, they were shown graphs
of Round 2 results for the 89 discordant items. Respondents were
then asked to rerank the 89 discordant items.

At the completion of Round 3 of the Delphi, the ordinal Likert
scale data were used to calculate the median, interquartile range,
minimum and maximum responses for each item. These data were
not used to determine consensus, but demonstrate the central
tendency and distribution of responses, including unknown items.

Results

Participants

A total of 43 participants responded to the original invitation. Par-
ticipants identified themselves as currently living in Australia (79.1%,
n=34), South Africa (4.7%, n=2), United Arab Emirates (4.7%,
n=2), United States (4.7%, n=2), the Netherlands (2.3%, n=1),
New Zealand (2.3%, n=1), and United Kingdom (2.3% n=1). Re-
spondents included physiotherapists (65.1% n=28) and occupational
therapists (16.3% n="7) as well as 6 other different health professions
(table 1). These data indicate a predominance of respondents being
physiotherapists, which is consistent with the overall clinical role
played by physiotherapists in managing postural control deficits in
children with CP, but also the specific role played by other disciplines
in assessing and treating specific postural control for certain functions
such as oral motor or fine motor performance. Respondents had a
mean + SD of 20411 years of experience working with children with
CP (range, 2—55y). Most participants (n=26, 60%) described their
employment role as clinical, with 19% (n=38) identifying as re-
searchers and 21% (n=9) as a combination of the two. These data
indicate a spread of respondents across clinical and nonclinical roles
including experts in both fields. Thirty-seven people responded to
Round 2 (86% retention) and 36 (83% retention) in Round 3.

Round 1: Item generation

Round 1 generated a total of 306 unique items. The 306 items
were placed into 4 categories: (1) Definitions: 22 items relating to
the definition of postural control; (2) Frameworks: 95 items that
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Box 1 Open-ended questions presented to participants in Delphi Round 1

Definitions of Postural Control

i,

In your own words how would you define postural control?

Frameworks for Postural Control

2. Are there any theoretical frameworks or guiding principles that you think describe postural control well? eg, a framework includes
concepts and theories that you may base your assessment and treatment of postural control dysfunction. If you do not use a
particular framework respond “none.”

3. Are there any books, articles, or authors that you refer to when thinking about postural control?

4. What factors relating to the INDIVIDUAL do you believe are important in postural control function or dysfunction? eg, body
structures, functions, systems, processes, attributes.

5. What factors relating to a TASK do you believe are important in postural control function or dysfunction? ie, WHAT the person is
doing, HOW they are doing it.

6

. What factors relating to the ENVIRONMENT do you believe are important in postural control function or dysfunction? ie, WHERE the

person is doing a task, things around the person.

Assessments of Postural Control

7. How do you ASSESS postural control in INFANTS with CP (aged 0—1 years)? eg, assessment items, tests, observations.
8. How do you ASSESS postural control in YOUNG CHILDREN with CP (aged 1—5 years)? eg, assessment items, tests, observations. If
same as above, write “as above.”
9. How do you ASSESS postural control in PRIMARY SCHOOL CHILDREN with CP (aged 5—13 years)? eg, assessment items, tests,
observations. If same as above, write “as above.”
10. How do you ASSESS postural control in YOUNG PEOPLE with CP (aged 13—22 years)? eg, assessment items, tests, observations. If
same as above, write “as above.”
11.

How would you describe the relationship between postural control and movement control? eg, do you consider/assess/treat these
factors separately or together? How do you do this?

Interventions for postural control

12.

13.

14.

15.

What EXERCISE STRATEGIES do you consider effective in treating postural control dysfunction? eg, exercises or active therapy
approaches. Please indicate which ages are relevant and how much is needed to be effective.

What OTHER INTERVENTIONS do you consider effective in treating postural control? eg, equipment, medication, surgery. Please
indicate which ages and how much is needed to be effective.

Do you recommend any MAINSTREAM ACTIVITIES for children with CP who have postural control difficulties? eg, sports or rec-
reation activities. Please indicate which ages and how much is needed to be effective.

