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Abstract

Introduction: Body alignment is the position of body segments in relatidane another

and their orientation in sace. Children witlterebral palsyCP)present with disorders in

posture and body alignment. KSa S LI2&AGdz2NF f RATFFAOMzZ GASE LINRY
alignment to be managed for themAssessment of body alignment is important in

evaluating therapeut approaches and as an outcome measure of intervention. This

research aimed to identify thelinical measurgused by therapists to measure body

alignment.It reportson the development, and psychometric evaluation of the Clinical

Assessment of Body Aligemt (CABA) as a measure of body alignment in children with CP.

Method: A literature review highlighted the limited evidence of psychometric testing,
identifyingno singlemeasure whictadequately examined body alignment in children with
CP. The CABA wasveéloped angsychometridesting was undertaken among children
with CP by paediatric physiotherapists. Properties examined w@néent and construct

validity,inter-rater and intrarater reliability and responsivenes$s immediate change

Results:The ontent validity of the CABA itemgere reviewed by 283 paediatric
physiotherapisteanddemonstraed a high percentage agreement that the items match the
construct of body alignment. The CABA demonstrated excellent levels ofatéerand
intra-rater reliability and demonstrated statistical significance to CP classification levels
supporting construct validity. The CABA demonstrated responsivevigsh strongly
correlatedto and showed statistical significance in measuring alignmséifit and without

positioning equipment.

ConclusionThe CABA has been carefully and extensively developed and shown to have
excellent validity, reliability and responsiveness properties. This preliminary analysis
suggests it is a useful tool for measuring postural alignmediiriical and research

settings. The CABA has been shown to be responsive to immediate change in body
alignment when posture management equipment is used in children with CP GMFCS IV and
V.
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CHAPTER 1:

INTRODUCTION AND RESEARCH AIMS

1.1 Body alignmentdifficulties in children with cerebral palsy

Cerebral palsy (CP) is the most common physical disability of childhood (Novak et
al., 2020). It is a neurodevelopmental condition affecting the developing brain in
early childhood Baxter et al.2007). It ischaracterised by disorders in movement
and posture due to nomprogressive brain damag&osenbaum et al., 20Q7)he
problems of movement and postutiat children with CP presemith result in
restridions on their activity and participatiofRosenbaum et al., 20Q7)he ability

to maintain and control posture and body alignment enables a child to achieve
positions which are comfortable and stapfeeaning theycan explore, playand
learn effectively(HaddersAlgra, 2013; Haddetalgra, 2005)Furthermore a child
with CP does not solely have impairments in postamd movement skills, but may
also present with impairmennisensation, cognition, communication, and, or

behaviour(Rosenbaum et al., 20Q7)

A child with CP may face a range of challenges in their everyday lefeseicies

in posture and motor control required to fution,meansy 2 i 2yt & Aa | OK]/
ability to maintain body alignment significantly impaired Isottoois their ability to
communicate a need to change their position or raise their disconfiiltand

Goldsmith., 2010)The aoption of postures which @ misaligned can lead to

problems both in terms of those which immediately impact on the child such as,

discomfort and reduced engagemeitd longer term impacts such as pain,

musculoskeletal deformitieand reduced body function®HE, 2018; Gough, 2009;

Scrutton, 2008; Pope, 2008) ¢ KSaS KIF @S aA3IYyAFAOFIY G AYLN



in needed and desired activities and roles, indicating the importance of postural
FfAIYyYSYyd Ay | OKAfRQa SOSNEBRIE& FdzyOliAzy

Changing postural alignment is the naturasponse to intrusive body sensations of
discomfort, but in children witlCP this ability is impaired. Most peoplave
probably experienced discomfort from sitting, lying or standing in a poor posture
for too long.Noticeably the normalesponse is an inease in fidgety movements
and, eventually movement to change position. This illustration sets the scene for
this research, from the perspective of children with, @Ro require their body

alignment to be assessed and correctly managed for them.

Body aligment is a fundamental component of life; it is definedtlas position of
body segments in relation to one another and their orientation in sg&aene and
Twomey, 1994)The ability to maintain and make precisentrolled changes to
alignment enables participation and functional movements in everyday life. The
ability to alter and change body alignment becomes so automatic that it scarcely
intrudes upon consciousnegsso much so that we often forget the functial

importance and impact it has on quality of life.

The development of body alignment is intertwined with postural control and

movement skills as part of typical child developmdtdstural control is the ability

G2 O2y GNRf GKS 0 2rihe Qual purpdsésiofiokientgdtiohayid a LJ- OS
stability (ShumwayCook and Woollacotf007) Collectively body alignment and

postural control enables positions of balance and stability to be achieved resulting

in efficient functional movementDusingand Harbourne, 2010)These are essential

parts of motor development and develop alongside normal child developif\éar

Balen et al., 2015)he theoretical frameworks of postirdevelopment and its

relationship to children with CP and body alignment are discussed in greater detail

in chapter 2.

As children develop, they cultivate and establish body alignment and postural

control which facilitates motor skill developmefidusing and Harbourne, 2010)



The ability to adopt variable alignment of different segments of the btuy,
position of the head, trunk, pelvis, arms, legs and feetbles a child to identify
positions of comfort ad stabilityso aso explore, play and learn effectively

(HaddersAlgra, 2013; Pope, 2007; Hadd&gra, 2005)

Movement difficulties associated with cerebral palsy (CP) means normal
development is compromiseffRosenbaum et 312007) CP is a

neurodevelopmental condition affecting the developing brain in early childhood
(Baxter et al., 200) It is characterised by a disorder in movement and posture with
poor alignment of bdy segments being common features in the physical
presentation(Rennie, 2007; Rosenbaum et @007) For some, this could be a
direct result of poorly developed postural control, while for others it could be a fa
more complex problem with potential loAgrm consequences (Van Balen et al
2015; Hadderg\Igra, 2010Scrutton, 2008; Rosenbaum et,&007; Caderg and
HaddersAlgra, 2009. Indeed, children with CP not only lack the ability to maintain
optimal baly alignment necessary to function efficiently in everyday settings, they
also lack posture and motor competencies necessary to copethetdemands of
functional movement under the effects of gravity (Baxter et al., 2007; Harris and
Roxborough, 2005).

Posture is the ability to adopt varioysositions thatare stable and enable efficient
functional movement in the presence of environmental forces: gravity and ground
reaction force, while not causing damage to body structifegpe, 2007)Children

with CP who present with higher levels of ability are more likely to develop
dysfunctions in postural contr¢Carlberg and Haddelgra, 2005) This is a
deficiency in coatinating postural muscles in the right sequence during the
performance of functional tasks where interactions between sensontpr and
musculoskeletal systems are affected, resulting in reduced balance and an inability

to maintain a position of stabilitfShumwayCook and Woollacott, 2007)

Conversely, these interactions in children with lower levels of ability are so affected

that they have severely limited independent moveméRalisano et al 1997) Pope



(2007)illustrates this using the idea of a human sandwich. The human body is the
middle of the sandwich, exposed to constant pressure from gravity above and
ground reacion force below. For a child to function and move effectively within the
W3 | v RgpstuBekrst be developed. Abilities of body alignment and postural

control are required so that motor development can be established.

Posture is an umbrella concept fitre ability to adopt stable positions required for

efficient functional movement, (Pope, 2007). Postural control is the specific motor

skills, of both orientation and stability, which underpin posture development
(ShumwayCook and Woollacot2007). Postur development and the

underpinning theoretical concepts of postural control are discussed in greater detail

in chapter2. Extensive research has shown the important relationship between

postural control and motor developmeii¥/an Balen et 312015; Pavao et al2013;

Dusing and Harbourne, 2010; Haddédgra, 2010; Shumwagook and Woddcott,

2007; Pollock et gl2000; Breniere and Bril, 1998 accomplish efficient motor

skill performance, postural control must be present and develofiadsing and

Harbourne, 2010) The efficiency and scess of postural control and motor
LISNF2NXYIFyOS Aa NBtFGSR G2 Yy AYRAGARdzZ £ Q:
(ShumwayCook and Woollacott, 200.A/ew studies have examined the role of

body alignment within posire or explored its association to postural control and

functional movement. The ability to achieve antigravity body alignment is an

important fundamental component of motor development and postural contirol.

AGa 0aSyoS | OK Anbwerieht ard fuhctok &rd itngailed ST FA OA S
against gravityfCarlberg and Haddelgra, 2005; Harris and Roxborough, 2005;

White, 1999)

Children with CRdopt body misalignmerttecauseof disorders in postural control
and movemeni{Rosenbaum et 312007) This deviation in body alignment has
been variously described in the literature; for example, terms suasgsimetrical
posture, postural defority anddestructive posturebave all been usedror
childrenwith CP who find maintaining optimal body alignmehgllenging the risk

of developing secondary complications as a consequence of the altered body



alignment is significant (Goldsmith et al. @) Graham, 2002 Musculoskeletal
iIssues such as limited joint range, hip dislocation, chest asymmetry and spine
scoliosis are commonly associated withdy misalignmen¢Hill and Goldsmith,
2010; Pountney et gl2009, Porter et al 2008;Graham, 2002Pountney et al
2002 Clarke and Redden, 199Zhe development of postural deformities can
result in movement and function being severely compromiggctutton, 2008)
henceearly identification of body misalignment is important in the clinical

management of posture in children with CP (Gericke, 2006).

It is well established from a varietf studies, that the development of posture
deformities in children with CP is associated with prolonged body misalignment
against gravityHill andGoldsmith 2010; Scrutton, 2008; Porter et 22007). A
seminal study in this area is the work of Fulfardi Brown (1976, p.313) which
established the source of postural deformities in children with CP, stating that
ddeformities are caused by the effect of gravity on an immobile éh@thildren

with CP have severe difficulties achieving and maintaibody alignment against
gravity. Consequentlythese children have severe difficulties in efficient
movement, meaning that motor skills such as head control and sitting balance are
profoundly challengingRosenbaum et aR007) Posture, in this context, is not a
temporarily arrested movement, but a permanent body positibat childrenwith
CPadopt as a result of gravity and severely impaired moveni8otutton, 2008;
Fulford andBrown, 1976) This makes achieving optimal body alignment against

gravity extremely difficuland, therefore, is of interest to health professionals.

¢CKS LJ2a0ddzNI f RAFFAOMzZ GASE 2F OKAf RNBY &A

alignment to be managefor them (Gericke, 2006.osture management is an
established therapy approach in children with CP, counteracting the effects of
gravity and asymmetrical postures through correcting body misalignrit@aticke,
2006 Carlberg and Hadde#slgra, 2005)Primarily this is through the use of
adaptive equipment to achieve symmetrical total body alignment, minimise

postural deformity and enhancing functigRountney et a] 1999 Clarke and

Redden, 19920 ¢ KA a | LILINRF OK Ay @2t @S&a | GKSNJI LI :



body alignment in lying, standing and/or sitting throughout their development and
growth (Hong, 2005)The provision and use of equipment such as sleep systems,
standing frames and specialist seating are then used to correct asymmetries and
achieve symmetrical total body alignmeitope, 200Y. The primary aim of this
intervention is to prevent and reduce the risk of posture deformi{i@sricke,

2006) Secondary, it aims to enhance comfort and enable the child to function at

their optimal levelPountney et al 2009)

Therapists use observational assessment as part of their everyday clinical practice
to assess body alignment in CP (Hong, 2005). This informs interventions, treatment
planning and outcomes. Theryenature of implementing a posture management
approach means that assessment of body alignment is an inherent part of a

0 KS NI LI & i QHill ahdsGol8sinigh Y281lilestablishes a baseline of body
position; this enables early changes in body alignment to be identified, preventative
intervention to be implemented and outcomes of treatment to be measured

through changes in body alignment.

2 KSy O2yaARSNAyYy3 (KS (PEped2007)y CPAUrtheR 6 A OK Q
children with lower levels of ability may have difficulty in adopting araintaining
stableand functional positions (Rosenbaum et 2007). Adaptive equipment is

used by therapists to support body alignnien the absence of the child being able

to do this for themselves. Therefore, the child is reliant on the therapist selecting
the optimal body alignment. The gold standard aimed for in positioning, is a
symmetrical body segment alignmefRRope, 2007)This aligns the body segments

and body linkages in an optimal position minimising stress on body structures, gives
a position of stability and maximises opportunities for efficient movement and
function (Carlberg and Haddelgra, 2005) However, fosome children with CP

this may not be possible due to the development of secondaungculoskeletal
complications such as muscle shortening, resulting in fixed posturairddfes.
Therapists working with children who have fixed secondary cmatpins aim to
achieve as optimal alignment as possible observing graded changes towards

optimal alignment.



Interest in the posture of children with CP has been driven by the restgfitin the
recognition of the role posture management programmes have within deformity
prevention and rehabilitatiofPublic Health Englan®E, 2018;National Institute
for Clinical Excellend®ICE, 2012) Althoughthe benefits of posture management
approaches are well documented in children with(€Rvao et aJ 2013) the
research to date has tended to focus on motor function rather than body
alignment. Assessment insiments selected in research to demonstrate the
outcome and effectives of postureanagementre diverse and show little
correlation to total body alignmensuch assingle joint Xraysor motor function

and movement abilitiegPountney et a] 2009; Pountney et al2002)
Consequently, there is little higtpuality data available on posture management

effectiveness in correcting body alignment in children with CP.

Few clinical measurements of body alignment regaeychometric properties or
specificity in the assessment of body alignment (Field and Livingstone, 2013)
present there is no consistent view on the best assessment tools to use in the
clinical assessent of body alignment (NICE, 2012). Provision is often dependent
2y GKSNILA&AGAQ 1y26f SRIST S E(Hinpkegsy OS
and Pountney, 2006)meaning currently posture managemeservicesequipment
provision and quality vary on a local and national context. The lack of
standardisation in both assessment and approach makes it challenging for
therapists toevaluate posture management accurately and objectietiveen

local phystherapy services or across wider regional and national provisions.

Standardised assessments are essential in ensuring clinical approaches can
evidence their effectiveness and outcom@&awcett,2013. Posture mangement is

no exception to this; standardised assessment of body alignment which is
applicable within everyday clinical practice and responsive to changes in alignment

is essential in evaluating posture management practices.



1.2 Personal and professionahtionale for the study

As a working clinical physiotherapist in a special sctfavathildrenwith complex
needs,| haveused a variety of measures to evaluate and justify the outcomes of
posture management interventions. Many of the children in the schadl a

diagnosis of CP with the majority of those and children with other diagnoses
presenting with body alignment postural problenifiad noted that in clinical
practice, there were few clinically usable standardised measures of body alignment.
These rsulted inme developing my owmlignment measureised tomonitor

progress and justify provision of equipment. As a physiotherapist involved in
purchasing and providing postural equipment there was increased awareness that
funding for equipment was frequelyt being challenged; justification witvidence
basedassessment outcomes relating to the impact and benefit of this provision
were required.This related not only to the speciality and service but also to other
multi-professional services such as wheealch, home equipment and occupational

therapy.

An important aspect oftte posture alignment problems which face children with
movement difficultiessthe lack of accurate clinical standardised measurement to
detect changes in alignment. The absencaighrquality evidence to support
posture management approachéGericke, 2006Ed to the professional
presumption that current approaches lacked a clinically cred#videncebased
background in relation to body glhment.A search of the literature on current
assessment found that empirical evidence wasr; this isexplained in greater
detail in chapter 3upportingthe rationale for this research projedn addition,the
majority of measurements used in posturenagement research had little
relationship to bodyalignment Thosewhichdid could not be relied upon due to a
lack of evidence to support validity, reliability and responsiveness levels. The
exploration of developing a body alignment assessment andanigstf psychometric
properties wastherefore, considered an essential way forward, clinically and
professionally. Whilst the focus of this research is children witht@*ecognisel
that postural and body alignment issues cross a wide scope of amwdth various

presentations. As such this research has much wider implications across various



health service provisions and mulke healthprofessionals. The development of a
standardised assessment can be utilised by clinicians and researchers tatevalu

body alignment and the effectiveness of posture management approaches.

1.3The research objectives and aims

To address the problem of body alignment assessment in children with CP, this
research can be broken down into a number of areas in the exjxor of the
research questionCan body alignment be assessed in children with CP through a

standardised and clinically useful measurement tool?

1. To identify current clinical assessments of body alignment useldilidren

with CP by physiotherapists.

A entral aim of identifying body alignment difficulties in children with CP is
to be able to provide appropriate management and intervention at the
earliest opportunity. One advantage of identifying body alignment changes
in children with CP is that mostthiese children require the use of
equipment to correct their body posture in order to support function
(Gericke, 2006).

2. To develop a clinical measurement (known as the Clinical Assessment of

Body Alignment) to identify and assess body alignment in cildsieh CP.

The first step in providing appropriate intervention and management is to
consistently and effectively identify changes in body alignment difficulties. In
order for clinical practice and research to inform an eviddrased

approach, assessmentust demonstrate psychometric properties in

measurement of the construct of body alignment.

3. To assess the psychometric properties of the Clinical Assessment of Body

Alignment in measuring body alignment in children with CP.
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The findings from the literate review directly led to the generation of the
Clinical Assessment of Body Alignment. The central theme of this study was
to design and construct a clinical applicable and accurate assessment to aid

in the identificatiorand assessment of body alignmemtchildren with CP.

4. To investigate the Clinical Assessment of Body Aligngigmcal utility in

evaluating posture management programmes in physiotherapy practice.

The Clinical Assessment of Body Alignment is constructed so that body
alignment is orgaised into sections, with each section focusing on a specific
body segment. It is also constructed to assess alignment across 3 positions,
sitting, lying and standing. This will allow therapists to assess body
alignment across various alignment needs focteandividual child,

indicating the type of alignment issues and the specific postural coimtext

whichthe alignment difficulties occur.

1.4 The thesis structure and presentation

This research is divided into seven chapters numbered sequentially thoatigh
Chapter2 examines the role of body alignment within the wider context of postural
control and movement. It forms the contextual theoretical framework from which
exploration commenced. Chapt8rexamines and critically evaluatesrrent clinical
assesment measures of body alignment / K | 4tdl6 ajEtHe development

and psychometrical testing of a clinical assessment of body alignment. Chapter 7
brings together the main discussion points arising from this PhD research. It
presents a synthesis of éfindings and discusses the implications of these in
relation to the primary research question and objectives. It concludes the research,
identifying scope for future research as part of wider pdsttoral projects. A

summary of each chapter ppovidedbelow.

Chapter2 examines the role of body alignment within the wider context of postural
control and movement. It forms the contextual theoretical framework from which

exploration commenced. It exploréise concept definitions abody alignment,
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posturd control and motor development within the context of children with CP and
physiotherapy assessmentattonale for the framework undertaken to examine
assessment construction are givimrough scrutinyand critical analysis of test

theory and psychometrienvestigation.The final section of the chapter considers

the therapy implications and interventions used in supporting body alignment in
children with CP and propose the need for an assessment measure to quantify body

alignment in clinical practice withRCchildren.

Chapter3 examines and critically evaluatesrrent clinical assessment measures of
body alignment. The systematised revi@entified sevenassessments used by
health-care professionals to assess body alignment changes in children with CP.
Many of the identified clinical assessments which measure body alignment were
found to have limited psychometric properti€bhis was valuable as it provided an
oversight in the different clinical assessments, their psychometric properties and
research degin methods designed to measure body alignment, enabling analysis of

the psychometric properties of current measurements.

Chapter4 outlines the process undertaken in developing and investigating the
content validity of the clinical assessment of bodgminent. Content validity and
clinical utility were examined through expert opinion of 283 paediatric
physiotherapists. &ionales for the methodology and framework of test and item
constructionwere outlined, examining item construction and posture
categorisation. his study represents the first phase into the investigation of the
/1.1 Qa @FrtARAGE AY OKAfRNBY gAGK /[t o

Chapter5 examineghe construct validity, intraater and interrater reliability of

the Clinical Assessment of Body Alignment in childvigh cerebral palsy. A study
was undertakemwhereby thirteen paediatriphysiotherapistobserved a sample of
children with CR5ross Motor Function Classification Syst&MECH ¢V
(Rosenbaum et al., 2008)a an electronic survey he studyoutlined the process
undertaken in developing and investigating the reliability and construct validity of

the clinical assessment of body alignmeationales for the methodologies to
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examine assessment construct validity and reliability are given thorough sgrutin
and critical analysis of test theoand psychometric investigation. The use of
photographs was selected as it is a widely used approach in research studies of
postural alignment and a comprehensive and rapid way to assess body alignment
(Fortin et al, 2011; Akel et al 2008; Perry et al2008; Normand et al2007; Dunk

et al,, 2005, McEvoy and Grimmer, 2005; Dunk et2004).This chapter discusses

the results in relation to clinical and research implications.

Chapter 6 reports on thtéhird phaseof the investigation into the psychometric
properties of the clinical assessment of body alignment in children with CP. A
responsiveness study was carried out with a paediatric physiotherapist observing a
sample of children with CP GMFCS IV and V. Thensisgeness study considers
external and internal responsiveness using two frames of reference for determining
responsiveness: Immediate change in and out of posture management equipment
and CP classification criterion. The use of one physiotherapist, #ie masearcher,

was selected due to ethical considerations and to limit random errors occurring in
alignment. As the lead researcher was a known physiotherapist to the children, this
SyadaNBR (KIG GKS OKAfRNBY NBYlraumdskR NBf I E:
This minimised the children presenting with altered alignment presentation that
would have occurred with unfamiliar therapists and multiple raters, ensuring the

assessment of body alignment was as close to typical everyday practice as possible.

Chapter 7 brings together the main discussion points arising from this PhD
programme ofresearch. It presents a synthesis of the findings and discusses the
implications of these in relation to the primary research question and objectives. It
concludes tle research identifying scope for future research as part of wider-post

doctoral projects.

1.5Conclusion
Body alignment does not develop as a solitary entity; the development of alignment
and postural control is closely intertwined. The intimate relasioip of the

development of these two aspects on motor behaviour is not belyause
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movement always requires postural alignment adjustments, but also that the
development of both posture and movement systems are the result of

developmental nervous systemiqresses (HaddstAlgra, 2013).

The needor a standardised and clinically usable measurenwéritody alignment
hasbeen highlightedas have the gaps psychometric testing of assessments
among children with CPThe theoretical and clinical approachesve been

outlined and demonstrate the importance of a clinical body alignment assessment
in children with CP. The potential to assess changes in body segment alignment in
clinical settings is of crucial importance to the field of paediatric rehabiliatiois
important that clinicians are able to evaluate, justify and develop posture
management practices based on clear, strong clinical rational derived from
evidencebased assessmerithe aims and objectives of this research have been
stated andan ovewniew of the research structure undertaken to address them has
been described. Chapt@rbegins by discussing the theoretical frameworks of
postural development and its relationship to children with CP and body alignment.
This gives an understanding of tbentext in which an assessment of body
alignment needs to relate to in order to be an effective and appropriate clinical

measurement tool.
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CHAPTER

POSTURE DEVELOPMENT

2.1Introduction

This chapteexamines the role of body alignment within theder context of
postural control and movement. It forms the contextual theoretical framework
from which exploration commenced. It begins by giving a background of the
postural problems children with CP can fadescribing typical posture
development and hw this translates to children with CP. It explotlke concept
definitions ofbody alignment, postural control and motor development within the
context of children with CP and physiotherapy assessmeitofale for the
framework undertaken to examine assment construction are given through
scrutiny and critical analysis of test theawyd psychometric investigatioithe final
section of the chapter considers thieerapy implications and interventions used in
supporting body alignment in children with GBproposes the need for an
assessment measure to quantify body alignment in clinical practice with CP

children.

The study of posture in children with CP has had a renewed interest during the last
RSOIRS y2i 2yteée ¢gA0K S dted bdasdbgAus®©OR A f RNS y |
new ideas which have led to exciting theoretical concepts underlying the

SELX FyltdAz2zya 2F GKS AydaSaNIft NeBtS 2F LRa&
function abilities Research studies have raised the importance of posture

alignment and its management within complex conditions such adlGRket al.,

2020; PHE, 201&o0llins 2007, Farley et al 2003 Goldsmith 2000 Porter et al,

2007), stroke@oH, 2005Chatterton et al, 2001; Jones et a] 1998) and multiple

sclerasis PDoH 2005Chan and Hegl 999); this key intervention is now getting

more recognition within key policy papers. MENCAP published a seminal report

Raising Our Sights (Mans@010); within this publication it recognises the need for
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posture managementand acknowledges the associated problems such as
movement difficulties, breathing and eating problems. Mansell (20124) goes on

to make recommendations to NHS bodies, that services should be developed which
dfocus on protection of body shapeThis tas resulted in a shift in the recognition

of the role posture and its management has within therapeutic rehabilitation

approachegNICE, 2012)

Posture is not easily defined. Its definition is variable and idiosyncrstithe

simplest level, posture is the ability to remain upright against the forces of gravity
OC2NIAY SO Ff®dX HanmmOod LG A& FTNBIldSSyidte |
(Pope, 2007)indicating thatthere is a specific optimal posture. This is often

perceived to be an upright spinal column with the natural vertebral curvature and

with the limbs in perfect alignment. However, posture is a variable concept which

is used to help us interact with eadther and our environment influenced by

internal @.g.,muscle tone) and external factors.g.,gravity) placed on the body

(Breniere and Bril, 1998; Raine and Twomey, 1994). The possible permutations for

head, neck, thorax, pelvis, legs and arms are andtso to suggest that one of

these constitutes being either good or bad is rather simplistic.

Various definitions of posture have been proposed describing this concept within
CP as: a patrticular position of the bo@ope, 200@); a dynamic process
underpinned by postural control and motor functigdong, 2005)and the use of
antigravity muscles to enable movement skill developm@dwman, 205).

Others have argued that posture is an active dynamic process which underpins
movement and function (Hon@005), and that posture and movement are
indistinguishable, referring to posture as a temporary arrested movement which is
constantly changing{owe and OldhanR001). These descriptions attempt to
consider the theoretical conceptual relationship between posture and movement.
Definitions of posture must establish a relationship between theoretical concepts
and observable indicative attributes teelapplicable within the real world

(Mcdowell and Mcdowell, 2006)
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Pope (2007) considered posture not only as a position of the body, but how this
was inextricably linked to task, environment and postural deformitispe (2007)
describes posture as the ability to adopt various positions which are stable and
enable efficient functional movement in the presence of environmental forces of
gravity and ground reaction force, while not causing damage to body structures.
Her stance is explained by considering the demands of the task as it relates directly
to the body alignment appropriate for this task. The more difficult an individual

finds a task the less efficient they are in dealing with it, so contributing to the highe
demands of maintaining body alignment and completing the movement. The
impact of task and environment on body alignment and how this combined
AYUGSNI OGA2Yy LINBfdzZRSE (2 LI2alddzNIf RSTF2NINA

posture development.

Body algnment has such obvious and dramatic changes that it is easy to overlook
the subtle changes, for example when reaching forward to grasp a toy. In this
example arm alignment would be the obvious chang® as tamove the arm

towards attaining the task ofrgsping the toyHowever,more subtle body

alignment changes in the trunk would accompany this movement; forward flexion
and rotation of the trunk would occur on the side of the arm reaching to the toy
whilst simultaneously backward trunk rotation wouldck&aplace tocounterbalance
this. These subtle body alignment changes happen in relation to the task and the
ability to react to a changing centre of gravity (CoG) in relation to base of support
(BoS) (Barela et al., 201Ihe BoS is defined as the ardahe body that is in
contact with the supporting surface (Cumberworth et al., 2007). ddrdre of mass
(M) is a central point of the total body mass, the vertical projection of this is
termed the CoG (Hof et al., 2005). Though therapists may interpsetarch
knowledge about stability as controlling the CoM within the base of support, in
clinical application the focus is often on controlling the CoG, the vertical
representation of the CoM, within the base of support (Woollacott and Shumway
Cook, 2005).
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Pope(2007)illustrates this using the human sandwich mo(fejure 2.1).

Forces of gravity act as the top layer pushing down on the body.

[ ¥
(&

Person acts as the fillifgeingsquashed
between the twoforces.

1 1 1

The supporting surface acts as the base of the sandwatthground reaction
forces pushing up against the body.
Figure2.1: Human Sandwich ConcefRRope, 2007)

C2NJ Iy AYRAGARdAzrt (2 FdzyOluAz2y YR Y2@S
postural control and motor development should be established. Thiseincah be

directly related to numerous body position configurations, functional tasks or
environments typical within child development and movement such as, pulling up

on a sofa to stand, crawling over a toy cluttered floor to the TV or reaching to get a
toy off a high table. This concept can be applied to across postural and motor
theoreticalapproaches, whichinderpin current therapeutic clinical approaches
concerning the characteristics and causes of posture and movement dysfunction.
The next part of thé chapter considers posture development ahd theoretical
frameworks of posturelevelopment, whichrelate to body alignment in children

with CP and motor function.

2.2 Historical overview

A seminal article back in 1976 by Fulford and Brown stronddgdiposture

deformities to the CP child, stating thadeformities are caused by the effect of
gravity on an immobile chifdp.313). This first approach involved postural and
motor developmental concepts, amongst others by Bernstei7§L,9dams (1971)
and Schmidt (1976) who explain motor development, and in turn posture, in terms
of atop-down developmental sequential approach. In this approach development is

viewed as a rigid process influenced solely by the central nervous system with
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reflexes thoughto be the dominant abnormal movement patterns. This approach
differed greatly from the systems theory approach (Shumagk and Woollacott
2007) which places much greater emphasis on a multiple body systems input based
on task orientated movement andteractions with the environment. However, it is
still concerned with alignment difficulties against gravity having a significant impact
on motor function. The concept proposed by Fulford and Brown (1976) while old,
remains relevant to current therapeutigproaches. It has been applied to recent
therapy approaches to postal alignment management (Pountney et, 2009

Porter et al, 2008 Colling 2007, Porter et al, 2007 Rennie 2007, Hong 2005

Pountney et al.2004 Pountney et al.2002 Pollock etal., 2000 Goldsmith 2000),

applying a task orientated approach to posture development and its management.

2.3 Development of posture

During typical development babies predominantly have a flexesh@ped) posture
when they are born with two primaryucves (Wright2011). These present as the
thoracic curve (mid back) and sacral curve (bottom) (Wrigdt1, Pountney et al.
2004); as demonstrated iigure 2.2.

’y

Thoracic Curve

- Sacral curve

Figure2.2: Early developmental spinal curve@Nright 2011 p.4)

! Permission obtained from author to use image (Segendix 1)
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Following birth babies effortlessly move through developmental stages (Wright
2011), for example rolling achieved by age 6 months, sitting by age 9 months,
cruising at age-92 months and walking by age 18 months (Sherid@80); these

developmental stages are cleadisplayed irfigure 2.3.

Figure2.3: Developmental stage(Wright 2011 p.4)

As children go through these developmental stages, they initially develop ability to
gradually bring their body alignment upright against gravity (Breniere and Bril,
1998). Tis moves sequentially from lifting the head and head control in lying and
sitting by 3 months, to being able to control trunk and head in sitting at aged 9
months and standing upright by aged 12 months. In conjunction with body
alignment against gravity,gsitions of stability with a wide BoS and balanced CoG
are also adoptedo enable them to explore and play (Pountney ef 2004). These
positions become refined and the base of support becomes smaller as their posture
skills become more established (Gdeeters et al., 2007). As part of this they start
to develop postural alignment and control against gravity and their spines develop
secondary curves (Pavo et,@013). These secondary curves occur firstly in the
cervical spine through activities suah, a child holding their head upright against
gravity when in prone; and then secondly in the lumbar region by gaining

independent sitting and standing balance (Wrig2@11), sedigure 2.4.

2 Permission obtained from author to use image (Seeendix 1)
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Cervical curve

Lumbar curve

Figure2.4: Spine curvature developments for posturahtm!® (Wright 2011 p.4)

Body alignment and postural control develop concurrently alongside normal
developmental stages; this includes the maturing of postural reactions such as
righting and equilibrium reactions (Wulf et al., 2001), and the assinlatfo

primitive reflexes such as an asymmetrical tonic neck reflex (W2@htL;

Pountney et al.1990). The development of posture skills also requires the presence
of normal muscle tone and intentional controlled movements (WrigbtL 1,

Pountney et al.1990).

2.4 Posture development difficulties for children with CP

Children with CP by virtue of their movement impairments are more likely to
display disturbances in posture resulting in alterations of body alignment (Chapter
1). Thesecanleadto longterm deformities, reduced participation, discomfort and
pain (PHE, 2018; Gough, 2009; Scrutton, 20a8)ildren with CP may be unable to
change their position without assistance or communicate their discomfort clearly,
being reliant on caregivers and professals to recognise and respond to their
discomfort cues and requirement for a change of posi{idill and Goldsmith
2010;Pope, 2007)

* Permission fronauthor obtained to use imge (See appendix 1)
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CP is a neurodevelopmental condition affecting the developing brain in early
childhood Baxter et al., 200y It ischaracterised by a disorder in movement and
posture, due to norprogressive brain damag&osenbaum et gl2007) poor
alignment of body segments such as head and trunk are common features in the
physical presentabn (Rennie2007). Maintenance of a centrally and symmetrical
body alignment is fundamental to motor function activities such as being able to sit
or stand quietly, reach and move within the environment (Haddatgra, 2013). As
discussed in chapter 1awement difficulties associated with cerebral palsy (CP)

means normal development is compromis@bsenbaum et gl2007)

This impaired development in children with CP results in difficulties achieving

optimal body alignment within everyday functional settings and activitfes

example, a child who is unable to maintain upright sitting on the floor in order to

play with a toy. In this example, the inabilitymaintain optimal body alignment

results in the childeaning to one sidgnan asymmetrical sitting posturen which

their CoG has shifted outside their B@rela et al., 2011 his means that the

posture is unstable requiring more work and effort from the child to maintain it.

The asymmetrical body ghment means that more stress is being placed on body
structures such as joints, muscles and internal organs resulting in discomfort and

LI Ay @ /| 2ttt SOGA@Ste GKSasS FIOG2Nm AYLI Od
toy efficiently and effectivelin the shortand longerterm. The highethe demands

are inmaintaining body alignment the less proficient the child is at completing the
desire movemenor task(Pope 2007} in this exampleplaying with the toy. The

more asymmetrical body alignment p&tsthe greatr the risk ofdeveloping

significant longterm complicationsand fixed deformitiegGoldsmith et al., 2009;

Graham, 2002)Thesepostural deformities can result fimnctionalmovement and
participationbeing severely compromisg&crutton, 2008 he impact of body

alignment on the task and environment and how this combined interaction

LINEf dzZRSa (2 f2y3 GSNY LRaldz2NIt LINROf SYa
disorder (Rosenbaum ei., 2008).
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Movement disorders of children with CP are typically described in terms of
functional intentional movement using the GMFCS (Rosenbetuath, 2008;

Palisancet al., 2008).This isa 5level ordinal grading system across five age bands
0-2 yeas, 24 years, 46 years, €12 years and 1-28 yearsDistinctions between the
levels is based oassessment ddelfinitiated / independent movement, with a

focus on motor and functional ability such as sitting, walking and wheeled mobility
(Palisano etla 2008 Rosenbaum et gl2008 Rosenbaum et 312007, Palisano et

al., 1997).

Palisano et al. (1997) followed the Ke&mework(World Health Organisation

(WHQ, 2001) and developed the Gross Motor Function Classification System
(GMFCS) to record tHanctional abilities and limitations that children with CP
experience in their daily living. Several years later, Palisano et al (2007) revised the
GMFCS and developed the Gross Motor Function Classification System Expanded

and Revised, introducing the ageoup of 12 to 18 years old.

The respective psychometric properties of the GMFCS have been examined
detail. The classification system was drafted using sey#rases (Palisano et al.,
1997). kstly, the authors (n=6) developeah initial outline, secondly, a nominal
group process involving 2Berapists wasindertaken to reach consensiend

finally, a Delphi survey method involving 20 experts (physiotherapists, occupational
therapists andpaediatricians) from acrossoh America, Europeand Austrdia

was repeated twice. The GMFCS demonstrated good content validity with
consensus agreement >80% being reached between all participants across all
statements. The GMFCS also examined {ra&sr reliability; paired therapists (n=
46) evaluated 37 chilén aged <2 years and 40 children agetRyears
demonstrating good (k=0.55) and excellent (k=0.75) inaer religbility

respectively. Further evaluaticof the GMFCS reliability and stability was examined
by 2 blinded therapists across 85 children, wing high intefrater (G=0.93) and
test-retest reliabilty (0.97) using a generalisabilaypility (G) coefficient (Wood and
Rosenbaum, 2000). The GMFCS at 1 to 2 years showed high positive predictive
value to predict walking by age 12 years (0.74), withga negative predictive
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valueto predict requirement of a wheelchair (0.90). The GMFCS can validly predict

motor function for children with CP (Wood and Rosenbaum, 2000).

Researchers atlcMaster University in Canada developed the expanded and

revised GNFCSThis revised thege bandof 6 to 12years anéhcludedan
additionalageband of 1220 18years (Palisano et al., 2007). Content validity of this
was initially assessed from a group of 18 physiotherapists (Palisano et al., 2008).
Subsequently, a DelpBurvey involving 30 health professionals repeated 3 times,
established strong content validity of >80% on the clarity and distinction between
levels (Palisano et al., 2008). The GMFCS has been extensively evaluated showing it
to be an international clag&cation system supporting communication, clinical
decisionsand research (Piscitelli et al., 202Bwinget al., 2015; Shi et al., 2014;

Silvia et al., 201Rosenbaum et al., 2008)

The GMFCS classifies children into 5 levels according to their mavem
impairment and function; level | being the least impaired to level 5 most severely
impaired (Rosenbaum et al., 2008). In terms of body alignment issues, children
classified at levels IV and V have little ability to control their body position against
gravity and are more likely to develop postural deformities (Rosenbaum et al.,
2008; Gericke, 2006). Whereas children at levdllsi&ve the ability to adjust their
body alignment and participate in many activities against gravity such as walking
and sit b stand; these movement skills are typically executed with little difficulty
with the exception of some balance deficits and limitations on the distance they are
able to walk (Palisano et al., 2008). Children at GMFCS level Il whilst able to
maintain bod alignment in sitting and standing may require some positioning
support to maintain stability and body alignmeietcomplete movement skills

efficiently (Palisano et al., 2008)

The presentation of CP is varialaled multifaceted in its clinical presentation
meaning individual constraints can present across numerous areas, affecting

multiple systems (Rosenbaum et al., 2007). A summary of some of the individual
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constraints which CP children may present with, relatethe categories of motor

control are listed in Tabl2.1

Table2.1: Individual constraints which may affect the functional movement of a
child with CPKenyon and Blackinton, 201Rpsenbaum, 208 ShumwayCook and
Wollacott, 2007).

Action Neuromuscular 1 Marked asymmetries in posture and
System movement

1 Poor isolation and control of core and
extremity movements

Poor bilateral coordination skills.
Difficulties controlling shifin body
position.

Abnormal muscle tone
Reducedhctiverange of movement
Poorpelvic stability

Muscleweakness

Fatigues quickly.

Difficulty matchingactivity level of
typically developing peers
Redcedtactile discrimination

Altered body schema
Decreasechwareness of body position
in space

1 Lack of integration of core with
extremity movement

Visual impairments

Easilydistracted

Frustration

Impaired problem solving

Difficulty plannng how to complete or
attempt task.

= =4

Musculoskeletal
System

Cardiopulmonary
System

= =4 =2 =4 |2

Perception | Sensory systems

=A =4 =4

Cognition

= =4 =4 =4 =1

The individual movement constraints in children with CP results inatility to
change and adapt body position in relation to the motor task and environment
(Pountney et a].2004 Farley et al.2003 Goldsmith 2000). This means that
refinement of positions where the CoG remains within the BoS in relation to a
functional movement such as, reaching to grasp a toy are significantly impaired

(CarlbergandHaddersAlgra, 208). This suggests that children with an
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accumulation of interrelating factors from both individual and environmental
constraints such as altered muscle tone, gravity and muscle shortening, are at
greater risk of developing posture deformities as a testiasymmetrical body
alignment. Thassues not only impact on body alignment but mestable and
efficient BoS positiongrom which a child functions and playsecome more

challenging to achieve and maintain.

The postural difficulties of childrenwiK / t LINRP YLIG (GKS ySSR
alignment to be managed for them (Hong, 2005). A detailed description of
neurophysiological systems involved in posture and its control, a highly integrated
process under the control of the central nervous systenimeyond the scope of this
chapter.Therefore,only those aspects relevant to the provision of adaptive
positioning equipment will be outlined. This is because disturbance of the
neurodevelopmental mechanisms necessary for control of posture may, in the
severest of circumstances, prevent a child from holding their head upright or being
able to sit without additional support under the pull of gravity (Pop@07). These

are the children who will require specialist positioning equipment to support their

posture and optimise functional movement.

2.5Body alignment, postural and motor control overview

An important relationship exists between body alignment, postural control and
motor development (Shumwagook and Woollacott, 2007). As body alignment
becomescontrolled and established, base of supports used for function become
smaller and selective to the task in hafRhvao et al., 2013; White, 1999)

As defined in chapter 1, body aligent is the position of body segments, head,
trunk, pelvis, arms, legs and feet in relation to one another and their orientation in
space(Raine and Twomey, 1994) requires intrinsic antigravity movements,
enakling selective positioning of body segments relative to stability, motor task and
environment(ShumwayCook and Wollacott, 2007WWhereas, pstural controlis

the ability to maintain CoM within the BdBavao etl., 2013) It requires active

sequenced control of postural muscles to change and refine the base of support,

2N
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while keeping the centre of mass within the selected base relative to a specific

functional task(VVan Balen et al., 20153uch as reaching forward to grasp a toy.