Are there any strategies or activities that are effective that you find it difficult to provide? Please indicate if this is due to

inadequate (1) Information/skills, (2) funding/hours, (3) equipment/environment.

described theoretical frameworks, clinical approaches, and factors
influencing postural control; (3) Assessments: 102 items that may
be used for assessment of postural control in children with CP; and
(4) Interventions: 87 items that may be used as an intervention for
improving postural control in children with CP (see fig 1).

Round 2: First consensus round

In Round 2, the 306 items were e-mailed to respondents for
ranking (7-point Likert scale) within the 4 categories determined
in Round 1. The 22 items identified for category 1 (Definitions)
were divided into 3 subcategories (1a, 1b, 1c) to reflect that many
respondents had defined postural control in (la) general terms
(14 items), as well as more specific definitions for (1b) static
postural control (4 items) or (lc) dynamic postural control
(4 items).

The 95 items identified for category 2 (Frameworks) included
theoretical frameworks (eg, systems theory) and clinical approaches
(eg, motor learning or task-oriented approach). For Round 2, re-
spondents were asked to rank each item as it related to the sub-
categories (2a) development (12 items), (2b) assessment (12 items),
and (2c) treatment of postural control (12 items). For Round 2, re-
spondents were also asked to rank factors that they believed were
important in achieving effective postural control or problematic in

postural control dysfunction. These factors were divided into sub-
categories relating to (2d) the individual (28 items), (2e) the task (13
items), and (2f) the environment (18 items).

The 102 items identified for category 3 (Assessment) were
divided into 4 subcategories for Round 2: (3a) assessment batte-
ries (47 items; eg, Berg Balance Scale); (3b) individual items (31
items; eg, single-leg stance); (3c) laboratory tools or measures (10
items; eg, electromyography); and (3d) the relationship between
assessment of postural control and movement control (14 items;
eg, treat and assess separately and together).

The 87 items identified in category 4 (Intervention) were
divided into 4 subcategories for Round 2: (4a) therapeutic exer-
cises or activities purported to treat postural control dysfunction
(29 items; eg, treadmill training); (4b) dose of interventions
highlighted in 4a (9 items); (4c) nonexercise interventions that
may have a role in managing postural control dysfunction (16
items; eg, surgery); and (4d) mainstream activities that may sup-
port the development or maintenance of postural control in chil-
dren with CP (33 items; eg, yoga).

From the 306 items included in Round 2, 115 items reached
consensus. A further 102 items were removed because they
reached the threshold for “unknown.” Responses to the remaining
89 items were discordant, so these were re-presented to partici-
pants in Round 3 (see fig 1).
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Table 1  Participant characteristics

Characteristics n %

Current employment role(s)*

Clinical 35 81
Research 13 30
Teaching 3 7
Management 3 7
Occupation
Physiotherapist 28 65
Occupational therapist 7 16
Researcher 2 5
Pediatrician 1 2
Speech pathologist 2 5
General practitioner 1 2
Orthotist 1 2
Rehabilitation physician 1 2
Country
Australia 34 79
South Africa 2 5
Netherlands 1 2
New Zealand 1 2
United Arab Emirates 2 5
United Kingdom 1 2
United States 2 5
Years worked with CP
0—4 3 7
5—9 6 14
10—19 10 23
20—39 22 51
40—49 1 2
50+ 1 2
Highest qualification
PhD 12 28
MD 1 2
Masters 10 23
Postgraduate diploma 8 16
Bachelors degree 12 28
Diploma in physiotherapy 1 2

* Some participants reported multiple roles.

Round 3: Final consensus round

In Round 3, respondents were asked to rerank the 89 discordant
items. Final outcomes are documented in figure 2 (Definitions),
and appendix 1 (Frameworks), appendix 2 (Assessments), and
appendix 3 (Treatments). Round 3 identified a further 60
consensus items, for a total of 175 consensus items, including 19
definition, 60 framework, 43 assessment, and 53 intervention
items. Round 3 also identified a further 3 unknown items, and 26
items remained discordant, for a total of 131 items that did not
reach consensus, including 105 unknown (27 framework, 48
assessment, and 30 intervention items) and 26 discordant items.

Discussion

This study identified health professionals’ perspectives on postural
control definitions, theoretical frameworks, assessments, and in-
terventions for children with CP that underpin current research and
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clinical practice. The Delphi process generated a consensus-led
definition of postural control from a short list of generated items,
which had a high rate of agreement among the participants. Much
higher numbers of items were generated for the other 3 categories.
However, only 2 items in the theoretical frameworks or approaches
subcategory reached consensus. Less than half the items in the as-
sessments category reached consensus. Most of these were individ-
ual assessment items and not multi-item tools. Just over half of the
items generated for interventions reached consensus. These results
indicate that theoretical frameworks and assessments are areas with
the greatest knowledge gaps, and research activities are required.

The consensus definition items for postural control included
“control of the body’s position in space for postural orientation and
postural stab,” which is consistent with the definition suggested by
Shumway-Cook and Woollacott'® and work by Massion.”® The
subelement “postural stability” was agreed to be equivalent to “bal-
ance.” Consensus was also reached for the subelement of postural
orientation, which was agreed to be “the relationship of the body
segments to each other, to the task, and to the environment.”'® Par-
ticipants considered it important to differentiate control of orientation
and stability/balance with reference to whether the child’s base of
support was static or moving; that is, “static tasks require the control
of orientation and stability when the base of support does not change,”
and “dynamic tasks require the control of postural orientation and
stability when the base of support is changing.” Participants also
agreed to some additional definitions of specific postural control
strategies used to control orientation and stability during static and
dynamic tasks—for example, the ability to “sustain” balance in a
body position versus “protecting” oneself by taking a step to prevent a
fall. Further work is required to refine the statements with consistent
language and to link the statements into a model of postural control at
the activity level of the International Classification of Functioning,
Disability and Health (ICF). This would provide theoretical foun-
dation for assessment and treatment choices for children with CP.

Theoretical frameworks and clinical approaches demonstrated
limited consensus because most items proposed by participants in
Round 1 and/or identified in the literature were either not known
or not understood by respondents. One framework, the “motor
learning or task-oriented approach,” reached consensus for
frameworks that underpin development, and an additional frame-
work, the ICF framework, reached consensus for frameworks that
underpin assessment and intervention of postural control in CP.
However, both are general frameworks used to describe motor
function and/or global functional performance that are not specific
to postural control. Partial support was gained for 1 additional
framework, the “systems theory,” which has sound theoretical
support in the postural control literature involving adults with
neurologic conditions.'®?° This theory describes 7 components
contributing to postural control at the body functions and struc-
tures level of the ICF. Although this theory gained support from
many participants (eg, 35.1% agree, 43.2% strongly agree), with
only 1 disagree rating, it did not reach consensus in the context of
assessing and treating children with CP. The main reason for this
was that 21.6% of respondents indicated they were unfamiliar
with the theory, perhaps because of its use with research on adults.
Further work is required to develop a postural control framework
to underpin assessment and treatment of children with CP that is
consistent with the elements of the systems theory, task-oriented
approaches, and the ICF framework.

The Delphi process showed limited consensus for postural
control assessments that are valid and reliable for children with
CP. This was due mostly to a lack of certainty about whether a tool
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A

Items for overall postural control definition
Agreement Agreement Agreement

Item Percentage Category Distribution

* Control of the body’s position in space for
postural orientation and postural stability

* Dynamic tasks require control of orientation
and stability when the BOS is changing

C
C

* Involve feedforward and feedback responses

* Postural orientation-relationship

between the body segments

» Static tasks require the control of orientation
and stability with the BOS does not change

* Core stability and trunk control

O O O 0O

* Voluntary and involuntary responses

* Postural orientation to the environment

éﬁ

* State of readiness of the trunk
and limbs to engage in activity

[N e!