Postural control necessitates the presence of normal muscle tonegaatity body
segment alignment and intentional controlled moveme(ifghite, 1999) The
combination of body alignment and postural control enables a child to achieve
positions of balance and stabilifRose et al., 200Bountney et al., 1990This
enables efficient movement that is specific to an intended task or fun¢busing
andHarbourne, 2010)These abilities are essential parts of motor development and

develop alongside normal child developméXian Balen et al., 2015)

Motor devdopment is adaptive change; it involves a change in motor development
and motor performance over time as the child devel¢pagden, 2013Motor
development is more than just skill performan@ugden, 2013)t also involves the
exploration of movement in relation to the environmefiewman, 2005)During
development a child will explore numerous positions of body alignmentdases
of support(HaddersAlgra, 2010)This develops sequenced muscle activation
alongside integration of sensory and nervous syst@tevman, 2005)As stability
is impoved, motor performance becomes refined and skill outcome more
successfu{White, 1999) Antigravity body segment alignment is an intrinsic,
responsive and embedded aspect of motor developm@@wman, 2005)
Movement is an important consideration in how coordination and control are

achieved as part of motor developmefiiaddersAlgra, 2010)

As body alignment and postural coaliskills become refined through exploratory
play as part of typical developme(Rountney et al.2004),movement becomes
controlled and adaptive to a changing CoG within and around a selected BoS,
meaning motor performance becomes more succedsfarlbergandHadders
Algra, 2005)As aesult,the relationship between postural control and movement
is well establishe@Pavao et al., 2013Few studies have exaneid the role of body
alignment within posture, or explored its association to postural control and

functional movement. The ability to adopt selective body alignment postures
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against gravity is an important fundamental component of postural control

(Shumway 221 FyR 222ttt 02G04X nwnntod LY Ada |
efficiency and function are impaird@€arlbergand HaddersAlgra, 20@; White,

1999)

The remaining partf this chapter discusses the theoretical frameworks of postural
control and motor control to maintaining body alignment in sitting and standing.
These two positions are focused on because they require, at minimum, static
alignment to maintain an uprightgstural orientation against gravity, from which to
perform functional tasks. The clinical implication of both postural and motor control
theories are discussed in relation to children with CP. This will be followed by
application of these theoretical conpts into practice and the role assessment has

within research and clinical approaches in children with CP.

2.6 Theoretical framework of postural control

t2ad0d2NI f O2yGNRE Aad GKS FoAftAGeE (G2 02y i N
purposes of oriatation and stability (Shumwagook and Woollacott 2007).

Postural orientation is defined as the ability to maintain body segment alignment in

relation to the environment and task (GraBéters et al., 2007), whilst postural

stability is the ability to catmol the CoG in relation to the BoS (Pollock et al., 2000).

Stability is created when the direction of the force of gravity through the body
is downward through the CoGShumwayCook and Woollacott, 20077 his line
of stability is important to understsR YR @A adzt f A4S 6KSy

¢
(0p))
i

ability to successfully maintaimody alignmentand balance to perform
functional movements (Liao and Hwang,03). When the line of stability falls
outside theBoS, a reaction such as an adjustment of body aligmt, is then
needed to stay balancedi(Let al, 2007). In children with CP these reactions
are known to be affected, which may be a reason why postural control is
impaired and the maintenance of posture orientation is critical (Pavo et al.,

2013; Woollaott and ShumwayCook, 2005).
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Postural control requires intrinsic antigravity movements, enabling selective
positioning of body segments relative to stabilityotor task and environment
(Buttner et al., 2007; Ferdjallah et al., 2002). Postural controkssitates the
presence of normal muscle tone, agiavity body segment alignment and
intentional controlled movementéWhite, 1999) The combination of body
alignment and postural control enables a child toiagk positions of balance and
stability (Liu et al., 2007). This enables efficient movement that is specific to an

intended task or functiofDusingand Harbourne, 2010)

These abilities are essential partsnobtor development and develop alongside
normal child developmenfvan Balen et al., 2015)n children with CP, the major
postural dysfunction is the inability to coordinate the activation of postural muscles
in the right sequence, especially during the performance of functional movements
(GraffPeters et al., 2007;rBgren et al., 1998). This impairment can lead to children
with CP experiencing functional constraints due to an impairment in body
alignment and &bility adjustments and during movements (Grddters et al.,

2007; Carlberg and Haddefdgra, 2005; Rose et al., 2002). This degree of postural
dysfunction relates to the classification level a child with CP has; the higher the
level the worse muscleoordination and activities becomes and the greater the

impairment in body alignmeniRosenbaum et al., 20Q7)

2.6.1Postural control system framework

Postural control is a requirement in all functional tasks (Pavo et al., 2013). The
demands of stability rad orientation vary dependent on the task and environment,
with some tasks placing more importance on one element at the cost of the other
(ShumwayCook and Woollacott, 2007§i¢ure 2.5).
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Task

t 2ai
Individual Environment

Figure2.5: Concept model representing that pase arises from interaction of the

individual, task and environment (Shumw@pok and Woollacott, 2007).

When considering this in relation to children with CP, the individual constraint of
impaired body alignment means that a child is unable to adopt aymiate postural
positions in relatiorto the environment and the task. This ultimately results in poor

adaptability totheir environment and task resulting from ineffective posturas.

posture is fundamental for all functional tasks, recognition of 8 dRiIQ& | YR FI YA

goals is importanin guiding therapy intervention angriorities (Pope, 2007)For

example a child is unable to maintain sitting posture on the floor (environment), to
watch T\Wwith their siblinggtask), due to their poor body alignme(individual
constraint).Within this framework therapistaeed to consider adaption of the

environment and/or task taking into consideration thenitations of the individual.

In this example the provision pbsitioning equipment such asfloor seatwould

I RIFLIJWG GKS SY@ANRYYSYyd FOO2YY2RIFGAYy3a (KS
alignment. This not only supports tledild to sit upright througta chang tothe

environmentbut also provides stability and reduces effort in sitting making the task
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easier. This approachmaximisé | @ity fo Bafigipate in their desired goal,
in this casevatching TWvith their siblings This demonstrates the importance this
framework has ora goal orientated therapy approackherebya child@ and

T I YA faBddeat the forefront of postural interventions.

2.6.1.1Individual postural control systems
¢tKS oAt AGe G2 O2yGNRt (GKS o02ReéQa LI2aAlA:
interactions of both musculoskeletal and neural syste@sr(éaet al., 2007;
Woollacott et al., 1998). Musculoskeletal components include joint range of
movement, flexibility, muscle and soft tissue properties and the biomechanical
relationship between body segments (Shumwagok and Woollacott, 2007).
Neural components which are thohfto be essential to posturaontrol include

motor, sensory and highdevel cognitive processing (Massion, 1998).

Constraints in any of these individual components can lead to impairment in
postural control (Dusing and Harbourne, 2010). A child wRRaOGMFCS | may only
have mild impairment in postural control such as limited control and range of
movement at the hip joint (Roncesvalles et al., 2002). This may restrict them from
adopting a wider base of support during a task such as walking, maldngléss

stable and the task harder to complete (Woollacott et al., 1998). Whilst children at
GMFCS | are described as being able to walk without limitations this impairment in
postural control couldhowever, also significantly increase the risk of faislicano

et al., 2007). In contrast children with greater severity in their CP presentation can
have impairment in multiple systems and their components would significantly
impacttheir abilityto complete a functional task and may even increase theirafisk
mortality and morbidity (Shumwagook and Woollacott, 2007). This is

unfortunately the case in children at GMFCS IV and V who are severely affected and
present with multifactorial impairmentacross both musculoskeletal and neural
systems (Carlberg artdaddes-Algar, 2005; Roncesvalles et al., 2002). These will be

discussed further in the exploration of postural control motor systems (see section

2.7
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In a systems approach, postural control results from the complex interactions of
many body systems favhich understanding the role of highével cognitive
processes is particularly important (Shumw@gok and Woollacott, 2007; Thelen
2005. Cognitive processing is the basis for achieving reactive and anticipatory
aspects of postural control (Shumweagok and Woollacott, 2007). Reactive
postural control involves modifying sensory and motor systems in response to
changes to the task or environment (Barela et al., 2011). Whereas anticipatory
control, primes sensory and motor systems for postural demaraised on previous

experience and learning (Bigongiari et al., 2011; Girolami et al., 2011).

This creates a feedforward, for expected postural disturbances, and a feedback
system, for unexpected (Ha et al., 1989). The integration and coordination of
both incoming and outgoing information from musculoskeletal and neural systems
results in postural adjustments to maintain postural control during functional
movement (ShumwayZ ook and Wollacott, 2007). This concept is shown in figure
2.6. The specific orgasation of this is determined not only by individual constraints

but also those of the task and the environment (Massion, 1998).

Central Limb Postural
> —>
command movement disturbance
Feedforward : Feedback
Postural
; 4 ..................... -
adjustment

Figure2.6: Feedforward / feedback system of postural control (Shum@apk and
Woollacott, 2007)



32

2.6.1.2Functionalmovement tasks
Functional movement requires control of body alignment and ability to engage
reactive and anticipatory postural responses (Dusing and Harbourne, 2010). During
execution of functional movements reactive control is the ability to recovéalales
position following an unexpected perturbation (Barela et al., 2011). For example, a
child walking and tripping over a toy requires the activation of multiple leg and
trunk muscles to regain a stable position with the CoG within the BoS (Burtner et
al., 2007). For children with CP the inability to rapidly generate and apply the
required corrective muscle forces to recover balance results in a fale@ al.,
2009). Anticipatory control is the ability to activate muscles prior to destabilising
voluntary movements (Bigongiari et al., 2011). Sitting and reaching forwards is an
example of a functional movement which requires anticipatory balance (Brogren et
al., 1998). For children with CP delayed or absence of anticipatory muscle activation
leads to los of balance, increased effort in completing the task and reduced

accuracy (Ju et al., 2012).

Body alignment is the ability to orientate body segments to maintain the CoG
within the BoS in predictable, nechanging conditions; For example, sitting or
standingquietly requires alignment to achieve stability (Shumw@gok and
Woollacott, 2007; Pollock et al., 2000). In children with CP the ability to maintain
body alignment, even duringuiet stable set positions such as sitting or standing, is
challengingpecause alignment demands complex interactions for these to be
efficiently carried out against gravit€érlbergand Haddes-Algra, 208; Cherng et

al., 2009; Burtner et al., 1998). It is important to recognise the range of abilities
within CP; whilst th@above examples demonstrate how children with mild to
moderate postural impairment may struggle with functional movement tasks, those
children most severely affected, GMFCS IV and V, have such a degree of impairment
in coordinating and activating the necesg muscle control that selecting a body
alignment posture from which movement will be created is significantly impaired
(Carlberg and Hadds#lgar, 2005). This means that for this group of children with

CP anticipatory and reactive control is redundahte to the significant impaired
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ability to select body alignment meaning the foundation required for functional

movement is absent.

Functional tasks, whether these are dynamic or gt sitting and standing

require all three aspects at some pointtin their execution (GraalPeters et al.,
2007). For example, sitting and reaching to play with and explore a toy requires
alignment of body segments to maintagpiet sitting balance initially prior to
reaching, anticipatory control to reach forward arehctive control if the object is
heavier than expected, and finally static alignment after the task is completed.
These components required for functional movement are known to be significantly
affected in children with CP GMFCS |V and V, primarily #ility to maintain a

static body alignment which is fundamental to postural control and effective motor

control (Saavedra et al., 261Carlberg and Hadde#lgra 2005).

2.6.1.3Environmentconstraints
The environmental conditions in which movement &g performed can impact
on how the postural control systems (sensory, motor and cognitive) are organised
to maintain balance (Pollock et al., 2000). Changes in supporting surfaces affect the
organisation of muscles and forces needed to maintain balaBbarowayCook
and Wollacott, 2007). For example, sitting on a flat surface requires sitting
alignment to remain balanced (Saavedra et al., 2010). In contrast sitting on a
slopped surface also requires anticipatory control to move the CoG backwards over
the BoS to maintain balance (Cherng et al., 1999). In children with CP, body
alignment is known to be affected, which is a reason why maintaining body
alignment inquiet postures such as sitting and standing are challenging against
gravity, particularly for tbse at GMFCS IV and V (Giaafers et al., 2007; Fulford
and Brown, 1976). The environment needs to be adapted to assist children with CP
to achieve alignment and postural control skills and support functional movement
tasks (Borgen et al., 1998). Adagfithe support surface through use of positioning
equipment provides an increased base of support and correction of body alignment
in set functional postural positions (Pope, 2007). This improves functional

movement, stability and motor control efficient($scrutton, 2008; Vekerdy, 2007;
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Pountney et al., 2002). This use of equipment varies dependent on the level of
classification a child with CP has. Children at GMHC&guipment is typically used

as an aid to support independent movement such as, api@caid walking and can

be short lived in terms of its use, whilst children at GMFCS IV and V equipment is
used as permanent adaption of their environment across sitting, standing and lying
to enable body alignment to be maintained against gravity to tassist in function

movements (Palisano et al., 2007).

2.6.2Postural control motor systemsalignment

Motor systems ensure body alignment and stability through generating coordinated
F2NOSa Ay FLIINBLINRFGS Ydza Of Sameiithh O2y (i NB €
space (Shumwagook and Woollacott, 2007). Motor systems also include frontal

cortex and motor cortex highdevel planning, coordination through brainstem and

spinal networks and force generating systems, motor neurons and muscles which
produce efective movement of body position within space (HaddAtgra, 2010;
ShumwayCook and Woollacott, 2007).

Stability underlying sitting or standirggiietly requires maintenance of body

segment alignment as the BoS does not change (Cumberworth et al., 2007;
Ferdjallah et al., 2002). However, this interpretation has recently been challenged
as misleading. The body state when sitting or standungtly has been found to be
continuously moving within its BOS (Haddétgra, 2013). This termedpostural
sway,characterised as involving varying amounts of small body movements within
a BoS (Donker et al., 2008). Thus, static balance in typical development is more
dynamic than stationary. Children with CP are known to exhibit greater postural
sway compared to typal development (Donker et al., 2008). This impairment leads

to greater stability and functional constraints (Haddéigra., 2013).

Two primary factors contribute to our ability to maintaining balance, or ensuring we
keep our postural sway within our Béollock et al., 2000). Firstly, achieving

optimal body alignment minimises the pull of gravitational forces which may shift
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our CoG away from centre (Dusing and Harbourne, 2010). Secondly, muscle tone

keeps the body from collapsing in response to theet$ of gravity (Pope, 2007).

2.6.2.1Body Alignment
Body segment alignment and muscle control are both critical aspects of maintaining
static balanced postures (Shumw@&pok and Woollacott, 2007). Optimal body
alignment is where the CoG falls in a vatiine within the BoS$e section2.6).
Sitting or standing with the optimal body alignment allows the body to be
maintained in equilibrium with the least energy expenditure (Hill and Goldsmith,
2010). However, in typical development children rarely main a perfectly optimal
body alignment, hence there is wide variance in body alignment dependent on the
individual, movement task and environment (Haddétgra, 2010). Nonetheless,
the ability to be able to achieve and maintain optimal alignment whandihg or
sitting is the foundation of effective and efficient functional movement (Scrutton,

2008; Vekerdy, 2007; Pountney et al., 200&ydgBen et al., 1998).

Individual constraints associated with CP results in an impairment to control body
alignment Carlbergh and Haddelgar, 2005). As a result, body alignment may

not always be optimal resulting in impaired ability to maintain stability in relation to
movement and environment (Scrutton, 2008; Porter et al., 2007). Put simply,
misaligned body alignnmt means poor adaptability to function and environment,
resulting in ineffective movement. Children with CP are likely to experience
individual constraints such as altered tone and restricted movements meaning their
ability to adopt various body alignmepbsitions which are relevant to movement

task and environment is challenging at best (Giaefers et al., 2007).

2.6.2.2Muscle Tone
Muscle tone refers to the inherent resistance to passive stretching or lengthening,
that is to say its stiffness (Gurfiaket al., 206). This is often tested clinically by
LI adaA@Ste Y2Q0Ay3a | OKAfRQa fAYoa |yR FSSi
receives input from both neural and nonneural mechanisms (Shurtwai and

Woollacott, 2007). At rest, a certain levelmiuscle tone is present (Gurfinkel et al.,
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2006). Researchers have argued that this is a nonneural mechanism as no electrical
activity can be recorded when a muscle is at rest (Cacciatore et al., 2004). This
resting tone is argued to be maintained by fredoium in the muscle fibres creating
low level continuous cross bridges to maintaining muscle tone (ShurSaaly and
Woollacott, 2007). Neural contributions to muscle tone are associated with the
activation of the stretch reflex (Beith and Harrison, 2004)is is when the muscle
resists lengthenin@imingto support active cecontraction of specific muscles to
achieve a desired movement. The ability to recruit and control both resting and
active muscle tone is essential in the sequencing and coordinatioruecle

responses to reactive and active postural disturbances undertaken as part of

everyday functional movement (Massion, 1998).

Individual constraints associated with CP results in an impairment to recruit resting
muscles and coordinate an appropeatesponse required for functional movement
such as reaching to grasp a toy (Carlbergh and Hadklges, 2005). As a result, the
ability to maintain body alignment against the effects of gravitational forces is
impaired and quiet and active postures anestable and effortful (Scrutton, 2008;
Porter et al., 2007). Put simply, impairment in recruiting and controlling muscle
tone means body alignment lacks adaptability to function and environment,
resulting in ineffective movement and development of postwedormities.

Children with CP are likely to experience individual constraints such as altered tone
meaning their ability to adopt various body alignment positions at rest are effortful
and challenging (Graddeters et al., 2007).

2.6.2.3Postural tone
In positions which require the force of gravity to be counteracted, for example
standing upright, an increase in antigravity postural muscles is required; this is
referred to as postural tone (Haddeddgra, 2005). Within clinical literature,
considerable emphasis has been placed on the trunk muscles as a major postural
control mechanism in supporting the body against gravity (Pavo et al., 2013).
Research exploring EMG activity of trunk muscles in sitting showed significant

baseline tonic activity during ugft sitting Kimet al.,2018. This suggests that
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trunk muscle activity is critical to maintaining body alignment within the BoS in a

sitting position.

Many muscles in the body have been found to be tonically active during static
balanced positions fon@mple sitting or standing quietly (Mok et,&004).

Research has suggested that activation of trunk muscles is important to postural
control, discussing this stabilising activity in relation to core stability (Hodges et al
2002 Mok et al, 2004). Thee studies suggest that there is a level of tonic muscle
activity throughout the body to maintain a vertical position within the BoS during
quiet positions such as sitting or standing. As previously discussed, this emphasises
the point that posture is nostatic but dynamic, coordinating sensory inputs from
multiple systems so that the body can calculate where it is in space, predict what
task is being planned and what actions will be necessary to control the required
movement (Hadder#\lgra, 200; Donker ¢ al., 2008 ShumwayCook and

Woollacott, 2007. Children with CP have variable deficits in postural control
(Carlberg and Haddslgra, 2005)Posture, in this context, is not a temporarily
arrested movement, but a permanent position which some childugh CP,
generally GMFCS IV and V, adopt as a result of gravity and severely impaired
movement(Fulfordand Brown, 1976)Posture for children at these GMFCS Igigel
not adaptive and changeable; it is static andtrietive (Goldsmith, 2000). It,is
therefore, essential that the ability to achieve and maintain body alignment is

regarded as an important part of posture in CP.

Movements used to control postural sway vary depending on the BoS as neural
mechanismsadt @I 4SS G2 O2yUNRft GKS /2D SgROGKAY
and Patton, 1997). Stability limit is the point at which a person will change the
configuration of their BoS to achieve or maintain stability (Shur@agk and
Woollacott 2007). Charaetristics of the individual including strength, range of
movement, task and environment impact upon and change the stability limits (Hof

et al., 2005). The provision of adaptive equipment for children with CP is provided

to enhance their BoS and supportgaiment in the absence of their ability to do so

Y
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for themselves (Hong, 2005). This corrects body posture to optimal alignment and a

more stable base from which to function (Pope, 2007).

Stability limits were previously conceptualised solely using the palysi
characteristics of the BoS, such as foot position (Shur@akand Woollacott,

2007). Early understanding of postural control tended to focus on theo$ites

BoSand position of the CoG in relation tis to maintain stability (Peand Patton,
1997). More recent research has suggested that stability is influenced by the
position and the velocity of the CoG (Pai ef2000). Determining whether a

person will remain stable and balanced within their BoS depends on the interaction
between these two &riables (Peand Patton, 1997). Practically this would

determine whether a child with CP would be able to remain stable within their
current BoS or would have to take a step or reach out to regain stability. FAgure

illustrates this point ShumwayCookand Woollacott, 2007Pai et al, 2000).
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Figure2.7: How the ©M position and speed relates to stabilitgllumwayCook
andWoollacott 2007, Pai et al, 2000)
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This figure presents three possible trajectories of tied@ombining velocity and
displa@ment in relation to an external perturbation (Pai et, 2000). In trajectory

1 the change in the velocity and CoG is small meaning stability is recovered without
the need to change the BShumwayCook and Woollacott, 2007/\WVhereas in
trajectory 2 and3 the displacement and velocity of the CoG are great enough to
move the CoG beyond the point of stability resulting in the need for a step to

recover stability (Peet al, 2000).

When considering this in relation to children with CRijdren at GMFCI¥Y and V

have impaired ability to maintain whole body alignment or activate sequenced
control of postural muscles, meaning they are unabladopt stable positions

where their CoG is aligned within their BoS (Dusing and Harbourne, 2010; Carlberg
and Haddes-Algra, 2005). In relation to the stability limits outlined irufig2.7,
children at GMFCS level IV and V are unstable across all trajectories. Whereas
children at GMFCS Il are able to maintain body alignmeiiowever, theyhave
difficulty contrdling muscle sequencing necessary to react and anticipate changes
to BoS (Van Balen et @2015; Hadderg\Igra, 2010Scrutton, 2008; Rosenbaum et
al., 2007; Caderg and Hadderalgra, 200% Consequently, alignment for children
across all GMFCS levadard to maintain over time, with alignment loss and
instability presenting at specific body segments rather than whole body (Hadders
Algra and Carlberg, 20).

Those children at GMFCS IV and V individual constraints such as spasticity, muscle
weaknessexcessive cactivation of agonist/antagonist muscles, decreased muscle
coordination, and decreased responssult in problemawith organgation of

movement and muscle activation (Saaverdra and Wolla26t5). This results in a
deficiency olinability to recruit postural muscle activatidior the purpose of
maintainngbody position within the BoS (Saaverdra and Wolla&fiil5). The

reduced ability of these children with CP to achieve and maintain optimal
biomechanical alignment of body segments iratin to gravity and supporting
surfaces results in significantly impaired motor control and functional movement

(Curtis et al 2015 Butler and Majoy1992). Assessment of body segment
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alignment may help physiotherapists to determine the stability diedént

postures to better support functional movements.

2.7 Theoretical framework of motor control

Motor control is defined as the ability to adjust or direct mechanisms which are

vital to movement (Shumwagook and WoollacotR007). The field of motor

control studies the nature of movement and how movement is controlled
(Rosenbaum, 2009). It explores how the central nervous system (CNS) regulates the
many individual muscles and joints to create coordinated functional movement
(Schmidt et al., 2018). delates to how sensory information from the body and
environment impacts on movement, and how the tasks we perform and the
environment in which we are moving, influences our selected movement patterns

(ShumwayCook and Woollacot2007).

2.7.1Relevance bmotor control to body alignment and CP

Physiotherapists employ strategies which are designed to improve the quality and
movement in children with CP (Carlberg and Hadddgsa, 2005). Children with CP
have motor control problems producing functional neonent disorders (Pope,

2007). Functional movement is a critical aspect of life (Bate, 1997). It is essential to
our ability to walk, run and play. The ability to control our body alignment in space
is fundamental to our movement abilitin essence, to evgthing we do
(ShumwayCook and Woollacott, 2007Thus, understanding motor control,
specifically the nature of normal and abnormal movement, is critical to clinical

practice.

2.7.2Understanding the control of movement

Motor control, like aspects of @bural control, emerges from the interaction of the
individual with the task and environment (f&5) (ShumwayCook and Woollacott,
2007). Similar to postural control, individual movement emerges from
understanding the interaction of multiple systems atawinplex interactions in a
systems approach, of which understanding the role of higbeel cognitive

processes is particularly important (Pavao et al., 2015).



41

Understanding how motor systems, both neuromuscular and biomechanical,
contribute to functionalmovements is important (Rosenbaum, 2009). The body
contains numerous muscles and joints, whithring functional movementnust be
coordinated anccontrolled (Schmidt et al., 201&humwayCook and Woollacott,
2007). There are multiple ways in which a mawent can be carried out (Sugden,
2013). The problem or process in selecting and coordinating the muscles and joints
to create functional movement means children with CP, particularly those at
GMFCS IV andwhoare more severely affected, have inabilitisgh postural and

motor control (Hadders\lgra, 2013; Butler and Major, 1992).

Sensory and perception systems are fundamental in controlling functional
movement (Shumwagook and Woollacott, 2007). Perception is the integration of
sensory input into meangful information (Pavao et al., 2015). This involves both
peripheral sensory mechanisms and higharel processing which aids
interpretation of incoming afferent informatiorShumwayCook and Woollacott,
2007). It provides information about the state tife body, for example the position
of different body parts in space. And finally, since movement is not usually
performed without intent, cognitive processes are also essential to motor control
(Sugden, 208). In this thesis cognitive processes are defibexhdly to include
attention, problem solving, planning, motivation and emotional aspects of motor
control which underlie the intent or goal of movement (Shumv@yok and
Woollacott, 2007). Motor control organises both action and perception systems
order for the individual to achieve their specific functional movement goal or intent

(Sugden and Dunford, 2007).

Practicing functional movement tasks is accepted by physiotherapists as an
important part of rehabilitation for individuals with movement diserd (Pope,
2007). However, the order and selection of task to be practiced is less clear
(ShumwayCook and Woollacott, 2007)nderstanding the attributes of tasks can
provide physiotherapists with a framework for structuring tasks, known as
taxonomy, thisenables task to be sequenced from least to most difficult based on

their relationship to shared attributes (Larin, 1998). An example of a taxonomy of
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tasks using two attributeg stability / mobility and open / closed environment is

shown in table2.2.

Table2.2: A taxonomy of tasks combining two attributestability / mobility and
open / closedShumwayCook and Woollacott, 2007)

Closed environment| Standing in a stander with | Walking on a non
support at feet to trunk. moving surfae.
Open environment | Standing on a rocker board | Walking over an uneven
surface.

Here it can be seen that the easiest task is standing with body alignment support
through use of a stander or tasks which are stable and in predicable environments.
Alternatively, the most difficult tasks are those which require mobility or open
unpredictable environments such as, standing with no body support on a rocker
board (Shumway ook and Woollacott, 2007). However, the exact timing of when

to increase task difficultwill depend upon the individual (Larin, 1998).

An alternative to classify tasks based on their attributes is to categorise them
functionally. This is commonly how tasks are classified within clinical practice, with
tasks being grouped most often into fational categories such as floor ability,
sitting, mobility or transitional skillor examplemoving from one static position to
anothersuch aslying to sitting (Thonnard and Penta, 2007). A taxonomy of task
can provide physiotherapists with a useftdework for assessment and

treatment (ShumwayCook and Woollacott, 200.7The order of tasks can create a
pathway of progression for developing functional movement in children with
movement disorders such as CP (Sugden and Dunford, 2007). An example of a
taxonomy of task used with CP children is the GMFM (Russel] 20@r); This
assessment looks at tasks across several functional categories from floor ability to
gl f1Ay3 YR NzyyAy3ad LG aasSaasSa yR
sequential eder of difficulty. This provides physiotherapists with a framework on

which to assess, monitor and structure the selection of a functional task to be

a0z |
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Avery et al, 2003).

If recognising that, in theoretical principle, movement is the product of interaction
between the individual, the task and the environment then specific individual
O2yaiNIAyida GKIFIG AyTFtdzsSyOoS (GKS OKAfRQ&a I
determined. As discussed earlier, (see table, page 3), this is particularly

important in children with CP (Haddefdgra, 2010). The presentation of CP is
variable and multifaceted in its clinical presentation meaning individual constraints
can present acrss numerous areas, affecting multiple systems (Rosenbaum et al.,
2007).This adaption of task and environmental influences such as the use of
positioning equipment varies dependent on the level of classification a child with CP
has (Palisano et al., 200¥Yith children at GMFCSII tasks and equipment may be
used to support and develop movement skilach as a reverse rollator to aid

walking which provides minimal balance support to aid a child to maintain body
position at the same time enabling actiftenctional walking across different

surfaces and settings. Whereasth children at GMFCS IV and V, task and
environment are combined to reduce demand and difficulty of movements through
providing permanent adaption of their environmesuch as a using supportive

seat to control trunk, hip, leg and foot alignment enabling a child to hold head

upright and engage with peers or play with a toy at a table.

2.7.3Applyingmotor control theories to physiotherapy

Motor control theories provide a framework fanterpreting movement behaviour,
guide clinical action, present new ideas and offer working hypotheses for the
assessment and planning of interventions to individuals with movement
impairments (Shumwagook and Woollacott, 2007). This section of the ¢bap
will review the theories of motor control and their influence on physiotherapy

approaches to assessment and intervention in relation to body alignment.

Motor control theories may be classified in various ways, the allocation of each

theory to a groupbeing dependent on the classification criteria (Rosenbaum, 2009).
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Current models of movememontrol which relate to physiotherapy practice are
described, and common assumptions about each are placed within a theoretical
context. Implications of these aasiptions for rehabilitation of movement in CP are
discussedn section 2.8.1The motor control theories, their theoretical premise and

clinical implications are outlined in tab®3:
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Table2.3: Motor Control theories, summary of their premise andicial implicationgShumwayCook and Wollacott, 2007

Reflex Theory 1 Basis for mvementcontrol isstimulusresponse. 1 Use sensory input taletermine functional motorcontrol.
(Sherrington1906 in | 1 Reflexexombinetogether tocreatemovement 1 Promote control of desirableeflexes Inhibit primitive
Leving 2007 reflexes
Dynamical Systems |1 Movementtasks requirecontrolling degrees of freedom. 1 Movement is an emergent property from the interaction ¢
Theory 1 Functional synergies are developedordinating multiple muscles an multiple elementsbased on physical and dynamic
(Bernstein 1976; joint movements at oncéo create flexible, adaptive movement properties of the body.
Turvey 1977 Kelso patterns. 71 Variability is an important element of movement
andTuller, 1984 1 Movementpatternsself-organis within the context ofenvironment functionality ¢ patients who have greater variability in the
Thelen et al, 1987) and individuabody sywtems movement patterns are able to adapt these to optimise
1 Does not require CN&mmands rather movementontrol emerges motor function.
as a result of physical and environmental interactions.
Hierarchical Theories | 1 Cortical(higher)centres control moement in a topdown structure. 1 Identify neural maturity and functional potential
(Adams 1971) 1 Closedlooptheory: Sensory feedback igquiredto control 1 Normalise toneandinhibit primitive reflexes.
movement. 1 Facilitatetypicalmovement patternsn normal
f Voluntary movements initiated by higher leveidich inhibit eflexive developmentalsequences.
movements.
Motor Program 1 Generalised motor progranmes elicit specific patterns of movement | 1 Ability to relearnthe correct rules foigenerating
Theory based on sensory or central stimulgsloes not reuire reflex action. movement patterns
(Schmidt 1976) 1 Central pattern generatorgoncept- rules for generating movements| 1 Rehabmovements important to functional tastather than
with common characteristics are stored. specific muscle activation
Ecological Theories |1 Movement determined from perceptual information of the 1 Active exploration of environment develops multiple way
(GibsonandPick environment in relation to the intended motor task. to perform the task
2000) 1 Effective goal orientated movement facilitated through exploration| 1 Facilitatesdiscovey of bestmovementsolution given
environment. individual movementimitations.
Systems Model 1 Multiple body systems overfato activatemovementsynergiedor 1 Movement rehab focus on goal lddnctional tasks.
(ShumwayCook and goal-directedtaskorientated movement 71 Considers individual limitations and modification of
Woollacott, 2007) 1 Considers interaction of the person with the environment. environmentalcontexts to optimise motor perform.
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Traditional theories of motor control, such as the reflex thedgvine 2007)

motor programming $chmidf 1976)and hierarchical theoryAdams 1971)
describe movementontrol as a topdown process in which the CX#ction as the
focal control poinffor movement tasksLowercentresare thought to be inhibited
by higher centres within the CNS, such as the motor cortex, in order to regulate

movement Kenyon and Blackinton, 2011

According to these toglown theores,the loss of this inhibition from the higher
centresresultsin individuals with CNS damage having movement dysfunctions
(ShumwayCook and Woollacott, 20Q7Without this inhibitionabnormal
movement patternsare thought to emerge aflexes govern mgement control
(Shegard, 20Q1). Similarly, these theories view motor developmentasing in

accordance with braimaturation (Schmidt et al., 2018).

In contrast to these toglown theories, systems theorgblumwayCook and
Woollacott, 2007 dynamic sstems theory Bernstein 1976) and ecological

theory (Gibsonand Pick 2000)conceptualise movement control as a process that
results from the interaction of the multiple factors and systems working together to
generate controlled movemenBernstein (198), considered by many to be the
founder of systems theoryKenyon and Blackinton, 20}l Hescribed the body as a
mechanical system with\aastnumber of joints and musclegermed degrees of
freedom that need to be controlledluringany movement taskBemstein (1976)
stated that the many degrees of freedom alongside the effects of gravity are
controlled, organise, and coordinatd by CNS$hroughmovement synergies.
Dynamic theory also describes motor control as a@ejansing system, meaning
movementarisesbasedupon systendemands as opposed tdeing controlled by
higherCNSentres(Thelen, 2005)The concept of control parameters angesific

to this theory these are variablethat if changedresult in changes within the
movementcontrol system(Kenyon and Blackinton, 2011y contrast, ecological
theory describeamovement aganisationoccursas a result of interactionlsetween

the environment and goabrientated movement taskéGibsonand Pick 2000)
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Ecological theories alstescribeperception rather than sensation, gsayinga

greater role ilmovement &tion (ShumwayCook and Woollacott, 2007)

Within the field of neurology many researchers recommend adoption of a

systems model of motor contrpincorporating neurophysiology, biomechanics

and motor learning principles which also considers learning solutions based on

the interaction between thendividual the task and the environment (Catide-

LaCuerda et al., 2015; Rosenbaum, 2009; Shum@agk and Woollacott,

2007).The systems model (Shuay-Cook and Woollacott, 2007) is reflective

of current physiotherapy clinical practice in children with CP posture

managementThe assessmentoffa A Y RA @A Rdzc £ Qa O2y aid NI Ay
alignment enablesthe environmentto be appropriatelyadapted through

postural equipmentsupporting functional tasks (Novaét al., 2020). The
GKS2NBGAOIE F2dzyRIdGAz2ya 2F (GKS aegaidsSvya )

development

An integrated motoicontrol theory, which represents key elements of hierarchical,
systems, dynamic action, and ecological theories, was presented in the description
of postural control (figre 2.5). This integrated systenizsased theory

conceptualises movement agpaocess resulting frorthe interactionof the

individual, the task, and #henvironment (GraaPeters et al., 2007; Massion, 1998).
This theory reflects many of the concepts of other systdrased theories, in which
movement is thought to be generated by an individual to meet the demands of a
specific task performed within a spiic environment CaneDe-LaCuerda et al.,
2015;Kenyon and Blackinton, 2013humwayCook and Woollacott, 2007)

Physiotherapy practice is often focused on specific body impairmentsanddual

constraintsi K & Ay FTf dzSy OS | ofmpletéRovetheriadility Q&3 | 6 A £ A
tasks Kenyon and Blackinton, 201Rountney et al., 2004). A clinical approach that

a2 NBO23yAasSa GKS AyFtdsSyOoS 2F GKS Gl &
execution of a specific functional movement activity, body alignt and postural

control may help physiotherapists to better support functional movemeNBvak
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et al, 2020;Pavao et al., 2013; Farley et al., 2008k gde key areas are central in
the planning and delivery of postural interventions (Pope, 2007). Tista

often change the environment through provision of adaptive equipment to
support body alignment in order to facilitate task completion and goal
attainment (Hill and Goldsmith, 2010Although physiotherapists may not always
be aware of theheoriesthey use to guide postural interventions, clinical practice is
areflection2 ¥ | KS NJ Ldal approszh thdkritie 2aiisehK A
movement dysfunctionenyon and Blackinton, 201%humwayCook and

Woollacott, 2007).

2.8 Theoretical underpinning otlinical approaches

Neurorehabilitation is increasingly taking account of scientific findings (Skoutelis
and Dimitriadis, 2016). Research areas directing rehabilitation are neurophysiology;
adaptability; biomechanics; skill learning; and exercise seisnch agask and
context specificity (Carr and Shepherd, 2006). Understanding impairments and
adaptationsto movementenablesa reflective reviewof interventions, for example,
changes in motor control resulting fro@NSmpairments and secondary sofstiue
changes (Shephar@001).There is increasing evidence on the effectiveness of
many newer methods of intervention, developed out of recent scientific
investigations and focusing particularly on a taslientated approach (Carr and
Shepherd, 2006).

This has shown a shift in emphasises from neurofacilitation approaches, most
notably the Bobath approach, which was developed from motor control models of
reflex and hierarchical (Graham et al., 2009), towards a contemporary task
orientated approach which rtanly incorporates reflex and hierarchical theoretical
models but also system motor control theorigdkoutelis and Dimitriadis, 2016)
(table2.4).
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Table2.4: Underlying assumptions and clinical applicatiome&drofaciltation and

task orientated ré&abilitation approaches (Shumw#&ook and Woollacott, 2007).

efficiency oftcompensatory

strategies.

Neurofacilitation Normal movement results form a 1 Examination focus on
chain of reflexes organised absence or presence of
hierarchically within the CNS abnormal reflexes.

1 Incoming sensorynformation 1 Intervention aims to
drives movement patterns. modify reflexes which

1 Abnormal reflexed occur due to control movement.
lesions in the high cortical CNS 1 Sensory stimulation is use
leading to abnormal movement. to modify CNS organisatio

1 Abnormal movement patterns are of movement patterns
a direct result of the CNS lesion. /responses.

T Inhibition of abnormal movement 1 Regaining normal patterng
patterns through facilitabn of of movement.
normal movement patterns will 1 Shifting emphasis to
return functional skills. incorporate functional

1 Repetition of normal movement training with reduced
patterns will automatically emphasis on retraining
transfer to functional tasks normal movement pattern

Taskorientated 1 Movement emerges as an 1 Focus on movement which
interaction between multiple is functional and based on
systems. specific task.

1 Organisation of movement is 1 Retraining of movement by
behaviour or goal driven. practicing functional tasks.
T Movement is constrained by the 1 Adagpation of the
environment. environment to aid
1 Sensory input results in predictive function.
and adaptive movement, rather 1 Problem solving issues
than just simulus / response. related to functional task.
1 Impairment in one or more 1 Developmenbf a variety
systems results in abnormal of ways to achieve
movement. functional task rather than
1 Abnormal movement patterns are a single repetitive normal
a result of compensatory movement process.
strategies from remaining
functioning systems these are
not always optimal.
1 Emphasis on improving the

Taskorientated approach, also termed as a motor learning approach, has

assumptions which are markedly different from those underlying the

neurofacliitation approach (Kenyon and Blackinton, 2011). Most notably is the

emphasis of a goal orientated, problem solving emphasis to achieving functional
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movement. This is based on the systems theory that movement and posture is
influenced by multiple system#)e individual, task and environment as discussed
earlier in sectiong.6: Theoreticaframework of postural control and.7.2
Understanding control of movement (Caiize-LaCuerda et al., 2015Flinical
practice has moved away from rigiop-down modelsof motor development to
more integrated function baskapproaches to rehabilitation (Caxide-LaCuerda

et al., 2015). Concepts of participation, problem solving and generalisability are
now at the forefront of neurerehabilitation clinical approaches (Ndvet al,

2020).

This is evident in patient led outcomes being at the forefront of modern healthcare
(CSP, 2012). The use of patieeported and experience measures to demonstrate
success of physiotherapy interventiomignotes a significant change ahghasis
towards patient goal focused health care interventigiyte et al., 2015)This is
reflected in ashift in clinical rehabilitation approachegichhas seen a move away
from rigid CNS organisation and modificat models (Skoutelis and Dimitriadis,
2016), such as Bobath (Graham et al., 2009), towards a task orientated approach
where interventions are tailored and evaluated basedindividual needs ahgoals
(World Confederation for Physical ThergyCP7, 2019 Kenyon and Blackinton,
2011)The shift in clinical practice in response to the emerging concepts from the
field of motor control show just how dynamic and closely linked clinical practice

and scientific theory are.

Clinical approaches which focus onreation of body alignment and posture in
children with CP fit well within the theoretical framework of a systems theory

I LILINBF OK® 9y lFofAy3a | OKAfRQa Y20SiweSyi
as possible across various settings is a centrabéapostural interventions (Curtis

et al., 2018; Pountney et al., 2004). Therapists routinely take into account individual
constraints in body structure and adapt the environment to provide support to

body alignment to maximise opportunities to functioroffe, 2007). Demonstrating
that body alignment as part of a rehabilitation technigwtatesstrongly to a task

orientated approach. This establishes that body alignment plays an important role

oyl
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in therapeutic interventions surrounding posture and movementhildren with

CP.

2.8.1Clinical applicatiorto children with CP

Children with CP who are more severely affecteded atGMFCS levels IV and V
are unlikely to have reached or progressed through their developmental stages
(Palisano et al., 2007As aesult,the ability to achieve functional movementuch
asto maintain head control in prone, or achieve independent sitting or maintain
balance in sittingare significantly impaired (Rosenbaum et 2008). In addition, a
number of children will havabnormal tone, an immature nervous system with the
presence of one or more primitive reflexes (Curtislet 2018; Rosenbaum et al.
2008) and will fail talevelopthe higher skill sets required for postural control, a

skill they may never achieve (Pavcaé, 2013).

Children with CP at GMFCS IV and V exhibit the most significantly impaired
development and movement; typically exhibiting little to no antigravity
movements, impaired body alignment and reduced selectivity to adopt positions of
stability (Palisano et al 1997) Movement impairment means postural control skills
may be unattainable and motor development significantly impaffedsingand
Harbourne, 2010)Congquently, these children have severe difficulties moving
from the positions in which they are placed (Rodgusquet et al., 2013). This
movement impairment combined with the environmental effects enhances the

development of asymmetrical body segment aliggnt posturegScrutton, 2008)

The adoption of asymmetrical postures contributes to impaired movement and
posture deformities in children with GRodbyBousquet et al., 2013; Porter et al.,
2008; Gericke, 2006Early intervention and identification of body asymmetry is

important in the prevention of deformity developmef&ericke, 2006)Changes in
muscle length, aft tissue shortening and reduced joint range not only restrict or
prevent symmetrical body alignmer{Porter et al, 2008; Scrutton, 200&)ut leads

to body linkage deformitiese(g.,chest asymnatry, spine scoliosis and joint

dislocation)(Porter et al, 2008) Once body asymmetry is present, the
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development of asymmetrical postures has a-palfpetuating effect causing gross
deformities(Goldsmith et al., 2009Early identification and prevention of body
alignment asymmetries from occurring at the outset, is a significantly important

FALISOG Ay GKS YIyl 3SYSy(-Baudquetetal Q8B RNEY Q:

Posturd alignment against gravity is profoundly difficult for these children to

achieve without suppor(Palisano et al 1997) In order to achieve this, they

require assistance commonly in the form of posture managerpeogrammes and

the use of adaptive equipmeriGericke, 2006)The use of adaptive equipment is

dzy A OSNEI f & dzaSR (2 &adzZLJ2NI | OKAfRQa o2
symmetrical positions against gravity toepent deformity development, optimise

function, offer changes of position, access different environments and facilitate

social interactiongGericke, 2006; Newman, 2005)

When considering th? K dzY' | Y & I Yy R ¢Pbpe,RUD7yOCRgedfiffurd®.1,

page T); Children at GMFCS IV and V have impaired ability to adopt stable and
functional positions. Adaptive equipment is used, which supports bodgraknt in

the absence of the child being able to do this for themselves. Therefore, the child is
reliant on a therapist selecting the optimal body alignment. The gold standard

aimed for in positioning, is optimal body segment alignment.

TheuseofadaghS SljdzZA LIYSYy & A& dzyAGSNEIff & dzaSR
alignment, enabling them to adopt optimal alignment against gravity to prevent

deformity development, enhance function, offer a change in position, access

different environments and facilitate s@diinteractiongFarley et al., 2003; Gericke

2006 Newman 2005 Pountney et al., 200%ountney et al., 2002)This

therapeutic approach is termed posture managemé¢Rbpe 2007)

2.9 Posture management
Posture management is an established approach in children wi{lGefcke
2006) Definedasdthe use of any technique to minimise postural abnormality and

enhance functiog (Farley et a].2003 p.449), it aims to counteract the effects of
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gravity and asymmetrical postures through symmetrical optimal positioning.
(Colling 2007, Porter et al, 2007;Rennie 2007, Carlberg and Haddelgra, 2005;
Pountney et al.2004 Pountney et al., 200250ldsmith 2000 Fulford and Brown
1976. Where achieving optimal body alignmestnot possible, positioning
equipment is employed to support body position towards as symmetrical position

as possibl€Farley et al.2003)

The provision of positional equipment such as sleep systems, standmgdrand
specialist seating are then used to correct asymmetries, taking into account any
restrictions in joint range to achieve symmetrical body alignn{Boiuntney ¢ al.,
2009;Rennig 2007 Goldsmith 2000) Furthermore, this intervention is applied

within various environmental settings that the child accesses such as school, home,
respite and therapy centre@Humphreys and Pountney, 200&arley et al.2003).

This illustrates the potentially therapeutically diverse components that accompany
the reality of implementing and assessing body segment alignment and posture

management in daily préice (WHO, 2007)

Current literature recommends that children with CP of GMFCS levels IV and V
should all be receiving posture management interventiBoyntney et al., 2009;
Gericke, 2006). Managing posture aligermin children with cerebral palsy has long
been an established intervention (Pountney et al., 2009; Gericke 2006; Farley et al.,
2003; Goldsmith et al., 1992)ultiple studies using a variety of methods have
documented the positive effects posture marmggent has in children with CP
(Pountney et al.2009 Pountney et al., 2002; Vekerdy, 2007; Farley et al., 2003;
Goldsmih, 2000) For example, hip displacement was prevented and occurrence of
hip problems reduced in children who used adaptive equipment to support their
body alignmen{Pountney et a].2009) Managing a symmetricabdy alignment
improved trunk and spinal position, resulting in improved function such as head
control and feeding abilitie€/ekerdy 2007) Collectively this researdbase

advocates a 2hour approach in theise of adaptive equipment, this approach

requires supporting optimal body alignment, across all postures a child adopts
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across their day and night typically, lying, sitting and standing positions (Gericke,
2006).

Implementing a 24our approach to posturenanagement is a complex area, with
issues surrounding equipment. Pountney et al (2009) identified, #ititough
equipment use was variable, the least used item of equipment was the lying
support. They state that the use of this dropped off significabéiween the ages

of 30 and 60 months, hypothesising that other associated health complications and
sleep disturbances could be possible reasons for equipment not being used. Several
studies have found that many children with CP have sleep problems and are
compromised with their respiratory system and reflux when in a lying position,
making successful night time positioning a particularly problematic area (Hill et al
2009 Khan and Underhill, 2006tankinson and Mortoj2002 Goldsmith, 200D
However, ths is not to say that lying supports do not have a place within posture
management; Pountney et al (2002) found that lying supports can provide a long
period of stretch, andire an essential aspect of managing hip position. Other

recent studies have indicatl that the use of lying supports improved sleep

patterns (Collins2007 Goldsmith 2000), and have highlighted that lying is a
fundamental position which aids development and prevents deformity (Hong

2005).

Common barriers to equipment use were idertf by Maher et al (2011) who
reported the main issues to be timely provision of correct quality equipment, and
ease of its use. This has been echoed in other studies; according to Hong (2005)
careful assessment and support was required, to ensure the aqgstopriate piece
of equipment is provided. Provision of equipment that incorporates environment,
personal factors and is easy to use is essential to ensure correct and successful
equipment provision and use (McDonald et 2D07). Equipment selection ma

also depend upon a number of factors, such as comfort, acceptance, quality and
ease of use (Collin2007, TaylorCookson and Mitched| 2001). These findings
indicate that equipment choice, the goals surrounding its implementation and the

support givenare key factors to consider when providing equipment.
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The 24hour approacho posture managementas been challenged by some

authors who suggest this approach to be unnecessary, over burdensome and may
have negative effects to pain and lack of compliag@eugh, 2009). Evidence to
supportthis approach is limited; Pountney et al (2009) found that using a
combination of standing, lying and sitting equipment for a minimum of 6 hours a
day or more, achieved significant improvement in posture and hip position.
Whereas Pountney et al (2002) indicdtdat children who used equipment in
standing, lying and sitting over a-Pdur period, were significantly more likely to
maintain hip integrity than children using other combinations. Alternatively, Gough
(2009) arged that continuous posture management created more barriers than
benefits and highlights a lack of guidelines surrounding posture equipment
provision. Whilst various studies have endorsed positioning as an essential part of a
therapy programme with chilén with movement problems (Casamith 2001,

Chia and Howar®000 Burns, 1996Diamant 1992), with some making
recommendations for the use of a 2¥ur approachCollins, 2007Hong 2005
Goldsmith 2000). The current evidence lacks specificity in bgsef posture
management and practicability across the complex and heterogenous population of

children withCP.

Early postural intervention programmes have shown to reduce the need for more
intensive procedures, and surgdater (Pountney and Greer2006). Good

positioning from an early age helps reduce muscle tone and maintains body
symmetry (Goldsmith2000), by reducing the predisposing factors to hip migration
and subsequent dislocatiory ¢ung et al., 199&ulford and Brownl1976).Early
identificaion and assessment of alignment issues and their correction are a
fundamental aspect of posture management if the use of positioning equipment is
to be efficient and successful (Humphreys and Pountney, ;Z8@6ntney et al.

2004 Goldsmith 2000).

Interest in the posture of children with CP has been driven by the recent shift in the
recognition of the role posture management programmes have within deformity

prevention and rehabilitatioiNICE, 2012)The key drivers forational and local
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change within the National Health Service (NHS) are widely recognised as being
throughNational Servicérameworks (NB and guidelines produced by the

National Institute for Clinical Excellence (NIC®) known publications relevant to
thisareT GKS bL/9 { LI adtdAaAOAGe Ay dzy RSN mpQa
paper recommends assessment and goals focus on the domain of body structures
and intervention should consider using-Bdur posture management strategies

(NICE, 2012). Tregher paper is the NSF for long term conditions (D2805). This

paper included aspects which related to the care, treatment and service provision

for children with CP; as well as including other conditions linked to severe physical
impairment (DoK2005)

Public Health England (2018) published guidance on postural care in people with
learning disabilities. This guidance identifies assessment of body alignment as an
important issue, stating that measurement of body asymmetry is fundamental to
evaluatingoutcomes of posture management interventions. Theldsmith Indices

of Body SymmetryGoldsmith et al., 1992) is mentioned as an assessment,
however, evidence to support it as a standardised outcome measure is lacking in
the guidance (PHE, 2018). FurthemedMENCAP published a report Raising Our
Sights (ManseglR010); within this publication it recognises the need for posture
management, and acknowledges the associated problems such as movement
difficulties, breathing and eating problems. Whilst theseasp make clear that
physiotherapy services should be utilising standardised assessments of body
alignment and implementing posture management strategies, they lacked
specificity on the detail and composition of measures and provision. This signifies
that there is still a need for a collective approach, to ensure accurate assessment of

body posture and equality in service provision.

A recent scoping review of the relevant research literature by Robertson et al
(2018) identified a number of gaps in the exidte baseEffectstudies of posture
management programmes for children with CP frequently use outcome
measurements which examine motor function erays of a specific joint to

evaluate the effectiveness of posture management interventions (Pountney, et al

Y |
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2009; Pountney et al., 2002naking them difficult and lacking in relevance to put
into clinical everyday practic®espite the recognition that posture management
involves assessment of total body alignment (Gericke, 2006; Hong, 2005; Farley et
al., 203), there is a paucity of evaluative studies which utilise clinical assessments
that measure body alignment in posture manageméeaitven the proposed

population a tool to measure posture needs to encompass more than just one
aspect of body position as CRildren often have global body involvement
(HaddersAlgra, 2013)

2.10Assessment

Paediatric rehabilitation has seen an increase in the measurement tools used
clinically (Dewar et al., 2015). Several tools used frequently in rehabilitation
evaluate abroad spectrum of postural abilities (Argetsinger et al., 2019; Rodby
Bousquet et al., 2016; Barlett and Purdie, 2005; Pountney et al., 1999), but may not
be sensitive in measuring total body alignment and detecting changes within
specific dimensions of th (Butler et al., 2010; Dusing and Harbourne, 200Q)ing
assessment, body position is often determined through an observational judgement
2T 6KSUKSNI GKS OKAfRQa LIaddaNBE KFa AYLNER
equipment(Hong 2005) This approach is subjective in its assessment, in common
with other visual or tangible methods of quantifying body position such as a body
angle measurement, range of movement at a specified joint and palpation of body

landmarkg(Fortin et al, 2011).

Therapists regularly use their observational skills to judge body alignment (

Rosarig 2014). Although observational assessment is not standardised, it does

enable early identification of changes in body alignment, and the itngfac

equipment use, to be evaluated. By determining the amount of change in body

alignment towards optimal, therapists are able to make an observational,

ddz0 2SOUGABSsE 2dzZRASYSyYy Ul 2y GKS AYLI OG | LI
body alignment (Hong005).
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Currentmeasures of postural abilities whilst reportingnse aspects of
psychometric testing, have not been evaluated to meet all criteria for instrumental
development (Pavao et al., 2013). Observational posture analysis has not been
widely utilied in children with Chowever, it has been explored within the field of
ergonomics. Observation basedsture assessmenmhethodsare widely utilised to
quantify working postures and calculate the risk factors, as a result of job design
and demandLowe et al., 2014)These ergonomic assessments include body
alignment, static and dynamic movement, repetition and force items that are
considered important parts of safe working limi&utherlandet al, 2008) Whilst

the focus of ergonomic observatidrased assessment may not transfer directly to
CP their method of posture classification provides a structured approach to

classification of body alignméwithin clinical assessments.

It is important that assessments are able to be used flexibly by therapists within
clinical practice (Sarathy et al., 2019). Quantifying observational assessment of body
posture would support changes to be determined accalgtind quickly as an

Ay G SaNI LI Mdrdagfdnctibn, ikstead fofftntdrefRspetific

position, setting or task (Goldsmith et al., 2009). This is in keeping with the
International Classification of Functioning, Disability and Health (V@iIHD, 2007)
approach to disabilities, which advocates a collaborative holistic framework, taking
into account context of needs, wishes, lifestyle and environment of the individual
(See figure 2.8)The framework gives emphasis to dynamic interaction betwee
contextual factors and health conditions and allows for assessment between the
abilities of an individual and the functioning of that individual in different
environmental contexts (Odomt al., 2007). This is important for CP children as
they make up dighly heterogeneous population, with clinical assessment

occurring across diverse environmental settings (Sarathy et al., 2019).
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Figure 2.8The ICF Model: Interaction between ICF components (WHO, 2007).

The lack of a standardised approach to obsaorabf body alignment has resulted

in therapists developing their own assessment instruments. This is often dependant
2y GKS 20Kt GKSNILAAGaQ (y2e6f SR®DE, | YR
resulting in inconsistent and unregulated approachesdsessment of body

alignment and evaluation of posture management interventions.

Measuring outcomes at a clinical level has been an established practice for some
time (Stokes2011) The use of standardised, \ddied outcome measures in clinic
practice isan explicit requirement of the l@rtered Society ofPhysiotherapists
(CSPQuality Assurance Standar(f3SP2012) The CSP acknowledge that with
outcomes increasingly becoming the currency of modern healthcare, patient
reported outcome measures (PROMSs) and experience measures (P&REMS)
important to demonstrate the success of physiotherd@5P2012) PROMs were
introduced into the NHS in England in 2009, marking a significant change of
emphasis to a desire to measure the impact of health care interventionstiem

patient's perspectivéKyte et al.2015)

The government's NHS white pafdequity and Excellence: Liberating the NE&H
2010)recommended that PROMs and PREMSs be used wherever practiSaite.

S|


http://www.csp.org.uk/professional-union/professionalism/csp-expectations-members/quality-assurance-standards/section-9--0
http://www.csp.org.uk/professional-union/professionalism/csp-expectations-members/quality-assurance-standards/section-9--0
https://www.gov.uk/government/publications/liberating-the-nhs-white-paper
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then, commissioners and service planners have increasingly included PROMs and
PREMSs in their service and treatment specifications. They have become a routine
element in clinical governance and service redesign. The Health and Care
Professions Council (HCPC) reflects this evolving need for quality assurance in
Standard 12 of th&tandards of Proficiency for Physiotherap($1€PC2016)which
states that registrant physiotherapists must be able to assure the quality of their
practice.This includes gathering qualitative and quantitative data, participating in
audit activity, using appropriate outcome measures and evaluating interventions to
ensure they meet service users' needs and changes in h@&ItPT, 2019 his
indicatesthe vital role standardised assessment and outcome measurement can
play in enabling physiotherapy services to demonstrate their-affctiveness and
impact. This is particularly pertinent to posture management in CP, where there is a
paucity of standarsed assessments to enable therapists to evaluate and evidence

the impact,they have on body alignment.

Various methods of quantifying body alignment are suitable in a research-or lab
based environment. Translation of these methods into a clinical emwiemt is,
however, difficult.Radiological images are used to assess or monitor change in
body structure and spinal alignment over time (Fortin et al., 2011). Radiographs are
invasive and thus cannot be used for frequent repeated measures of body segment
posture (Tyson and DeSouza, 2003D posture analysis or topography systems can
be used to quantify and assess posture (Pazos,&G@05). Assessment of body
alignment in children with CP can often only be achieved with at least two people
surrounding tke child, especially if the child cannot sit or stand unaided (Sarathy et
al., 2019). This can affect the accuracy of measurement as markers can be
obscured. Additionally, 3D systems are not readily or easily accessible for clinicians;
they are expensive, ith demanding data collection protocols and processes making

them impracticable in a clinical context (Fortin et al., 2011).

It has already been established that impairment in body alignment impacts on body
functions, participation and quality of life ohildren with CP (Scrutton, 2008; WHO,
HAanTO® | OOdzNI S YSIFadaNBYSyid 2F || OKAf RQA


http://www.hpc-uk.org/publications/standards/index.asp?id=49
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provision of posture managing equipment to prevent postural deformities, optimise

Fdzy OlA2y Lt LRGSYGALF T | yeflifa (Hilkag @Rismith, OKA f R
2010). There is a need for assessment tools used in research and clinical practice to
establish the evidence for the development and psychometric properties of body

alignment measures in children with CP (Fortin et al. 120The ability for research

YR Of AYAOAlya (2 | OOdz2NF GSté& YSIadaNBE OKI
through the provision of positioning equipment would enable the impact and

effectiveness of postural interventions, in terms of alignment to be eatali

In order for assessmentssed for measurement of change be meaningful,
relevant andeffective,they need to be standardise@inch et al., 208).
Assessments for both clinical and research use are expectgehionstrate good
performance in psychometric characteristics of validity, reliability and
responsivenesélerwee et al., 2003Closer adherence to the principles for
comprehensiveassessment construction and empiti¢ld testing, prior to
experimentalstudiesbeing undertaken, would do much to improve the overall

quality of research in physiotherapy, CP body alignment and posture management.

Test theory provides a general framework for viewing the process of sresed
development(McDonald 2013. The principles of test theory have been uniquely
derived to meet the specific measurement needs of researchers in social sciences
(Miller and Lovler2018) Within the broader framework of research and evaluation
methodology, test theory is a process of inquiry consisting of-eafihed stages
characterised through the testing of psychometric characterigieennan, 2010)

The tenets of test theory have relevance and fit well into the evaluation and
development of clinical body alignment measures in CP and are discussed in greater

detail in chapter 4.

The psychometric properties of currediinical assessment used in practice to
measure body alignment will be explored and critiqued in chapter 3. Obtaining and

evaluating the evidence on how assessnsstate to the construct of body
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alignment and CP and are applicable within the real warktié ultimate challenge

in assessment development.

The model of posture described by Pope (2007) takes into consideration the
constructs of CP and postural alignment. Posture for these children is not a
temporarily arrested movement, but a permanent piosn they adopt as they are
unable to change their position independently. Their stability and function are
solely dependent on their body alignment, if this alignment is not optimal it can
impact on the stresses placed on the body resulting in the devedoy of postural
deformities (Shore et gl2012, Pountney et al.2009 Porter et al, 2008 Pountney

et al, 2004). How children with CP are positioned, how assessments of this support
take into account not only the deviation but also correction of batignment

which impact on posture, is vital in mainténg a stable and efficient BoS from

which these children can function from.

2.11Implications for children with CP.

134 2dzif AYSR SFENIASNI AYy GKA& OKIFILIWGSNE | Ol
describes the effects on motor development but also indicates the degree to which

body alignment problems may be present (Rengi@07; Finniel997). The higher

the GMFCS level is, the greater the difficulty in maintaining body alignment which
predisposeo the development of asymmetrical postures (Gericke, 2006;

Goldsmith 2000). The literature indicates that a child at higher GMFCS Lanetls
non-ambulant is particularly vulnerable to developing body alignment deformities
(RodbyBousquet et al., 2013; Rsano et al.2007, Porter et al, 2007. Pountney et

al., 2004).

The GMFCS has been widely used for clinical, research and administrative purposes.
It has been adopted internationally and used as a stratification system to describe
important and signifiant differences, in rates and limits of gross motor ability

among individuals withZ It is supported by robust studies to support its validity

and reliability and, consequently, is the benchmark of classification of CP

presentation in research (Palisagbal., 2008; Rosenbaum et al., 2008; Palisano et
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al., 2006; Morris and Bartlett, 2004; Bodkin et al., 2003; Waodl Rosenbaum,
2000; Palisano et al., 1997).

Individuals with CP who have impaired voluntary control of movement affecting
their whole-body, fall into classification level IV and V (Rosenbaum et al., 2008).
These individuals have extremely limited movement and find control of posture
against gravity extremely difficult (Palisano et al., 2006). In 2005, Ostensjo et al
found the use of assistivdevices and other environmental modifications increased
with GMFCS level, in use by 80% of children with GMFCS levels IV and V. More
recently, a crossectional study found 42% of children with CP used adaptive
seating (Rodb¥Bousquet and Hagglund, 2010)one of the children classified as
GMFCS level V and only 5% of children classified at GMFCS level IV could sit in a
standard chair (RodbBousquet and Hagglund, 2010). This indicates that this group
of children required the use of adaptive equipment tgpport their body alignment
against gravity. As outlined in chapter 1, assessment of body alignment is essential
in order to develop an accurate therapeutic plan to target promotion and

maintenance of posture.

Whilst the GMFCS provides a framework forugiog and comparing children with

CP, they are heterogeneous classification levels with variation of abilities of children
within each specific level (Bodkin et al., 2003). CP can present in a nangzkrof
ways, dependent on the location and area oé thrain that has been affected

(Baxter et al., 2007). Common terminologies used to identify types of CP are
spastic, ataxic and athetoid; these describe the movement patterns associated with
central nervous system injury (Morris, 2007). Another seéeahinologies used
alongside this identifies the different parts of the body affected; hemiplegia means
only one side of the body being affected, diplegia indicates that the legs are
affected but not the arms and Quadriplegia indicates both the legs and aens a
equally affected (Rosenbaum et al., 2007). It is also important to recognise that CP
can affect the entire body, and a combination of several types and body

presentations are typical in a diagnosis of CP (Fiisie7).
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This diversity is reflected e gross motor development curves which give

prognosis of motor function abilities based on age and GMFCS of CP (Rosenbaum et
al., 2002). This has been applied within the Gross Motor Function Measure, a

clinical assessment which assesses movement inrehildith CP in relation to their

GMFCS level (Russel et al., 2002). Percentile curves enable therapists to view the
degree of ability and motor variability each child has within their GMFCS level
(Rosenbaum et al., 2002). This enables therapists to détefns I OKAf RQa
abilities at a specific time; be this the top, middle or lower aspect of the percentile

curve (Hanna et al., 2008).

¢KS DaC/{ arita 6A0GKAY GKS FNIXYSg2N] 27F G
2007).¢ KS L/ C RS T4 stafedf céntpleté physical, @ental, and social

welko SAy3a yR y20G YSNBfe GKS F06aSyO0S 2F RA:
This is a collaborative holistic framework which considers the context of needs,

wishes, lifestyle and environment of the indiual and those concerned with his or

her care(see Figure 2.8)The ICF offers a context for interpreting body alignment

within the wider impacting factors of healthVhilst body alignment and posture fit

within the body function and structure componeunit of the ICF this area is

interlinked withthe unitsof activitiesand participationin relation toanA Y RA @A Rdzl f Q
disability and functiofWHO, 2007). These components interact in contextual

aspects of environment and personal factorsto give atolt @A Ség 2F |y Ay
functioning disability (WHO, 2013). To make linear inferences from one component

to another is incorrect, rather contextualising function, health and disability is

inclusive of multiple domains and their interaction with one trey.

The ICF has helped shape perspectives on childhood disability within health care
and offers a model of disability and function, which is holistic anepbychosocial

in orientation (ShevelR009). The framework gives emphasis to the continual bi
directional dynamic interaction between contextual factors and health conditions
and allows folkexamination of the dynamic relationship between the abilities of an
individual and the functioning of that individual in different environmental

contextg (Odomet al., 2007, p.9). This is representative of the systems theory
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approach to motor control and is important for CP children as they make up a
highly heterogeneous population. McDonald et al (2Z0presented this ICF
framework to address the area of adapiseating for children encouraging
professionals working with children with movement and communication difficulties
to take account of the potential limiting factors of an individual's disability. Terzi
(2005) recommends that using the ICF framework wittducational settings would
facilitate the adoption of flexible approaches to learning, teaching, and assessment
to maximise learning, participation and physical developm&he GMFCS sits as a
comprehensive system of classifying CP difficulties witienftameworks of

postural and motor control approaches in physiotherapy practice discussed earlier
in this chapter. As such it provides an indication of body alignment needs children
with CP at different classified levels may require. This enables phgsapiists to
identify those at risk children who require assessment of their body alignment and
enables posture management approaches to be implemented timely and

effectively.

As an approach, posture management correlates directly to the International
Classification of Functioning, Disability and Health ([RFIQ 2007) as an

integration and interaction of physical, individual and social factbing. need for

the use of adaptive equipment as part of posture managahmeans that often,
children with CP at GMFCS IV and V are in set positions for prolonged periods of
time across their dagHong, 2005)This has a compounding effect on issues such as
pain, pressure, soft tissue adations and joint stiffnesgPope, 2007)Posture
management programmes are extensive; although they are primarily about
supporting body segment alignment through adaptive equipm&sgricke, 2006)

This illustrates the potentially therapeutically diverse management of the severe

issues that accompany poor body alignment, all having a significant impact on a

OKAftRQa KSIFfUKX FdzyOQlAz2ys ¢gSttoSAy3a | yR
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2.12Implicationsfor therapy intervention

Posture management is an established therapy approach in children with CP,
utilising positioning equipment to correct body alignment, minimise postural
deformity and enhance functio(Gericle, 2006; CarlbergndHaddersAlgra, 2005;
Newman, 2005)As discussed earlier; this approach involves a therapist observing
IyR FaasSaaiay3a || OKAfRQa o62Reé ItftA3IyYSyl
their development and growtiiHong, 2005)

This informs interventions, treatment planning and outcomes (Pountney et al.,

2004). The very nature of implementing a posture management approach means

that measurement of body alignment is an inherent part of a thérépi Qa | aaSa

(Pope, 2007)It establishes a baseline of body position; this enables early changes
in body alignment to be identified and preventative intervention to be

implemented, and outcomes of treatment toe measured through changes and
correction of body alignmentWhilst assessments of body alignment only measure
one aspect of health as defined by the ICF (Who, 2007), the association this has
with the components of activity and participation in relevamd meaningful

contexts is clear. Consequently, clinical assessments which measure the construct
of body alignment among children with CP need to be reflective of how this varies
in respect to environmental factors such as support surface, gravity andnabs

position to be applicable to real life.

As discussed earlier, the presentation of CP is variable and multifaceted in its
clinical presentation, with a variety of individual constraints (See taldlepage

24). This means therapists must look arious aspects of a child such as body
alignment supporting surface and environment when looking to support and
develop functional movemeniVhen analysing constraints on movement tasks in
children with CP, physiotherapists must not only consider neuromasc

constraints on action but also consider biomechanical factors such as the specific
muscle strength and the range of motion (ROM) required for the movement

(Carlberg and Haddewlga, 2005; Butler and Major, 1992).

A

ay
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Such consideration may mean suppod body alignment in the absence of the
child being able to do so in order to perform a motor task (Pountney et al., 2004).
Therapists may also need to consider restriction in joint range and muscle
shortening resulting in limitations of fixed positionstbe body (Hong, 2005).
Although ideally body alignment would be corrected to optimal, this may not be
completely achievable antherefore, the impact this may have on task completion
or movement needs to be taken into consideration when devising prograsnand

goal setting (Pavao et al., 2013; Farley et al., 2003).

Assessment instruments utilised in research studies to demonstrate the outcome

and effectives of posture management, such as single jematyX(Pourtney et al.,

2009) motor function and movement abilitig®ountney et al., 2002are diverse

and show little correlation to posture deformity or body segment alignment.
Consequently, there is little higtpuality data available on posture management
effectiveness in children with CP (Farley et al., 2003). Few clinical measurements of
body alignment demonstrate psychometric properties or specificity in the

assessment of body alignmefRodbyBousquet et a].2016) meaning that

0KSNF LA AGQA | 0 A bljettively &valiiagpodiu® thdnbideriedtt & I Yy R

approachesare impaired.

Clinical guidelines lack specificity, with recommendations for practice refdaing
classification groups of children with CP and collective posture management
interventions(PHE, 2018; NICE, 2012; Mansell, 2010; Gericke,. 20080k of
differentiation between presentation of CP étypes of posture management

limits directed specific interventions (Farley et al., 2003). Currently physiotherapists
have general akncompassing guidance which fails to recognise the individualised

constraints child with CP present wiiBarlberg and &tldersAlgra, 2005).

This is unrepresentative of everyday clinical practice whereby therapists use
comprehensive assessment to identify the correct piece of equipment (Hong,
2005), taking into consideration practicalities within family life ({@atal., 2014).

With research demonstrating that the use of equipment varies across positions
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(Pountney et al., 2009) and that equipment choice, the goals surrounding its
implementation and the support given, are critical to ensure equipment is not only
correctbut also usable within the various environments the child interacts within
family life (Castle et al., 2014; Maher et al., 2011; Collins, 2007; McDonald et al.,
2007; TayloiCookson and Mitchead] 2001).As discussed earlier, application of
positioning egipment following a 24our approach across lying sitting and
standing has significant compliance issues (Gough, 2009). Evidence to support the
efficacy of such an approach lacks the complete representation of clinical
applicability. Whilst some studies duate aspects of posture management
(Pountney et al., 2009; Vekerdy, 2007; Pountney et al., 2002), collectively these
studies endorse a 2hour approactto be effective, this assumption has not been

validated within clinical data.

Therapists are under aneasing pressure to justify their approach and use of
funding resources for equipment being a major focus of this (Robertson et al.,
2018).It would be useful to have studies looking at the potential cost effectiveness
of postural care services (PHE, 2DHidence has proposed that if better provision
of equipment which supported body alignment resulted in reduction in secondary
complications such as surgery, the costs of the equipment could be recuperated
(British Healthcare Trades Associat{@HTA, 2014). With funding sources wanting

to know that their resources are being effectively used (Lenker.e2@(b),

therapists are becoming more critical of their assessment choices as they tailor
intervention strategies to adopt an evidenbased approachMajnemer and

Mazer, 2004); whilst research is being more specific in the criterion for measures
selected to explore treatment effectiveness and evaluation of programmes (Beaton
et al, 20Q@). Studies examining postural interventions which can give clear
recommendations on the type of posture management intervention that is most
effective across specific cohorts of children with CP would be far more beneficial in
supporting therapists to focus on practical solutions which provide the best

outcomes.
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Standardsed assessments are essential in ensuring clinical approaches can
evidence their effectiveness and outcom@&awcett, 2013)Posture management is

no exception to this; standardised assessments of body alignment \&hgch

applicable within everyday clinical practice and responsive to changes in asymmetry
are essential in evaluating current posture management prac(&sPT, 2019;

Dean et al., 2014)A standardised clinical body alignment assessment is reqtared

enale a relevant and applicable evidence base to be established.

2.13Conclusion

Posture isadaptive, changeabland, therefore, difficult to easily quantify. The
definition of posture in this chapter is underpinned by the establishment of body
alignment,postural control and motor development skills. The ability to achieve
antigravity body alignment is an important fundamental component of movement
and postural control. For those children with CP at GMFCS IV and V with severe
difficulties in attaining bog alignment, their stability, movement and function are
greatly dependent on their body segment alignméhountney et al., 200®orter

et al, 2008; Pountney et al2002.

CP children at GMFCS IV and V require posture management programmes, primarily

the use of adaptive equipmeriGericke, 2006)o achieve body alignment against

gravity. A symmetrical body alignment is considktiee gold standard for

positioning in posture managemef(fulfordandBrown, 1976)Failure to support

body segments in symmetrical alignment is conducive to deformity development

such as, spinal scoliosis and higlacation(Scrutton, 2008 A YLJ Qi Ay 3 2y |

health, function and comfort.

Little highquality evidence is available to support posture management approaches
(Gericke2006) Current clinical assessments lack specificity and psychometric

LINE LISNIASAE FY2y3 OKAfRNBY GAGK [/t YSIyYyA
accurately and objectively identify and evaluate posture management approaches

are impaired.
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The theoretichand clinical approaches demonstrate the importance of a clinical
body alignment assessment in children with CP. The potential to assess changes in
body segment alignment in clinical settings is of crucial importance to the field of
paediatric rehabilitabn. It is important that clinicians are able to evaluate, justify

and develop posture management practices based on clear, strong clinical rational
derived from evidencéased assessment. Further critique of current clinical
assessment measures, to inforthe development of a standardised clinical
assessment of body alignment is needed and will be explored in detail in the next

chapter thapter 3).
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CHAPTER

CLINICAL ASSESSMENTS OF BODY ALIGNMENXSITEATISED REVIEW

3.1lIntroduction

This chapteraims to identify and critically appraise current clinical measurements
used to assess body alignment in children with CP. This is a steg@ah providing
appropriate intervention and management to consistently and effectively identify
changes in bodylgnment difficulties. In order for clinical practice and research to
inform an evidencéased approach, assessment must demonstrate psychometric

properties in measurement of the construct of body alignment.

Thissystematisedeviewaims to provide valudb insight into the different clinical
assessments, their psychometric properties and research design methods designed
to measure body alignment, enabling analysis of the psychometric properties of
current measurements. Furthermore, this review aimgtitically review the

clinical assessments used ttnerapistto assess and measure body alignment in
children with CPto determine if identified assessments have psychometric
properties specifically for this population, outline their main characteristics and
clinical applicationThe validity and reliability of current clinical assessment

methods are evaluated, together with their place within clinical practice.

It was clearly established in chapter 2, that body alignment is an important

component of postual control and motor function. Management of posture is

generally considered to be related to maintaining or improving body alignment.

However, this assumption has not been validated by clinical data. As summarised in
chapter 2, éw clinical measurementd dody alignment demonstrate specificity in

the assessment of body alignment and clinical guidelines lack speciRoitpy

Bousquetetal 20160 ! OO2NRAy 3If &> (GKS (0 KiGeMFyLAadqQa |

and evaluate posture management approaches is currently impaired.
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The importance of body alignment in children with CP was discussed in the last
chapter thapter 2). Disorders in movement and posture observed in children with

CP lead to adoptionf@asymmetrical body alignmeiiPountney et al 2009;

Rosenbaum et §12007%. The development of postural deformities can result in
movement and function being severely compromig8drutton 2008; Porter et a|

2007)t 2a0dzNB Yyl 3SYSyid Aa Fy AydiSaNy GSR
applying to positions a child wants to adopt, and environments and situation they
wish toaccesgHong, 2005)Assessmentneasures which quantify body alignment
among children with CP shoub@ able toidentify postural misalignment,

encompass total body alignment accurately and with specifi@tyutton, 2008)

Theuse of observational assessments in assessing body alignment is part of
everyday clinical practiocg-awcett, 2013)However, the evidence of standardised
clinical masurements of body alignment in children with CP is relatively sparse.
Current standardised assessments of body alignment concentrate on body linkages
rather than total body alignmenDevelopment and severity of postural alignment
asymmetry is identifiedhrough hip and or spine-kay analysis to determine

degrees of curvature or hip displacemd@ericke, 2006) Although the

psychometric properties of this approach are well documented, applicability in
clinical pactice andi K S NJ daily d@ssedsfent of total body segment alignment is

limited.

Standardised assessments mean that therapisats justifyinferences drawn from

the scores to determine or evaluate clinical interventions (Kimberlin and
Winterstein, 2008. Such justification has two prerequisites: validity and reliability.
Validity is the degree to which assessments measure the construct it purports to
measure(Stokes, 2011)As validity pertains to what the assasent intends to

measure and in who, the defined population, studies evaluating an assessments
validity should clearly describe the construct being measured and the target
population (Roach, 2006). Content validity is the degree to which the content of the
assessment sufficiently reflects the construct being measured (Mokkink et al
2010).

LJk
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Three aspects of content validity can be distinguished; firstly, relevance in which all
items in the assessment are relevant for the construct being measured, andxtonte
the assessment will be applied in, secondly, comprehensiveness which means that
no critical components of the construct are missing, and thirdly, comprehensibility
of the assessment meaning all items should be understood by intended users, such
as physiatherapists (Terwee et al2018). Construct validity relates to the ability of

an assessment to measure the underlying concept of interest, such as CP (Roach,
2006), whereas criterion validity is the degree to which the scores of the
assessment agree whe&ompared to a gold standard test (Terwee ef 2012).

Validity alone is not sufficient in determining the psychometric properties of a
measure. If an assessment does not produce consistent and repeatable findings it
lacks accuracy in measuring its index construct (Dunn, 2@). Reliability is the
degree to which the assessment measure reflects true differences of the construct
in the individual being measured, the amount to which the measurement is free

from measurement error (Terwee et.a2012).

Rdiability of a measure is the examination of the extent to which scores for
individuals when no real change has occurred remain the same (Mokkink et al
2018).Testretest reliability is when scores are taken over time (Roach, 2006);
inter-rater reliabilty relates to scores taken by different persons on the same
occasion, or intraater reliability by the same person on different occasions
(Mokkink et al, 2018); internal consistency is the extent to which all of the
assessment items address the same uhdieg concept (Roach, 2006). To
accurately quantify body alignment of children with CP, assessments must be valid,
reliable and have functionality within clinical settingmwcett, 2013) All these
factors must beconsidered when selecting the most appropriate available
assessment to use in clinical practice. There is a lack of appropriate clinical tools
which address entire body postu(gortin et al, 2011) there is als@ lack of
evidence supporting the strength of clinical measurement propeffésid and

Livingstone, 2013)
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This chapter aims to identify clinical tools usedlgrapiststo assess body
alignment in children witlCP; to determine if assessments have psychometric
properties specifically measured for this population, and to identify the

assessments main characteristics. This was undertakersysteamatisedeview.

The review focused on assessment of body alignmieut also included outcome
measurement of posture alignment intervention, as there is a tendency for
assessment use to be identified and established alongside providing effectiveness
of postural alignment interventions. Finally, it was decided to limat $learch to

tools used by therapists because they are the main group dealing clinically with

posture in children with CP.

3.2Method

The research method selected to explore the evidence was a systematised
literature review, as this review only used oneiewer to identify articles in the
selection process. A systematised revigtempts to include elements of

systematic review process while stopping short of systematic review, enabling
appraisal of quality and limitation in methodology to be identif{@lant and

Booth, 2009).The aspects used in this systematised review that are similar to that
of a systematic review were a full comprehensive search within the chosen
databases, quality assessment of articles and data produced in tabular Towm.
facilitated exploration and critical analysis of the evidence supporting assessment

properties used within clinical practice in the field of CP.

A literature search was conducted using the databases AMED, CINHAL, MEDLINE,
PeDro and the Cochrane Library with search string described table 3.1. In

addition, reference lists of selected articles were reviewed along with a manual
search of journals which published identified assessments over the last year of
publication.Forward reference and author searchingsaaso carried out on all

selected articlesSearches were carried out from inception to March 2019.
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Table3.1: Search strings and key words

Cerebral palsy OR Postutr OR Measure*OR Infant* OR
AND Body AignmentOR | AND Child* OR
CP Body Position'OR | Outcome*OR Teen*

Anatomical Tool*OR

AlignmentOR Assessment*

Body Orientation

OR

This resulted in 491 unique hits. Original articles were selected if they fulfilled the
following criteria: (1) assessed children aged® with cerebral palsy2) assessed
whole body (3) description of assessment related to body alignment or positin
article included description and developmentmsychometridesting of
assessment(5) usable within health carprofessional clinical practicand (6)
publication in English. Ten articles fulfilled the critdR@dbyBousquet et al 2016;
RodbyBousquet et a] 2014;Field and Roxbourough, 2011; Goldsmith and
Goldsmith, 2009Goldsmith et al 2009;Bartlett and Purdie, 200%50ldsmith,

2000; Poumey et al, 1999; Goldsmith et gl1992; Fife et al1991).

Papers were excluded if: (1) the primary intention of the tool was not to assess
body alignment, the assessment was part of a wider assessment of other therapy
interventions (i.e., posturatontrol, balance, gait, postural stabilifyp) children

with CP comprised less than 30% of the total populat{Bhthe assessment was

lab based(4) the assessment was not designed for use by therggists (5) the

papers were reviews. Review papersre full text screened to assist in

identification of possible assessments of body alignment which might be relevant to

this review.
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3.2.1Article selection and data extraction

Titles and abstracts were independently reviewed against the inclusion and
exclusion criteria. Data was extracted and quality was assessed using the CanChild
Outcome Measures Rating Form (Law, 2004). The methodological qualities of the
studies were examined according to the McMasters critique forms (Law, €194I8;
Letts et al, 2007). Members of the supervision team helped with data extraction.
The researcher and one other examined quality; if agreement could not be reached

a third reviewerwas consulted.

Data extraction retrieved the following information: study objectivaady design

LI NI AOA LI yiGaQ asSsft Snédsuretngnt tboydescriptigiiinding® i S NA & ( .
and conclusions. The psychometric quality of the instrumerasexamined in

terms of reliability (intewrater, intrarater, test-retest, internal consistengy validity
(content, criterion and construct). Quality was rated on a thpaént rating scale

poor, adequate or good. Reliability was graded using bands proposed by Fleiss et al
(2013); less than 0.40 being poor, :d.Y5 adequate and greater than 0.g60d.
Validitywas assessed usimdcMaster Ratings (Law, 2004) to give an overall rating
based on the number of studies completed. The validity of an assessment was
judged to be excellent when more than two wdksigned studies supported the
instrument, alequate when there were one or two welkesigned studies and poor
when validity studies were poorly completed or when one or two \deligned

studies did not support the instrumerLaw, 2004)

3.3 Results

The initial garch produced a total of 696 articles; of these 205 were duplicate titles,
resulting in 491 unique articles. Inclusion and exclusion criteria resulted in a final
sample of 10 articles and 7 assessmefitgife 3.1). Figure 3.1 shows the process of
identifying relevant articles. After reading the titles and abstracts, 135 studies were
excluded according to the inclusion and exclusion criteria. Of the remaining 356
articles, 350 were excluded after full text screening. Stage one of the search
identified sixarticles utilisingive clinical assessment instrumenis assess body

alignment in children with CP. Stage 2 involved a manual search of the reference
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lists and journals the assessments had been identified in, 91 records where
identified. Of these 87 werexcluded leading to a total of 10 articles asel/en

assessments identified and included in this review.

The methodological properties of the instruments were examined in terms of
reliability and validity, as outlined abov@escription of the psychometr
properties of each clinical assessment is described for all 7 assesstads3(2 &
3.3). Firstly, an overview of the 7 clinical assessments properties is provided.
Following this the psychometrpropertiesand assessment characteristics are
discused. Finally, these findings are discussed considering the findings of
assessment properties, clinical usability, overall ut{liigw, 2004and literature on

the development of body alignment posture problems in childneth CP.
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696 articles identified through databas

search

Amed N=60
Cinhal N=206
Cochrane N= 30

Medline N=339
PeDro N= 16
MESH N= 45

491 unique articles for screening
of titles and abstracts

205 duplicated records

356 full papers assessed for
eligibility

135 artickes excluded
according to exclusion
criteria

Postural control N= 54
Gait N= 12

Postural stability N = 24
Balance N =6

Muscle strength N = 17
Proprioception N=9
Arm function N= 13

6 articles which examined 5
assessmers of body alignment used il
clinical practice with CP children.

350 articles excluded

Not used with CP children N= 59
Not used in clinical practice N= 1
Assessment properties not focus
of paper N=277

6 articles (5 assessments identified

91 articles identified through manuaj
search (reference list and journals g
identified assessmentsclinical
Rehabilitation & Physiotherapy).

87 articles excluded

Without measurement in children
with CP N= 35

Without measurement of body
alignment N= 52

10 articles selected. 7 assessmenty
identified

Figure 3.1PRISMA flowchart (Moher et al, 2009).