* Postural orientation to the task

* Postural stability (or balance)

* Learned automatic responses
or motor plans

* Gravity is the key vector

o ©O 0O

* Stability of the spine

B Items for static postural control definition

*Controlling orientation and stability while
sustaining the COG the BOS
*Controlling orientation and stability while

maintaining the COG over the BOS
«Static tasks involve controlling orientation

and stability when the BOS is static
*Controlling orientation and stability while

regaining the COG over the BOS

C

Items for dynamic postural control definition

*Dynamic tasks involve controlling orientation
and stability when the BOS is changing
*Controlling orientation and stability while
sustaining the COG over a changing BOS
*Controlling orientation and stability while
projecting the COG over a changing BOS
*Controlling orientation and stability while
protecting by getting the COG over a
changing BOS

(MR
|

50 85 100 1 2 3 4 5 6 7

0
. strongly not strongly
Agree [ Disagree [_] Notsure I disagree sure agree

Fig 2 (A) Overall, (B) static, and (C) dynamic postural control definitions. Presented according to agreement percentage (85%
threshold), agreement category (C, consensus; D, discordant), and agreement distribution (box and whisker plots with boxes representing
the median and interquartile range, and whiskers representing the maximum and minimum values). Abbreviations: BOS, base of support;
COG, center of gravity.
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actually assessed postural control (n=43 unknown; 91%), rather
than a lack of agreement regarding a tool (n=2 discordant; 4%).
Two multi-item tools reached consensus for assessment of
postural control in children with CP: the Gross Motor Function
Measure and the Pediatric Evaluation of Disability Inventory.
However, these require some consideration as to whether they
objectively measure the construct of postural control. Both tools
are well-established assessments for use in children with CP**’;
however, neither was included in a recent systemic review® of
clinical tools to assess balance in children and adults with CP.
There is no doubt that each tool assesses movements that require a
range of postural control strategies; however, the way the items are
evaluated measures gross motor abilities and not specifically
postural control performance. For example, single-leg stance on
the Gross Motor Function Measure tool is evaluated in terms of
whether a child can or cannot perform this gross motor activity,
rather than whether the child demonstrates adequate weight shift
onto 1 leg, or positive support on the standing leg. Thus, at this
time, consensus has not been achieved on an assessment to mea-
sure postural control skills exhibited by children with CP.

Other than these multi-item tools, many individual postural
control assessment items reached consensus (n=26 consensus;
84%). When considered against the construct of postural control,
most of these did provide measures specifically for postural control.
Thus, these items could be collated into a postural control assessment
battery for children with CP. However, this task is reliant on devel-
oping a valid postural control framework to provide a rationale for
selecting these items for this population. It is apparent that the
framework, or frameworks, would need to accommodate items at the
ICF domain body structures and functions, similar to the systems
theory, but also postural control strategies at the ICF activity level.

Consensus was reached for over half of the therapeutic exercise
interventions proposed to improve postural control (n= 16 consensus;
55%). These interventions were supported by findings of a recent
systematic review'” on exercise interventions for postural control
dysfunction in children with CP; however, many new interventions not
included in the review also reached consensus. One of the aims of the
current Delphi was to identify whether clinicians were using any in-
terventions for postural control not included in this recent review.
There may be some interventions that clinicians consider effective in
this population but lack evidence because of poor definitions,
frameworks, and assessment. A complete list of interventions gener-
ated is contained within appendix 3, with consensus status reported.

Currently, more than 15% of participants classified the remain-
ing therapeutic exercise interventions as unknown, indicating they
were unsure of the nature or effectiveness of those interventions.
There was no ideal intervention recommended. Instead, respondents
supported individually tailoring the selection of interventions—for
example, “I think any treatment has to be tailored to the specific
individual”; “Which treatments might help very much depend on
what the problems are”; “It depends on what element is causing
dysfunction.” Very few respondents commented on the dose of
supported interventions. Those who did respond declined to state a
specific dose, instead indicating that dose should depend on the type
of intervention, and the type and severity of postural control
dysfunction experienced by each child. Further, that during an
intervention, the effect must be measured individually for each
child. The combination of therapeutic exercise with nonexercise
interventions (eg, botulinum toxin or surgery) and a transition to
mainstream activities (eg, Pilates) was also unclear. These findings
are consistent with recommendations of the recent systematic

www.archives-pmr.org

review'” on treatment interventions and highlight the importance of
establishing appropriate tools to assess and profile postural control
deficits, as well as further research into the dose and responsiveness
for therapeutic interventions and mainstream activities.