4 full text articles (2 further
assessments identified) include
from manual search
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3.3.1Clinical assessments used therapiststo assess body alignment

The search identified 7 clinical assessments which meet the criteria. The included
assessments were: The Chailey Levels of Ability Scale (EbAShey et a] 1999)
Goldsmith IndicegGoldsmith and Goldsmith, 200&0ldsmith et al 2009, the
Goldsmith Index of Windswept Deformit@@ldsmith et al 1992) Mansfeld
ChecklistGoldsmith, 200Q)Posture and Posture Ability Scale (PPR8JIljy

Bousquet et al 2016; RodbyBousquet et al 2014) the Spinal Alignment and

Range of Motion Measure (SAROMMBa(tlett and Purdie, 2009nd the Seated
Postural Control Mease (SPCMHeld and Roxborough, 2011; Fife ef 48691)

Of the assessments identified 6 were observational measuremémnéxpbserved

body alignmentGoldsmith Indices, Goldsmith Index of Windswept Deformity,
PPASSAROMM, SPQMand one observedrgss functional movementGLAS)One
assessment (Mansfieldhecklist) was a checkligroviding a set of five questions
relating to posture. Th®PAS and SPCM combinédervational measurement

across two components of posture quality and function abilitljlst the SAROMM
combines observational measurement of the spine in the sagittal and frontal planes

with range of motion assessment of upper and lower limbs.

All the articles included participants with CP, six studies had participants aged from
0- 18 yars. Whilst two studiegPountney et al 1999; Goldsmith et gl1992)

included participants with CP over the age of 18, one s{idyntney et a] 199)

had a sample age range of 419 years old, and on@oldsmith et al 1992 ranged
from 10-48 years. Only two articldRodbyBousaiet et al., 2016;Bartlett and

Purdie, 200%described the participants by their type and CP presentation, using
the GMFC®Palisano et al., 2008) clearly classify groups of children. Whereas one
article (Fife et al, 1991)included participants with neuromotor disabilities (n=40),

19 of which had CP, described in terms of body area affeziggHemiplegic.
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3.3.2Assessment characteristics

{AE 3aaSaayYSydaQ LINAYINE LlzRoiby S o1 a (2
Bousquet et al 2016; Goldsmith and Goldsmith, 20@pldsmith et al 2009;

Bartlett and Pudie, 2005; Goldsmith, 2000; Goldsmith et 4B92; Fife et al 1991).

The PPAS scored quality of posture through observation of the individuals body
alignment; a score of 1 given for midline/symmetrical or a score of 0 for

asymmetry. Six body items aseored: headtrunk; pelvis legs arms and weight
distribution. These are scordad sitting, standing, supine and prone from both the

frontal and sagittal viewRodbyBousquet et aJ 2016).

The SAROMMBartlett and Purdie, 2009)asfifteen items; fou items for spinal
alignment and 11 for range of motion. Each item is scored on gbu# ordinal
scale ranging from O (representing ability to align normally with no passive
limitations) to 4 (severe deviations in spinal alignment or limitations it j@nge

of motion).

The Goldsmith Index of Windswept Deformi@oldsmith et al 1992 involves

three measurements of pelvis, hips and leg position in supine crook lying. Each
measurement is repeated four timesd an average calculated for the overall
score. The Goldsmith IndicéSoldsmith and Goldsmith, 200&0ldsmith et al

2009 is a further development of this assessment; three measurements repeated
four times, talen of chest proportion, symmetry of movements of knees, symmetry

of range of movement at the hips.

The Mansfield CheckligBoldsmith, 200pA & | &aSlor@F2 DA P&SHFae baNa
guestions ascertain if theody stays in a limited number of positions, if the knees
fall to one side, if the head turns to one side, if the body tends to flex or extend or

both and if so to which side and if the body shape is asymmetric.

The SPCNFife et al, 1991)assess sitting position in two sections. Section one
measures posture alignment and consists of 22 items. Assessment is carried out

through visual observation and palpation. A score-3fi@ given defined by
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arbitrary angles repreenting mild, moderate and severe abnormal alignméihie
setting of these posture categorisation angles lacked clear ratiolesding to the
assessment scaleeing indiscriminate as a measurement of alignm&sction two
measures functional movement drconsists of 12 items scored from zero to

complete.

Finally, the CLARPountney et al 1999)primary purpose is measurement of a

OKAftRQ&a Y202NJ YR LlalddaNIf FoAftAGB Ay NBI
measured as a suisection of the assessmemwhich is an observational

FaaSaaySyd 2F I OKAf RQac8YAzhil@iddsdigped & A 1 & & O0:
level of ability based on their overall skill performance of motor tasks following

normal developnental movements. Each movement is measured across nine

constructs: loadbearing when still and moviadility to move areas of loadbearing

position of pelvistrunk and legsposition of the shoulder girdle, arms and trynk

the position of the head andhin; lateral body profile effect of movement on body

parts, ability to isolate movementandpredominant joint positions.
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Table 3.2Reliability data for selected body alignment posture assessment

Chailey Levels of
Ability Scale
(Chaliley)

(Pountney et al 1999)

2 sample groups.

85 children with CP agedi®B years (yr)
30 children with disabilities. 29 CP
children aged 4.5 19y.

Not reported

Not reported

Not reported

Not reported

Goldsmithindex
of Windswept
Deformity

(Goldsmith et a] 1992)

50 children and adults, 25 with
movement difficulties (CP N= 14 age
range <1@; 30y), 25 without
disabilities Ages <148 yr.

Not reported

Not reported

Not reported

Not reported

Goldsmithindices

(Goldsmith and
Goldsmith, 2009;
Goldsmith et al 2009)

Sample not reported

Not reported

Not reported

Not reported

Not reported

MansfieldCheck
list

(Goldsmith, 2000)

31 CP children aged 9 month4 9y
(N=15 male, 16 female). Families of
participating children.

Posture and
Posture abiliy
Scale (PPAS)

(RodbyBousquet et a|
2016; Rod»yBousquet
et al, 2014)

29 children with CP agedI®yr (N=15
male, 14 female).

Spinal Alignment
and Range of
Motion Measure
(SAROMM)

(Bartlett and Purdie,
2005)

25 children with CP aged1Byr (N=17
male, 8 female).

Not reported

Not reported

Not reported

Seated Postural
Control Measure
(SCPM)

(Field and Roxbourougkh
2011; Fife et al., 1991)

H NIXGSNBR 6AGK p @
seated conditions with 40 children
(n=19 CP)

Not reported

*|CC, Intraclass amlation coefficient; SEM, standard error of measurement

Not reported

Not reported

Not reported

Not reported

Not reported

Kappa coefficient
Alignment = 0.45
Function = 0.85




Table 3.3Validity data for selected body alignment posture assessments

Chailey Levels of
Ability Scale
(Chaity)

(Pountney et aJ 1999)

2 sample groups.
85 children with CP aged-Q8y.
30 children with disabilities. 29
CP children aged 419y.

83

Limited Literature review
(articles n=2). Assessment of
Review by a pa#l of experts
(n=2) clinically skilled
observers. Field testing amo
CP children (n=85).

Goldsmithindexof

(Goldsmith et al

50 children and adults, 25 with

Not reported

Not reported

Not reported

Not reported

Goldsmith, 2009;
Goldsmith et al 2009)

Windswept 1992) movement difficulties (CP N= 14
Deformity age range <1Q 30y), 25 without
disabilities.
Ages <148 y.
Goldsmithindices (Goldsmithand None given Not reported Not reported Not reported

MansfieldCheck list

(Goldsmith, 2000)

31 CP children aged 9 months
19y (N=15 male, 16 female).
Families of participating children

Not reported

Not reported

Posture and Posture
ability Scale (PPAS)

(RodbyBousquet et
al., 2016; Rodby
Bousquet et a] 2014)

29 children with CP agedioy
(N=15 male, 14 female).

Not reported

Not reported

Spinal Alignment ang

(Bartlett and Purdie,

25 children with CP aged1By

Not reported

Not reported

Not reported

Ability to detect gradations

(SCPM)

Fife et al, 1991)

Range of Motion 2005) (N=17 male, 8 female). in disability compared with
Measure (SAROMM GMFCStr2=0.44)

Seatal Postural (Field and 40 children (n =19 CP) Assessment reviewed by pan| Not reported Not reported

Control Measure Roxbourough2011; of experts (n=7)

*AIMS, Albertdnfant Motor ScalgPiper et al., 1992 GMFM, Gross Motor Function Meas\{Russell et al., 20026MFCS, Gross Motor Function Classification System

(Palisano et al., 2006)
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3.3.3Psychometriqroperties

Among articles identified, six examined the ags®sSy (1 Q& LJa & OK2YS{i NA O
(RodbyBousquet et al 2016; RodbyBousquet et al 2014; Field and Roxborough,
2011; Bartlett and Purdie, 2005; Pountney et 4099; Fife et al1991). A seven
clinical assessments applied to children with CP. @mietassessments reported
on both validity and reliability properties: the PPAR®dbyBousquet et al 2016;
RodbyBousquet et a] 2014) SAROMMBartlett and Purdie, 2005and SCPMFife

et al, 1991) Validity properties were reported for one further assessment: CLAS
(Pountney et al 1999) Studies investigating the psychometric properties for
children with CP were not found foln¢ three following assessmeni&oldsmith
Indices Goldsmith and Goldsmith, 2009; Goldsmith ef 2009) Goldsmith Index

of Windswept DeformitfGoldsmith et al 1992) and The Mansfield Checklist
(Goldsmith, 2000)

Strength of reported psychometric properties are shown in Tables 3.2 and 3.3. For
ease of interpretatioron the level of evidenca traffic light colousystemis

utilised; Green indicated a good level of evidence, amber indicated adequate level,
red indicated poor antight greydenoted not reportedThe traffic light system was
applied to assist clinicians in obtaining clear, clinically useful information that can
be used by therapists and researchers in developing a common understanding of
the bestavailable evidence (Novak et al., 2020; Novak, 2@R&jability was graded
using bands proposed by Fleiss et al (2013); less than 0.40 being poed, To4&air

and greder than 0.75 good. Validity used McMaster Ratings (Law, 2004) to give an
overall rating based on the number of studies completed. For example, more than
two well-designed studies supporting validity would merit an overall rating of good.
An assessment witone to two studies supporting validity would score adequate

and no validity studies or unsubstantial methodology would indicate poor.

3.3.4Reliability

Evidence of Interater reliability was found for all threassessmerstwhich
reported reliability the PPASRodbyBousquet et al 2016; RodbyBousquet et al
2014); SAROMMBartlett and Purdie, 2005and SCPNFife et &, 199]) (see table
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3.2). Excellentnter-rater reliability was demonstrated for the SAROMM and PPAS
with intraclass correlation coefficient (ICC) exceeding 0.80. The PPAS also reported
a weighted Kappa which range exceeded 0.80. The SCPM reporte@mixcell

reliability for the function section (Kappa coefficient 0.85) but only adequate for

alignment (Kappa coefficient 0.45).

Both the SAROMNBartlett and Purdie, 200sand SCPNFife et al, 1991 showed
evidence fortest-retestreliability. Excellent reliability was demonstrated by the
SAROMM, intraclass correlation coefficient (ICC) exceeded 0.80, whilst the SCPM
alignment demonstrated podest-retest reliability with a Kppa coefficient of 0.35

and 0.29 for alignment and function sections respectively.

Evidence of internal consistency and Inteder reliability was found in one

assessment. The PP dbyBousquet et i, 2014 NB LI2Z NIi SR / NRy ol OKQa
and ICC scores exceeding 0.80 indicating excellent internal consistency and intra

rater reliability.No evidence could be found for the reliability of the CLAS

(Pountney et al 1999), Goldsmith IndicegGoldsmith and Goldsmith, 2009;

Goldsmith et a] 2009) Goldsmith Index of Windswept Deformit§goldsmith etal.,

1992)or Mansfield checklisfGoldsmith, 2000)TheGoldsmith Index of Windswept

Deformity reported P values of <0.001 and >@ith regardsto reliability. The

authors did not report the statistical test udeo provide the P valués a P value is

not a measure of reliability, the evaluation of its reliability remains inconclusive.

3.3.5Validity

Validity was reported in four of the assessments these are shown in tabl&ig3.
CLAS established content idétly through use of a review by a panel of experts and
field testing among CP children. The SR@duntney et al 1999)indicates

adequate content validity with description of development and expert panel

review.

Crterion validity was established for the CLAS through comparisontketiAlberta
Infant Motor Scale (AIM$Piper et al.1992)and Gross Motor Function Measure
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(GMFM)(Russell et al., 20023howing a high correlation between both assessment
andbetweenthe CLAGnd GMFM = 0.85and between the CLAS aAtMS = 0.90.
Construct validity of both the PPAS and SAROMM used the GMFCS to establish

construct validity, showing an ability to detect gradations in disability.

The available evidence indicates that lBeAS has adequate content and criterion
validity (Pountney et aJ 1999)and thePPARodbyBousquet et al, 2016; Rodby
Bousquet et al, 20)¥and SAROMNBartlett and Purdie, 200%have adequate
construct validity based on each having one study reporting on their valichisre

is no direct evidence available which reports on validity aspects foGtlidsmith
Index ofWindswept DeformityGoldsmith et al 1992) Goldsmith Indices
(Goldsmith and Goldsmith, 2009; Goldsmith et 2009)or Mansfieldchecklist
(Goldsmith, 2000)

3.4 Discussion

This review focused on assessments of body alignment which are applicable to
everyday clinical practice and settings. This approach is consistent with the ICF
(WHO, 2007inodel, whichhas been widely used to guide service delivery and
clinical thinking for children with QBee figure 2.8, Chapter.2jhe ICF model views
body structure as an integrabmpetent alongsidether domairs of activitiesand
participation, as well as an interaction with social and environmental factors
(Baxter, 2004) Body alignment and posture fit within one component unit of the
ICF, body function and structurehweh is incorporated within the wider framework
AY NBfLFOGA2Y (2 'Yy AYRAOGARAZ £t Qa RA&FOAT AG
inferences from one component to a diagnosis or functidimatation is too
simplistic Whilstinteractions are complex andlynamic in their relationships
between alllCF domaingt is important to empirically investigate these éigs
independentlyand then exploreassociatiorbetween themon functional abilities
(WHO, 2013)Assuch,the assessment and quantification of bodlignment among
children with CP needs to be reflective of how body alignment variessect to
wider contextual factors such ae support surfacethe effect ofgravityon the

body,and the environment
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Therapists target postural alignmetat support activity and participation through

posture management interventions (Pope, 2007). Supporting body alignment

200dz2NE AY @I NA2dza SYGANRYYSyidlf aStaAiay3a

home and school, often encompassing support of body algmt in lying, sitting
and standing (Field and Roxborough, 2011; Goldsmith, 2000). The use of postural

equipment to correct total body alignment is generally considered to be related to

AYLINR@GSYSyida Ay | OKAfRQa LI Raimingetd: GA 2y |

al., 2002). However, this assumption has not been validated with clinical data;
hence OOdzNI G S Of AYyAOIFf YSIFadaNBYSyid 2F |

the provision of posture management equipment.

Whilst assessments of bodygiiment only measure one aspect of health as

defined by the ICF, the association this has with the components of activity and
participation in relevant and meaningful contexts is clééne of the identified
assessments addressed or associated assessméoidy alignment to wider
contextual components of the ICF such as environmental and personal factors.
Consequently, assessments which aim to measure the construct of body alignment
among children with CP needs to be reflective of how this variessiped to
environmental factors such as support surface, gravity, postural position as well as

applicable to real life settings.

3.4.1Methodological properties of the assessment

Currently the most common method used for assessment of body alignment in
research is xays and motor function (seghapter 2). Obtaining an accurate
assessment of body alignment as part of clinical practice can be rather challenging
(Hill and Goldsmith, 201®@ecauseestablished assessment meitishave been

mostly derived from lalbased techniques or movemebiased measurement. This
critical review found 7 assessments of body alignment that are usable within clinical
settings. Evidence supports adequate to poor overall reliability and valifiityost

of the instruments.

OK
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The overall methodological properties of the studies that support these
assessments were found to be limited. The PERd8byBousquet et al 2016;
RodbyBousquet et a] 20149 and SAROMNBAartlett and Purdie, 200%re

supported by published studies which demonstrate good to excellent validity and
reliability in samples which include children with CP, in addition to established

evidence for construct validity.

The unique characteristics of the population being assessed are important
considerations in measurement selecti@®arathy et aJ 2019. This critical review
found few true validatd measures of body alignment in children with CP are
available. Although both the PPASo@byBousquet et a] 201§ and SAROMM
(Bartlett and Purdie, 20Q5vere able to demonstrate excellent to adequate
construct validity. Detail on the developmentandva@®® A 1 & 2 F (G KS
content is not reporéd in detail. Although the SAROMB4rtlett and Purdie, 2005
provides limited detail on content afems, it is imprecise and ambiguous in terms

of specificity when examining the development processsuth,the validity of the

test items and criterion limits the assessment applicability as a measurement of
clinical outcome. Furthermorayith regardsto reliability, the number of raters is

small for the PPAROdbyBousquet et a] 20149 and SARRONB4&rtlett and Purdie,
20095 with three and two raters used respectively. Only the SARROM clearly
outlines the model used toalculatelCC scores. Therefore, the accuracy of the
reliability of the PPAS is questionable and the values related to these assessments

mustbe interpreted with caution.

Those instrumentsvhich do have established psychometric properties for
assessment of body alignment among children withi@Re limitations in their
methodological approach needed to address clinical assessment and migitor
within this population. No assessment that measures specific variation of total body

alignment symmetry has been validatewr found reliablefor children with CP.
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3.4.2Clinical usability and overall utility
ly |aasSaaySyidaQ desindt Rdaditis autghiaticallipusable 0 A £ A ( &
GAUKAY | Ot AYyAOFf aSidadAy3aT Ylye yIYSR YOI
reasons such as cost, administration time, training requirements, score

interpretation, portability and ease of ugeawcett, 2013)The clinical assessments

reviewed in this paper are judged to have adequate to poor clinical ufflitis

review identified two assessments; the PPAS and SAROMM as having adequate

clinical overall utility with bth demonstrating adequate to excellent reliability,

adequate to excellent validity and are easily availaBleth assessments use a

paperbased format, are observational with relatively low cost, easily portable and
assessment applications require no sfiiecequipment, environment or training

need to be administered. The PPAS and SAROMM are associated with either

symmetry alignment or joint positions. The SAROMM appears to have

discriminatory assessment of spinal alignment and then focuses on assesdment o

joint range of motion not body alignment position. Whilst the PPAS assesses total

body alignment it only identifies symmetry aritierefore, is unable to detect

changes or variation isymmetry, whichCP children often present with. As such,

theirutilitdé Ay OKAf RNBY gAGK /t YI& 0SS fAYAGSR
alignment position. Nevertheless, these two assessments appear toduvave

capability in observing and evaluating components of body alignment. These may
enabletherapiststo determinS 'y 2 @SNWASg 2F || OKAf RQA

O«

however, have a reduced capability to assess changes or adaptions to symmetrical

body alignment.

3.4.3Application to body alignment in children with CP

The body position of a child with CP results iraemay of problems which affect the
whole body(Fortin et al, 2011; Porter et al 2009, leading to the adoption of

various degrees of asymmetrical postufetll and Goldsmith, 20105ubsequently
assessment of body alignment in children with CP needs to be able to measure both
symmetrical and asymmetrical posture alignment and discriminate between

changes in asymmetry.
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Of theseven assessmentsviewed inthis paper onlytwo (PPAS, SAROMM)
demonstrated adequate valid and reliable assessment of body alignment. These
two assessments are observational of body alignment position, which implies that
they are able to detect changes in body posture. The PPA&sdio observation of

five parts of the body to be assessed as being symmetrical ofTimig.gives limited
responses to body symmetry, making it unresponsive and unable to detect changes
in asymmetrical body alignment. As suabijlity to assess and measuchange in

body alignment are lost. The SAROMM has one section devoted to body alignment,
which offers a detailed and systematic way to examine and monitor emerging
changes in spinal alignment. However, it is limited to a measure of body alignment
due toan emphasis on body linkage position (joint range) and does not encompass
body segment position in relation to body alignment. The PPAS and SAROMM
application methods vary; the PPAS presents a more comprehensive body

It A3y YSyd YSI adzNRligientih siting, stabéing find Rilg 6 2 R &
across all GMFCS levels; whilst the SAROMM offers a specific and accurate

analytical approach to measurement of body alignmespir{e).

Only the SEM (Field and Roxborough, 201dxamined responsiveness to change,
identifying that the assessments lack discrimination when assessing a change in
alignment. The SBM validity and reliability are reported as adequate to poor; as
suchiits strength as a clinical measure of change remmguestionable.
Furthermore, theGoldsmith indices adapted from tf@oldsmith Index of
Windswept Deformityassess a limited number of items related to body alignment.
Whereas the Mansfield Checklist appraises movement and body alignment,
reflective of a mn-specific screening on @ny R A @posttidet, iaRement and
body shape. These three assessments lack psychometric properties to support

assessment accuracy and reliability of measurement of body alignment.

Assessments of body alignment need totakdiiz O2y aARSNI A2y GKS

body alignmen{Fortin et al, 2011) Being sensitive and applicable to the complex

presentation and wider social and environmental isswgsch impact on body
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alignment in cHdren with CRis essential if an assessment is able to measure

change and determine outcomes iotervention, whicheffect postural alignment.

3.4.4Limitations

It is a limitation of this review that only Enghthnguage publications were
included. Theeason for this exclusion was purely a pragmatic decision in the
context of a PhD study where translation of foreign language articles into English

was not available.

Best practice indicates that more than one author would be involved in identifying

evidence meeting the inclusion criteria and extraction of data (Siddaatay.,

2019). In the context of a doctoral level study, this was not possiblethackfore,

iKS NBOASS KlIa yz2i oS8thovghrg@ausiadd/ I 46 SR waeai!
comprehensivestepshadbeentakenin the search strategy and data extractidn

is acknowledged, however, that the lack of a second assessor may have introduced

bias or error.

A further limitation is that psychometric properties for clinical assessments may
have been establiged unintentionallywhich suggests that those studies could

have potentially been missed in this reviedssessments used within studies
examining the effectiveness of postural interventions, could assume establishment
of some psychometric properties thugh their use, without having examined

validity or reliability aspects in an appropriate methodologyery effort was made

to retrieve any relevant data through accessing appropriate databases and
scrutinsing reference listsalthoughit is not possibléo say that all evidence has

been reviewed. In addition, it is possible that the search strategy was not adequate
to find every study of relevance. @oing familiarisation with the literature

resulted in four article$RodbyBousquet et al., 2014; Goldgmiet al., 2009;

Goldsmith and Goldsmith, 2009; Goldsmith, 2008i)ng retrieved through manual
searching and found relevant to the study but were not identified in the initial
search strategyThe use of terms such as test, instrument, checklist as well a

adolesen* and young people were not used and therefore could limit the initial
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search strategyThis suggests that the terms used may have missed relevant

articles although extensive attemptgere made to identify relevant material.

3.5Conclusion

Although this critical review identifiesevenclinicalassessmentthe evidence
supporting their use for entire body alignment measurement is limited, as is the
evidence supporting the strength of their measurement properties. Few
assessments address senstii, accuracy and responsiveness to change in body

alignment in children with CP.

It has already been established that impairment in body alignment impacts on body
functions, participation and quality of life in children with CP (Scrutton, 2008; WHO,
20nTO® ! OOdzNIF GS YSIFadz2NBYSyid 2F | OKAf RQa |
provision of posture management equipment to prevent postural deformities,
2LI0AYAAS FdzyOlAz2yltt LRGSYUAFIT YR AYLINERQ

There is a need for funer research to establish evidence for the development and

use of a clinical assessment of body alignment in children with CP. The ability for
GKSNY LAada G2 FFOOdzNY St e YSIFadaNE OKIy3aSa
through the provision of posturaquipment will enable the impact and

effectiveness of postural management in terms of alignment to be evaluated.

The aevelopment of a clinical assessment of body alignment (CABA) for use in

children with CP will be discussed in the next chapteagter 4. This formed the

first phase of the investigation into assessment construction and psychometric

properties. The focus of chapter 4 will be on the construction of the assessment

and consider clinical utility properties to support its applicability wittlinical

LIN} OGAOSd ¢KAA oAttt SEIFIYAYS GKS /1.1 Q& A
alignment to ensure that the assessment items measure this intended clinical

attribute.
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CHAPTER

DEVELOPMENT AND CONTENT VALIDITY OF THE CLINICAL ASSHE3IWWE

ALIGNMENT

4.1 Introduction

This chapter reports on theesrelopment of a clinical assessment of body alignment
(CABA) for use in children with CP. This is the first phase of the investigation into
GKS /1! .1 Qa 02y a waldigORadedrythelsygtématdeigview v (i
presented inchapter 3, no single measure was identified which adequately
examined body alignment in children with CP. Identifiegasures demonstrated
limitations in the scope of body positions assessed and ability to sedgctdentify
changes in overall body posture asymmetry. Limited evidence was found to support
the strength of their measurement properties with few assessments aduoirgss
validity, reliability and responsiveness tmeasurement obody alignment in
childrenwith CP Therefore, thisstudyaimed to develop a tool to specifically

address the need for a clinical measure to assess body alignment.

The chapteoutlines the process undertaken in developing and investigating the
content validity of the CABA itemsrielation to the construct of body alignment
and considers clinical utility properties to support its applicability within clinical
practice.Rationales for the methodology and framework of test development are

outlined, examining item construction and gose categorisation.

This chapter examines the development and content validity of the CABA through a
study whereby paediatric physiotherapists reported on the content of the CABA
items examining relevance, comprehensiveness and comprehensibility of the
assessment items via an electronic survégensure thatfunctionality and

applicability to clinical practice remained at the forefrahtring development
physiotherapistavere also asked to rank attributes which relate to the clinical

utility of assessmat in order of importance. Throughout the chapter the
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clinical measure of body alignment in children with CP. A final section looks at

limitations and implications for clinical getice.

4.1.1Assessment construction

Standardised ssessment tools used within health to measure the outcome of
interventionsrequire the properties of validity, reliability and responsiveness in
order to provide quality informatiomndguide clinical deisions (Terwee et al.,

2018; Roach, 2006Iln the development of a standardisedsessmentt is

important to consider the process and framework followed. Crocker and Algina
(20M8) acknowledged that failure to adhere to sound practices in developing
asseassments may in part account for the conflicting and ambiguous results that
often characterise social science research. This is reflective of the research
pertaining to assessment of body alignment within posture management in children

with CP.

Based onlie review carried out ichapter 3; too dten has the research attempted

to demonstrate the effectivenessnd outcomeof posture management

interventions by using virtually untried, unstandardised or unrelated teAtsa

result, this hasproduced inconsitent and inaccurate resulty hereforemeaning

that clinicians and researchers are unable to determine, with clarity and conviction,
whether postural interventionsvere effective; or the measurements were so
imprecise that the true effects of thiatervention went undetected. Closer

adherence to the principles for sound assessment construction and empirical field
testing, prior to experimental investigations being undertaken, would do much to
improve the overall quality of research in physiotherapy, C#/taignment and

posture management.

Test theory provides a general framework for viewing the process of assessment
development(McDonald, 2013)The principles of test theory have been uniquely
derived to neet the specific measurement needs of researchers in social sciences

(Miller and Lovler, 2018)ithin the broader framework of research and evaluation

O

dza
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methodology, test theory is a process of inquiry consistihgelldefined stages
characterised through the testing of psychometric characterigttrecker and
Algina, 208). The tenets of test theory have relevance and fit well into the
development of the CABA assessmenaadinical instrument andas suchwill

form the structure to examine its validity, reliability and responsiveness.

4.1.1.1Theoretical foundationsTest Theory
At its simplest level, test theory is a statement of the possible relationship between
a physiological construct and an observable phenomenon, contextualised in an
understanding that it is possible to predict or control certain patterns of behaviour
through empirical investigation and substantiation of theoretical constructs
(Crocker and Algina, 28p To achieve this, it is necessary to quantify the
observations of behaviour representing the specified const(Getppelleri et al.,
2014) The comprehension @ést theory requires an understanding of the
fundamentals of assessment, measurement, constructs and psychological tests

(Miller and Lovler, 2018)

Assessment is the overall process of selecting and using nmsirig which obtain
data through measuremern{iMcdowell and Mcdowe]l2006) Information collected
is interpreted to inform clinical decisions and evaluate outcomes of therapeutic
interventions(Fawcett, 2013) Measuement has been described apeocess
undertaken within the realvorld by an observefCrocker and Algin2008), the
allocationof numbersto attributes according toa preestablished set atilesor
guidelinegMcDowell and Newell, 200@nd the measurement applies to the
properties ofa constructrather than theconstructitself (Rothstein, 1985)
Measurement is taken of a specific [@gal attribute such as development of a
child (Miller and Lovler, 2018)Psychological attributes are constructs, or
hypothetical concepts of observed behavipwhich cannot be directly measured,

unlike heightand weight(Crocker and Algina, 28D

When consideringhis in relation to this PhORhysiotherapigworking with

childrenwith CP notice that some children, those more severely affected GMFCS IV
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and V, adopt asymetrical body alignment. These asymmetrical body shapes are
significantly improved when these children are placed in adaptive equipment. After
20 aSNUAY 3 oBEKA FZcoRismiE orkmimarand across different
contexts for the same individualghysiotherapist may begin to labetuch
behaviouras‘dlteration in body alignmem This created theoretical construct
whichencompassd a number of similar established behaviogr®unded in

practice and research such as; an impairment in movementanchal

development (Pavao et.al013; Hadder#\gra, 2010; Shumwagook and
Woollacott, 2007), severity of impairment within CP (Rosenbaumn,e2@07),
inability to change position (Fulford and Brown, 1976), adoption of asymmetrical
body alignment (Brter et al, 2008) and requirement for the use of adaptive

equipment (Pountney et gl2009; Gericke, 2006).

However, developing a construct is not the same as measur{@yacker and

Algina, 208). Tomeasure theconstruct,it is first necessary tostablish a

correlating rule between the theoretical construct and observable behaviours,
indicative of the construcfMiller and Lovler, 2018)his process is known as
operational definition(McDowell and Newell, 2006)n relation to measung
alterations in body alignment it is important to specify what types of behaviours in
children with CRarerelated to bodyalignment. The researcher must devise a
strategy for colleting and recording observations of such behaviours in children in
a standardised format. This requires the development of an instrument or

assessment to measure the construct of body alignment.

An assessment is required to haarstandard procedure foobtaining a sample of

behaviour over a specified domaiRinch et al., 2003)Assessment procedures can
NEFSNI G2 200FAYyAYy3a | alYLIES 2F GKS AYRAQ,
characterisedby an academic test, oroffa A Y RA @A Rdzk f Q& G & LA O f |
in questionnairegCrocker and Algina, 20p8Another approach to sampling typical
performance is a list of behavioumshich may be used by the obserV@mnastasi

and Ubina, 1997) This approach is known as standard scheduling and enables the

observer to record behaviours across naturalistic settii@ecker and Algina,
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2008), for example a researcherho preparesalist of body dignment components

to be checked and rated by an observer using a predetermined schedule.

Measurement otheseattributesis achieved through assignmentafjuantifiable
value to the behaviours specified in the assessn{@nbcker and Algina, 28 For
instance, a measurement has been taken wheheaapistcounts and records on a
checklisthe number of asymmetrical bodsegments thathe child displayed in a

set position; his measurement of the construof bodyalignmentprovides an
efficient and useful method for classifying and descrilpogition ofbody

segments Without this construct observing and defining this complex phenomena
would result in confusioiStokes, 201). The use of constructs enables the
observer to begin to categorise and group occurrences of similar behaviour and

communicate observations g concisananner(Brennan, 2010)

4.1.1.2Problems in measurentg of psychological constructs
Physiological constructs acencepts which can only be measured indire¢ifiyller
and Lovler 2018)As such the design of assessment to measure sotbns
present several challging problemgCrocker and Algin&008). In the
development of an assessment of a child with CP body alignment for use in clinical
settings. This represents a situation in which measurement of a psychological
constuct is desiredAnastasi and Urbina, 1998Ilthough the constructsf CP,
body alignment and clinical settings are diverse within themselves, the assessment
developer must also cope with five measurement problems common to all

physiological assessmer(tSrocker and Algin2008).

Firstly;in the measurement of any construct there is no one single universal process
(Brennan, 2010)As construct measurements are always indirect based on
perceivedrelevantbehaviours to the construct, there is always the possibility that
two therapists who identify the same construct miagntify different behaviours to
define the construct operationallfCiocker and Algina&2008; Benson and Clark,

1982) In the case of the development of a clinical assessmeny béignment in

children with CP,isce it is not possible to look directly at the skeletal alignment,
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the developer must designate some superficbservationswhich permits

AYFSNBYOS Io02dzi GKS fA3IyYSyd 2F || OKAf R
requirement of a physiotherapist to identify bony anatomitzaldmarks another is

to observe the positions of specified body segments (arms, legs, amakhead);

whilst another is to combine these two approaches. These differing operational

definitions would likely result in differing measurement procedures, and could well

lead to different conclusion&Crocker and Algina, 280Benson and Clark, 1982)

Secondly; construct measurements ayeicallyfoundedon limited samples of
behaviour(Crocker and Algina, 280 In the development of a body alignment
assessment, it would be impossible to assess all chimCPin all situations in
which possible body alignment problems might occur. Thus, any attempt to
measure their body alignment must involve only a sampleasiibleproblems
(Benson and Clark, 1982)etermining the number of items artiversityof

content requiredto provide an adequate sample is a major problem in developing a
comprehensiveneasuremenprocesyCappelleri et al2014 Crocker and Algina,
2008).

Thirdly; the measurement obtainediisvariablysubject to errorfRoebroeck et al.
1993) Measurement development is based on a limited sample of observations,
taken ata givenpoint in time(Terwee et al., 2003)f the assessment of body
alignment is taken twice over different positions, or between different
physiotherapists, it is possible that the scores would not be idenf&takes2011;
Crocker and Algina, 28Pbecause of the effects of tone, fatigue, change of
position, gravity, and clothing. Such inconsistencies in scores due to sample or
presentationare important considerations when devising psychometric testing of

the construct and methodological desi¢fRothstein 1985)

Fourth; the lack of welllefined items in the assessment sc@iéller and Lovler
2018) Defining properties of the assessment, labelling of items atedpretation
of scores are complex issues which need to be considgvedrews et al.2012)

The fact that one child has no body alignment alterations in sitting, does not
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necessarily mean they alsdall notin lying or standingAlternatively, assuminthat

the higher the child scores in relation to their body alignment variation, the greater
the asymmetry of their body alignmenmiill be. These are components which must

be considered when developing an assesstrand scoring system in relation to the
construct and those related to {Crocker and Algina, 280Clark and Watson,

1995,

And finally; constructshould not bedefinedexclusivelyby operational definition
(Crocker and Algina, 280Clark and Watsqri995) They must also demonstrate
relationships to other construct@viller and Lovler2018) An assessment would
have little meaning or usefulness if it cannot be interpreted within its underlying
theoreticalconstruct(Roebroeck et 8l1993) For this reason, it is important that
theoretical constructswhich underpin assessmeriie defined on two level@Miller
and Lovler, 2018)irstly, the construct must be deéd in terms of observational
behaviourgCrocker and Algin&008). Thisstipulateshow the measurement will be
taken (Clark and Watson, 1995%econdly, the construshouldbe defined in terms
of its relationship & other constructgelevant to the underlyingheoreticalconcept
(McDonald, 2013)This provides a basis for interpreting the measurements

construct validityMiller and Lovler2018)

4.1.2Error of measuremat

LY GKS SIFENIeé mdhbnnQa / KFENISa {LSIFNYIyYy NBLJ
to scores, producing a method for examining these (Lovie and Lovie, P&y

1995. This can be broadly categorised into random or systematic efforsepi et

al., 2010). Systematic measurement errors are those which consistently affect an
AYRAGARdzZ t Qa a02NB 06SOldzasS 2F | LI NI A Odz |
assessment that has nothing to do with the construct being measured (Terwee et

al., 2003). Systematiamrs do not result in inconsistency of measurement, but still

may cause assessment results to be inaccurate and thus reduce their practical

utility (Anastasi and Urbina, 1997). Therefore, in development of the (JteB#s

were rigorously examined by antersive expert panel to ensure they matched the
O2y a0 NHOG 2F 062Reé | fA3AYYSYy(id CdzNIHKSNI SEI
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the construct of CP wilbe examined in more detaih the next chapter apart of
this PhD projecfchapter 5) These apmaches aim to minimise any systematic

errors associated with the CABA.

Ly O2y NI} aidz NIYR2Y YSI&adiNBYSyd SNNBNR |°
purely happen chancgpearman, 2010Potentially confounding variables may

occur in either the assessor the individual being measured and may affect an
AYRAQGARdzZ t Qad &02NB Ay SAGKSNI I LIR2aAdAgdS ;
2008). Random errors reduce both the consistency and the usefulness of the

assessment scores (Mawell and Mcdowell, 2006 Consequently, in examination

2F GKS /1.1 Qa NBtAIoAfAGE AG A& AYLRNILFY

sources of random error will influence the assessment scores.

Spearman's model was that any observed test score coutteberibedas two

hypotheticalelements a true score and a random errd@rocker and Algina, 280

X=T+E

Measurement = true value + error

This is where X = observed score,iTKk S L y Rrie@déofe daid £ © Random

error (Brennan, 2010)For exampleon the 20item CABA, a child with CP may

actually have perfect body alignment, a score of 0. However, by chance today they

are ill; consequently, this causes the child to lean to the side increasing their overall
A02NB o0& H LRAYGAI NXstodztoécdming: Ay GKS OKATf |

X=0+2=2

Furthermore a child with CP may actually have optimal body alignment, a score of
0, however the assessing therapist misreads 3 items marking body alignment on
these three items deviating by a score of 1 for each item. Gpresgly, the

observed score is:

X=0+3=3
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These examples illustrate the effect of measurement err@rserrormay assume
any one of a set of variables (McDonald, 2013). As such, raedamrscan be
defined as a variality in scorethat occursaccordng to anumberof possibilities

(Brennan, 2010Crocker and Algina, 2008

Whenever an assessment is undertaken, the score obtained can also be considered

a realisation of tis variability(Lovie and Lovie, 2010). Assessment scores can be
conceptualisedn this way; for example, the CABA consists of a specific number of

items, 20.0f the CABA items all 20 scor8,0eleven of these items record a

separate score for left and right sides of the bady ! OKAf RQa & 02NB Y
between 0 and®3. Befae the assessment is administered, we cannot know what

random measurement errors may occur, to both the child and therapist

F RYAYAAGUGSNAY3I GKS aaSaaySyiod ¢KSNBEBT2NE=:
possibly assuming one of several values accordirg tonknown set of

probabilities(Crocker and Algina, 2008)

The distribution for a set gfossiblescores for an individual can be considered a
random variablgSpearman, 2010)lhe score obtained when the assessment is
administered is a realisation ofélrandom variabléCrocker and Algina, 28D To

obtain an estimation of this hypothetical distribution of scores for a therapist or
child, repeated administration of the assessment is required (McDonald, 2013). The
fluctuation of CABA scores and theirtdlzution from repeated testing provides an
estimate of the probabilities of how close observed scores are to true scores on any
particular testing occasion. Given the definitions of true and error scores, it seems
clear that when therapists or researchexdminister a measure, they only know the
observed scorewhen the true score would be of greater interg§trocker and

Algina, 2008 An important consideration for test researchers is how closely the

true scores on a test are to the observed scqidsDmald, 2013)
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4.1.3Role of test theory in research
Within the broadercontextof research and evaluation methodology, test theory is
a process of inquirwithin apreciseframework Crocker and Algin@008, p.11)
characterise tis as weldefinedstages:
1. Formulating a research question or hypothesis
2. Specifying operational definitions for each variable in the hypothesis by
determining how it should be controlled or measured during the study.
3. Developing or seleatg the instrument and procedures needed to obtain
and quantify the observations on each variable.
4. Testing the accuracy and reliability of the instrument and procedures to be
used.
5. Collecting experimental data within the framework of an experimental
designthat will permit the original question to be answered.
6. Summarising the data mathematically, and when appropriate, conducting
statistical tests to determine the likelihood that the observed results were

due to chance.

A systematic process for assessmentelepment should be grounded in
consideration of thentendedpurposes for whiclscores derived from the
assessment will be usg@rocker and Algin&2008). For example, suppose a
physiotherapist wanted to develop assessment of body alignment for CP
children. Ultimately, information from the scores of such an assessment would be
useful fordetermining the degree of body alignment charaged supporting clinical
rationale for provision of positioning equipmentetsucd an assessment would not
0S ofS G2 I OO0daNY GSte O2ftfSO0 OKAfR FyR |
use of equipment. The content of an assessment designed to assess child and
parent opinions to approaches to body alignment, would probabhedifom an
assessment designed to identify specific changes in body aligniestch,tiis
doubtful whethera single assessment could be developed to nadléehese needs
optimally (Finch et al., 2003)'herefore clarity in regards to the purpose of the
assessment is important in ensuring that the developed tool measures what it

intends to(Mcdonall and Mcdowell, 2006)
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Generally, the process of translating constructs into specific items is largely
undocumented andnformal (Crocker and Algina, 280 However, Crocker and

Algina (208) haveoutlined stepswhich developers of assessment tools may follow
to develop a strong tool with fewer idiosyncrasies. Thetepswere undertalen in

the item construction of the CABA. Steps 1 and 2 were undertaken first to create an
initial outline of an assessment. Steps 3 and 4 were then undertaken to gain further

development of the assessment and investigate validation of the content.

1. DirectObservation
This is where the assessment developer identifies behaviours by direct
observation(Crocker and Algina, 28 For example, a physiotherapist,
developing an assessment of body alignment in childvéeh GP, might find
that real lifeobservations othildren wouldhelp identify and develop items
which represent body alignment.

2. Review of the research
Identifyingbehaviours that are most frequently studied and reported by
others are used to define the constuof interest. This can be a
heterogenousapproach or focus on the work by one particulasearch
field (Crocker and Algina, 28)

3. Content analysis
Open ended questions foarticipantsabout the construct of intereattilises
responsego identify topical groupings Thetopicsthat predominately occur
are taken asnaincomponents of the construgCrocker and Algina, 268D

4. Expert Judgement
The assessment developaitainsinput from individuals who havdirect, in
the field, experienceof the construct Information is collected by interviews
or surveys (Crocker and Algina, 3Dd~or examplea physiotherapist who
wants to develop an assessment for body alignment of CP children, can
survey a group of paediatric physiotherapists to identify types of biehes
that should be included.
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The tenets of test theory have great relevance in the construction and psychometric
examination of the CABA assessmeahiapter 2). As suchtheseinformed the
construction, content and construct validity, inteater and ntra-rater reliability

and responsiveness of the CABA assessment.