Study limitations

All efforts were made to ensure the methodological rigor of this
Delphi. We invited participation of authors of all articles from
recent systematic reviews on postural control in CP. These authors
that responded to this invitation reside in 7 different countries. In
addition, clinicians were recruited from 2 Australian clinical ser-
vices and an Australasian professional association. Although Aus-
tralasian clinicians have access to the international literature, we
acknowledge that the recruitment method produced a predominantly
Australasian perspective. It is possible that future studies will pro-
vide additional information from surveying the perspectives of cli-
nicians from other countries. These results offer a cross-section of
opinion at this time, for this particular group, and may be used to
inform discussion and future research directions.”’

Conclusions

A Delphi study has been completed that has identified perspectives
of clinicians and researchers regarding postural control definitions,
frameworks, assessments, and interventions for children with CP.
Electronic Delphi distribution enabled involvement of a large
number of participants simultaneously, to achieve a cross-section of
opinion and a considered consensus on current practice. Consensus
exists on the definition of postural control as it relates to children
with CP. However, substantial research is required to establish
postural control—specific theoretical frameworks and assessments
and translate this research into clinical practice, in order for these
items to achieve >85% consensus. Once these elements have been
established, intervention research can follow to improve knowledge
regarding specific intervention selection and dosage. Specifically
targeted knowledge translation strategies must accompany each
element of this work to ensure translation of evidence into practice.
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Appendix 1 Postural Control Frameworks

Postural control frameworks for (A) development, (B) assessment, (C) treatment, (D) individual factors, (E) task factors, and (F) envi-
ronmental factors, presented according to agreement percentage (85% threshold), agreement category (C, consensus; D, discordant; U,
unknown), and agreement distribution (box and whisker plots with boxes representing the median and interquartile range, and whiskers
representing the maximum and minimum values).

Agreement Agreement
A Framework: Development Item Percentage Category

Motor learning or task-oriented approach —]]

International Classification of Functioning, _]D
Disability and Health framework |

Systems theory NI

Ecological theory N

Motor programming theories _]

Dynamic action theory _]
Bobath/neurodevelopmental therapy —:E:D
Neuronal group selection theory _]

Reflex theory NN | [

Hierarchical theory _:ED

Chailey approach to postural management —:D

Leon Chaitow and Thomas Myers concept
of anatomy trains and “tensegrity”

B Framework: Assessment

Motor learning or task-oriented approach —]]
International Classification of Functioning,

Disability and Health framework _D

Systems theory | EEEEG— N |

Ecological theory |GG

Motor programming theories _D

Dynamic action theory | |

Bobath/neurodevelopmental therapy —:E]

Neuronal group selection theory [ NN | - |

Reflex theory [N | |

Hierarchical theory IR |

Chailey approach to postural management _E

Leon Chaitow and Thomas Myers concept —]]

of anatomy trains and ‘tensegrity’ .

C Framework: Treatment

Motor learning or task-oriented approach _

International Classification of Functioning, _I]
Disability and Health framework :

Systems theory |

Ecological theory _

Motor programming theories _Dj

Dynamic action theory —:ﬂ

Bobath/neurodevelopmental therapy —:D

Neuronal group selection theory —

Reflex theory | HEEE

Hierarchical theory NN [ |

Chailey approach to postural management _]]

Leon Chaitow and Thomas Myerls' concept _

of anatomy trains and ‘tensegrity'

50 85 100
Agree [l Disagree [_] Notsure [

C

C C CcCCccgocCccccoaon C C CcccucCc c c c o

CcC CcCCcCccucCccccacoon

Agreement
Distribution

Not
sure

6 7

Strongly
agree
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Appendix 1 Continued

D Framework: Individual factors

Agreement Agreement Agreement
Item Percentage Category Distribution
Interpretation of incoming sensory . C
impressions into meaningful information _ —
Other movement disorders — C
(eg, ataxia or dystonia) ' —
Equilibrium reactions _ C ——
Rightng reactions | NINERN  © o
endurance [ NENEDNEEN [
Individual muscle strength _ C |
Internal representations (motor patterns) — C —
Cognition—motivation — C |
Core stabiliy | NN | —
Trunkstrength [ ENERRRINNERN] | —
Muscle tone | EERRRRINEN] C —
Automatic responses _ C I
Individual sensory systems _ C ——
individualjoint range RN e
Biomechanical alignment _ C — T
Adaptive mechanisms (feedback) — C —
cognition—planning | NEEIEN] - —
Age/Developmental stage — C |
Cognition—attention —ﬂ C |
Anticipatory mechanisms (feedforward) _ C =
Cognition—emotional aspects _ﬂ C | !
. ! |
Neurologic systems [N NN =
Sensory strategies (eg, sensory integration) _]] C | =
Neuromuscular synergies —]]
(ie, hip, ankle, and stepping strategies) . D I
Diet, ability to chew, nutrition _:E: D ——
0 50 85 100 1 2 3 4 5 6 7
. Strongly Not Strongly
Agree Disagree Not sure .
9 - 9 - = disagree sure agree
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Appendix 1 Continued

E Framework: Task factors Agreement Agreement Agreement

Item Percentage Category Distribution

Relevance of the task (meaningful) _
Accuracy required —
Cognitive loading of the task _

(eg, new vs learned task, novelty) i
Speed required _
Bilateral or unilateral task ;
Dynamic task _
Duration of task _
Voluntary or involuntary task _

Manipulative task

static task [N

Dual tasking
Complexity and degree of

difficulty of the task _:D
Load —

C
C
C
C
C
C
C
C
C
C
C
C
C

F Framework: Environmental factors

External feedback given (eg, visual or verbal) — C

Positioning/equipment provided

Visibility

Noise and distractions

Crowded space
Type of surface

New environment

Complexity of environment

Social environment (eg, people supportive
of person doing task, physical modeling, cultural
and political supports)

Open unpredictable environment

Closed predictable environment

Family/carer environment

Enriched environment

Confined space

Accessibility of environment

Time of day
Temperature
Music
o 50 810 1 2 3 4 5 6 7
: Strongly Not Strongly
Agree Disagree Not sure
9 - 9 - = disagree sure agree

www.archives-pmr.org


http://www.archives-pmr.org

Delphi: postural control in cerebral palsy 11

Appendix 2 Postural Control Assessments

Postural control assessments for (A) batteries, (B) individual items, (C) tools/measures, and (D) postural control and movement control,
presented according to agreement percentage (85% threshold), agreement category (C, consensus; D, discordant; U, unknown), and
agreement distribution (box and whisker plots with boxes representing the median and interquartile range, and whiskers representing the
maximum and minimum values).

A Assessment: Batteries Agreement Agreement Agreement
ltem Percentage Category Distribution
Gross Motor Function Measure —] C 1 =
Pediatric Evaluation of Disability Inventory s [ C E—
Timed Up and Go _j U } —
Gross Motor Function Classification System | i - D | I ———
Alberta Infant Motor Scale SIS U — oo
Functional Reach Test _]:] u e
Bruininks-Oseretsky Test of Motor Proficiency | [ U P ——
Berg Balance Scale —]:] u P —
PediatricReach Test NN U — T+
Movement Assessment Battery Children _:D U e ——
Pediatric Reach Test | EEG—_—_— | U — e

Neurological Sensory Motor Developmental Assessment NN (U ——— oo
Canadian Occupational Performance Measure _:ED D
Pediatric Balance Scale | | U e
Peabody Developmental Motor Scale | | U f f—
Early Clinical Assessment of Balance |l R ———— ooom——

Bayley Scales of Infant and Toddler Development NN - [[U | e

Test of Infant Motor Performance || U s
Movement Assessment of Infants | 0[] U — ee—
Timed Up and Down Stairs _]] U f  E—
High-Level Mobility Assessment Tool —I] U f E—
Functional Walking Test | R | U } —
Level of Sitting Ability EESEENNEETU | —
Pediatric Clinical Test of Sensory Interaction for Balance T o
Sitting Assessment for Children .
with Neuromotor Dysfunction I NEGEGEEEENNNNN U | ==
Level of Sitting Scale NN U | —
Edinburgh Visual Gait Scale NN T U | —
Trunk Impairment Scale _] U f 1 f
Trunk Control Measurement Scale I | U 1 — :
The Chailey Levels of Ability |EEEEIEEEESSSSNTU |  S—
Seated Postural Control Measure —] u f —
Spinal Alignment for Range of Motion Measure il [T U ——  pmey
Modified Posture Assessment Scale —] U | E—
Posture Assessment Scale NN U e
Segmental Assessment of Trunk Control _]] U f E—