As this study is part of a wider investigation into the clinical assessment of body
alignment in children with CP as part of a ReBearchproject, the aim of this first
phase ofthe projectis the construction of the Clinical Assessment of Body
Alignment (CABA) and its content validititis chapter represents the first phase in

the psychometric investigation of the CABA assessment in children with CP.

The purpose of thishapterwasto develop a tool to provide a clinically useful
measure of postural alignment and to examine the content valitlitgugh a study

whereby paediatric physiotherapists reported on the content of the CABA items

4.2 Methods
Approval for this study was ohiteed from the Ethics Review Board of York St John
University, UKREF: 069011429 George_04032@ppendix?).

4.2.1Development of the Clinical Assessment of Body Alignment (CABA)

Body alignment as described in chapter 2 is the position of body seginents
relation to one another and their orientation in spa@&hite, 1999) Body

segments are defined as the position of the head, trunk, pelvis, arms, legs and feet.
These areonnectedthrough the spinal jointships, shoulders, knees, and wrist and
ankle joints, known as the body linkag@ope, 2007)Impairments in bdy

alignment have been documented in children with CP. Depending on the GMFCS
level of CP, children mapow primary impairments in body alignmemingto

stability and postural control, functional movement abilities and musculoskeletal
structures, environmental forces and demands. Body alignment requires the
individual to have controlled antigravity movemts that enables selective

positioning of body segments relative to stability, motor task and environment.
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As discussed in chapter 2 the relationship between body alignment, postural

control and motor development has been implied in many research stugets

remains underexplored. The importance of body alignment for functional

movement in children with CP, denotes the need for a valid, reliable and clinically
feasible assessment measure of body alignment. The ability to describe and analyse
when and howbody alignment is impaired and monitor change in body alignment is
an important component of clinical reasoning within therapy for children with CP.
This should lead to amelioration as much as possible via specific interventions,

prominently posture managment programmes.

4.2.2Item construction

In developing an assessment, a developer must ask the question how to measure it
(McDonald, 2013 Developing a pool of items to measure a constingblves

selecing an appropriate item format, verifying that the proposed format is feasible
for the intended assessment group and writing the iteflcDowell and Newell,

2006 Clark and Watson, 1995

Different types of expersie are required to review the item pofCrocker and
Algina, 208). For example, experts in subject matterd the field of CP and
postureare best qualified taertify that the itemsare relevant,comprehensive and
identify any possible bia&eneral expgence in measurement and test
constructionfor example, thosenvolvedin research anghsychometric test
evaluationmay assist in ensurirthat items are free from construction flaws
(Crocker and Algina, 28p As sieh, in the development and review of the CABA

items expertsn a research and clinical background were sought.

An initial list of items was compiled blye primary researchewho hasjust over 15

@S NR&a Oft AYAOlt SELISNASyYDSitedsiniers haged adt SRA |
GKS NBaSIFNOKSNEQ (y26ftSR3IS 2F LIaddz2NB |y
experience and compared to items on tReAS (Rodbgousquet et al., 2014),

SPCM (Fife et al., 1991) and CLAS (Pountney et al.,tb35ure no signitant

items were missedNo outstanding items were identifidoly the primary
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researcherit was noted that sections of the CABA were common to those in other
assessments items (head, trunk, pelvis, arms, legs, feet), howeveubsections

of these sectias were different in the CABA. A preliminary list of body segment
items was collated and items expanded upon to cover all planes of movement
across lying, sitting and standing; this created a detanédahl list of 56 items for

the CABA (semble4.1).

The initial 56 items were reviewed by three researchérese were members or

associate members of the PhD supervision tephysiotherapists with collectively

2SN nn @SEFNBRQ SELISNASYOS Ay NB&aSINDODK |yl
were held amog the researchers to reach consensus regarding: 1) how to reduce

clinical and respondent burden by decreasing the number of it@nglentification

of technical itemconstruction flaws and bia8) how to improve item/test

readability.

No items were remwed; two items were added to enable differentiation between
upper and lower leg position in sitting (Section E:deg sitting: flexion / extension
upper leg and flexion/ extension lower leg). In a second revision, items scored on
the right and left sidde.g.,arm flexion / extensiopwere combined into a single
item with a separate score for each sjde example of this for arm alignment item
combination is shown iappendix3 initial versionandappendix4 revised version
This decreased the numbef bems but capture asymmetries between sides of

the body. This resulted in thirtgix items being combined; reducing the total

number to 20 itemst@ble4.2).

The next step following the agreement of thevisedlist of CABA items by the
research expds was to determine the categories to grade changes in alignment
across all 20 item®ecisions on posture category size are important in optimising
analysis and minimising observer er(@ndrews et al., 2012as the CABA is an
observation assessment of alignment this was an important component in the

I & & S & da¥cBrylcy @nd functionality.
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Table4.1: Clinical Assessment of Body Alignmigritial items*.

A: Head CABA 1 Flexion / ex¢énsion
CABA 2 Side flexion Right
CABA 3 Side flexion Left
CABA 4 Rotation Right
CABA 5 Rotation Left
B: Trunk CABA 6 Flexion / extension
CABA 7 Side flexion Right
CABA 8 Side flexion Left
CABA 9 Rotation Right
CABA 10 Rotation Left
C: Pelis CABA 11 Anterior Tilt
CABA 12 Posterior Tilt
CABA 13 Obliquity Right
CABA 14 Obliquity Left
CABA 15 Rotation Right
CABA 16 Rotation Left
D: Arms CABA 17 Flexion Right
CABA 18 Flexion Left
CABA 19 Extension Right
CABA 20 Extension Left
CABA 21 Abduction Right
CABA 22 Abduction Left
CABA 23 Adduction Right
CABA 24 Adduction Left
E: Leg; Standing / lying CABA 25 Flexion Right
CABA 26 Flexion Left
CABA 27 Extension Right
CABA 28 Extension Left
CABA 29 Abduction Right
CAR 30 Abduction Left
CABA 31 Adduction Right
CABA 32 Adduction Left
CABA 33 Internal rotation Right
CABA 34 Internal rotation left
CABA 35 External rotation Right
CABA 36 External rotation Left
E: Leg Sitting CABA 37 Flexion Right
CABA 38 Hexion Left
CABA 39 Extension Right
CABA 40 Extension Left
CABA 41 Abduction Right
CABA 42 Abduction Left
CABA 43 Adduction Right
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CABA 44 Adduction Left
CABA 45 Internal rotation Right
CABA 46 Internal rotation left
CABA 47 External rotaion Right
CABA 48 External rotation Left
F: Foot CABA 49 Inversion Right
CABA 50 Inversion Left
CABA 51 Eversion Right
CABA 52 Eversion Left
CABA 53 Plantarflexion Right
CABA 54 Plantarflexion Left
CABA 55 Dorsiflexion Right
CABA 56 Dorsifexion Left

*Specific scoring criteria for each item noted on CABA assessment (Section: 4.2.4.2)

Table4.2: Clinical Assessment of Body Alignment revised items

A: Head CABA 1 Flexion / extension
CABA 2 Side flexion
CABA3 Rotation
B: Trunk CABA 4 Flexion / extension
CABA S5 Side flexion
CABA 6 Rotation
C: Pelvis CABA 7 Anterior / posterior Tilt
CABA 8 Obliquity
CABA 9 Rotation
D: Arms CABA 10 Flexion / extension
CABA 11 Abduction / Adduction
E: Legg Sanding / CABA 12 Flexion / Extension
lying CABA 13 Abduction / Adduction
CABA 14 Internal / External rotation
E: Legs Sitting CABA 15 Flexion/ extension Upper Leg
CABA 16 Flexion / Extension Lower Le(
CABA 17 Abduction / Adduction
CABA 18 Internal / External rotation
F: Foot CABA 19 Inversion / eversion
CABA 20 Plantarflexion / dorsiflexion

Specific scoring criteria for each item noted on CABA assessment (Section: .4.2.4.2)
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4.2.3Posture categorisation

Current selection and justificatioof posture category size remains subjective and
inconsistent. Observational posture analysis has not been utilised in children with
CP however has been explored within the fief&ecrgonomics. Observation based
posture assessment methodse widely utilsed to quantify working postures and
calculate the risk factors, as a result of job design and derflamde et al., 2014)
These ergonomic assessments include body alignment, static and dynamic
movement, repetition and forcatems that are considered important parts of safe
working limits(Sutherland et al., 2008Body alignment assessment involves
observation of trunk, neck and arm positions, slgng posture into sections,
termed posture categorie.owe et al., 2014Each category is determined by a set
range of movement, such as030°, and assigned a numerical score. Risk level is
identified bycombining the posture category score with other items relating to

load, force and movement.

Many of the ergonomic observatidmased methods used are not standardised in
terms of how the postures are recorded or the posture categories used to quantify
working posturegLowe et al., 2014 Rationales for setting the number and size of
posture categories used are often brief and subjec{i&edrews et al., 2012)he
selection of posture categories varies across the assessments with some studies
selecting ategories in 45° sections as this is thought to be aneseagily
distinguished JuutKristensen et al., 2001)vith others selecting anywhere from 15°
to 50° of variancéLowe, 2004)The narrower the range and greater the number of
categories increases error likely to occur between borders dividing different
classification, known as bin border errors (Andrews gt28l08). Van Wyk et al
(2009)found that the narrower the posture category, the increased likelihood

that observer error would occur. While Lowe e(2014)identified that

observation ranges between 15° and 3@3re found to be an acceptable variance
to enable posture categorisation and have a reduced observer error in some
movements. Low€2004)identified that having fewer posture categories, between

a three and sixategory scale, provides a greater likelihood of making a correct
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posture classification, posture categories greater than six were accompanied by

higher error in classification.

Determining the optimal size of posture categories is a traffdetween
minimising observer error and the degree of precisi@ndrews et al., 2012)his
approach has been used for the trunk, shoulder and elbow. More spatyifitan
Wyk et al(2009)investigated optimal posture category size in a vidbased
posture assessment to classify working postures. Different body segments and
views were examined by 90 university students; participants were divided into
three equally sized groups%£B0) to determinanovement across three body
segments.The study concluded optimpbsture category sizes and number of
categories for each body segment movememitmprove observer accuragtable

43).

Table4.3: Optimal Posture category sizes and nuanbf categoriegVan Wyk et al.
2009)

Category size 30° 15° 30° 30° 30°
No. of categories 4 3 5 5 4
*Trunk flexion (TRFL); Trunk lateral bend (TRLB); Shoulder flexiongiert€8HFL);

Shoulder abduction /adduction (SHAB); Elbow flexion / extension (ELFL).

This provides guidance on the selection and size of posture categories in workplace
posture risk assessments. Its transferability to the field of CP and body alignment
assessment has not been explored, yet the method used to classify observable
posture in workbased setting has merit and applicability to the clinical use of a

body alignment assessment in CP.

The predominanfactors that influence the selection of the dime posture
categories are based on body position and the risk this places when considering
load, force and repetitiofLowe et al., 2014)Ergonomic posture categories are
therefore, more specific to these faors rather than those important to CP

assessment. This is evident in the category size of ergonomic obserbased
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posture assessments. Categories start from and are inclusive of a 0° body position,
such as 030° as body alignment within this deviatiorom optimal is deemed

lower risk(Lowe et al., 2014 However, in children with CP a deviation of 30° could
be considered a marked and significant risk to their body alignr(feotby

Bousque et al., 2013) The aim of posture management intervention is to maintain
an optimal body alignment to prevent deformity and enhance functiearley et

al., 2003) Children with CP who require posture managemergrvegntion (GMFCS

IV and V) not only have difficulty with body alignment but also muscle tone and
musculoskeletal system limitatioffRosenbaum et al., 2007)hese are important
factors which impact on body alignmieand should be a consideration when

selecting posture categorisation.

Being able to discriminate between degrees of asymmetry and deviation from
optimal is neededo measure alterations in body alignmemthich ae relevant to
childrenwith CPand theirtherapy intervention. Early detection of change in body
alignment or corrections within body alignment towards optimal are core principles
within the posture managemendf this cohort(Gericke 2006; Fulford and Brown
1976) Although the focus of ergonomic observatibased assessment may not
transfer directly to CP their method of posture classification does provide a
structured approach to classification of body alignment. This approach @tiaoch

influenced the development of the CABA posture classification and assessment.

During the development of the CABA posture classifications from both the
ergonomic assessment literaturiie needs ofchildren withCP and posture
management interventins were considered Toreduce observer error a lower
number of classification categories were aimed(loowe, 2004)and so3

categories which identified a deviation from optimal were set for each item. These
arescored 13 with 1 being the mildest deviation and 3 being the severest
deviation. It was necessary to also be able to identify an optimal body alignment
for each item. Therefore, an additional posture category which ranged 5° either
side of optimal was eated with a score of 0, indicating optimal alignment. This

was set for two reasons; firstly,was felt that a broad category which started from
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0° would lack responsiveness to early changes in body alignmentheemdfore,

would have reduced applicaly to childrenwith CR Secondly; observers find it

more difficult toclassify posturewith little or no category rangéAndrews et al.,

2012)s YIF1Ay3d RSGSN¥AYyAy3a I a0O2NHoperito | SNB X
increased error. The setting of a range 5° either side of optimal would improve

observer classification of optimal posture whilst still allowing for responsiveness to

changes in body alignment.

In setting the size of posture categories it iportant to take into consideration
the differences in range of motion at different jointisowe et al., 2014)Conversely,
having ranges which are set in similar division across fewer categories, aids
observer rsponse and can reduce errgigan Wyk et al., 2009These principles
were consideredon the development of the posture category sizes in the CABA
items. The posture category size for all items was set as foB6w20°/ 20°- 60°/
60°+, with the exception afevenCABA items. Four of these items: Arm flexion/
extension, arm abduction / adattion, leg sitting upper leg flexion / extensioleg
sitting lower leg Flexion / extension had a greater range within @aciure
category due to their being a greater range of movemaihe joints Three of
these items: leg rotation, foot inversion/eversion and foot plantarflexion /
dorsiflexion ha a smaller range within each posture category. The posture

category sizefor these seven CABA items are showtainie4.4.
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Table4.4: Posture category size for seven CABA items

Category 5°-40° | 5°-40° | 5°-20° 5°-20° | 5°-20° | 5°-20° | 15°+
size 40°-90° | 40°-90°| 20°-60° | 20°-60° | 20°-40°| 20°-40°| 5°-15°
90°+ 90°+ 60°-85° | 60°-85° 40°+ 40°+

5°-20°

95°-120°| 95°-120° 20°-40°

120°+ 120°+ 40°+
No. of 3 3 3 3 3 3 2

categories

2 2 3

* Abduction (Abd)Adductian (Add); Inversion (inv); Eversion (eviarRarflexion
(PL); Dorsiflexion (DF)

Fourof the items; Leg sitting upper leg flexion / extension, leg sitting lower leg
flexion and foot plantarflexion / dorsiflexion also had a reduced number of
categories in one direction of movement, this again was because of the limitation of
the joint range from optimal. The division of these into smaller ranges to model the
3-category melhod was decided against as the division of category sizes into
greater number but with smaller ranges has been found to increase observer error
(Andrews et al., 2008 Lowe, 2004therefore, two categories were kept for four

of the items in one movement direction.

How the categories are presented can also impact on accuracy and assessment time
(Andrews et al., 2008. Andrews et af 2012)examined the effect of category

salience on decision time and error of observatlmsed posture classification. This
study compared several presentations of posture categories to 90 participants,
concluding that posture cagory diagrams with a grey border enhanced response

time and reduced error. Each posture category item on the CABA was presented in
a grey border, agaifor the purpose ofedudngobserver error and increasy

speed of assessment. This resulted in thases itemsof the CABAt&ble4.2) with
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posture classification categories ranging fror8@ompletefor expert content

validity evaluation.

4.2.3.1Posture categorisation in the CABA
The CABA posture classifications used3as@oring system to rank thaignment
with O indicating a position within 5 degrees, either side of optimal alignnaa,
three indicating the most significant deviation away from optimal alignment. All
revised CABA itemsaple4.2) were based on this scoring system with the
excepton of four items {tems 15, 1619and 20). Due to the limited joint range
from optimal, which would result in narrow ranges within each score, these items
were scored based on a®scalan onemovementdirectionto minimise observer
error. With the excetion of 3 items (1, 4 and 7), all scoring was designed to
differentiate the left and right of the body. Items 1, 4 and 7 are scored based on

the direction of the movement.

4.2.4Study design

A nonexperimental, cross sectional design was used to exaithia content

validity of the CABAResponsible use of standardised assessments requirestoser
be able torationaliseinterpretationsdrawn by having alearjustificationfor using
the scores for thentendedpurposeof the assessmerdand for selectinghis over
other possible procedured-awcett 2013). Such justification has two prerequisites:

validity and reliability.

Il KAIK NBfAFOAtAGE O2STFFAOASYU AYRAOIGSa
scoregBensorandClark1982F o6dzi GKA A R2Sa y24 YSIy GKI
AYFSNBYOS&a INB RSFSYRIoftSd® 9FARSYOS 27F |
sufficient to justify the resultgMcDowelland Newell 2006). Validation is the

process by which an assessment developer or user collects evidence to support the

types of inferences that are to be drawn from the scof@®okes2011)

When planning a validation study, the desired inferences must be clearly identified

(Crockerand Alging 2008). For situations where the therapist wants to draw
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inferences from the assessment scores to a larger domvalidity of the content is
required(Gotch 2014) Content validity was required as the CABA scores are to be

applied to the domain of childrewith CP In the absence of criterion ar

universally accepted quajito bemeasured obody alignment (see chapter 8)

justify inferences, more than one type of validation study may be requiGaich

2014) In relation to the CABA the process of validation of an assesQrmntent

and validation of the nature of the construct it relates to are inseparably linked.

Content validity is a process within the establishment of construct vali@ibtch

2014 as thisresearchaimsto invesigate construct validity of CABA, content

gt ARAGE gAftf 0SS SELX 2NBR FTANARG & LI NI

validation.

4.2.4.1Participants
A purposeful sample of all members of tAssociation of Paediatric Chartered
Physiotherapists (APCR)special interest group within the field of paediatric

physiotherapy, was undertaken.

Purposeful sampling techniques involve selecting participants based on a specific
purpose rather than randoml{Bowling 2014) It is used when the researcher

wants to select a sample that represents a broader group of individuals as closely as
possible(Hickson 2@3), in this case paediatric physiotherapists. This sampling
method was seleci@ to achieve representativeness across a specific criterion
(experience of clinical assessments of body alignment) and cohort of individuals

(paediatric physiotherapists).

4.2.4.2Clinical Assessment of Body Alignment (CABA)
The Clinical assessment of body aligmt assessment, with scoring system is

shownon pagesl16 to 126.
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Clinical Assessment of Body Alignment: CABA:

The CABA is an assessment of body alignment in children with CP. It enables you to record alignment, or
deviations from optimal in terms of body segment, left and right and direction of deviation. This can be
applied across lying sitting and standing positions.

Definition of Body alignment:

The position of body segments in relation to one another and their orientation in space. Body segments are
defined as the position of the head, trunk, pelvis, arms, legs and feet.

Scoring Guidelines:

Each body segment to be assessed is clearly titled in sections A - F. Each corresponding body alignment item,
relating to the specific body segment, is outlined underneath the titled section.

The first picture for each of the items depicts ‘normal’ or ‘optimal’ body alignment; a score of ‘0’ is given if
there is no deviation observed.

Circle the score which best fits your observation of alignment.

You score what you see:

The CABA has 20 items split into 6 sections A-F. In each of these sections, the protocol begins with
observation of the individual’s body alignment. If ‘normal’ or ‘optimal’ body alignment is observed (i.e. the
first picture for each of the items), a score of zero is given for these items. 5 degrees either side of 0 is

regarded "normal" posture.

If the individual cannot attain ‘optimal’ alignment, observation of body alignment is conducted and the sever-
ity of body alignment is scored according to the amount of deviation away from ‘optimal’.

For cases in which you cannot decide between one of two scores, document the ‘highest’ value.

Example: Scoring item 3: head

e —
alignment (rotation)

Observed position head rotation Red line indicates rotation of head

through central axis and denotes
score

forward on the left.

CABA score: 2 (Left)
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Scoring across arm / leg and foot

Items relating to leg, arm and foot record a score for left and right sides of the body, so two scores are given
for each.

Example: Scoring item 20: Foot align-
ment (Plantarflexion / dorsiflexion)

Observed position Right and left foot.

CABA score: 1 (Right Dorsiflexed)

1 (Left plantarflexed)

Unable to Score

If you are unable or do not make an observation for an item then it must be scored as not tested (NT). NT
should always contain a comment regarding the nature of the absence of observation for future reference.

Total Scoring:

After completing the CABA, record the value for each item on the score sheet. Record the score enxt the item
and direction of deviation , left or right side.

Determine the head score by summing items 1-3 (section A). Determine the trunk score by summing items 4-
6 (section B), the pelvis by summing items 7-9 (section C) and the arms by summing items 10-11 (Section D).

Determine the standing or lying leg position by summing items 12 — 14 (Section E) or the sitting leg position
by summing items 15 — 18 (Section E), and the foot position by summing items 19-20 (section F).

Determine the total CABA overall Body Alignment score by summing all the items together.

A score of ‘0’ indicates that the individual has no body alignment deviations and that their body alignment is
in the optimal position.

A score of greater than ‘0’ indicates alterations in body alighment, the greater the score is from ‘0’ the greater
the severity of deviation in body alignment.
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Section A: Head position
Item 1: Locate head alignment (flexion / extension)
Position of the individual’s head from the side. ltem scores the head position from 0 - 3.

1

-5°-5°

Score: 0 *

Item 2: Locate Head alignment (side flexion)

Position of the individual’s head from the front or back. ltem scores the head position from 0 - 3.

-5°-5° 1 1
amnenWEEa,
S 0 “.’----' . ..'..

core: o : & e, D
2 .. \5°20° & 5°20° ¢

' : - 20°-60°

’ : i3
3 & 60°+ :

Item 3: Locate head alignment (rotation)
Position of the individual’s head in the transverse plane. Item scores the head position from 0- 3.

Score: 0

.

‘e

5° °o_go
5°-20°

Siaa,
Traag,
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Section B: Trunk Analysis

Item 4: Locate trunk alignment (flexion / extension)

Position of the individual’s trunk from the side. Item scores the trunk position from 0 - 3.

Score:0 5

Item 5: Locate trunk alignment (side flexion)

Position of the individual’s trunk from the front or back. Item scores the trunk position from 0 - 3.

Score:0 -5°-5°

Item 6: Locate trunk alignment (rotation)

Position of the individual’s trunk in the transverse plane . Item scores the trunk position from 0 - 3.

Score: 0
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Section C: Pelvis analysis
Item 7: Locate Pelvis alignment (posterior / anterior tilt)
Position of the individual’s pelvis from the side. Item scores the pelvis position from 0-3.

5205 1
Score: 0 IR PULLL TP

w

Item 8: Locate Pelvis alignment (obliquity)

Position of the individual’s pelvis from the front or back. Item scores the pelvis position from 0- 3.

Score: 0

5°15° 5950

Item 9: Locate Pelvis alignment (rotation)

Position of the individual’s pelvis from the transverse plane. ltem scores the pelvis position from 0 - 3.

3

FPTLH e,
o® .

Score: 0 Rag : 60+

. .
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Section D: Arm Analysis
Item 10: Locate arm alignment (flexion / extension)

Position of the individual’s arm alignment from the side. Item scores the arm position from 0—3.

Score: 0
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Item 11: Locate arm alignment (abduction / adduction)

Position of the individual’s arm alignment from the front. Item scores the arm position from 0—3.

Score: 0
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Section E: Leg position (standing or lying)
Item 12: Locate leg alignment (flexion / extension)

Position of the individual’s leg from the side. Item scores the leg position from 0—3.

Score: 0
5o Left Leg
N
3 % 60+
"¢
-5°-5°

Item 13: Locate leg alignment (abduction / adduction)

Position of the individual’s leg from the front or back. Item scores the leg position from 0—3.

Right Leg

Score: 0
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Section E: Leg position (standing or lying)

tem 14: Locate leg alighment (rotation)

Position of the individual’s leg from the front. Item scores the leg position from 0—3.

Score: 0

Left Leg
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Section E: Leg position (sitting)
Item 15: Locate Upper leg alignment (flexion / extension)

Position of the individual’s leg from the side. Item scores the leg position from 0—3.

Score: 0
Left Leg Right Leg
o,
\2 85°-95°
., & se20i
2 ey o .
LT T
3
Item 16: Locate Lower leg alignment (flexion / extension)
Position of the individual’s leg from the side. Item scores the leg position from 0—3.
Score: 0

Left Leg

85°-95°
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Section E: Leg position (sitting)
Item 17: Locate leg alignment (abduction / adduction)

Position of the individual’s leg from the front or back. Item scores the leg position from 0—3.

Left Leg

Score: 0
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Item 18: Locate leg alignment (rotation)
Position of the individual’s leg from the front or back. Iltem scores the leg position from 0—3.

Score: 0
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Section F: Foot position
Item 19: Locate foot alignment (inversion / eversion)

Position of the individual’s foot from the front or back. Item scores the foot position from 0—3.

Score: 0

5°_5° 5o _5e

e

Left Foot

Right Foot

Item 20: Locate foot alignment (plantarflexion / dorsiflexion)

Position of the individual’s foot from the side. ltem scores the leg position from 0—3.

Score: 0
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4.2.5Procedure

The purpose of content validity is to assess whether the items on the CABA
assessment adequately represent the construct of body alignr{@®otch 2014) A
consensus process and correlation design eraployed. This followed the
procedure whereby a panel of independent paediatric physiotherapy experts
judged whether the CABA assessment items adegjyaepresentedthe construct

of body alignment.

The CABKems(see section 4.2.4.2yere sent outvia anelectronicsurvey using
Qualtrics platformo APCP membeilsee appendi®). Tomaintain participant
anonymity,the survey was sent out througlkseof a gatekeeper,lie APCP
committeeresearchiead. This meant that there was no direct contact between the
researcher and possibfgarticipants Participantsvere asked at the start of the
surveyto leave a6-digit codeusinga combination ohumbers andetters from

their birthday and postcode. This created a unique andnymoudigital identifier

to individualdataresponseswhich participans could use should theyish to

withdraw their data within @&0-dayperiod of the survey launch.

Participantswvere asked to contribute if they worked within the field of posture /
postural management with children with @$ee appendi®). Participation was
voluntary and consent waassumedhrough participants clinking on the survey

link. Participant informatiomwas also provided on a separate link on the same email
giving clarity on what was expected and the use of the ¢sea appendix).

Details of the fulkthicalapplicationfor this studyare detailedn appendix8. To
evaluatethe diversity within theparticipanttsample theparticipantswere asked to
answer 4 questions relating to ACPC regyaars of experience, place of work and
area ofspeciality This allowed foanalysiof how representative thesamplewas of

the targeted users, paediatric physi@tapists.

Respondents were asked to consider and score the 20 items in relation to relevance
to body alignment. One open ended question was also provided for respondents to

state any other itenof assessment that they felt should be includ&ksponderd
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were also asked to consider and rate the importance of clinical utility attributes

which they felt would assist assessmettsctionalityin clinical practice. As the

CABA is intended to be a clinically based assessment, ensuring it aligned with crucia
attributes was an important consideration in its development. They were asked to
rate items that have been identified as supportive of the clinical efficiency of an
assessment including: training (formalpst time to administer format (paper vs.
eledronic or both) environments applicable to assessment usase of

administration (equipment, therapist stress, demand on chiid@nsportability of

the assessmentind ease of scoring analysis.

Within the instructions, theonstructof interest, body &gnment in children with
CP, was clearly defined and the participants were provided with a structured
framework for the matching of item3d.his ensured that all participants had a clear

and consistat interpretation of the construct of body alignment.

4.2.5.1Weighting of items to reflect importance
In the development of framework for matching items it was important to consider if
items should be weighted to reflect importand@ne common procedure is to
assume that all the items are equal in va(@rockerand Alging 2008). This
viewpoint, however, is not universal. Katd973)suggested weighting or ranking

items in terms of their importance, advocating ordering this usirtgpoint scale

It wasimportant then to consider whether aspects of body alignment and items to
be measured on the CABA should be weighted to reflect performéoee

aspects of performanceould be viewed amore critical than othersin therapy
asessments, sometimes all aspectsaafonstruct(body alignment) are of equal
value. For examplén undertaking an assessment of body alignment, the
assessment of the trunk and legs is no more or less important than assessment of
the head and arms. Theraf, the CABA assessment items were rated as either

matching or not to theconstructof body alignment.
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However, inaskingLJK & & A 2 U Ki&wd- cliditad ulillly @emsmportance

relating to the CABA, some aspects of performacmald be viewed asore critical
than others. For exampé undertaking an assessment of body alignment within a
clinical setting, theassessmer®@ease of use and cost may be of greater importance
than the assessment format (paper or electronic) or environments the assessment
can be applied to. Therefore, the CABA clinical utility items were rated in terms of
iImportance using a-point scale (1=essential, 2= Important, 3= Acceptable, 4=
marginally relevant, 5= not relevant). In using this approach, it was important to
provideparticipants with a common definition of importance to avoid participants
developing their own idiosyncratic definitions. For example, in judging importance
of an objective one physiotherapist might consider the amount of function related
to it, while andgher might define importance in terms of its relationship to future
deformities. The common definition of importance provided was 1=essential
RSTAYSR a4 WAGSY Aa SaaSyidAialft FyR Ydzad o
clinicalutilityQTo exclude thigzould mean that the assessment had an extremely

high risk of not being able to be used in everyday clinical settings. 5= not relevant
RSTAYSR |4 WGKAA AGSY 42dzZ RusgdBmdnNI A Y LI O
SOSNERIF& Of AYyAOIf LINFYOGAOSQ®

4.2.5.2Framework for matching items
The respondents were instructed tead through the presented CABA items.
Respondents were given clear descriptions of the items to be considered for
matching to theconstructof body alignment. Each body segment to be assessed
wasclearly titled; each corresponding body alignment item relating to the specific
body segment was outlined underneath the titled section. For examplefiger
4.1:

The CABA assessment items were rated as matching (yes / no)¢ortkguctof
body algnment. Clinical utility items were rated in terms of importance to the rater
using a Fpoint Likert scale (1=essential, 2= important, 3= acceptable, 4= marginally

relevant, 5= not relevant



130

Section AHeadAnalysis

Item 1: Locatdheadalignment (flexio / extension)
-5°  b5°

Score: 0

Figdl:t 23 A GA2Y 2 F HaaKl®m dcefd? théeadposgitidn f@ain 0- 3.

4.2.6Data analysis

Content validityis a nonstatistical tyg of validity that involves the degree to which
the content of the assessment matches a content domain associated with the
construct(Gotch 2014) Content related evidence typically involves subject matter
experts(SME's) evaluating test items against the test specifica(iRoshstein

1985)

An assessment measure has content validity built into it by careful selection of
which items to includ€Anastasi and Urbind997) Items are chosen so that they
comply with the assessment specificatjevhich is drawn up through a thorough
examination of the subject domaifroxcroft et a{2004)noted that the use of a
panel of experts to review specification of a t@dpecifications and item selection
improved the content validity of a testherefore,item matching is a more

qualitative approach than quantitative.

Each participant was assignedimique reference number and the questionnaire
responses were extracted from Qualtrics into th&iBtatistical Package for the
Social Sciend&SPSS version 25). Data analyses were conducted usirigtdBstical

Package for the Social ScierfS8®SS versid?5h).


https://en.wikipedia.org/wiki/Content_validity
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Characteristics of clinicians who returned partial versus complete questionnaires
were analysed using@i-squared test The Chsquared test is used on nominal
(categorical) data (Bowling, 2014). This is when data has no clear ordering, such as
area of speciality or place of work. The Chi squared test was used to determine if
there was an assodian between the two variables of partial and completed

responses and the characteristics of the clinicians.

Matching items to the attribute of body glhment was quantified by calculating the

percentage of agreement to each item. Items with a high agreement score (>70%)

gSNBE 2dzZRISR (2 o6S | WwW3I22R YIFIGOKQZ AYRAOI

representationof the construct(Bensorand Clark 1982) Responses to the open
ended question responses weamalysedResponses which occurred frequently
were considered to be a possible important component of the construct of body

alignment and wre sent back out to the expert pant rate.

To assess the overall agreement of importance for the identified clinical utility
attributes, percentage agreement, means and SD were calculated for each
attribute. Standarddeviation is the measure of the spread or extent of variabdfty

a sd of data scores around the medhRield 2013) It reflects the degree of
homogeneity of responses in relation to each clinical utility item of the assessment
(Hickson2013). A lage standard deviation score indicates that the scores obtained
scatter far from the mean, while a small standard deviation score indicates that the
scores are clustered closely around the mégield 2013) The degreef relevance
was quantified bytems with alow mean and standard deviation scaadwere

judged to be highly relevant to the clinical utility of assessment. Thvese taken

into consideration with the developmenmif the CABA.

RespondentinteratertSt A 6 Af A& 41 & aaSaaSR dzaAy3
measure the extent to which the different clinicians (rateraygythe same

responses to the rating questioiiBleiss et al., 2003)he Fleiss Kappa is an
SEGiSyarzy 2F GKS Y2NB 0O2YY2y [/ 2KSyQa VYI

multiple raters. Thé&kappa statistic ranges froni to +1. A score of zero or less

[

LJI
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shows that there is no agreement between raters; scores greater than zero can be
graded using the bads proposed by FleigBleiss et al., 2003).75¢ 1.00 very
good, 0.41¢ 0.75 fair to good, < 0.40 poor.

4.3 Results

4.3.1Response:

In total, 2,196 physiotherapists were contacteid electronic surveyParticpants
were invited to contribute if they worked within the field of posture / postural
management with children diagnosed with CP. Two hundred and eigteg
(283) questionnaires were returned for a response rate of 13%. Fourteen
participants completedhe screening element only; 185 partially completed the

guestionnaire and 84 respondents completed the full questionnaablé4.5).

Table4.5: Completion of the questionnaire

Descriptive only Q1 thru Q5 only 14 (5%)

Partial questionnaire Q1 thru Q5 plus some 185 (65%)
ratings

Complete questionnaire| All questions 84 (30%)

¢tKS RSAONARLIAGS RIGE NBtFiGAYy3 (2 NBaLRyR:
collectively analysed anda@uped by region, years of experience, place of work and
area of speciality

(table4.6).
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Table4.6: Key characteristics of all respondents (N=283)

APCP area England (South) 100 (39%)
England (Midlands) 46 (18%)
England (North) 57 (22%)
Scotland 32 (13%)
Wales 32 (13%)
Northern Ireland 7 (3%)
Time in profession Up to 10 years 43 (17%)
11 to 20 years 76 (29%)
>20 years 139 (54%)
Place of work NHS 217 (83%)
Private practice 23 (9%)
Education 21 (8%)
Area of specialty Musculoskeletal 31 (11%)
Neonatal 22 (8%)
Neurodisability 216 (76%)
Management 28 (10%)
Respiratory 26 (9%)
Orthopaedic 25 (9%)
Community 153 (54%)
Acute ward 19 (7%)

Respondentsame from all 4 nations of the UK and from all regions of England.
Over half of respondents, 54%, had been in the profession for 20 years or more.
The majority, 83%, worked in the NHS with 9% in private practice and 8% in
education. Three quarters, 76%, viked in neurodisability and 54% worked in the
community. Fiftyeight per cent of respondents worked in multiple areas of the 8

listed specialties.

A brief analysis was undertaken to determine if there were any differences
between the respondents who compéa a full questionnaire and those who
provided only partial detailacross area, place of work and time ofessions (see
table4.7).
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Table4.7: Key characteristics of respondents of partial and complegsponses.

APCP area South 61 (35%) 39 (48%)
Midlands 39 (23%) 7 (9%)
North 38 (22%) 19 (24%)
Scotland 20 (12%) 12 (15%)
Wales 4 (2%) 3 (4%)
Northern Ireland 11 (6%) 1 (1%)
Time in Up to 10 years 30 (17%) 13(16%)
profession 11 to 20 years 57 (33%) 19 (23%)
>20 years 88 (50%) 51 (61%)
Place of work NHS 149 (84%) 68 (81%)
Private practice 16 (9%) 7 (8%)
Education 12 (7%) 9 (11%)
Area of specialty Musculoskeletal 25 (13%) 6 (7%)
Neonatal 14 (7%) 8 (10%)
Neuraisability *143 (72%) *73 (87%)
Management 22 (11%) 6 (7%)
Respiratory 19 (10%) 7 (8%)
Orthopaedic 15 (8%) 10 (12%)
Community 105 (53%) 48 (57%)
Acute ward 11 (6%) 8 (10%)

* significant difference at 5% significance level

A significant diffeence ( (5)=12.2, p=0.032) in respect to APCP area was noted
between the partial data and complete respondents. Respondents completing the
questionnaire in full are more likely to be in the South (London, South East and
South West) and less likely to be frahe Midlands.There are no differences in

place of work ( (2)=1.2, p=0.549) or time in profession (2)=3.2, p=0.205).
Neurodisabilityspecialists are more prevalent in the sample who completed the full

guestionnaire compared to those who gavarpial data ( (1)=7.4, p=0.007).

4.3.2Content validity (item agreement)

The level of agreement amongst clinicians regarding item affiliation to body
alignment was calculated using percentage agreemtaitl€4.8). The proportion

of respondents whondicated that the 20 CABA items matched body alignment
varied from a low of 65% for leg internal/external rotation to high of 94% for head

flexion/extension Among the participating clinicians, all items, except number 14,
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were identifiedas highlyrelatedto body alignment with an agreement level of
greater than 70%Item 14 (leg internal/external) was the only item below with an
agreement of 65%In 14 out of the 20 items the agreement was >80%, indicating a

consensus that these items strongly relatethe construct of body alignment.

Table4.8: Percentage agreement that the CABA item matches body alignment

1 Head flexion / extension 77 (93.9%) 5 (6.1%)
2 Headside flexion 77 (92.8%) 6 (7.2%)
3 Head rotation 64 (77.1%) 19 (22.9%)
4 Trunk flexion / extension 74 (89.2%) 9 (10.8%)
5 Trunk Side flexion 74 (89.2%) 9 (10.8%)
6 Trunk rotation 61 (74.4%) 21 (25.6%)
7 Pelvis anterior / posterior tilt 73 (89.0%) 9 (11.0%)
8 Pelvic obliquity 66 (79.5%) 17 (20.5%)
9 Pelvis rotation 66 (80.5%) 16 (19.5%)
10 Arm Flexion / extension 68 (81.9%) 15 (18.1%)
11 Arm Abduction / adduction 68 (81.9%) 15 (18.1%)
12 Leg flexion / extension 62 (76.5%) 19 (23.5%)
13 Leg abduabn / adduction 69 (83.1%) 14 (16.9%)
14 Leg internal / external

rotation 54 (65.1%) 29 (34.9%)
15 Upper leg flexion / extension 68 (81.9%) 15 (18.1%)
16 Lower Leg flexion / extension 68 (87.9%) 15 (18.1%)
17 Leg Abduction / adduction 69 (83.1%) 14 (169%)
18 Leg internal / external

rotation 70 (85.4%) 12 (14.6%)
19 Foot inversion / eversion 64 (78.0%) 18 (22.0%)
20 Footplantar flexion/

dorsiflexion 70 (86.4%) 11 (13.6%)

95% confidence intervals (Cl) were calculated for the proportion of elimsavho

agreed that the item matched body alignmenalfle 4.9).
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Table4.9: 95% CI for matched CABA items to body alignment

1 Head flexion / extension 93.9% (89%, 99%)
2 Head side flexion 92.8% (87%, 98%)
3 Head rogation 77.1% (68%, 86%)
4 Trunk flexion / extension 89.2% (82%, 96%)
5 Trunk Side flexion 89.2% (82%, 96%)
6 Trunk rotation 74.4% (65%, 84%)
7 Pelvis anterior / posterior tilt 89% (82%, 96%)
8 Pelvic obliquity 79.5% (71%, 88%)
9 Pelvis rotéion 80.5% (72%, 89%)
10 Arm Flexion / extension 81.9% (74%, 90%)
11 Arm Abduction / adduction 81.9% (74%, 90%)
12 Leg flexion / extension 76.5% (67%, 86%)
13 Leg abduction / adduction 83.1% (75%, 91%)
14 Leg internal / external rotation 65.1% (55%,5%0)
15 Upper leg flexion / extension 81.9% (74%, 90%)
16 Lower Leg flexion / extension 81.9% (74%, 90%)
17 Leg Abduction / adduction 83.1% (75%, 91%)
18 Leg internal / external rotation 85.4% (78%, 93%)
19 Foot inversion / eversion 78% (69% 87%)
20 Footplantar flexion/ dorsiflexion 86.4% (79%, 94%)

In 15 of the CABA items the 95% CI lower range was >70%. Four of the CABA (items
3, 6,12, 19) showed a 95% CI >65% and one item (14) >55%. The CI values of item 1
(head flexion/extensiomyere greater than Cl values for item 14, indicating that
clinicians felt item 1 was a better indicator of body alignment than item 14 (leg
internal/external).No additional items were reported frequently from the open

ended question (N=13 responses). Gf¢4h, 4 responses related to body linkages,

whilst others responses (N=7) related to a broad range of issues not directly related

to body position such as; environmental, muscle tone and task demand.

4.3.3Respondeninter-rater reliability

Cft S A & a @s uved toladsessdnteater reliability amongll respondentsfor
matching ofeach ofthe CABA items to the construct of body alignment. Each
AYRAGARdzZE £ NI & yd2 of Rofoyedch @emillds 20)das/aaaf/sed

and the results showed modemtagreemenacross all itemghat they matched the
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construct of bodyalignment,(K=.422, 95% CI, .33 to .51, p < .005). In addition,
inter-rater reliability was also assessed within clinician subgroups (based on years

of experience and workplace desciigt) (Sedable4.10).

Table4.10:Cf SAA2aQ YI INBIA LR Yidogadisenbilty

In profession >20 years (n=51) 0.51
In profession <= 20 years (n=29) 0.33
NHS (n=66) 0.40
Not NHS (n=14) 0.53
Workin community (n=46) 0.36
Not in community (n=34) 0.47

Agreement between raters was higher for those who have been in the profession
for more than 20 years compared to those with fewer years served. Agreement was
higher amongst noiNHS clinicians (those private practice or education) and for

those who do not work in the community.

4.3.4Clinical Utility

The clinical utility attributes the respondents were asked to rate are listaebie

4.11. This table also presents the combined totals of esalimiportant scores for

each attribute, percentage agreement among respondents and the mean scores

and standard deviation for each attribute. The ratings were based cpark

Likert scale; a score of one indicated a rating of essential/important., &tst@re

of 5indicated notrelevantt KS NJ G0Ay3 2F SaaSyuaialft gl a K
SFHasS 2F dzaSQ gAUGK WiAYS (G2 O2YLX SGSQ3F Wdz
FylFrfearaQ NIXGSR Fa SaaSyuaAalft oe&(papdBF SN
vs. electronic or both) was least important, receiving a rating of essential from only

20% of the respondents.
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Table4.11: Net scores of essential/important, mean and standard deviations of

attributes.

1 Formal training 63 (76%) 2.0 1.0

2 Informal training 64 (77%) 1.9 0.8

3 Cost 58 (70%) 2.2 1.0

4 Time to complete 76 (93%) 1.6 0.7

5 Format- electronic 42 (53%) 2.4 0.9

6 Format- paper based 28 (35%) 2.8 1.0

7 Famat - paper based and 47 (58%) 2.4 1.0
electronic

8 Usability in different 79 (95%) 1.5 0.6
environments

9 Ease of use 80 (98%) 1.3 0.5

10 | Requirement of equipment to 42 (51%) 2.4 1.1
conduct assessment

11 | Demand on the child 72 (88%) 1.7 0.8

12 | Trarsportability 73 (89%) 1.7 0.8

13 | Ease of analysis 78 (96%) 1.5 0.6

The total combined essential ratings ranged from a low of 35% (format paper) to

98% (ease of use) (Seble4.11). The rating of essential was highest (76%) for

W2QPSNI ff SLESWAXYEGAaBR 92YLX SGSQF Wwdzal ot S
WwSIasS 2F FylfearaQ NradSR a SaaSyuaalf oé
(paper vs. electronic or both) was least important, receiving a rating of essential

from only 20% of the rggndents. Four attributes had a combined score >90%;

ease of use, time to complete, ease of analysis and usable in different
SYGANRYYSylGad ¢KS INBFISad SFNRFGA2Y Aa
SdzZA LIYSYy G Qo 91 &S 27T dzBhére iKno gignifidars leval 6fl £ £ S &
FANBSYSyYyild 0SG6SSy (K SalldskhavhdroyTR SSyAGazac N GLALYT
.21 95% ClI, .11 to .31, p < .005).

Respondentsvere presentedn total with 13 attributes relating to theise aml
implementation of the masureand asked to rate the importance of each attribute
onafiveLl2Ayd [A1SNI &a0FItS 6KSNBabes12SaaSydAal f

compares the breakdown @ésponsescross all levels of importance ratings.
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Table4.12: All responses (n=84) of ragrof importance across all attributes.

1 Formal training| 26 (31.1%)37 (44.6% 13 (15.7%| 5 (6%) | 2 (2.4%)
2 Informal

training 29 (34.9%)(35 (42.2% 18 (21.7%| 1 (1.2%)| 0 (0%
3 Cost 21 (25.3%)(37 (44.6% 16 (19.3%| 7 (8.4%)| 2 (2.4%)
4 Time to

complete 42 (51.2%)34 (41.5% 5 (6.1%)| 1 (1.2%)| O (0%)
5 Format-

electronic 15 (18.8%)(27 (33.8% 31 (38.3%| 5 (6.3%)| 2 (2.5%)
6 Format- paper

based 7 (8.8%) |21 (26.3% 40 (50%)| 6 (7.5%)| 6 (7.5%)
7 Format- paper

based and

electronic 15 (18.5%)|32 (39.5% 25 (30.9%| 5 (6.2%)| 4 (4.9%)
8 Usability in

different

environments 44 (53%) (35 (42.2% 4 (4.8%)| 0(0%) | 0 (0%)
9 Ease of use 62 (75.6%)| 18 (22%) 2 (2.4%)| 0 (0%) | 0 (0%)
10 Requiement of

equipment to

conduct

assessment 19 (22.9%)(23 (27.7% 31 (37.3%| 5 (6%) | 5 (6%)
11 Demand on the

child 33 (40.2%)(39 (47.6% 9 (11%) | 0 (0%) | 1 (1.2%)
12 Transportability] 33 (40.2%)/40 (48.8% 6 (7.3%)| 3 (3.7%)| 0 (0%)
13 Ease of analysi{ 43 (53.26) |35 (43.2% 3 (3.7%)| 0 (0%) | 0 (0%)
9FasS 2F dza8S Kl a (GKS KAIKSad

O2YLX SGSQF Wdzal o0t S Ay RAFFSNByY

LINE LR NI AZ2Y 2°
SYQ@ANRY Y!

majority of clinicians (greater than 50%) ratingegsential. Format (paper based,

electronic or both) was less important with less than 20% of clinicians rating these

attributes essential.

4.3.5Respondent Intetrater reliability (clinical utility attributes)

Cf SAaaQ uvtobdtdrming if tieredNl) &

FANBSYSyi

ratings on the importance of the 13 attributes. There was low agreement between

Of A Y A OA K¢ 2D(958EI-Cl) At . &l), p < .0BSithermore, interrater

reliability was un to determine the levels of agre®ent by different clinician

0SG6SSy
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subgroupst@ble4.13). Agreement between respondents was higher for those who
have been in the profession for more than 20 years compared to those with less
years served. Agreement was higher amongst-NbiS clinicians, those private

practice or education, and higher for clinicians who work in the community.

Table4.13:Cf SA &4 aQ Y LlLJratey gliakilinziiSl3 atibutdsbyitiSied

in post, NHS/non NHS, Community/aoommunity.

In profession >20 years (n=51) 0.19
In profession <= 20 years (n=29) 0.25
NHS (n=66) 0.20
Not NHS (n=14) 0.27
Work in community (n=46) 0.22
Not in community (n=34) 0.18

4.4 Discussion

4.4.1 Response

Responses to this study covered a &vgpectrum of APCP agapeciality and level

of experience in the profession. This produced a strong representative sample of
physiotherapists working with children with CP and as such reduces sampling bias.
Although a significant difference between paitand complete responses was

noted for APCP region (p=0.032) and speciality (p=0.007), the sample of complete

responses remains a representative sample.

4.4.2 Content validity (item agreement)

Content validity for the CABA item development was suppobethe high
percentage agreement of items matching the construct of body alignnidre.

level of agreement amongst clinicians regarding item affiliation to body alignment
was calculated using percentage agreement along with 95% confidence intervals
(table4.9). The 95% CI indicates that while all items, except deen(14), were
highly representative of body alignment, there were differences in the magnitude
of agreement between individual items. While four of the CABA items (items 3, 6,

12, 19) had a loer 95% CI range score below 70%, overall, the agreement
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percentage by respondents was high, signifying that these items matched the

domain of body alignment.

The lowest agreement was within one item (item 14: Leg internal/external), which
scored a lowepercentage agreemer(65.1%) and 95% CI range (55%, 75%)
compared to the rest of the items. The reason for this is unclear; this discrepancy
could be attributed to the movement direction being assessed by this item when
set in the context of clinical assaaent of body alignment. However, the
movement direction analysed by this item has important implications to overall
body alignment with previous research having established a relationship between
hip position and alteration in postural orientati¢Rorter et al., 2008; Scrutton,

2008; Porter et al., 2007Assessment and management of hip position is clinically
important in preventing wider postural deformities (Martinsson and Himmelmann,
2011). Limitations in hip rotation result in leg position shifegvfrom midline and
canresult inpelvicobliquity and spinabkcoliosigPorter et al., 2007 Monitoring

and assessing hip position is crucial to support alignment, prevent postural
deformities and enhance comfort and function for a child with CP (Maderdo et

la., 2016; Martinsson and Himmelmann, 20Thjs demonstrates the important

role leg position and hip rotation has within the assessment of body alignment.
Giventhe significance oassessingjip positionandthat the percentage agreement
was clos to the threshold of 70%, the decision was made not to exclude item 14

from the assessment.

The analyses above indicate tH# of the 20 CABA itenase highly representative

of the construct of body alignment measurement, whilst 1 item is moderately
representative. Content validity often involves subject matter experts evaluating
the degree to which test items match the test specifications domain (Crocker and
Algina, 208). Most studies investigating psychometric properties of body
alignment measuremesthave utilised expert opinion in their test construction
process (Rodbousquet et al., 2014; Barlett and Purdie, 2005; Pountney et al.,
1999; Fife et al., 1991). The existing accounts on test construction give a brief

description of development with lie published data to allow quantifiable analysis
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on expert level of agreement in relation to test items and their construct. As such,
comparison of item relevance and validity cannot be made between published

research and those of this study.

4.4.3 Respndent inter-rater reliability

Inter-rater reliability between respondents in relation to item agreement was fair to

322 R 06 S(Flelss ethat,i2008N matching CABA items to the domain of body

alignment. A higher agreement was seen in #hesth >20 years clinical

experience. This could be a reflection that the highest percentage of respondents to
GKA& aidGdzRé KFR Bren &@SIENBQ SELSNASYOS oyr
with CP are a post graduate skill, therefore clinicians wgrka this field and area

are likely to have more experience in the assessment of body alignment.

In addition, there was higher agreement reliability between respondents who are
non-NHS clinicians, those working in private practice or education (k= 0.53)
compared to those who work in the NHS (k= 0.499. reportscould be found on
specific areas of clinical work and working environment. Therefore, it could be
speculated, that nosNHS clinicians are more likely to work frequently within
specialist areas s as postural management, compared to those who work in the

NHS. Results from this study suggest that this hypothesis could be substantiated.

Inter-rater reliability between respondents in relation to clinical utility items was

low (K = .2}in rating atributes level of importance to clinical usability. Intexter

reliability between different clinician subgroupsble4.11) showed greater
FANBSYSyld 06SG6SSy NBAaALRYRSydGa gAIG0K Bun @&
worked in private practice (n=7), eduaa (n=9) and community settings (n=46). A
possibleSELJ FyIF GA2y F2N) 4KA&a YlIeéoS GKFG (GK2aS$
a more comprehensive understanding of attributes which make an assessment

applicable to clinical settings. Also, most responde@i®o had greater than 20

@S NBQ SWithi®dadSty plaéedf wonlrivate practice, education and
communityhad fewernumber of responseshen compared to NHS, given that the

NHS is a large employer of paediatric physiotherapists across the igkeghlt was
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not surprisingHowever, whilstespondents who work in the NHS (n=66) and those
who worked in neurodability (n=73) gave higher responséisey wereless likely

to agree. This is difficult to explain, but it may be related to differencegonk
environments leathg to differing priorities in the attributes of clinical utility items.
These findings raise intriguing questions regarding the properties and usability of
the CABA, in orddpr it to be applicable across various clinical settingsimple
terms, the more clinical utility attribute the CABA relates strongly to, the more

usable it is likely to be across place of work and area of speciality.

4.4.4 Clinical Utility

Clinical utility refers to how applicable an assessment is witinical settings
(Fawcett, 2013). It relates to attributewhich influence functionality and

usefulness of an assessment, such as time and ease of use (Crocker and Algina,
2008). The time it taketo administer an assessment atite complexity of

completngit may determine how usable an assessment is witlaigto-day
assessment@~awcett, 2013)The longer and more complex an assessngithe

less likely it is to be selected by therapists wittay-to-dayclinical practic§ Raach,
2006) Four attribues relating to the clinical utility of clinical assessments had a net
importance score of >90%, between respondents, indicating they are significant to
assessmer®@ functionality within clinical practice. These attributes were ease of
use, time to complet, ease of analysis and usable in different environments. This is
not surprising, given that assessments like the CABA may need to be applied in a
variety of settings with multiple individuals. Failure to recognise critical components
of a measures clinitatility, such as cost and application, can result in the

measurement being impracticable within the clinical environment (Roach, 2006).

Field and Livingstone (2013) undertook a systematic review of 19 clinical tools to
measure posture in children witmotor impairments. This review concluded that
while some authors comment on the clinical usefulness, there was little objective
evidenceTo date, this area has received scant attention in research literature
investigating body alignment measurements, iwéxisting studies omitting

recognition and discussion on the practicalities of clinical application. Although the
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level of agreement between respondents was low, we propose that the CABA, as a
clinically usable tool, needs to align with the utility attribs identified as being

important to be applicable and accessible to clinicians.

4.4.5 Benefits of the CABA

The CABA construction has shown a high level of content validity to the domain of
body alignment witha high level of agreement and good relialyilin response from
experts within the field of CP and posture. The CABA has been developed as an
easy, inexpensive and lelaurden way to measure postural alignment in children
with CP. Tahe authorsknowledge there are no other clinical measures fordrieih

with CP that demonstrate detailed content validity and item construction to assess
total body segment alignment across any postural position while also allowing
differentiation between left and right sides of the body. Current assessments, such
as thePPAS (RodHgousquet et al., 2016; RodiBousquet et al., 2014have only
focused on one of these elements. This study has shown the CABA encompasses
important components of body alignment assessment. With 19 items matched to a
high level of agreement tassess body alignment across sitting, standing and lying
positions, the CABA allows degrees in postariaklignmento be measured and
demarcation between sides of the body to be clinically assessed. As the intent of
the CABA is to succinctly measurell body alignment, it can be broken down

into subscales associated with aspects of body alignraanttrunk alignment,

allowing for analysis of total body alignment but also separate body segments.

This allows for detailed body alignment analysis oxay by body segment but also

by individual body segment movements. Consequently, a therapist can summarise
the overall body alignment of a chitthd identifyspecific areas where alignment is
problematic. This could refer to a particular body segmerside of the body or an
individual item on the CABA, providing the therapists with a comprehensive and

detailed assessment of body alignment from which to inform therapy interventions.
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4.4.6 Limitations of the CABA

Within this studywe acknowledge thatssumptions were made in developing the
assessment, these includieat therapists would understand and be familiar with
the terminology and posture categorisation in use, and the sample size used to

validate this was small.

The response rate of 13% could biewed as low, howevethis was not

unexpected. The APCP covers a wide field of expertise across paediatrics, inclusive
of CP and it is highly likely that some members have limited or no involvement with
CP or posture as part of their practice atfterefore, would not have responded to

the study requestCurrently the CABA only demonstrates content validity, further
psychometric properties require investigation. Future studies examining construct
validity of the CABA against a sample of children witlefGRrious functional

abilities, would determine whether the items represent a valid construct to that of
CP. Reliability, both inteand intrarater, of the CABA use with clinicians also needs
G2 68 O02YLX SGSR® !y SEI YAV hnddesifivingtd G KS
change in children with CP after posture management interventions focusing on
improving postural alignment would be beneficial prior to the assessment being

used as an outcome measure.

Within this study it is acknowledged the recruimt approach for paediatric
physiotherapists is open to sedelection bias. Seffelection bias is whereby those
who participated differed in clinical characteristics than those who did not (Tripepi
et al, 2010). In someespectshis was expectedas amly those who worked in
posture and children with CP were asked to participate. However, it is
acknowledged that those who sedtlected to participate were only a selection of
those who could have. In total 283 initial responses were received, 269 pattial
fully completed thesurveywith only 14completing the screening section only.
Although seHselection is a threat for internal validjty canbe argued thatvith
95% of those who chose to participate completing some or all of the suilvey
sampk obtained was representative arsthoweddiversity inrespondent

characteristicacrossexperienceplace of workspeciality and regiowhich
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minimised the impact of this potential bias. Future studies examining the
application of theCABA against a langgample ofphysiotherapists working with a
wider spectrum of children witheurological disabilities in clinical settings would

further support the generadability of the results of this study.

At present how to interpret the CABX@w scores is unknowand additional

studies in typically developing children and thegéh CP are needed to develop
scoring cuoffs and norms for this scale. This will be explored in further
investigations as part of the development process of this assessment. Finally,
research on the measure in children with other medical diagnoses to neurological
disabilities is warranted. The analysis of the construct validity, reliability and
responsiveness in children with CRliscussed in the following chaptehépter 5
and 6)

4.5 Gonclusion

Content validity of the CABfems has been examined asdpported.Ths was the
first steptowardsexaminingvalidity of the CABAems. Ginical utilityattributes
important to therapists in everyday practiteve been explorednd the CABA

development has been informed by these

EEF YAYLFOGA2Y 2F GKS /! .| Qahaskdriundertakten in (i &
the next chapter¢hapter 5. This fornsthe second phase of the investigation into
the psychometric properties of the CABA inldien with CP. The focus of the next
chapter will examineonstruct validity against all GMFCS levels of CP chidohen
inter-rater / intra-rater reliabilitycarried out by physiotherapists across sitting, lying
and standing positions. This is requiteddetermine if the CABA is a standardised

measure of body alignment usable by physiotherapists.

Iy R
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CHAPTER 5:

RELIABILITY AND CONSTRUCT VALIDITY

5.1Introduction

This chapter gives an overviewthe second phase of the investigation into the
psychometrigoroperties of the clinical assessment of body alignment in children

with CP. The recently developed CAB#apter 4) is the only known clinical
assessment tool designed to assess graded changes in total body alignment
deviation in children with CP; denog left and right sides of the body, across 3
positions; lying, sitting and standing. As demonstrated in chapter 4 the CABA is
based on clinically derived postural itemaghich were developed and revised by the
clinical expert omionsof 283 paediatric pirsiotherapists who specialised in

paediatric postural assessment. The CABA has shown to have good content validity
GLISNOSyYyGF3aS F3INBSYSyld Brmw:0 6A0GK Of AyAOAl
(k=.422)

This chapter examines the reliability of the CABAtigioa study whereby

paediatric physiotherapists observed a sample of children with CP via an electronic
survey. This study considers inraer reliability and intefrater reliability using a
test-retestdesign.Toevaluate construct validity, the sampdé children with CP

from the reliability study which representetichild at each level of GMFCS was

used. The assumption was made that body alignment was likely to deviate more
from optimal in children at lower levels of motor function, such as GMFCSIIV.an
Throughoutthe chapterthe methodology and data analysis atiscussed in

relation tothe/ ! . | Q & as & &lilNdalkneasure of body alignment in children

with CP. A final section looks at limitations and implications for clinical practice.
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5.1.1Relability in clinical measures

Whenever an assessment is administered, assurance that the results could be
replicated if the same individuals were tested again under similar circumstances is
important in health (Roach, 2006). This desired consistency oodegibility of
assessment scores is termed reliability and can be interpreted by how stable the
scores are between different users and across t{fF@wcett, 2013)Dunn (20Q,

p.59 defines reliability as:

GUKS O2yaAraidSyoOeé 27 heéoemaldacepedd G Ay SR dz
repeated testing of the same individual on the same test under identical
conditions (including no changes to the individual). This could never be
R2YyS>Y YR @FNAR2dza SadAYlFradSa 2F NBfALIl 6.

Frequently, therpists are required to evaluate the effectivenessriérventions

that manage body alignment, such as the use of postural equipment. Reliability
should be examined at the assessment development stgagasicularlyif it is to be
used byseveraltherapists and/or intendedto provide an outcome measure
(Fawcett, 2013). Establishing the degree of reliability informs therapists how
accurately the assessment scores reflect the true alignment of individuals being
measured (Hinojosa, 2002). It ikerefore, of aritical importance that in
development of the CABA reliability is considered, ensuring that the changes in a

body alignment on the assessment are afiected by time interval or rater.

Reliability reflects not only the correlation but also agreementi®n measures
(Koo and Li, 2016). Idealifyan assessment was totallgliablethe therapist should
be able to obtain the same score each time the assessment is undertaken within
the same conditiongFawcett, 2013)Themajority of obtained assessmentgelts
vary across administrations due to random errors as discussed in ci#afgection:
4.1.2) The extent of measurement error in a set of observations is a concern for
every responsible assessment developer and (Gescker and Algina, 28D
Wheneve an assessment is undertaken the scores represent a limited sample of

what is being measured (Pynsent, 2001); in relation to the CABA this is the
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presentation of body alignment in children with CP as measured by therapists.
Consequently, scores obtainedder assessment are fallible and subject to errors

of measurementTripepi et al, 2010)which are described in chapter 2.

An important consideration is how closely the true scores of the CABA are to the
observed scores. This can be expressed througmaxag absolute reliability and

the standard error of measuremeiiKoo and Li, 2016Y herefore, consideration

gArAtt 0SS 3IAOSY Ay SEFYAYyLOGA2Y 2F (G(KS /!
explore possible erroAs this study is part of a wider intggtion into the clinical
assessment of body alignment in children with CP as part of pRigtamme of
research the aim of thissecond phasef the projectwas to examinghe reliability

of the Clinical Assessment of Body Alignment (CABA) aoonissuct validity. This
chapterrepresents thesecondphase in the psychometric investigation of the CABA

assessment in children with CP.

The purpose of thishapterwasto firstly, investigate the interrater, intrarater
reliability ofthe CABA items anasondly, to evidence the construct validity of the
CABA in relation to the GMF@®ough a study wherebpaediatric physiotherapists
used CABA items to measure body alignment in children with CP GMFCS I to V.

5.2Methods
Approval for this study was obtaiddrom the Ethics Review Board of York St John
University, UKREF: 069011429 George 22092(Hpbpendix9).

5.2.1Reliability

It is acknowledged that there is no gold standard for conducting reliability studies,
methodology and sample sizes vary widelyoas reported studies (Bton et al,

2000). Some developers evaluate the reliability between therafostboth the
administration of the assessment and scoring, whereas others consider reliability of
the scoring of the assessment orijawcett, 2013)In observational assessment

where therapists are not required to administer set test requirements, such as the
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CABA, a twavay reliability evaluation is superfluous, therefoessessment of the

scoring of the assessment only was examined in relation téd the. ! Q& NXft Al 0 A f

Methodology varies depending on the type of reliabibgingexamined Traub and
Rowley, 1991) It is important to understand the differences in the types of
reliability, and judge whether theited reliability is adequate for theontext of
clinical practice (Roach, 2006). The main types of reliability of relevance to
therapists aretest-retest reliability, inter-rater reliabilityandintra-rater reliability
(Fawcett, 2013)as defined in chapter Gection: 3.). Ths formedthe basis of the
investigation into the CABA and its reliability.

As part of the development of this new assessment tool, this study aimed to
explore the reliability of the CABA items in paediatric physiotherapists. This study
aimed to obtain as larger asgle of raters as possible. This not only would
improve transferability of the findings to the paediatric physiotherapy population
but also strengthen the statistical analysis of the reliability between

physiotherapists in their use of the CABA.

5.2.2Castruct validity

As identified in chapter 3, there is no established clinical measure of body
alignment to make an independent comparison with. Hence, for situations where
no criterion orgold standard can be identified then validity of the construct the
assessment refers to is required (Kimberlin and Winterstein, 2008). This will enable
therapiststo draw inferences from the CABAscores assessing body segment

position, the CABA itentan be grouped under the label thfe intendedconstruct

being measuredbody alignment

Ly SEIFIYAYlLGA2Y 2F GKS /1.1 Qa @FtARAGE Fdz
required. Whilst content validity examined the CABA items relevance to the domain

of body alignment, construct validity examohthe CABA in relatiorotthe

construct of CP classification. As there is currently no gold standard clinical

measurement of body alignment, construct validitgsdetermined through
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examining the CABA in relation to the GMFCS used to grade severity Gu@ent
studies examiimg construct validity of postural assessment in children with CP have
used GMFCS levels as a standard comparison measure to examine construct validity
(RodbyBousquet et al, 2016; RodbyBousquet et al 2014; Bartlett and Purdie,

2005). The use of thisithin this study means that it is relatable within the current

field of research.

5.2.3Study design

A clinical measurement design was used to examine the reliabilggoring items
in a nonclinical settingand construct validity of the CABIA.the examination of
reliability, more than one type of reliability study may be requiredu{&n et al,
HAnnO® Ly SELI YA i dcardgeliaBilfy bathkirfrardter ant Q &

inter-rater reliability were investigated astest-retestdesign.

5.2.31 Participants
Apurposefulsample of members of the APCP, a special interest group within the

field of paediatric physical therapy was undertaken.

5.2.3.2Instrument to determine psychometric properties
A sample of children, one representing each GME@S (n=5), would equate to 71
scores per child resulting in a total each rater would have to give 355 scores.
Increasing the number of children at each GMFCS level would significantly increase
respondent burden and reduce participation. Hence 5 childnetotal, one at each

GMFCS level was decided upon, with photographs being used for each child.

An electronic questionnaire wakevisedin a survey format using Qualtrics
comprising of photographs of each child and the CABA scoring items. This use of
eledronic questionnaire software was selected for convenieatase for
respondentsandto reach a greater sample size and distribution. In addition,
respondents were asked to provide information on their years of experience,
geographic location and genemalofessional informationThe use of electronic

format meant that it enabled the survey to be sent out to the identified sample
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participants only, allowed for an expiration date to be set so that the survey could

no longer be available or accessible atiattefined date.

All children were photographed in sitting, lying and standing positions, in 5 views;
anterior, posterior, leftright and transverseChildren wore vests and shorts to

enable body alignment to be observed. Photographs of each wieitd placed

alongside the corresponding CABA scoring items in an electronic survey format, the
GMFCS Level of each child was anonymous to all but the primary rese¢g@eber

section 5.2.3.3 for child recruitment and consent details)

Postural evaluation scientiially is a difficult task. Whilst there is very good

guantitative evaluation of the use of technologies, such as MRI (Cargill 20@ar)

and CT (Alta et a2012), to accurately measure posture, these remain expensive

and have extremely limited cliticf | LJLX A Ol 6 Af AdG& G2 GKSNI LA
This is supported bgo Roséariq2014) who reviewed the literature surrounding
biomechanical assessment of human posture, identifying that simpler approaches

to assessment such as photographs and gonioynlettrd merit for clinical based

assessment, yet advanced technologies have most evidential support.

The use of photographs in assessment of posture has been used in several studies
(Fortin et al, 2011; Akel et al 2008; Perry et al2008; Normand et al2007; Dunk
et al, 2005 McEvoy and Grimmer, 2005; Dunk et 2004), with a consensus that
measurement of body angles taken from photographs may be the most
comprehensive and rapid way to assess postDrgitally capturing and quantifying
total aligrment posture through use of photographs requires multiple angles and
views to be captured to improve reliability (Lowe et al., 20Photographs capture
a precise moment, and as sy not allow raters tqudge ordetermine

alignment over an observed pged of time (JuulKirstensen et al., 2001As
therapists regularly use their observational skills to observe and judge body
alignment(do Rosarig2014) other digital methods, such as video, maflect
current everydaypracticeto a greater degreeHowever, the occurrence of random

errors from both rater and the child are also increased with this meithadve et
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al., 2014. The use of photographs minimises the amount of random error likely to
occur(Dunk et al., 2005)or the purpose of this study, ptagraphs enabled error
from the childto be minimised enabling the examination of rat¢physiotherapist)
error only.Thismade itpossibleto identify any CABA items which had limited
reliability between physiotherapists and, therefore, likely to be exhated when

used in a clinical setting.

As this study involaover 355 ratings in total per respondent, ease of scoring was
an important consideration to improve response rate and reduce burden to
respondents. Techniques used to improve rater reliabitivolved having
photographs in all movement planes, anterior, posterior, lateral and sagittal, and
the use of a grid imposed onto the photograph improved rater reliability in scoring
body segment position (Fortin et.aR011). Asthis study was examingithe

reliability of scoring the CABA itepmhotographs with a grid in front of the
photographs were used to assist respondents in their scoring of body segment
alignment within this studyWhilst the use of a grichinimises erraos in scoring
allowing forany systematic errors to be identified within the CABA items (Tripepi et
al., 2010), it does limit the applicability of the reliability results to clinical practice

where a grid may not be used in scoring.

When using photographic data for posture anaydi is important that researchers
systematically control parallax errors in data collection (Lau and Armstrong, 2011).
Parallex errors occur when the viewing angle is not aligned with the joint axis and
affects how the position of the joint is viewed (Pand Douwes, 1993). Parallax
errors occur more commonly when observing a moving posture, such as video
recording (Lau and Armstrong, 2Q1ILiutkristensen et al., 2001 Tominimise any
effect of parallax posture should be viewed from multiple angleswsitid as little
movement of the subject as possible (Lowe, 2004). Paul and Douwes (1993)
propose a model to quantify parallax introduced during photographic recording of
posture. This identifies the ideal viewing angle to be in line with the plane of
movenment and axis of rotation which produces minimal to no perspective

distortion or parallax. To minimise parallax effects in this study several strategies
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were put in place when takingnddisplaying the photographs. Firstly, the use of
photographs eliminatd errors of movement in relation to viewing angle. Secondly,
each body segment was photographed from 5 camera angles which covered all axis
of the body across anterior, posterior, lateral (both sides) and sagittal views aligned
with joint axis, or where tts should be in an optimal posturginally only camera

views of each joint were displayed to the respondents, these were those which
aligned directly with the joint axis and plane of motion were selected and shown to

the participantsto reduce error.

As reported in the previous chapter, the CABA assessment form is a clinical
assessment tool which has been rigorously developed to measure body alignment.
The CABA is designed to score deviations in body alignment in sitting, standing and
lying. Body alignent is graded across 20 items he&dnk, pelvis, legs, arms and

feet across all positions and left and right sides of the body. The CABA posture
classifications used a®scoring system to rank the alignment with 0 indicating a
position within 5 degreeseither side of optimal alignment, and three indicating the
most significant deviation away from optimal alignment. All CABA items are based
on this scoring system with the exceptionfolir items, which score on a®scale

in one movement directionjueto the limited joint range from optimal. The CABA
has strong clinical utility properties, can be carried out online or on paper, meaning

it is highly applicable to everyday clinical practice.

5.2.3.3Description of children evaluated
A stratified randonsample of (n=5) children with CR18 years in age) one at each
GMFCS level was recruited from a local special school. All children had a confirmed
diagnosis of CP and GMFCS level by a consultant paediatrician, no surgical
procedures within the previous ®onths, no injection of botulinum toxin type A

within the previous 6 months.Invitation letters and written information was given

02 GKS FTFIYAfASAE (KNRdJIdZAK (KS ao0oOKz22fQa 02Y

gained from all families who agreed to parpate. Children who met the inclusion

criteriawere grouped into GMFCS levels. A child from each group was then
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randomly selected and invitecbnsecutively until there was a child at each of level

I-V of the GMFCS.

The Children were identified by theiprary researcher from a local special school.
Gate keeper permission from the head teacher and school board of governors was
sought to approach parents for informed consent in the st(sde appendixLO).

The primary caregivers were contacted through hasoboolbooks, the schools
established and preferred method of communicating with parents. Participant
information (see appendixl1), consent formgsee appendixl2) and a return

envelope were sent to parents of identified children, this asked parents {wores

only if they wished for their child to participate. No parent or caregiver was directly

contacted by the lead researcher as part of the recruitment process.

As children with CP are a group of individuals often unable to give consent due to
their sevee learning impairments, parent consent to participate in the study was
sought.However, children weralso given information about the study; taking into
consideration the complex learning and communication needs of the children, it
was important that crative, multtmethod, flexible approaches were adopted,
which could be tailored to the needs of those invol{edeexample appendit3).

It is particularly important to note there was likely to be a range of needs and
abilities, therefore tools needed toebadapted to suit the individuals not the group
as a whole. Again, such decisions were informed by consulting relevant experts
example, parents, practitioners and support workexsd it was necessary to work
alongside parents and support workers oramnsent to participate had been

received, when undertaking data collection.

Alternative communication methods were used to explain the study, this took on
the form of three main strategies to cover a range of understanding levels of the
children and coul be tailored to individual needs. Strategies inclddiestly,

pictorial information supported by verbal and key woldse appendixL3);
secondlythe showing of objects that directly related to the activityr example

clothing (shorts and vest) and weera;and thirdly the placing of objects in the
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OK A f R CEach ehildyhd&l a school pupil profgee example appendid), which
clearly described body responses the child displays when they are happy and
unhappy, when they like or dislike somethinge$e profiles are created by
consultation with caregivers and professionals who know the child well. Body
responses were observed and taken as the child assenting to participate in the
study. If a child was able to give a verbal response this was aladadchlongside
observation of body response. Caregivers were given a copy of the child
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be sharel with their child prior to photographs being taken.

Photographs were teen of thefive children in a sitting, lying and standing position.
Four photographs of each child were taken in each position to enable body
alignment assessment, this involved an anterior, posterior, side and horizontal
view. Children were supported intaptimal body alignment for each position,
followed bya period oftwo minutesto allowthe children toadoptatypical or

natural postureprior to the photographs being taken. For those children at higher

levels of the GMFCS adult support was requiredupport sitting or standing

positions, this was given as minimal as possible and did not correct body alignment.

The photographs were taken within a paediatric therapy room within a community
school setting. This was selected as it is familiar and contfierta the children.
Children wore shorts and vest tops to enable physiotherapy participants to observe
and score body alignment. Each photograph had the face blanked out to avoid
identification of the child. Photographs were taken against a neutral backgkto

avoid identification of the location.

5.2.4Procedure

The devised survey was sent out electronicaiyng Qualtrics platfornto all APCP
members via their mailing ligsee appendid5). Tomaintain participant

anonymity, the survey was sent othirough use of a gatekeeper, the APCP
committee research lead. This meant that there was no direct contact between the
researcher and possible participants. Participants were asked at the start of the

survey to leave a-@ligit code using a combination otimbers and letters from
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their birthday and postcode. This created a unique and anonymous digital identifier
to individual data responses which participants could use should they wish to

withdraw their data within @&0-dayperiod of the survey launch.

Repondents were asked to contribute if they worked within the field of posture /
postural management with children with ¢éee appendid6). Participation was
voluntary and consent wagainedthrough participants atking on the survey link

and consent qudgn. Participant information was also provided on a separate link
on the same email giving clarity on what was expected and the use of th¢s#sta
appendix17). Carefulthoughtwas giverregardingthe ethicalconsiderations in
undertaking this study toninimisingchild distresgsee section 5.2.3.3Yhis

involved communicating and involving with those who knew the child best, such as
parents and careers throughout the study. Using child My Day profile (see appendix
18), which outlined clearly how the @ communicated, how they reacted when

they were happy or sadonsideration waslsogiven to gate keeper information

and permissiondata storage angarticipant anonymityDetails of the full ethical
application for this study are detailed in append®, with supporting information

in appendixlOto 13.

Toevaluate the diversity within the participant sample the participants were asked
to answer 4 questions relating to ACPC region, years of experience, place of work
and area of speciality. This allodvéor analysis of how representative the sample
was of the targeted users, paediatric physiotherapiRsspondents were asked to
20a4SNIWS SIFIOK OKAfRQ&a o02Reé FEtA3IAYYSyYyd o
in standing using the CABA scoring systérhis produced 3 independent
observations of each chil@ll participation was voluntary and anonymous with

consent given through submission of the document after the study debrief.

The initial survey was open to APCP members-4oiohth April 201%; May 2019.
Respondents were given the opportunity to participate in a repeat of this survey 1
month later by leaving their contact email address. In this case they were informed
GKFG Fy2yeYAade ¢la y2i L2aaroftsS RdaS (2

0 A

]
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for the repeated scores were matched using the individual unique reference
number. The repeat survey was open to respondents for 1 month from June2019
July 2019.

5.2.5Data Analysis

Each participant was assigned a unique reference number and t#&igonaire
responses were extracted from Qualtrics into tiB Statistical Package for the

Social SciendSPSS version 25) for data analy@idy responses from therapists

who returned complete questionnaires were analysed. Mean scores and standard
dewvation for the overall ratings of each body segment, each child and each position

are reported due to the large volume of ordinal ratings that were taken.

For reliability, intraclass correlation coefficients (ICC) with 95% confidence interval
were usedo evaluate intefrater and intrarater reliability to determine the level of
absolute agreement between raters of each CABA dimensions, and of the total
scores One commonly accepted analysis of reliability in therapeutic research is the

use of intraclass correlation coefficients (Ottenbacher and Tomcheck, 1993).

An ICC >=90% generally accepted as the level required for a clinical detakiog

tool (Koo and Li, 2016). Investigations into sample size requirements to support ICC
power remain scarce faeliability studies (Shoukri et.aP004). Different theories
exist in the literature regarding determining sample size in reliability studies. Some
authors advocate a predetermined rule of a sample of at least 30 and involve at
least 3 raters (Koo and, 12016); whilsbthers have been more general suggesting
gaining as large a sample of raters as possible (Field and Hole, @d0&)s have
highlighted that this is not as straight forward or simple arguing a broader
perspective is required in determirgnrsamplesize; thiss dependent on the

number of observations and required power value of the ICC, meaning that the
actual sample size for estimating ICC power is sfBajafg and Baharum, 2017;

Walter et al, 1998).



159

Based on Bujang and Baharum (201ithwach rater carrypngout a minimum of 3
observations per child (h=%hereis apower value of greater than 0.8 to detach an
ICC greater than 0.9, statistical significance at a p value of Bod3nterpretation

of the results with a sample size otbildren the following assessment of the
strength of the reliabilitywas adopted ICC values less than 0.5 are indicative of
poor reliability, values between 0.5 and 0.75 indicate moderate reliability, values
between 0.75 and 0.9 indicate good reliabiléynd values greater than 0.90
indicate excellent reliability (Koo and Li, 2016).

Absolute reliability was determined by calculating the standard error of
measurement (SEML G A& NBO2YYSYyRSR GKI G L// Qa
measure for use aan indicator of agreement in reliabilities, the use of SEM
supports analysis of high levels of agreeméhijang and Baharum, 2017he SEM
serves in a complementary role to the reliability coefficiéitie SEM is the

standard deviation of measurementrers andis used to determine the effect of

measurement error on individual results in the assessment tool

Reliability data is used to provide an index of the amount of measurement error in
an assessment. The body alignment aspects of children witlv&l&aged by
therapists are open to manyariables, whicimay act as sa@alled errors during
assessment. Pynsent (2001) lists 4 types of errors; error from the gater from

the instrument itself error from the patient and random error. Both random dn

systematic errors are a source of concern in score interpretation. Thus, assessment

developers have a responsibility to demonstrate reliability of scores obtained from

assessments. Error scores, or errors of measurement, are the discrepancy between

an examinee® or examine® observed score and their true score. No measurement
is perfectly accurate, but it is accurate within specific error margins. The lower the
error margin, or SEMhe moreconfidence care placed in the measure. The

higher the scorelte moreconsiderationshould be given tavhether the right

problemis being addressed

- NJX
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The confidence interval represents the range of scores within which you can be

highly confident that the rater's true scores lie (Field and Livingstone, 2013). In

orderto calculate the confidence interval, the standard error of measiveuld be

known (Field and Hole, 2002). Reliability coefficients are used to indicate the extent

to which an assessment is a stable instrument that is capable of producing

consistent reslis. Reliability is usually expressed as a correlation coefficient and

varies between 0 and 1 (Pynsent, 2001). Correlation is the term used to describe a
measurement ofissociationwhich indicates the degree twhich two or moresets

of observationdit a linear relationship, expressed as a numerical index (Field and
Livingstone, 2013)Vhen the test is completely unreliable, the standard error of
measurement is at its maximum and is equal to the standard deviation of the

observed scores (Field and Hol€02). The standard erraf measurement is a

function of both the standard deviatiofsD)of observed scores and the reliability

of the test(Roach, 2008) ¢ KS OF f Odzf G A2y F2NNdef I F2NJ
and the ICQvas usedo determine the value of in this study. The closer the SEM is

to zero the higher the degree of reliabiliftfhe SEM in this study were reported in a
complementary raé to the reliabilityof L / / Q& (2 & dzLJLJafMddels afy G S NILJIN.

agreement

For construct validity, the mean of sum rater sconess usedased on GMFCS

level. This assumed that body alignment is likely to be more severéjghera

child with CP is classfl, such as GMFCS level IV and V. Anaebetween
adzo2S0GaQ !'bhx! gl a O2yRdzOGSR (2 O2YLI} NB
L2aAdA2y FYR (KS OKAftRQa 20SNIff aSOSNRG
children differ by the level of GMFCS setyePost hoc comparisons using the

Tukey HSD test were used to examine differences between pairs of each of the

children at all GMFCS level to determine if the CABA can differentiate between each
GMFCS level; f@xample,can the CABA distinguish betweeMECS level 2 and 5,

or GMFCS level 4 and 5, or GMFCS level 1 and 3 etc.
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5.3 Results

In total, 2,196 physiotherapists were contacted. Participants were invited to
contribute if they worked within the field of posture / postural management with
children dignosed with CPResponses were received from n=167, 20% of
respondents (n=33) partially completed survey, with 9% (n=15) completing fully the
rating of all 5 children in all 3 positiontsfle5.1).

Table5.1: Response breakdown of total number of resges (n=167).

No information recorded 8 (5%)
Descriptive only (no ratings) 123 (74%)
Partial ratings 21 (12%)
Complete ratings 15 (9%)

Respondents whoompleted partial ratings varied in the amount of the
assessments thecompleted. The smallest amount of partial data completed was

by one respondent who completed the first three items for one of the children in
just one position. Whereas the largest amount of partially completed data was from
one respondent who completedll ratings irfour out of thefive children in one
position (standing). Within the partial ratings no respondent completitthe

ratings on all of the children in a set position. Therefore, as there was no clear cut

off for the partial rating data, angsis was run on the completed data set only.

¢KS RSAONALIIAGS RIGIE NBfFGAY3 G2 NBaLRYyR:
collectively analysed and grouped by region, years of experience, place of work and

area of speciality.

Respondents came from all regs within England as well as other nations in the

UK, with 7% of respondents (N=1) coming from overseas (f&bje
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Table5.2: Respondents by regiorfe=167)

East Midlands n=4 (3%)
Eastern n=13 (9%)
London (irluding Greater
London) n=26 (17%)
North East n=13 (9%)
North West n=13 (9%)
Scotland n=6 (4%) n=1 (7%)
South East n=17 (11%) n=3 (20%)
South West n=10 (7%)
Wales n=7 (5%) n=1 (7%)
West Midlands n=25 (17%) n=6 (40%)
Yorkshire & Humberside n=8 6%) n=2 (13%)
Northern Ireland n=2 (1%) n=1 (7%)
Overseas n=5 (3%) n=1 (7%)

Just under half of respondents, 40% (n=4), had been in the profession @011
years or more. More than half of respondents, 60%, worked in the NHS with 23% in
education and7% in private. The majority, 93%, worked in neurodisability and 7%

worked in the musculoskeletal speciality area (tabl®).