Sitting Assessment Scale [N | U f
Balance Evaluation Systems Test (BESTest) I [ U f
Edinburgh Visual Gait Scale —:E U f —

Dynamic Gait Index NN U |
Beighton Scale of Joint Hypermobility _:[l:l u | {
Sensory Organization Test [N []U |
Timed Obstacle Ambulation Test | INE N[ U } I
Posture and Postural Ability Scale —] U] 1

Standardized Walking Obstacle Course NN 1| U f

Harris Infant Neuromotor Test _]] u f

Miller Assessment of Preschoolers N || U P
Lacey Assessment of the Preterm Infant [T U |
0 50 8-5 100 1 2 3 4 5 6 7
Agree [ Disagree [] Notsure [mm StronsV Not Strongly

. disagree sure agree
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Appendix 2 Continued

B Assessment: Individual items ltem

Postural alignment and symmetry

Head and trunk control during dynamic or
transitional movements (eg, side sit to 5 point)

Head and trunk control in static positions
(eg, supine, prone, sitting, standing)

Reactive balance reactions to external
perturbations

Selective motor control

Body righting reactions (eg, body on body and
weight shift reactions)

Balance and alignment in 5-point kneeling
Balance on stairs

Core stability

Balance in one-leg stance

Individual muscle tone

Presence of normal and abnormal reflexes
Gait

Limits of stability reaching sitting or standing

Parental interview regarding sensory behavior,
favored play and positioning

Equilibrium reactions
Protective reactions

Age-appropriate functional ability

Balance in jumping tasks

Presence of movement disorder (eg, chorea,
athetosis, dystonia, spasticity, hypertonia, hypotonia)

Head/body righting reactions (eg, optical head
righting and Landau)

Pull to sit

Balance in hopping tasks

Balance in tandem stance (eg, heel-toe stand)
Balance in gait tasks (eg, walking on heels or toes)
Placing and supporting reactions

Individual joint range of motion
Individual muscle strength

Functional strength assessment

Agreement Agreement Agreement
Percentage Category Distribution
¢ ——
¢ .
¢ ——
¢ |
¢ 1
C T
C f |
¢ .
C i |
\ B
C ;
¢ % e
c }
S
C f 0
¢ N
¢ I

C ; I

c 1 I

C 1 I

Ct R |
C F—
C 1 s

C % (I

C f

C w‘ g

D 1 e
Timed tasks D f
D f T
Cross midline tasks D 1 R
D } S
0 50 85100 1 2 3 4 5 6 7
. Strongly Not Strongly
Agree [l Disagree [_] Notsure [ disagree sure agree

www.archives-pmr.org


http://www.archives-pmr.org

Delphi: postural control in cerebral palsy

Appendix 2 C(Continued

C Assessment: Tools/Measures Agreement Agreement Agreement
Iltem Percentage Category Distribution
Response to handling and facilitation c | O
Visual observation of the child C —
Task analysis using standard video playback C 1 1
Parent report _] C 1 [
Teacher report C f ]
Kinematics _ U 1 [/
Forceplates kinetics _IJ U T
Split screen video _ U — N —
Surface electromyography (EMG) ‘] U N ——

D Assessment: Postural control and movement control

Movement control improves as C ——
postural control improves
Postural control is the basis for C —
efficient movement control
Are closely dependent/interrelated ¢ -
Postural control and movement control C 1 ]
make up motor control
Postural control is developed a m C ‘
little ahead of refined movement
Postural control relates more to c |
what is happening proximally;
movement control is precision and accuracy : e
Treat and assess separately and together _] &
Treat and assess together —] c I
Postural control is an element of . II c [
movement control
Continuum between stability and mobility c ! L]
Posture control is more static (baseline); D |
movement control is a more dynamic process
Assess separately and treat together I