Table5.3: respondent characteristics of time in job, area of expertise and area of
work (n=167)

Time in Job
1-5 years n=12(8%) n=2 (20%)
6-10 years n=7 (5%) n=2 (20%)
11-20 years n=50 (33%) n=4 (40%)
more than 20 years n=82 (54%) n=2 (20%)
Area of expertise
Community n=26(16%)
Musculoskeletal n=14 (9%) n=1 (7%)
Neonatal n=10 (6%)
Neurodisability n=109 (69%) n=14 (93%)
Area of work
Education n=10 (6%) n=3 (23%)
NHS n=120 (77%) n=9 (60%)
Private n=26 (17%) n=1 (7%)
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5.3.1Inter-rater reliability

We had complete responses from n=15 clinicians. Each therapist rated each%of the
children in all 3 positions; 23 alignment ratings in the lying and standing position
and 25 ratings in the sitting position. In total, 355 individual ratings by each rater

were received producing a data set of 5,325 measurements.

ICC estimates and tiveéd5% confidence intervals were calculated using SPSS based
on a mean rating (k=15), absoludgreement. Using a-®ay randomeffects model
ICC(2,15)A 2way randomeffect model was usetlecause ratings/ere collected

from a sample of 15 raters from thainicians that were invited to take part in the
study andthe findingscouldbe generabed to all clinicians who work with children
with CP.

Results are presented as mean and standard deviations or total scores. Mean scores
represented the total mean sce of all ratersK=15 intrarater, k=11 interrater)

per the dimension being analysedy.,Position; with the standard deviation

showing the variation in values around the mean score. Total scores are the sum
total of all raters CABA scores (n=355 rgsiper rater) for different dimensions

such as body segments. Total scores are used in the analysis of ICCsaf8%ClI,

SEM.

The interrater reliabilitymean and SD for each child across all the measurements in
each position increased in line with the &wf GMFCS severitiable5.4). The

mean and SD values of GMFCS Level | were lower than Mean and SD values for
GMFCS Level V, indicating that thgherthe GMFCS classification the further body
alignment deviates from optimal. The Mean and SD values wezater in standing

and lowest in lying, with the exception of GMFCS Isurticating that at GMFCS
levels HV alignment deviated greater from optimal the more upright they were
against gravity. In GMFCS Level V Mean and SD values across statidggnsli

lying differed little, ranging from 1.63 (SD=0.38) to 1.87 (SD=0.56), indicating that
their body alignment deviated greatly from optimelespectiveof standing, sitting

or lyingposition.
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Table5.4: Inter-rater reliability Mean scores and Staard deviation of the CABA for
GMFCS level and position given by 15 raters.

| 0.69 (SDE.47) | 0.35 (SD=0.16) 0.27 (SD=0.23) 0.43 (SD=0.36)

I 0.86 (SD=0.41)| 0.45 (SD=0.22) 0.28 (SD=0.19)| 0.53 (SD=0.37)
Il | 0.87 (SD=0.47) 0.55 (SD=0.31) 0.4 (SD=0.21) | 0.61 (SD=0.39)
IV | 1.39 (SD=0.39) 1.29 (SD=0.49) 1.23 (SD=0.37) 1.31 (SD=0.42)
V | 1.63(SD=@8) | 1.7 (SD=0.49) | 1.87 (SD=0.56) 1.73 (SD=0.49)

Closer inspection of table4 shows close mean scores between children at GMFCS
level 1l andll in standing and sitting. This trend is apparenfigrb.1, where no
clear increase in scores is illustrdtmdicating little difference in body alignment

deviation between these levels.

2.5

0 iiii 'iii iiii ‘III ‘Ill

Level | Level Il Level Il Level IV Level V
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Figure 5.1Mean Rating scores of alignment by position and GMFCS Level.

Further analysis was undertaken to determine whether these similarities related

specifically to te GMFCS level or particular body segments within the CABA. The
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results obtained from the preliminary analysis of intater CABA scores across

dimensions of position and body segments are presentede 55.

Table5.5: Inter-rater reliability Mean sores of the CABA by body segment for
GMFCS level Il and Il given by 15 rateeses at test 1 (k=15) across sitting and

standing.

Head 0.78 0.79 0.62 0.62
Trunk 0.60* 0.47 0.33 0.67
Pelvis 0.51 0.74 0.26 0.40
Arm 1.15* 0.75 0.34* 0.29

Leg 0.67 0.80 0.48 0.67
Foot 1.39 1.57 0.57 0.57

* Denotes higher scores for GMFCS Il thanStlores where the same between GMFCS
levels.

In standing 4 out bthe 6 body segments demonstrated a difference between the
ratings given at GMFCS level Il and IlI, with the smallest difference being noted at
the head. Two of the body segments, arm and trunk scored higher for GMFCS level
Il indicating that these itemsay have lower interater reliability between these
levels. Similarly, for sitting, arm position scored higher for GMFCS level 1l with no
difference in scores demonstrated for foot and head. Interestingly, only arm scores
where higher at GMFCS level If bwth standing and sitting, signifying thatm
alignment may haveeduce reliability across these positionsd between GMFCS

levels Il and IlI.

Overall interrater reliability was excellent across péisitions of sittinglying and
standing (ICC [25] 0.93 95%C10.9180.941) and for all body segments ICC (2,15)
0.93 (95% C1 0.918, 0.941). The values given across individual positions and body
segments showed excellent reliability for sitting, lying, head, trunk and pelvis. The
ratings for standing, ran, leg and foot had reported lower range 95% confidence
intervals from 0.847 (Foot) to 0.898 (Leg), demonstrating good to excellent

agreement between raterggble5.6).
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Table5.6: Inter-rater and intrarater reliability of the CAB#otal score (N=355

ratings per rater) for different positions and body segments of children with CP.

Position

Standing | 0,900 | (0.868,0.926) | 0.17| 0.902 | (0.888, 0914) | 0.28
Sitting 0.931| (0.912,0.942) | 0.17| 0.895| (0.864, 0.917)| 0.27
Lying 0.953 | (0.939, 0.966) | 0.16| 0.930 | (0.920, 0.939)| 0.23
Total 0.930| (0.918,0.941) | 0.17| 0.910| (0.895, 0.921)| 0.26
Body

segment

Head 0.947 | (0.917,0.968) | 0.16| 0.94 | (0.929, 95) | 0.21
Trunk 0.944 | (0.917,0.966) | 0.15| 0.924 | (0.908, 0.937) | 0.22
Pelvis 0.951| (0.926,0.97) | 0.16| 0.936 | (0.919, 0.949) | 0.21
Arm 0.896 | (0.847,0.933)| 0.16| 0.891 | (0.871, 0.908) | 0.25
Leg 0.923| (0.898,0.943) | 0.17| 0.876 | (0.836, 0.904) | 0.30
Foot 0.895| (0.847,0.933) | 0.21| 0.903 | (0.883, 0.919) | 0.31
Total 0.930| (0.918,0.941) | 0.17| 0.910| (0.895, 0.921)| 0.26

The interrater and intrarater ICCs when examining children classified by 5 GMFCS
level overalwere >0.910 (able5.7). All of the ICC valador irter-rater reliability

were excellent for GMFCS levels Il to V and good for Level II. Children at GMFCS |
had an ICC (2,15) of 0.731, indicating moderate agreement.
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Table5.7: Inter-rater and intrarater reliability of the CAB#otal score (N=355

ratings per rater) across GMFCS level

| 0.731| (0.629,0.833)| 0.19| 0.784 | (0.712,0.833)] 0.28

I | 0.865| (0.825,0.905)| 0.14| 0.86 | (0.785,0.913)| 0.4
Il 10.903| (0.856,0.95)| 0.12| 0.825 | (0.797,0.849)| 0.26
IV 0.907| (0.872,0.942)| 0.13| 0.885 | (0.865,0.902)] 0.22
V' 10.932] (0.905,0.959) 0.13| 0.909 | (0.885,0.931)| 0.21
Total | 0.930| (0.918, 0.941)| 0.17| 0.910 | (0.895, 0.921)| 0.26

5.3.2Intra-rater reliability

The follow up retest was completed 1 month later by n=11 of the raters. The re
test consisted of the same 355 individual ratings provided from the-rarar data
set and a second set from the retest data resulting in a data set of 7,810

measuremens.

ICC estimates and their 95% confidence intervals were calculated using SPSS based
on a mean rating (k=11) at two time points, absolagreement. Using a®ay
mixed-effects model ICC(2,11). Ay mixedeffect model was used because we
collected ancanalysed multiple scores given by each rater. Absehgieeement is

the standard measure used for intrater, ortest-retest studies since it is an

agreement that is being measured (Koo and Li, 2016).

Overall intrarater reliability was good to excelleacross all positions of sitting,

lying and standing and for all body segments (ICC [2,11] 0.910 95% ID@39b

The ratings for positions sitting, standing and body segments arm, leg and foot had
reported lower range 95% confidence intervals from83§leg) to 0.888 (standing),
demonstrating good to excellent agreement between ratéeble5.6). The ICCs

and 95% CI values given across lying, head, trunk and pelvis were >0.908, indicating

excellent intrarater reliability.



168

Examining interater reliability for children classified by 5 GMFCS levels the ICC
values weregood to excellent for GMFCS levels Il to V and moderate for Level I. On
consideration of the 95% confidence interval scores children at GMFCS IV and V
demonstrated good to excellent rahility, whereas GMFCS level | to Il

demonstrated moderate to good reliability faraple5.7).

5.3.3Examination of the change in scores between test 1 and test 2
It can be seen from the daia figure 52 that the second test scores tend to be

lower than the first.
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Figure 5.2meantest-retestrating of alignment by GMFCS Level

Closer inspection of the datéaple5.8) shows that this finding is consistent across
all GMFCS levels, indicating that clinicians are more likely to spot misalignment or

rate it as more severe on the first rating.
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Table5.8: Mean and standard deviation (SD) ratings given at test 1 and test 2 by
the k=11 raters for each GMFCS level.

0.29 (SD=0.62)

0.26 (SD=0.6)

I 0.4 6D=0.67) 0.31 (SD=0.65)
1 0.5 (SD=0.66) 0.34 (SD=0.61)
v 1.28 (SD=0.71) 1.08 (SD=0.65)
Vv 1.83 (SD=0.86) 1.74 (SD=0.71)

Total 0.86 (SD=0.93) 0.74 (SD=0.87)

The test and retest ratings were more likely to be equal when rating GMFCS Level |.

The gratest difference between test and retest ratings were noted for GMFCS level

IV or V. Tabl®.9 provides an overview of score changes between test 1 and test 2,

examining the percentage of scores which scored higher or remained equal. The

top of the table sows scoring between GMFCS level, whilst the rest examines

dimension of the CABA in relation to positions and body segments.

Overall, 73% of scores remained equal at test 1 and test 2 across all GMFCS levels.

Children at GMFCS level | had the lowestpatage change in scores between test

1 and test 2 with 87.5% of scores remaining equal compared to children at GMFCS

level V which had the highest changes (62.9%).
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Table5.9: Percentage of scores which increase and stay the same betweeh test

and 2 for the k=11 raters across GMFCS levels, positions and body segments.

GMFCS Level
l 8.1% 87.5% 4.5%
Il 12.9% 81.8% 5.2%
0l 23.9% 70.2% 5.9%
Y 28.7% 62.6% 8.7%
\% 23.0% 62.9% 14.1%
Total 19.3% 73.0% 7.7%
Position
Standing 20% 70% 10%
Sitting 23% 71% 6%
Lying 15% 78% 6%
Total 19% 73% 8%
Body Segment
Head 9.9% 83.0% 7.1%
Trunk 13.7% 80.0% 6.3%
Pelvis 14.5% 81.4% 4.0%
Arm 17.0% 74.7% 8.3%
Leg 27.5% 64.0% 8.5%
Foot 23.1% 67.1% 9.8%
Total 19.3% 73.0% 7.7%

Scores across all dimensions of the CABA, positions and body segments, showed
high levels of consistency with scores >70% remaining equal between test 1 and 2.
Scores in the lying position were medikely to have equal scores (78%) compared

to those in standing (70%). Whilst scores examining foot had lower equal scores
(64%) compared to those examining head (83¥ecrease in scores between test

1 and test 2 was noted across all GMFCS leved#tjgus and body segments,

indicating that on the retest misalignment was recorded as less severe.

Overall, the biggest differencgasbetween test 1 and test 2 for GMFCS level IV
and V. Further analysis revealed that scores of the head were the mo$t stih

75.3% remaining unchanged, whereas scores of the leg (51.7%) and foot (51.7%)
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demonstrated greatest degrees of changeble5.10). This indicates that CABA
items relating to the leg and foot at GMFCS level IV and V may have greater

variability intest-retest situations.

Table5.10: Percentage of scores between test 1 and 2 (k=11 raters) for the CABA
dimension of bodysegmentacross GMFCS levels IV and V.

Head 12.6% 75.3% 12.1%
Trunk 19.2% 73.7% 7.1%
Pelvis 23.7% 70.2% 6.1%
Arm 25.8% 63.3% 11.0%

Leg 35.9% 51.7% 12.4%
Foot 26.2% 57.1% 16.7%

5.3.4Rater variability

In addition, Intraclass correlation coefficients along with their 95% confidence
interval were usedo determine the level of absolute agreement between a raters
score (k=11) on the first and second test of the same children, one month apart
(table5.11, figure5.3). Overall rater agreement across GMFCS levels, positions and

body segments were excelleiCC(2,11) >0.90).
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Table5.11: Intra-rater reliability testsassessed by 11 Raters (N=355 ratings) across

GMFCS level, positions and body segments

GMFCS level
I 0.784 (0.712, 0.833)
I 0.86 (0.785, 0.913)
1] 0.825 (0.797, 0.849)
\Y 0.885 (0.865, 0.902)
\% 0.909 (0.885, 0.931)
Total 0.910 (0.895, 0.921)
Position
Standing 0.902 (0.888, 0.914)
Sitting 0.895 (0.864, 0.917)
Lying 0.930 (0.920, 0.939)
Total 0.910 (0.895, 0.921)
Body Segment
Head 0.94 (0.929, 0.95)
Trunk 0.924 (0.908, 0.937)
Pelvis 0.936 (0.919, 0.949)
Arm 0.891 (0.871, 0.908)
Leg 0.876 (0.836, 0.904)
Foot 0.903 (0.883, 0.919)
Total 0.910 (0.895, 0.921)
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Figure 5.3Distribution of Mean CABA scores at each GMFCS level fontkst a
retest scores by each rater (k=11)

The results of the correlation analysis for raters test and retest scores are presented
in figure5.3. This shows a strong correlation of agreement between raters with

little deviation from the line of best fit. Rats scores are grouped low and

collectively for GMFCS levels | and Il. Scores for GMFCS level lll, can be clearly
determined but lie close to levels | and Il, whereas scores for GMFCS level IV and V
are clearly grouped in separate clusters with level Vwpasicored higher than level

V.

Significant deviation in ratetest-retest scores occurs mainly at GMFCS level |, I
and Ill. Whilst there is some discrepancy in the raters score of misalignments
between GMFCS levels, the scoring for each rater remaimsistent between test

1 and test 2. This can be demonstrated through examination of two example raters
(figure 54). For examplerater A (black circle) has scored high for GMFCS level |
Thisscore iggrouped with most of the GMFCS level IV scoredicating thatin

scolingacross GMFCS thister hasscored misalignment high compared to others.
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However, scoring is consistent with test 1 and test 2 having a mean score of 1.00.
Similarly, rater B (red circle) presents the same, scoring high for misaigrane
GMFCS level comparedttoe other raters,yet consistent in their score between

test 1 (1.60) and test 2 (1.52).
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Figure 54: Outlier rater examples* fotest-retestrater reliability.

*Examples are marked with a differezglourcircle, black = tar A, red = rater B.

From this correlation of agreement for ratest-retestreliability we can see close
grouping and discrepancies in outlier scores between GMFCS levelsfigarl (

5.4). Data from this chart can be compared with the data ing¢abl4 and 55

which shows limited discrepancies of the raters scores between GMFCS levels | and
Il and Levels Il and IlI, indicating that raters were less likely to determine body

alignment between these paired levels.

Individual rater (K=11) ICCs acralisneasurements ranged from 0.858 to 0.933,
with 6 of the 11 raters (55%) having an ICC >t@l8l€5.12). This indicates that all

raters had a high level of agreemantindividual ratings fothe test and retest
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situation using the CABA&iInce all reers demonstrated high levels of intrater
NEfAFOATfTAGRY Ay@SadtAaardArzy Ayida2 GKS AYLI

experience or their area of expertise was not required.

Table5.12: Intra-rater reliability tests for each individual ter.

1 0.883 (0.856, 0.905) 0.28
2 0.872 (0.843, 0.896) 0.32
3 0.858 (0.826, 0.885) 0.28
4 0.882 (0.847, 0.909) 0.30
5 0.923 (0.902, 0.939) 0.24
6 0.893 (0.862, 0.917) 0.27
7 0.924 (0.897, 0.943) 0.23
8 0.933 (0.892, 0.955) 0.21
9 0.911 (0.865, 0.938) 0.25
10 0.928 (0.885, 0.951) 0.22
11 0.914 (0.869, 0.94) 0.23

5.3.5Construct Validity
The mean score across all measures for all raters at the first test increase in line
with GMFCS severity level ioan average rating of 0.43 for level | children to an

average rating of 1.73 for level 5 childrealfle5.4).

Aonegl @ 0SG6SSy adzwwaSotaQ !'bhzxz! B813&a 02yRd«L
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significant effect of the ratings given across the different GMFCS severity levels [F(4,

350) = 137.4, p < 0.001]. Post hoc comparisons using the Tukey HSD test indicated

that the mean score for each of the severity levels was significantly eliffeo

other severity levels with the exception of Levels Il and Il (p=0.770) and Levels | and

Il (p=0.663) where no significant difference was detectaddl€5.13). The Tukey

HSD test is specifically developed to account for multiple comparisons and

maintains experimentalise alpha at the specified level of 0.05 (Lee and Lee,

2018). It has good power and tight control over the type | error rate (Field and Hole,

2002); therefore, it was not necessary to correct for multiple comparisons in this

data set
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Table5.13: Construct validity pairwise comparisons between each GMFCS level

based on raters scores at test 1 (k=15).

| Il 0.66 -0.09 0.03 -0.05*
1] 0.02 -0.17* 0.03 -0.08*
\'% 0.00 -.87* 0.00 -0.82*
V 0.00 -1.30* 0.00 -1.48*
[l Il 0.77 -0.08 0.86 -0.03
\Y 0.00 -77* 0.00 -0.77*
V 0.00 -1.20* 0.00 -1.43*
1] \% 0.00 -.69* 0.00 -0.74*
V 0.00 -1.12* 0.00 -1.40*
\% V 0.00 -42* 0.00 -0.66*

* The mean difference is significant at the 0.05 level.

Gonstruct validitywas repeatedising the retest data sek€11) to see iit improved

for the raters who were more experiendén usingthe CABAhaving done so twice.
Values showed no change in significant effect at different GMFCS severity levels
[F(4, 3900) = 799, p < 0.001], indicating that having experience of scoring with the
CABA made no difference on construct validigb(e5.13).

5.4 Discussion

5.4.1Respondent base

There were diverse characteristics across respondents who completed the full
qguestionnaire. This demonstrates that the respondent base was diverse across
years of experience, speciality, areas of work and areaseoJtd. Norresponse is a
major source of potential bias in reliability studies (Bowling, 2014). A lack of
diversity in the characteristics of respondents may reduce the effective sample size,
introducing bias into the results. Whilst response rate couldniberpreted as low
(n=15), the sample size and diverse array of characteristics is a strength of this
study. The sample encompasses a broad ranghafacteristics, whichre

applicable to the wider physiotherapy population. The yield in respondent sample
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diversity in this study was higher compared to those of other studies, who have

only used 1 or 2 therapists.

In this study2196 physiotherapista/ere contacted, 20% of respondents gave
partially completed responses and only 9% gave fully completgubrnses. The

APCP covers a wide field of expertise across paediatrics, inclusive of CP, and it is
highly likely that some members had limited or no involvement with CP or posture
as part of their practice andherefore, would not have responded to the styd
request.However these results are not consistent with the previous research
finding into the content validity of the CABéhépter 4), whichreceived more initial
responses (n=283) compared to this study (n=1bdjthermore, comparison of

those who intiated a response and went onto fully complete the survey differs; this
reliability study had only 9% (n=15) of those who initiated a response compared to
30% (n=84) of those who initiated in the content validdiyapter 4:section 4.3.

Whilstfactors such aghe different times of year the research was conduct
annual leaveand workloadpressuredikely to fluctuate acrosdifferent times, could

well have impacted on responses this is an assumption and cannot be substantiated
with any validatectlinical dataA possibleexplanation for thiseduced response

rate could be the length of the surveyhisinvolvedscoring of 5 children across

each CABA items and positions of lying, sitting and standing, resulting in 355
responses from each respondefVhilst the scoring for each child was estimated to
take approximately 10 minutes, 50 minutes in total to assess all 5 children and no
more than 1 hour in totalThis may have res@tl in respondents not having

enough time to complete the survey and magpkain why responses tailed off

within the first position scoring of all 5 children and partial respondents did not give

a complete score for a child in the first position.

This is a limitation of this study amduld suggest the scale of the project wae
large. Therefore, future studies may focus on collection of more data through use
of parts of the CABA separately as required by clinical need sistéinakéng and
specific GMFCS levels.
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Whilst this limitation is acknowledged it was important thatteasfied sample

across all GMFCS was used to create construct valiigddition photographs

were selected over clinical application to limit systematic and randaars, which

may occur in clinical observation of children with CP. This approacheshab
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can be further explore by use of this in the clinical field.

5.4.2Reliability

The resultdased on ICCs and 95% confidence intervals showed excellent overall
inter-rater and intrarater reliability for the CABA for children with CP across all
GMFCS levels. Individual ICCs for both irdager and intrarater were good to
excellent for all GMFCS levels with taeceptionof GMFCS Level I, which indicated
moderate (IC (2,15) 0.731, ICC (2,11) 0.784). The reason for this is unclear; there
may be different explanations for this including the presentation and order of the
ratings with the child at GMFCS Level | always being the first aags such, the
benchmark cas. Order effects refer to the differences in reseagdrticipant
responses that results from the order in which the materials are presefitede et

al., 2014) In the case of the CABA reliability study this effect was nsadrby

having pictures of afive children inone question. However, the order of the

photos was in GMFCS grading meaning that the child at GMFCS level | was always
the first in the order of the photos displayed in each question. The SEM for both
inter-rater and intrarater were highst for GMFC&vell, 0.19 and 0.28

respectively, yet when viewed collectively with the range of SEM scores for inter
rater (0.12¢ 0.19) and intrarater (0.21¢ 0.28) this difference is marginal. It

remains unclear as to the reason why GMFCS level Istmrer. Whilst order

effect cannot be completely ruled out, the CABA demonstrated moderate to

excellent interrater and intrarater reliability across all GMFCS levels.

Furthermore, this discrepancy could also be attributed to some raters eixuggot

see misalignment, although overall rater variability was .|®@spondents were not

AABSY ye AYyF2NNIFGA2Y Fo2dzi GKS OKAf RNBY!
each of thefive levels would be depicted. They were simply termed chitdchild 5
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(See Apendix15). An assumption could be made that respondents assumed there

would be alignmenissues to observe. Thecreasein SEM scores at this level could

indicate that GMFCS level |, being the first case scored, resulted in a greater margin

of error dueto an expected alignment deviation from 0. This theory is supported

further in the ratertest-retestscores, whicth K2 ¢ SR 2 dzi f A SNRHE, F2NJ D
with levels | and Il showing the greatest shift in outlier scores. These outliers

demonstrate thatwhilst consistent, some respondents scored greater degrees of

deviation from optimal in body alignment for those children in which most

respondents found minimal deviation in alignment. This indication that one or two
respondents scored children at GMF@&Is | and Il higher than most could have

skewed the results, causing a reduced level of reliability for GMFCS level I.

In addition, it is possible that the child made an active postural adjustment prior to
the photograph being taken. Children at GMHA&&I | and lhave good postural
alignment and function in walking and postural adjustments (Rosenbaum et al
2007). Althougtchildrenwere positioned in optimal alignment, it is possible small
active postural movement may have occurred prior to the ghioeing takenIn fig

54 there is a clear trend of GMFCS | and 1l scoring close to 0 for body alignment,
clustered closely together indicating that respondents found their body alignment
similar. This is not a surprising result as GMFCS level | andriéwrlare able to
control their body alignment in an optimal position against gravity and make
adjustments within their base of suppoitherefore, reliability of the CABA in
children with GMFCS level | may be slightly lower and is an important consicerati

when using the CABA in clinical practice.

In terms of intefrater and intrarater total reliability for the dimensions of position
and body segments the CABA demonstrated excellent reliability (ICC >0.910).
Individual ICCs for both int@ater and inta-rater were good to excellent for each
of the specific positions and body segmemtslicating that the CABA has

substantial reliability across all its dimensions.
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Rater variability overall scores were excellent ICCs (2,11) >0.90, indicating that all

raters had a high level of agreemeinttest and retessituationsand the CABA s fit

for purpose. Scores for each individual rater who completed the test twice

demonstrated high levels aést-retestreliability (ICC rang@.858 to 0.933), with 6

of the 11raters (55%) having an ICC higher than 0.9 showing excellent levels of

reliability. Surprisingly, all raters had high levels of imater reliability.Indicating

GKFG NIGSNDR&E Of AyAOlf SELSNASYOS:E (GKSANI |
their ability to reliably use the CABA. A possible explanation for this is the extensive
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from over 280 pediatric physiotherapistschapter 4: section 4.3)1The CABA was

devebped to be a clinically usable tool which can be easily applied to clinical

practice, with low user demand. Other postural assessments require training and
experience in using the assessmémproduce consistenteliableresults(Rodby

Bousquet et al 2016; Goldsmith and Goldsmith, 2009; Pountney et¥399).

Clinical postural assessments of body alignment have been identified and critically
analysed in chapte3. Of the seven assessments identified amg, The PPAS
(RodbyBousquet et al 2016; Rody-Bousquet et a] 2019 and SAROMMB@rtlett

and Purdie, 2005 were supported by published studies which demonstiageod

to excellent validity and reliability in samples which include children with CP, in
addition to established evidence for construetlidity. Both of these assessments
used raters with considerable experience in using the tool, had training or required
a manual to follow. The PPAS psychometric properties were supported with raters
who had special training and lofigrm experience iusing the assessmeriR¢dby
Bousquet et a] 2019. The SARROM providedeihtraters with a manual for
administering the assessment, along with a study outline. Six of the raters were
involved in the development and revision of the assessment itemsthackefore,

had considerable knowledge and experiencapplicationof the SARROM, whilst

all raters were aware of the study purpose. Consequently, the recruitment strategy
opens the results up to biases across sample, measurement and the application of
the assessment. As the raters were mostly involved in the development of the tool

and all were aware of the stédQiin, there was limited independent or blinded
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evaluation, meaning that the results could be favourable towards the intended

outcome.

The $rength of the CABA is that it is able to be used reliably with minimal
instruction and across varied levels of experience, waddce and specialty in

children with CP.

5.4.3Examination of the change in scores between test 1 and test 2

It can be seenrdm the data in figre 52 that the second test scores tend to be
lower than the first. Closer inspection of the datal{le5.8) shows that this finding

is consistent across all GMFCS levels, indicating that clinicians are more likely to

spot misalignmenbr rate it as more severe on the first rating.

The test and retest ratings were more likely to be equal when rating GMFCS Level |.
The greatest difference between test and retest ratings were noted for GMFCS level
IV or V. Tabl&.9 provides an overviewf score changes between test 1 and test 2,
examining the percentage gtores, whictscored higher or remained equal. The

top of the table shows scoring between GMFCS level, whilst the rest examines

dimension of the CABA in relation to positions and bselgments.

Overall, 73% of scores remained equal at test 1 and test 2 across all GMFCS levels.
Children at GMFCS level | had the lowest percentage change in scores between test
1 and test 2 with 87.5% of scores remaining equal compared to children ROSM

level Vthat had the highest changes (62.9%).

Scores across all dimensions of the CABA, positions and body segments, showed
high levels of consistency with scores >70% remaining equal between test 1 and 2.
Scores in the lying position were more likéo have equal scores (78%) compared

to those in standing (70%hilst scores examining foot had lower equal scores
(64%) compared to those examining head (83@ecrease in scores between test

1 and test 2 was noted across all GMFCS levels, positnmhisody segments,

indicating that on the retest misalignment was recorded as less severe
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The difference between scores at test 1 and 2 could be attributed to a reduction in

error rate with repeated exposure to the same image. This is in accord withtrece

studies; Andrews et al (2012) showed that error rate reduced with repetition when

scoring body alignment based on posture categories. As a result, the results could
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reductionin severity of alignmentiowever, ashe majority of the score$>70%)

remained unchanged between test 1 and test 2 it raises the possibility that the

CABA has a high accuracy of scoring with a low error rate.

Regarding individual body segments, thetfbad the greatest variance between
test 1 and 2. The foot scored items fror2Phaving less posture categories
compared to the other CABA items, such as head, due to the reduced actual full
range of movement expected at the joint, as explained in detathapter 4 It has
been suggested that fewer posture categoroes result in arncrease in
misclassification errors (Andrews et,&012; Van Wyk et al2009).These results
support previous research into posture category boundaries and error rates
(Andrews et al] 2012; Van Wyk et al2009; Andrews et 3l2008a).

Overall, the biggest differendsbetween test 1 and test 2 for GMFCS level IV and
V.Further analysis revealed that scores of the head thadeast number of
classification errorsvith 75.3% remaining unchanged, whereas scores of the leg
(51.7%) and foot (51.7%) demonstrated greatest number of misclassifictdiole (
5.10). This indicates that CABA items relating to the leg and foot at GMFCS level IV

and V may have greater variabylin test-retest situations.

In terms of magnitude ofrrors between test 1 and thesewere minimal, there

werey 2 AAIYATFTAOLFIYO AYGSNIOOUA2Yya 2y NBaLRyR
segment and position. Observer error is inherent in the use stolationbased

assessment toolAndrews et al., 2008ajhe challenge remains a traesf

between magnitude of classification errors and the number of classification errors.
According to the data present in this stuliyanbe inferred that the CABA has

good to excellent reliability, howevgit is important to bear in mind the possible
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errors which may impact on items with reduced posture categories, such as the

foot.

5.4.4Rater variability

The results of the correlation analysis for rat@est andretest scores are

presented infigure5.3. This shows a strong correlation of agreement between

raters with little deviation from the line of best fit. Raters scores are grouped low
and collectively for GMFCS levels | and Il. Scores for GMFCS lemeldd clearly
determined but lie close to levels | and Il, whereas scores for GMFCS level IV and V
are clearly grouped in separate clusters with level V being scored higher than level
V.

The results from this study are consistent with previous resesmchCP

classification (Palisano et a82008) and intervention guidelines (Gericke, 2006). The
observed groupings between GMFCS legeV Ireflect the classification criteria for
the GMFCS. While children at levelB have limitations with walking g distances
and balances, all are typically able to walk and sit without needing support to
maintain body posture (Rosenbaum et, &007). The distinction, in regagtb body
alignment, becomes clear between GMFCS Il anaklildren in Level IV funion
usually requie external supporin sitting(Palisano et al 2008) Clinical
recommendations for supporting body alignment clearly outlinat posture
interventions should start as early as possible for those children at GMFCS level IV
and V (Geriak, 2006), indicating that these children due to the severity of their

neurological impairment are more at risk of body misalignment.

From this correlation of agreement for ratast-retestreliability close grouping

and discrepancies in outlier scoresttyeen GMFCS levels | to tigijre 5.3) can be

seen Data from this chart can be compared with the data in tabldsand 513

which shows limited discrepancies of the raters scores between GMFCS levels | and
Il and Levels Il and I, indicating thatenat were less likely to determine body

alignment between these paired levels.
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The results of this studpdicatedl K § G KS &a02NAy 3 WFALAQ AY
and in terms of alignment. It remains debatable how much misalignment will be
presentacross levels | to lll, despite the heterogeneity within each classification

strand, significant misalignment in body posture is not expected within these

subgroups compared to levels IV and V. This means that the CABA needs to be able

to clearly distingish between these two groups, which is clearly demonstrated in

the results presented (fige 53). Further development is required to explore the
/1.1 Qa aSyairdArAgraite G2 RSGSOG0 OKlFry3aSa Ay |

ongoing monitoring of both patsve and negative alignment deviation.

5.4.5Construct validity

Construct validity for the CABA was evaluated through its ability to differ between
known GMFCS levels in children with CP. Overall the CABA demonstrated
statistically significant abilityotdifferentiate between all GMFCS leveps< 0.001)

Further post hoc examination into paired differences between each of the GMFCS
levels showed each paired comparison was significant with the exception of GMFCS
Level I and Il and GMFCS Level Il andékning that raters were less likely to

determine a difference in body alignment between these specific pairs of children.

Construct validity was also repeated with k=11 raters to see if experience of using
the CABA improved construct validity, howeuao statistical difference was found,
indicating that the CABA demonstrated good construct validity and experience did

not impact on this.

The CABAvasdesigned to measure body alignment and deviation from optimal at
all levels of GMFCS. The GMFCS desctite primary differences between children
at Level I and Il and Il and Il relates to mobility (Palisano,&@B). In terms of
body alignment support there is little difference described between these pairs
(Rosenbaum et gl2007), indicating thathe findings are consistent with the
GMFCS grading system. Whilst other postural assessments have only examined

psychometric properties from GMFCS Level Il (R@thysquet et a] 2014), the
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CABA examined and is able to identify graded deviations in daghn@ent across
all GMFCS levels.

In addition,mean score increased with GMFCS severity showing that the raters
scored children at GMFCS level | as having more optimal alignment (mean score
0.43) compared to those at GMFCS Level V (mean score Thé3gresults are
consistent with the GMFCS classifications which outline more support being
required to support body alignment th@gherthe child is graded e.g.evel IV and

V (Palisano et al2008 Rosenbaum et gl2007).0ur results also showed that
devation from optimal was greater in positions which were more upright against
gravity, sitting and standing. These findings are in line with pre\atudies, which
have explored postural alignment and gravity as a cause of deformity (Porter et al
2008; $rutton et al, 2008; Fulford and Brown, 1976). These findings, while
preliminary, suggest that the CABA is responsive to determining differences in

alignment across the construct of CP and postural management.

Early identification and monitoring of bodjignment asymmetry are important

FaLSo0da 2F YrylF3aAy3a + OKAfRQA LIalddz2NB |y
determine changes in body alignment early can prevent the developwfent

musculoskeletal complications (Hagglund et 2014; Porter et al 2008; Scrutton,

2008) and assist in the effectiveness of posture management interventions such as,

the provision of supportive postural equipment in sitting, standing and lying

(Pountney et al 2009; Farley et al2003). The CABA is able to relyadietect

changes in body alignment from optimal, providing a clinical assessment which is
O2yaAraidsSyd Ay Y2yAUu2NAy3 || OKAfRQaA LI2Aaddz

therapists.
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5.4.6 Study Limitations

This was a first stage reliability studyhichexamired the reliability of scoring the
CABA items, from photographs using a gkidhilst the use of the grid assisted in
minimigngrater error it is acknowledged thdhis is not indicative of usual clinical
practice. As such has limitations irrelation tothe use and reliability of the CABA
in clinical settings-urthermore, this study examined scoring of items only, not
administration of the CABA. A study on administration of the CABA and how
physiotherapists place children into the positiaegjuired to score and whether
they need a grid to view through would improve reliability of the CABA in clinical
settings.Further studies which examine the scoring reliability both with and
without a grid in clinical and none settings would provide furtetail on the
/1.1 Qa NBtAlFIOAfAGE FYR Ada LW AOFGAZ2Y A

This study used photographs to capture body alignment and for therapists to score
from. Any digital approach to capturing and quantifying total alignment posture,
such as photogphs, requires multiple angles and views need to be captured to
improve reliability (Lowe et al., 2014). A standardised format is required regarding
how to position of the child and set up of the camera to support reliability (Dunk et
al., 2004). Whilsta standardised protocol and positionipgocedureimproves
photographanalysis oposturealignment, this may limit its transferability into
everydayreal life clinical assessme(tto Rosario, 2014yVhilstit can be argued

that the use ofphotograptsmayte lessNE Ff S O A @ Scurkeit everidSyNI LIA & G a
practice(Perry et al., 2008), photograph acquisition is fast, easy to do, and
accessible for the majority of physiotherapists working in clinical settings (Fortin et
al., 2011). Whilst this study used ghgraphs to minimise error, it coulasooffer
another dimension of the CABA as clinical measurement (Fortin et al., 2011).
Further studies which examine the scoring of the CABA from photographs using a
positioning protocol would provide furthesupport the generalisability of the result

of this study.

As part of the development of this new assessment, filnés stagestudy aimed to

explore the reliability o6coringthe CABA items. As such, having a higher number of
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raters was beneficial, strengthenitige statistical analysis of the reliability between
physiotherapists in their use of the CABA. The use of photographs of children with
CP minimised the amount of random error likely to occur from the child and
enabled examination of rater error. This re®d in the ability to identify any CABA
items which had limited reliability between physiotherapists aerefore, likely

to be exacerbated when used in a clinical setting. Other studies exploring
psychometric properties of postural assessment have askahited range of B

raters.

In terms of the group of CP children evaluated it could be argued that this may have
impacted on the significance of results obtained, limiting application to clinical
practice at present. Howevein the conduct of prelinmary reliability studies, only a
small sample size is required especially when a very high value of ICC is set for
result significanceBujang and Baharum, 2017his study demonstrated that the

CABA had excellent reliability with ICC value >0.90 acfigssaters.

The response rates for this study indicated that a large number of clinicians started
the questionnaire but did not fully complete. This could suggest the scale of the
project with only 5 children was potentially too large. Therefore, furttheta

collection focusing on one part of the CABA within children with CP as required by
clinical need, would improve response rate. Consequently, further studies which
examine elements of the CABA such as sitting, in a set cohort of childaen at
specificGMFCS level in clinical practice may provide further detail on the
psychometric properties and recruit a larger sample of clinicians and children.
Evaluation of the to® use is ofgoing to assist with refinement of its clinical

usability.

Within thisstudy, it is acknowledged that there may be some bias through the
recruitment strategy for therapists. The relatively small heterogeneous group of
children with CP may as a result, limit the genesadiility of the findings, whilst the
recruitment approacHtor paediatric physiotherapists is open to ss#flection bias.

In terms of the recruitment strategy for paediatric physiotherapists;-seléction
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bias is whereby those who patrticipated differed in clinical characteristics than those
who did not (Tripepet al, 2010). In some aspects this was expected as only those
who worked with posture andhildren withCP were asked to participate. However,

it is acknowledged that those who saklected to participate were only a selection

of those who could haven total 167 initial responses were received but only 15
participated fully in the study. There are several possible reasons for this, but in
terms of selection bias it could be argued that those who participated were perhaps
different in their experiencend specialities. Although sedélection is a threat for
internal validity of the study, a diverse respondent diversity which showed
respondent characteristics varied from experience, to speciality and region
minimised the impact of this potential biasutbre studies examining reliability of

the CABA against a larger sample of children with CP and neurological disabilities in
clinical settings would further support the genesgalility of the results of this

study.

5.5Conclusion

The CABA shows exceliémtra-rater and interrater reliability across all

dimensions of body segments and positi@idying, sitting and standing. It
demonstrates overall statistically significant construct validitdiféerentiate

between all GFMCS levels. The CABA isaldletect deviations in body alignment
by raters with varied experience and without training, suggesting it is a tool which

can be practically applied into everyday clinical practice.

Further examinationfi KS /! . | Qa NBaALRYyaArAd§wmé&ta G2 OK
will be undertaken in Chapter &his will form the third phase of the investigation

into the psychometric properties of the clinical assessment of body alignment in

OKAf RNBY $AGK /td ¢KS FT20dza 2F GKS ySEG
measurement of body alignment in the context of posture managing interventions,
specifically the provision of positioning equipment. This is required to determine if

the CABAs an evaluative outcome measure in clinical practice.
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CHAPTER

RESPONSIVENHSSCHANGE IN BODY ALIGNMENT

6.1 Introduction

This chapter reports on the third phase of the investigation into the psychometric
properties of the clinical assessment of body alignment in children with CP. The
recently developed CABA&h@pter 4 & 5) istie only known clinical assessment tool
designed to assess graded changes in total body alignment deviation in children
with CP; denoting left and right sides of the body, across 3 positions; lying, sitting
and standing. As demonstrated in chapter 4 the £A8Bbased on clinically derived
postural itemsdeveloped and revised by the clinical expert option of 283

paediatric physiotherapists who specialised in paediatric postural assessment. The
[V .1 KFra akKkz2egy G2 KIF@S 322 Rralageemey & O f A
fair to good (See chapter 4). As established in chapter 5 the CABA demonstrated
excellent interrater and interrater reliability across all dimensions of body
segments and positionsf lying, siting and standing. Construct validity was
supported by a significant difference in mean values between GMFCS Levels
(chapter 5).

A responsiveness study was carried out with a paediatric physiotherapist observing
a sample of children with CP GMFCS IV and V. The responsiveness study considers
external and internal responsivenessing an experimental clinical design. Two

frames of reference for determining responsiveness were usediediate change

in and out of posture management equipment and CP classification criterion
External responsivenesgsdetermined by comparing all CABA scores obtained in
and out of postural equipment, at the two GMFCS Levelshypethesisvas made

that children with CP will have improved body alignment when using postural
equipment. In order to evaluate internal respgimeness the CABA scores for each

child in and out of postural equipment were compared across three contexts: 1)
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Ability to detect change across all positions and body segm2htke level of

change detectedand 3) ability to detect change at both GMAEZ%nd V.

¢ KNRdzZAK2dzii GKS YSiK2R2f23& |yR RFGF F Yyl
worth as a clinical measure of body alignment in children with CP. A final section

looks at limitations and implications for clinical practice.

6.1.1Responsivenesin clinical measures

To be useful to clinicians and researchers, assessment measures should
demonstrate adequate psychometric properties in relation to responsiveness,
reliability and validity, to allow the interpretation of a change in result to have
clinical meaningFawcett 2013. Responsiveness is becoming a criterion for
selection of outcome measures (Beaton et 2DQL). Responsiveness is defined as
the ability to detect change in the concept being measuieidch et al., 208). An
assessmer®@ ability to demonstrate responsiveness has becaingreat interest in
rehabilitation (Field and Roxborough, A)1Clinicians are becoming more critical of
their assessment choices #hey tailor intervention strategies to adopt an
evidencebased approach (Majnemer and Mazer, 2004). Funding sources want to
know that their resources are being effectively used (Lenker.e2@{b). Research

is being more specific in their criterion foreasures selected to explore treatment

effectiveness and evaluation of programmes (Beaton e28I0L).