In disability it is possible to have
fairly good distal control with
severe ongoing postural control deficits

Postural control changes with position
/posture, but movement control may not

|

0 50 85 100 1 2 3 4 5 6 7
. Strongly Not Strongly
Agree [ Disagree [_] Notsure [ disagree — sgree
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Appendix 3 Postural Control Interventions

Postural control interventions for (A) therapeutic exercises/activities, (B) dose, (C) other interventions, and (D) mainstream activities,
presented according to agreement percentage (85% threshold), agreement category (C, consensus; D, discordant; U, unknown), and
agreement distribution (box and whisker plots with boxes representing the median and interquartile range, and whiskers representing the
maximum and minimum values).
Interventions: Therapeutic exercises/activities Agreement Agreement Agreement
Item Percentage Category Distribution

c _ 1]
c ——

Balance challenging activities (eg, reducing base
of support or increasing speed)

Weight-shifting tasks

Gross motor task training

Goal-oriented task training:
part to whole task practice

Goal-directed training:
practice whole task

Mobility training

Whole-body strengthening

Specific targeted muscle
strengthening and lengthening

Endurance training

Functional strength training

Reactive balance training (eg, unexpected
perturbation such as moveable platforms)

Trunk-targeted training (eg,
core stability exercises)

Hydrotherapy

Hippotherapy

Reaching to limits of stability

Trial and error practice
Progressive resistance training

Visual biofeedback

Neurodevelopmental therapy
Treadmill training
Sensory-specific training (eg, vestibular

training such as swings, spinning)
Dual task training

Virtual reality

Treadmill training with body weight support

Functional electrical stimulation

Tone “modification”

Hippotherapy simulators

Systems targeted therapy

I.E facilitation techniques (including ES) U | |

1

INRAPRRRRRRRPPPPFAERERH
H

50 85100 1 2 3 4 5 6 7

o

. Strongly Not Strongly
Agree [l Disagree [_] Notsure [ disagree sure agree
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Appendix 3 Continued

B Interventions: Dose
Agreement Agreement Agreement

Item Percentage Category Distribution

c —
C =

c {0

Dosage for postural control
training is not known

Depends on the severity of
the postural control problem

Depends on the child

Depends on the type of
postural control problem

Depends on the treatment technique

More than 12 hours

14 hours

8 hours

4 hours

C Interventions: Other interventions

Orthotics

Surgery for contractures (eg, hamstrings)

Standing frames

Adapted seating/seating systems

Botulinum toxin

Tendon transfers

Medication/spasticity management

Support garments

Baclofen

Strapping/neoprene wraps

Hip surgery

Foot surgery

Scoliosis surgery

Selective dorsal rhizotomy (SDR)
Sleep systems

Deep brain stimulation

00FFFCH [
|

0 50 85 100 1 2 3 4 5 6 7
Strongly Not Strongly
Agree [l Disagree [_] Notsure [ disagree sure agree
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Appendix 3 Continued

D Interventions: Mainstream activities

Agreement Agreement Agreement

Item Percentage Category Distribution
Dancing C ——
Playgrounds with climbing and balancing C —_—T ]
Horse riding C ——
Swimming C —
Tai chi o ——

Yoga C .

Bike riding C .
Martial arts c — .
Any sport C f [ !
Ballet c ——
Gymnastics C k {I—

Supervised or modified gym programs

Tennis

Rock climbing

Interactive video games (eg, Wii Fit)

Basketball

Special Olympics/Sporting wheelies, etc.

|

} ]
Bowling C r—
I ] {
Soccer C [r—
) —— [
Pilates C
. —
Trampoline C
Athletics c i L —
Netball D ' L]
i [ |
Bimanual upper limb activities D [ r— ‘
I [ |
Monkey bars D [ p— |
i — |
Squash u [ — |
: ——
Kindergym u
—
T-ball u
Marching activities u
) —
Auskick u
Learning a musical instrument u
——— (R —
Scouts U
b {
Rebound therapy u 1
0 50 85 100 1 2 3 4 5 6 7
Agree [l Disagree [ ] Notsure [ Strongly Not Strongly
disagree sure agree
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