Responsiveness is a context specific characteristic of an assessment, it can only be
evaluated when the measure is used for a particular purposevdtida particular

group of individuals (Roach, 2006). The current literature on assessing

responsiveness divides this into two frames of refereetrnal responsiveness is

the ability to detect clinically important change based on changes due to

intervention and/or time effect while external responsiveness is the ability to

detect meaningful change based on external criterion such as patient groups or
professionas (Terwee et a] 2003; Roach, 2002; Husted et aD00). Three axes
underliethisclas®iA OF G A2y & & & lisSvioyis baifg@nalsedk 2 Q | EA &
AYRAGARdDzZE £ 4 k 3INRdzLIAYE (GKS WHgKAOKQ FEAA NJ
2O0SNI GAYS 2NJ G 2yS LRAYydG Ay GAYS IyR FTA
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quantifiedasis this general chage or clinically important (Beaton et al, 200As
responsiveness is a highly contextualised attribute of an instrument, despite there
being a lack of clarity around the methodology applying this set of indices
researchers are able to clearly deserineir methodological approaches in
examining this concept in relation to context, patient group and outcteiag

measural by the identified assessment.

Establishing the responsiveness informs therapists on the effectiveness of their
interventions (Fawett, 2013). Evaluative measures need to be responsive to both
the type and amount of change that is desired as a result of the intervention
(Roach, 2006)The CABA has been developed as having clinical meaning and being
interpretable by the user as it wdmsed on the ICF (WH2007). The ICF defines
body function as the physiological and psychological functioning of the body
systems, inclusive of the skeletal alignment{@,2007). The alignment scales of
the CABA measures the body structure componernheflICF. Body alignment in
lying, standing and sitting are areas targeted by therapists in the provision of
postural management equipmeiiHong 2005 Farleyet al, 2003) Itis, therefore,

of critical importance that in the development of the CABA responsiveness is
considered. This investigation ensures that this measurementdadletect

clinically meaningful change in body alignment in the use of posture management
equipment.As this study is paiof a wider investigation into the clinical assessment
of body alignment in children with CP as partlos PhDresearchproject, the aim

of thisthird phaseof the projectwas toexamine theClinical Assessment of Body
Alignment (CABAgsponsivenesstdetect change in body alignmeint children

with CP GMFCS IV andTkis chapterrepresents thehird and final stagef the

psychometric investigation of the CABA assessment in children with CP.

The purpose of thishapterwasto SE | YA Yy § (i Kp®nsivehesd tar@tecNS &
immediatechange in body alignmemiirough a study wherebg paediatric
physiotherapist used the CABAdoorealignment ofchildren with CP GMFCS IV
and V in and out of posture management equipment actgisg), sitting and

standingpositions.
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6.2Methods
Approval for this study was obtained from the Ethics Review Board of York St John
University, UK; REF: 069011429 George_2209@(béendix9).

6.2.1Responsiveness

It is acknowledged that there is no gold standard for conductingarsiveness
studies. Methodology is based on frames of reference criterion and underpinning
sub-classifications whicprovide indicegrom which responsiveness can be

determined(Terwee et al 2003).

As part of the development of this new assessment ttuk study aimed to

explore the responsiveness of the CABA in children with cerebral palsy GMFCS IV

and V. This study aimed to examine responsiveness usm@rames of reference:

immediate change in and out of posture management equipment, and CP

clas#ication criterionexamining both external and internal responsivenésdse
sub-classifications described by Beaton et al, @0®hich underpinned the
NEtAFLoAfAGE AYyRAOS&E 61 a dzaSR G2 SEIYAyS |
groupsofchildrem AGK /t 4 DaC/{ L+ IyR 3 (KS Wy
scores compared over immediate change with and without postural equipment and
FTAYLEfte GKS WgKIGQ FEA& Aa (KS OKIy3aS Ay

Experimental methodology designs are often used to deiee cause and affect
relationships (Field and Hole, 2002). Whether these are true of quasi designs
depend on the control the researcher has over the dependent and independent
variables. In terms of this study independent variable is the use of positing
equipment €ause) and the dependent variable is the measurement of body

alignment éffect).

In order for this study to be a true experimental desigwould have to have a
control group of children who didot use positioning equipment at all. Imgxctice
there are obvious ethical reasons why this cannot be déms&tead this study has

selected a group of children with CP who use positioning equipment for sitting,
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standing and lying, howevgalso spend time out odquipment.This criterion was
setas it reflects typical, real life settings in the use of positioning equipment in
children with CPChildren with CP do not use positioning equipment across all the
hours of the day (Gough, 2009). Posture management is an integrated approach
combining tebiniques which minimise postural misalignment (Farley et al., 2003)
while the use of positioning equipment is the primary approach with this
accompanied by movemesitased activities (Gericke, 2006). Children with CP also
use movement experiences and timataf equipment to support development

and their quality of life. In everyday situations it is typical for children to spend time
without their equipment.While this study is examining immediate change of body
alignment between use of positioning equipmeartd both variables can be
controlled. There might be small differences in terms of time spent in and out of
equipment on a daily, weekly or yearly basis for each child. As the variable of body
alignment is not wholly under our control, a quasiperimenta design method is

used (Field and Hole, 2002).

6.2.2Study design

A quasiexperimental study design was used to examine the responsiveness of the
CABAIn the examination of responsiveness, more than one type and context of
responsiveness study may begrered (Beaton et al 200L; Husted et al 2000).
External responsivenes&s determined by comparing all CABA scores obtained in
and out of postural equipment, at GMFCS Level.Wiyjpothesis for this part is that
children with CP will have improved bodiignment when using postural

equipment. Consequently, the null hypothesiasthat children with CP will have

no improvement in body alignment when using postural equipment.

Internal responsiveness was determined by comparing the CABA scores for each
child in and out of postural equipment across three contexts: 1) Ability to detect
change across all positions and body segments, 2) The level of change detected and
3) ability to detect change at both GMFCS IV and V.
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6.2.2.1Participants
To evaluate the reponsiveness of the CABA one physiotherapist, the primary
researcher, evaluated a random stratified sample of (n=10) children with CP GMFCS
Level IV (n=5) and V (n=%he primaryresearcher was the sole physiotherapist
within the schoolthis was selecteds the children were both used to the
environment and lead researcher, therefoteaving minimal impact on the
OKAf RNByQa Y22RX ¢St oRandgnimelsyirBmedieriogg A OF £ |
can affect scores and can occur in either the assessor (phgsaqtist) or the
AYRAGARdAzZEf OOKAfR gAGK /t0o FFFSOGAY3D |y
negative direction (Crocker and Algina, 8D(5ee chapter &ection 4.1.2. As
random errors reduce both the consistency and the usefulness of the assetssme
scores, it is important to adopt approaches within research which minimise these
(Mcdowell and Mcdowell, 2006). The selection of the sole resesraimed to

minimise both assessor and individual errors.

Children with CP can become unsettled when nmegetiew people and this can
affect their body alignment through a change in tone. The primary reseakrigsv
the children well andnteractedregularlywithin the clinical context of theasearch
assessment of body alignmeint everyday practiceThis meat that the children
were familiar with the physiotherapistssessingosture both in and out of
equipmentaspart of their therapy sessiong he primary researcher was also
familiar with the CABA assessment, having been the initial developer of the
assessent. This meant that random errors relatednasreading items or
misinterpreting the scores were limited. Had oth@hysiotherapist$een recruited
to examine thesample of childrenthere was a likelihoothat this would have

increased random errors argkewed the results.

6.2.2.2Description of children evaluated
A random stratified sample of (n=10) children with CP GMFCS Level IV (n=5) and V
(n=5) were recruited from a local special school. All children had a confirmed
diagnosis of CP and GMFCS lbyead consultant paediatrician, used postural

equipment across sitting, lying and standing, had no surgical procedures within the



195

previous 6 months, no injection of botulinum toxin type A within the previous 6

months. Invitation letters and written inforation was given to the families

GKNRdzZAK GKS &aO0OK22fQa O2YYdzyAOIFGA2y aeads
families who agreed to participat€hildren who conseed where groupedoy

GMFCS level and randomly invitectil there were five children at eeh of GMFCS

level.

This sample of children, five representing each GMFCS level IV and V (n=10 in total),
this equated to 3 observation assessment per child acnpssitions of lyingsitting

and standing. With a score being taken twice for each positiae avithout

equipment and once with giving 142 scores per child resulting in a total each
GMFCS group of 710 scores.

6.2.3Procedure

A convenience sample of one physiotherapist who worked at the special school
da02NBR SI OK OKAftRQAyAYyNNSL /32 Ra 191 OKy LB Wi
alignment was scored with and without equipment across lying, sitting and

standing For the baseline assessment, without equipment, thédren were

scored on a firm matt on the floor for lying, on a wooden blocksftimg and on a

firm flat surface for standing. With equipment, the children were scored in their

own postural equipment they used across lying, sitting and standing.

A local special school was selected as it was an environment where children use
posturemanagement programmes frequently, and where posture assessments are

I FNBIljdzSyd LI NG 2F I OKAfRQa GKSNI LRBO® ¢K,;
used to the environment andosture assessmentherefore minimising any impact

on individualclinicalpresentation reducing random measurement err8ome

children required support to maintain positions such as sitting, without equipment.

Adult support from a teaching assistamtas therefore, given if required to support

safety, but not correct or changdignment.The same teaching assistant was used

for all children to keep continuityfgach child was allowed 2 minutes within each

position before measurements were taken to allow them to adopt a typical
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without equipment.

Thechildren were identified by the primary researcher from a local special school.
Gate keeper permission from the head teacher and school board of governors was
sought to approach parents for informed comsén the study(see appendi20).

The primarycaregivers were contacted through homsehoolbooksthe schod®
established and preferred method of communicating with parents. Participant
information (see appendi®l), consent formgsee appendi22) and areturn

envelope were sent to parents of identified children, this asked parents to respond
only if they wished for their child to participate. No parent or caregiver was directly
contacted by the lead researcher as part of the recruitment process.

information to caregivers made it very clear that participation was voluntary and
that refusal or withdrawalvould not influence the therapy support either they or

their child receive for postural management, and any other therapy intervention.

Asdiscussd in chapter 5gection5.2.3.3) children with CP are a group of
individuals often unable to give consent due to their severe learning impairments,
therefore, parental consent to participate in the study was sought. However,
children were also given inforation about the studyTaking into consideration the
complex learning and communication needs of the children, itevee® again
important that creative, multmethod, flexible approaches were adopted, which
could be tailored to the needs of those involviekample imppendix23). It is
particularly important to note there was likely to be a range of needs and abilities,
therefore tools needed to be adapted to suit the individuals not the group as a
whole. Again, such decisions were informed by consulttgyant experts (for
example, parents, practitioners and support workers) and it was necessary to work
alongside parents and support workers once consent to participate had been

received, when undertaking data collection.

Alternative communication methalwere used to explain the study, this took on

the form of three main strategies to cover a range of understanding levels of the

idKS
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children and could be tailored to individual needs. Strategies include firstly; pictorial
information supported by verbal ancel¢ words(See appendif3), secondly the

showing ofobjects thatdirectly related to the activity for example; equipment and
OFYSNIT YR GKANRf& (GKS LI OAy3a 2062S0i0a .
pupil profile which clearly descriliebody reponses the child displays when they

are happy and unhappy, when they like or dislike something. These profiles are

created by consultation with caregivers and professionals who know the child well.

Body responses were observed and taken as the child aegaiot participate in the

study. If a child was able to give a verbal response this was also included alongside
observation of body response. Caregivers were given a copy of the child

LI NODAOALN GA2Y AYF2NNIGA2Y (I hattlishBuRl (2 (K
be share with their child prior body alignment assessme@aregivers were also

given the option to be present during the assessment if they wishedappendix

21). For the purpose ofnaintaining participant anonymitychildrenwere classied

by GMFCS and age (mean, SD and raogg)

Careful thought was given regarding the ethical considerations in undertaking this
study to minimising child distress. This involved communicating and involving with
those who knew the child best, such@arents and careers throughout the study.

U= of eachchildQ By Day profile (see appendb8), enabled individuals
communication methods to be used and assent gained by observingle&ch f R Q &
body responsehroughout theirparticipaion in the study. Cosideration was also
given to gate keeper information and permission, data storage and participant
anonymity. Details of the full ethical application for this study are detailed in

appendix19, with supporting information in append0to 23.

Each partidiJ- y 4 Qa o02R& FfAIYyYSyld gFa 20aSNBSR |
ddzLILR2 NI SR Ay GKSANI FRFLIWGAGS SljdzA LIYSy G dza
such as seating / stander / lyisgpports.It was recognised that some of the

children may require adultupport in some unsupported positionarticularly

sitting or standing, this was given as minimal as possible and did not correct body

alignment.
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6.2.4Data Analysis
Each participant was assigned a unique reference number and the CABA scores
inputted intothe IBM Statistical Package for the Social Scigi®fSS version 25) for

data analysis.

Thenull hypothesisvasthat there is no difference in CABA scores between with
and without equipment. Assumptions of the distribution of the data were
examined usinglolmorgov Smirnoff test, to determine whethparametric tests or
non-parametric tests should be calculated. Two frames of references have been
used in this methodologynternal responsivenedsased on changes due to
intervention and/or time effect andxdernal responsiveness based on external

criterion of GMFCS groups and individual children with CP.

For external responsiveness Pearson correlation coefficient was used to examine
the correlation of scores with and without equipment. Pearson correlation
coefficient is displayed using an r score rangelefl value (Husted et al2000). A
score of 0 means there is no association, a negative value indicates a negative
association that is as one value goes up the other goes down for example; a child
with good alignment without equipment will have more deviated alignment with
equipment. Whereas a positive correlation would indicate children with less body
alignment deviation without equipment also equated to less alignment deviation in
equipment. For intgoretation of theresultswe adoped the following assessment

of the strength of the responsivenegsyalue less than 0.3 inchtespoor

correlation, values between 0:3.5 indicate moderate correlation and values

greater than 0.6 indicate a strong corretm (Evans, 1996).

C2NJ IylFfeara 2F G§KS [sumnledsiorebgfaiuSeddf bllf NB & LJ;
measurementsfor positional criterionof each position, body segment and GMFCS

level. The focus of this analysis was to identify and quantify improvem body

alignment. The difference in raw alignment scores for each measurement was

calculated and all differences where the CABA score with equipment was lower

(closer to optimal alignment) than the score without equipment were identified as
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improvemerns. The summed improvement score percentage, mean and standard
deviation (SD) of measurements in which an improvement in alignment is noted
were calculated. Examining the statistically significant changes of scores with
postural equipmentompared to withait. Themeasurement taken without
equipment was set as the baseline measurement, to enable comparison of the
/1.1 Q& NBa&aLRy axned fied sampledest was Kdegb B&etmine

if any difference in scores acrgsssitions and body segments, wiand without
equipment were of statistical significanceThis is a statistical procedure used to
establish whether two means collected from the same sample and related
observations differ significantly (Field, 201B)dependent sample-test compared

between GMFCS IV and V.

Ly GKS SEFYAYlLGA2Y 2F GKS /! .1 Q&8 AYyGdSNyI 1
comparisons is greater than one. Four variablescampared:with and without

equipment across positiondetween body segmeniand between GMFC8Jels.

To account for the possibility of type 1 errors (rejecting the null hypothesis, when in
FILOG AG0 ¢l a GNHzSUOU RdzS G2 GKS ydzYoSNI 2F O
I R2dza i SR® ¢KS dzadzZrf h fS@St Aa ndnpI AY
caried out a Bonferroni correction was carried diiield, 2013p ¢ KS (& LJA OF £ !
gl a RAOARSR 0@ n o0F2NJGKS n OGFINAIofSao 0:
deemed significant at p< 0.qEield, 2013).

6.3 Results
In total, 142 measurements we collectedfor each child GMFCS IV (n=5) and V
(N=5) aged 3 to 12 years (mean 5yr 4mitl) CABA measuremenisth equipment

and 71 corresponding CABA measurements without postural equipment.

6.3.1Sum scores for normality
The Kolmogorosmirnov test reults for the summed scores of all measurements
and all measurements taken in each of the 3 positiese analysedEach case

demonstrates a nossignificant finding meaning the null hypothesis is rejected of
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the KS test and the data is normally distrileat, supporting the use of the

parametric tests in the analysi{See appendif4).

6.3.2External responsivenesscorrelation of body alignment with and without
equipment

There werecomplete measures for each child n=Hach child haa total of 142
measirements; 71 measurements taken with body alignment positioning

equipment and 71 corresponding measurements taken without equipment.

Pearson correlation coefficients were calculated using SPSS comparing CABA scores
with equipment to without equipment acrassGMFCS level. The measurements for
each child with and without were strongly correlated (r=0.769, p=0.002), indicating
that a child with good posture without equipment is likely to also have good

posture in equipment.

6.3.3Internal responsiveness

6331/ ! .1 Qa NBalLlRyaArgSySaa (2 OKIy3S
There werecomplete measurements from n=10 children. In total, 71 measures with
equipment; 23 alignment ratings in the lying and standing position and 25 ratings in
the sitting position. The measuregere repeated without equipment providing a

comparable 71 measures resulting in a data set of 142 measurements per child.

Out of the 71 different measures with equipment for each child (n=10), the
percentage of CABA measures showing an improved alignwidmequipment

ranged from 48% to 85%. The CABA scores body alignment ¢hsz@ring system;

a score of 0 indicates optimal alignment, whereas a score of 3 indicates significant
alignment deviation from optimal. In total, 70.3% of all measurements shicave
improvement in alignment with equipment compared to withotig(re6.1). There

is a statistically significant difference, t(9)=24.5, p<0.08kl€6.1) across positions
and body segments of the CABA.

Ay
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Table6.1: Internal responsiveness summed pentage, mean, standard deviation

and paired t tests of the CABA for positions and body segments.

Positions
Lying 59.6% (mean=13.7, SD=2.4) p<0.001
Sanding 84.3% (mean=19.4, SD=2.7) p<0.M1
Stting 67.2%(mean=16.8, SD=3.2) p<0.001
Body
Segments
Head 57.8% (mean=>5.2, SD=3.3) P<0.001
Trunk 85.6%(mean=7.7, SD=1.3) p<0.001
Pelvic 84.4% (mean=7.6, SD=1.7) p<0.001
Arm 48.3% (mean=5.8, SD=2.8) p<0.001
leg 85.0% (mean=17, SD=1.4) p<0.0a
Foot 55.0% (mean=6.6, SD=1.8) p<0.001
All measures
Total: 70.3% (mean=49.9, SD=6.4) p<0.001
80%
70%
60%
50% T
T
40%
30% T
L
20%
-
1 T
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0 score Optimal Score 1 Score 2 Score 3
alignment
= \/\/ith equipment Without equipment

Figure6.1: Totalpercentagescores of all measures with and without equipment.

The percentage scores were highest in standing (84.3%, p<0.00X)vesst in
lying (59.6%, p<0.001), indicating that equipmkatl a greateimprovement in

body alignment the more upright the child was against gravity. Across all children
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the mean and SD values across standing, sitting and lying differed little, ranging

from 13.7 (SD=2.4) to 19.4 (SD=2ndicating that the CABA was able to detect

change in body alignment indiscriminative of position.

h@dSNI ff X

statistically significant across all its postupady segments categastions
(p<0.001) indicating that equipment improved total body alignment. The
percentage scores were highest in trul@6 (6%, p<0.001) and lowest in arms

(48.3%, p<0.001), indicating that postural equipment had a reduced effagpper

G6KS /
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limbs and the CABA was responsive to detect alignment change across all body

segments.

Theanalysisvas repeatedo see if here were any cases where the CABA scores
showed a worsening in alignment with equipment compared to withéstshown
in table 26, 70.3% of all measurements taken show improvement when in
equipment compared to the baseline measurement of the alignment without
equipment. The table below illustrates the breakdown of chang&3ABA scores

comparing measures which showed no moyement to those which remained the

same and those which scored higher in equipment indicating a worsening in body

alignment (tables.2).

Table6.2: percentage of measurements which changed within equipment

compared to the baselines measure without equignt across positions.

All positions 70.3% 29.7% 0%
Lying 59.6% 40.4% 0%
Standing 84.3% 15.7% 0%
Sitting 67.2% 32.8% 0%

There were no cases where measurements in equiprseated higher on the

CABA scale, indicating a worsening of body alignment. Simply, no CABA score in

equipment was higher, indicating a worsening of body alignment with equipment

compared to without.

R

S ‘
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Interestingly 29.7% showed no change in score betweitm and without
equipment. Further examination of those measurements that showed no change in
CABA scores between baseline measures without equipment to the measures taken

with equipment are illustrated in tablé.3.

Table6.3: Percentage of measures vahi showed no change, brokelown into

each scoring category of the CABA across positions.

All positions 54% 39% 7% 1%
Lying 63% 28% 8% 2%
Standing 57% 37% 6% 0%
Sitting 44% 49% 6% 0%

It can be seen from the data in talBe3that 93% of measumewhich showed no

change in alignmenwere scored between 0 and 1 on the CABA across all positions.
Just over a half (54%) of all measurements whew change in CABA score were

noted between with and without equipment were already optimal alignment (score
0). Less than 10% of measurement that did not see any improvement was for
positions with level 2 (7%) or 3 (1%) misalignment. Overall, thesdga@sdicate

that the CABA is consistently sensitive to changes in alignment and is able to detect
no change as well as a change in body alignnéatincrease in CABA score was
found between with equipment to without, indicating that equipment maintained

or improved alignment in all cases.

6.3.3.2Level of change in CABA scores
The focus of this analysis was to identify and quantify the level of change in CABA
scores and consequently in body alignment. The mean improvement in alignment
wascalculated bytaking the difference in alignment scabetween the
measurement in equipment and the corresponding measurement without

equipment {able6.4).



204

Table6.4: Mean improvement score (standard deviation) and the statistical

significance for each position, bodggment and overall

Position
Lying 0.8 (SD=0.28) p<0.001
Standing 1.4 (SD=0.49) p<0.001
Sitting 0.9 (SD=0.36) p<0.001
Body segment
Head 0.8 (SD=0.64) p<0.003
Trunk 1.4 (SD=0.53) p<0.001
Pdvic 1.2 (SD=0.36) p<0.001
Arm 0.6 (SD=0.29) p<0.001
Leg 1.3 (SD=0.39) p<0.001
Foot 0.7 (SD=0.28) p<0.001
All measures
Total: 1.0 (SD=0.29) p<0.001

Overall, he level of change noted between CABA scores with and without

equipment demonstrated a na improvement in alignment of 1.6%)=11.3,

p<0.001) across atheasurest@ble6.4); an increase of exactly one level on the

/1.1 a02NAyYy3 a0FrtS AyRAOFGAY3I GKFG GKS

change in body alignment.

Paired ttests found statistically significant sensitivity across all positipr9.001).
The Mean and SD valuasross standing, sitting and lying differed little, ranging
from 0.8 (SD=0.28p 1.4 (SD=0.49indicating that theCABA scoring categories

were responsig to change in body alignment indiscrimative of position.

Further statistical analysis revealstitistically significant sensitivity across all six
body segments (p<0.001). The Mean and SD scores across body segments also
varied little with the greatessin trunk, 1.4 §D=0.5Band the smallest in arm 0.6
(SD=0.2% indicating that the CABA is able to identify change in alignment aaloss

its postural bodysegmentscategorgations
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Independentt-tests were calculated using SPSS based on comparisons between

' Qa

children at GMFCS IV (n=5) and V (n=5). The sum percentage mean CABA scores for
each GMFCS level across all measures, and comparison of the difference in

improvement scores between these twdMECS groups are presented in tablg.

Overall, the CABA demonstrated responsiveness to change in body alignment when
equipment was used at GMFCS levek(@#)£20, p<0.001and V ((4)=44, p<0.001).

No statistical difference between the two groupeverall improvement scores was
evident (t(8)=1.5, p=0.17), indicating that the CABA was able to detect change
accurately at both GMFCS IV and V.

Table6.5: Internal responsiveness for GMFCS IV and V summed percentage and

Independent t tests of the CABA foositions and body segments.

Position
Lying 57.4% (p<0.001 61.7% (p<0.001) p=0.54*
Standing 80.0% (p<0.001) | 88.7% (p<0.001) p=0.26*
Sitting 61.6% (p<0.001) | 72.8% (p<0.001) p=0.17*
Body Segment
Head 33.3% (p=0.114)*| 82.2% (p<0.001) p=0.025*
Trunk 77.8% (p<0.001) | 93.3% (p<0.001) p=0.08*
Pelvic 75.6% (p=0.002) | 93.3% (p<0.001) p=0.15*
Arm 58.3% (p=0.001) | 38.3% =0.04)* p=0.20*
Leg 86.0% [f<0.001) 84.0% (p<0.001) p=0.68*
Foot 50.0% (p<0.001) | 60.0% (p=0.002) p=0.31*
Total 66.2% (p<0.001) 74.4% (p<0.001) p=0.17*

*= Denotesnon-significantresult

Independent ttests found statistically significant sensitivity at GMFCS IV and V
across all positiong€0.001) Percentage improvements in scores across standing,
sitting and lying were slightly higher for GMFCS V (r&igé% to38.7%) compared

lj
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to GMFC3V (ranges7.4% t030.(), indicating that body alignment improved less
with equipment with greater severity of CP classificati@uerall, comparison
between GMFCS groups showed that none of these differences reached statistical
significance, idicating that the CABA is sensitive to changes in body alignment

across positions at both GMFCS levels.

Further statistical analysis revealstitistically significant sensitivity at GMFCS IV
and V across all body segments (p<0.0@4t)) the exception had alignment for
GMFCS [#(4)=2, p=0.114) and arm alignment for GMFCS V (38.3% (t(4)=3,
p=0.04) Percentage improvements in scores for head alignment were higher for
GMFCS \82.2%) compared to GMFCS 1V (33.3%), indicating little improvement in
head aligment at GMFCS IV when equipment was used. Whilst score for head
alignment were higher for GMFCS IV (58.3%) compared to GMFCS V (38.3%).
Comparison between GMFCS groups showed no statistical significant difference at
head ((8)=2.8, p=0.025) or arm (t(8)=1 p=0.20plignment scoresindicating that

the CABA is responsive to change in head and arm alignment at GMFCS IWand V.

other significant differences between GMFCS IV and V groups were noted.

The mean scores of measurements of all children at €&dCS level IV (n=5) and
V (n=5)increase in line with the CAB&oring criteria towards more optimal
alignment with equipment compared to without, across all positions and body
segmentsfigure6.2). This indicates that at GMFCS IV and V the CABA ins#gpo0
to immediate change in body alignment with equipment across posture

categorisations and scoring criteria set out in the CABA.
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Figure6.2: Percentage scores of all measures at GMFCS Meaed IV with and

without equipment.

6.4 Discussion

6.4.1External responsiveness correlation of body alignment with and without
equipment

The primary hypothesis was that there would be a strong correlation between
CABA scores with and without equipment (r > 0.8Beresults, based on Pearson
correlation coefftient demonstrated strong positive correlation (r=0.769, p=0.002),
indicate that the CABA was able to detect differences in body alignment with and
without equipment and disprove the null hypothesis. In terms of clinical
importance, the CABA shows goodesxial responsiveness to change in body
alignment as a result of the use of postural equipment in children with CP. This is
demonstrated by a strong positive correlation that a child with good posture
without equipment is likely to also have good postur¢hwequipment.Conversely

a child that has very misaligned posture without equipment, for example a CABA
score of 3 might be less likely to achieve good posture in equipment compared to a
child who has only slightly misaligned posture without equipmentef@mple a

CABA score of 1. It catherefore, be suggested that the change in body alignment
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measured by the CABA is meaningful as an important change in clinical

presentation (Husted et a12000).

Correlations are often used to identify a potentiabasiation or relationship

between two variables such as body alignment with and without positioning
equipment (Connelly, 2012). In addition to the presence of a relationship, the
correlation coefficient reveals two important aspects of this: the magnitoide
strengthF YR RANBOGAZ2Y 2F (KS NBftFGA2yaKAL 6{ I
coefficient is commonly used to demonstrate linear relationships; however,
correlation does not imply causation (Lovie and Lovie, 2010). The correlation is an
index, amther than an actual measurement scale. Values can be assigned to
determine the strength of the correlation with >0.70 representing a high

correlation (Evans, 1996), but these should be reported alongside the p value
significant level to assist in deternmig the strength of the relationshipMonge and

Williams 2001).

Correlations, whether significamr non-significant can be equally revealing in

terms of clinical implications and in questioning lestgnding practices (Pin et.al
2019). The use of pawning equipment is a longtanding established practice in

the management of posture (Gericke, 2006; Hong, 2005). Prior stugli¢e now

have been descriptive in nature on the impact body alignment correction may have
on posture and function (Pountyeet al, 2009; Porter et aJ 2008; Scrutton, 2008;
Fulford and Brown, 1976). The CABA reported a strong and significant correlation
(r=0.769, p=0.002) meanirigat there can be confideoein the relationship

between body alignment and positioning equipnte

As discussed in chapter(Section 3.4.3)only one of the assessment tools which
measure body alignment in children with CP examined the criterion of
responsiveness. The seated postural control measure demonstrated fair to
moderate significant corration (r=0.44, p<0.01) for change in alignment (Field and
Roxborough, 201). This assessment only applies to a seated posture, hence its

generalisability to wider posture management approaches is limited. The paucity of
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an assessment of body alignment meahere has been few empirical
investigations into body alignment significance in posture management
programmes. Although a causation between positioning and equipment cannot be
determined solely by correlation (Connelly, 2012), it does confirm that tbeigion

of positioning equipment is important in posture management approaches. The
significance of this relationship is supported by the examination of the GABA
responsiveness to the effects of positioning on equipment on body alignment in
children withCPwhich isdiscussed below.

6.4.2Internal Responsiveness

6421/ ! .1 Qa NBalLlRyaArgSySaa (2 OKIy3S
Theresults, based on pairedtésts and percentage means showed that the CABA
demonstrated statistically significant responsivenesstanges in body alignment
for children with CP across all positions and body segments (t(9)=24.5, p<0.001). In
total, 70.3% of all measurements showed an improvement in alignment with

equipment compared to without.

The CABA demonstrated statistically #igant differences using the posture
categorisations to detect change in alignment across all positions (p<0.001). The
greatest improvement was found in standing (84.3%), followed by sitdng%o)

and the smallest in lying (59.6%). The relationship leetwimproved alignment

and positions may be explained by body alignment correction requiring more
support the more upright against gravity the positi@tanding requires a smaller
base of support and increased postural control to maintain an uprightrakgn
against gravity (Shumwagook and Woollacott, 2007)As such it is the most
challenging position for a child with CP GMFCS to achieve and maintain (Carlberg
and HaddersAlgra, 2005). Without support from postural equipment alignment is
significantlydeviated from optimal, therefore a greater change in body alignment
would be expected between alignment with and without equipment (Pope, 2007).
These findings are in line with previous studies which have explored the association

between gravity, posturaleviation and deformity in children with CP (Dewar et al

Ay
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2015; Pountney et gl2009; Shumwa@ook and Woollacott, 2007; Gericke, 2006;
Carlberg and Hadde#lgra, 2005; Farley et.aP003; Pountney et al2002).

Ly GSNX¥& 2F GKS bthangel in badyatighigefficile Sy S a &
dimension of body segments, the CABA demonstrated statistically significant
changeacross all six body segmenfs<0.001). Individual body segments
demonstrated a change in body alignmeahged from 48.3%85.6%, althanges
indicated either an improvement or no changéelsmallest improvement was

noted for arm alignment (48%), though this difference is less than 50% it still

showed a statistically significantly improvemet{®§=6.5, p<0.001)

This result may be @kained by thdact that posturalequipment aims to provide a
stable and energy efficient position from which a child can function from (Pope,
2007). The principles of this relate to maintaining individuals centre of gravity
within their base of supportBoS), support is provided to central body segments
such as the head, trunk, pelvis and legs which form the BoS and improve stability
and function (Dusing and Harbourne, 2010; Harris and Roxorough, 2005). Activity
and participation are an integrated aspeaaftposture management; a collective aim
is to prevent body alignment deformity whilst promoting functional skills (Gericke,
2006). The possible inference of restricted arm movement from equipment and
participation cannot be ruled out. Direct restrictionafm movement by use of
posture equipment would undoubtedly impact on functional benefits. Therefore, it
is not a surprising result that arm measures show the smallest changes in

alignment.

Further repeated analysis inNfGABA scores determined that thesere no cases
where a worsening in alignment with equipment compared to without was shown.
These results showed that 29.7% of scores showed no change when compared to
the baseline measurement without equipment. Just over half of these measures
(54%) sced body alignment as optimal both with and without equipmertteT
greatest level of no change in score was found in lying (40.4%), followed by sitting
(32.8%)and the smallest in standing (15.7%his finding was not unexpected and
indicates that childen at GMFCS IV and V for some CABA items could achieve and
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maintain fairly optimal body alignment both with and without equipment,

dependent on positional demand.

These results are consistent with the GMFCS classifications which outline more
support is rguired tosupport bodyalignment against gravity at both GMFCS IV and
V (Rosenbaum et akR0). Whilst the classification does differentiate between the
levels,children atGMFCS V are at greater risk of more body misalignment as they
have significantlyestricted voluntary control of movement and the ability to
maintain antigravity postured?@lisano et al 2008). The heterameous

presentation of CP means that the border lines between classifications is not
definite (Rosenbaum et al2008). This varmlity can mean that whilst on paper the
classification seemseparate it is more ambiguous. Individual presentations can
mean that a child maybe functioning at the higher or lower range within the
classification description, resulting in some overlapweEstn grade borders

(Palisano et al 2008; Morris and Bartlett, 2004yheresults showed that for a

small percentage of scores optimal alignment was more consistent or showed no
change between GMFCS levels in positions which were less upright agaiitgt grav

lying and sitting.

Clinical recommendations for supporting body alignment outline a graded approach
to positioning reflective of positioning demands and developmeiith lying being

the first followed by sitting and then standing (Gericke, 20@&rly intervention is

Fy AYLERNIOFYyG AaLISOG 2F YEylFr3Aay3da I OKAf RQ:
milestones (Pope, 2007). The ability to determine body alignment changes across
positions can prevent the development of secondary complications asidtas the
effectiveness of posture management interventions as positions more upright
against gravity are introduced (Hagglund et 2014; Gough, 2009; Farley ef, al
2003).These findinggdemonstratethat the CABA is responsive to determining
immediate change in body alignment across its postural categorisgtaon

responsive to change across gravity demands aligned with posture management

approaches.
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6.4.2.2Level of change in CABA scores
The CABA demonstrated an average change in alignmentstar@, an increase
2F SEFOGte wm fS@St DyeNBdCGABA danyonstrate8 / !
statistically signi€ant ability todifferentiate of its 0-3 scoring scale across all

posture categorisationg(< 0.001).

Paired ttests (able6.1) found statistically significant sensitivity across all positions
and body segmentgt(9)=24.5, p<0.001). 8an and SDiéble6.4) valuediffered

little across positions ranging from8 (SD=0.28p 1.4 (SD=0.4%nd body

segments ranged fror@.6 SD=0.2%1.4 (SD=0.58 Theresults show that all

changes in CABA scores were <1.5 of an increment in the CABA scoring scale,
indicating that the CABA scale is an accurate measiumechange in alignment
(table6.4). The challenge in measures responsiveness is iagsitihas the ability

to detect real change over measurement error (Roach, 2006).

Responsiveness is closely linked to reliability; characteristics which can affect
measurements sensitivity are associated with their construction (Evans, 1996). The
numberof scoring categories can significantly influence responsiveness; too few or
too many can result in the measure being unresponsive to change and increase
errors (Husted et al 2000).The challenge for responsiveness in measurements is
that the change shald be large enough to be statistically significant whilscjse
enough to reflect increments of change that are of clinical value (Stradoadl,

2002).

The CABA is an observational measure of body alignment that includes items

dealing with gradedltange in alignment from 03 in Ipoint increments. This

scoring system is applied across all body segments expected to change as a result of
neurological and movement impairment. As discussed in chapfeeetion 4.2.3a

robust approach to posture cag@risation was undertaken in development of the
CABABorder arors associated with observational assessment of body alignment

have shown errors to increase the greater the number of categorisations there are

(Andrews et al 200&). The smallethe scorirg categories are the more likelihood
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error will occur. There is a trad&f between magnitude of error antthe numberof
errors @Andrews et al 2012) Scorewhichfall close to the marginof a posture
categoryhavegreaterlikelihoodthat a rater will gorethe posture as more sever
givinga higher score (Van Wyk et,&009). In relation to the CABA this would

mean that if scores were >1.5 in level of changeay indicate a greater error

margin in posture categorisation and might indicate that thenber and size of the
posture categorisations might need adjustment. However, the CABA has shown to
have excellent interater reliability and ratertést-retest) reliability(chapter 5:
sections 5.3.2 and 5.3.4)hese results show that all changes ilB&Acores are

within <1.5 and therefore more likely to accurately measure a change in alignment.

I aO0NBy3IGK 2F GKS /1! .1 Qa Aa GKIFIG Ada aozl

and clinically meaningful change of body alignment as part of posture gesinent
in children with CP.

6423/ ! .1 Qa NBalLRyaad@rcSwand¥2 OKI y3S
Since it can be expected that children at GMFCS IV and hawgltlifferent
posturalseverity, separate analysis was performed for both groups to detect
whether the CAR is sensitive to change across both these classification |&veds.
differences between mean improvement scores for each of the GMFCS level IV and
V were examinedtéble6.5). The primary hypothesis under scrutiny here was that
the CABA is responsive body alignment change at both GMFCS IV and V, little
difference was expected between the two groups. No statistical difference was
found between the scores of both groups, GMFCS IV and V, supporting the
hypothesis.

Theresults, based on independent t tssshowed statistically significant

improvements in alignment at both GMFCS IV and V (p<0.0@lgatingthat the

CABA is able to detect change in alignment across both groups. Individually GMFCS
IV and V were statistically significant for each spepiition(p<0.001)wvith

summed percentages showil@MFCS V scored slightly higher than GMFCS 1V,

however, comparable statistical significance was not shown.



214

Posture management studies have rarely used assessments of body alignment to
determine the effectreness of this approach (Farley et @D03). So far, only one
alignment assessment demonstrating responsiveness properties has been identified
(chapter 3). The Seated Postural Control Measure measures sitting alignment as a
sub-section as it primarily ian assessment of movement (Field and Roxborough,
2011). This study did not stratify the sample of children with CP, instead it analysed
them as a collective group. Consequently, the classification range of CP is
undetermined meaning responsiveness ateliféint GMFCS levels was not

examined. Body alignment issues present more significantly the higher the
classification of CP, GMFCS levels IV addé/to the inability taattain antigravity
postures (Palisano et.aRP007). Assessment examination mukerefore,

determine sensitivity to changes at different classification levels.

Clinical assessments of body alignment have not ciifieallysed responsiveness

to changes in body alignmerdhapter 3). Sensitivity to determine differences in

body alignmenfor those children with the most complex postures, GMFCS IV and
V, has not been reported. As children with CP at these levels are most likely to
require positioning equipment to support body alignment (Gericke, 2006) it is of
critical importance that asssments are sensitive at both these levels. A strength of
the CABA is that it is sensitive to changes of body alignment at both GMFCS IV and
V.In terms of responsiveness to change at GMFCS levels for the dimension of body
segmentsjndividual GMFCS IV aNdwere statistically significant for each body
segment with the exception of head GMFCH0.114) and arm GMFCS V
(p=0.04).These discrepancies could be attributedsfecific body segments and CP

classification.

Whilst these results suggest thatdlCABA is responsit@ changes in alignment at
GMFCS IV and V across all its dimensiivesadjusted level may have resulted in
type 2 errors. Therefore theseresults need to be interpreted with cautiofiype 2
errors are a result which is not sigodnt when itin factis. This would mean that
while no statistical difference between the comparison of GMFCS levels IV and V
was found, there may have beardifference.l | R I & {ipk0/0B valNdbeen
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used without any correction this would have wited in head alignment being
statistically significanih comparison®f improvement scores between GMFCS IV
and V (p=0.025). This is in keeping with the GMFCS classification with head
alignment being a more established skill at GMFCS I\lae@fore, alignment
expected at optimal (Palisano et,&008). Given that no other score would have
shown a significant difference, the risk of these results being affected by type 2
errors is low. Hence the CABA remains sensitive to changes in body alignment at
both GMFCS IV and V across all positions and body segments, hpwesader

alignment should be interpreted with caution.

6.4.3Study Limitations

Within thisstudy thereare limitationsin the small sample size used to examine the
responsiveness of the CABThe sample size of children used (N=10) may mean
that the results lack some genemability and the results of this study should be

viewed in the context of the small sample.

The results were also carried out by one therapibb is the developer ahe
CABAobserving body alignmenthe use of one physiotherapist, the main
researcher, was selected due to ethical considerations and managing the risk of
distress to the children. As the lead researcher was a known physiotherapist to the
children, thisSy a dzZNB R (G KIF i GKS OKAf RNBY NBYlI AYSR
therapy routines. This minimised the children presenting with altered alignment
presentation that would have occurred with unfamiliar therapists and multiple

raters. The lack of independergvaluation means there is a risk of researcher bias,
whereby the researaér may have favourably influenced the resulghilst it is
important to recognise this aeeof potential bias, it reflects real life antd

attempted toensue the assessment of bodlignment was as close to typical
everyday practice as possibleurther studies examining the responsiveness of the
CABA across a wider sample of therapists would further support the generalisability

of the results of this study.
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It is acknowledge that there may be some bias through the recruitment strategy

and observational approach, this study does demonstrate responsiveness to
immediate change in body alignment in children with CP GBI¥*@nd VFuture

studies examining reliability of the CABA agamlarger sample of children with CP

and in children with other medical diagnosefsneurologicadisabilities would

further support thegeneralsability of the results of this studyt would also be of

useto explorethé ! . | Qa NB a LRy arkha®yyisBody aligiment 2 y A { 2
over a periocf time as this ould further support the responsiveness of the CABA

as a clinical outcome measure of body alignmé&waluation of the to® use is on

going to assist with refinement of its clinical usability.

6.4.4 Implications for clinical practice

Despite the recognition that posture management involves assessment of total
body alignment, there is paucity in evaluatisteidies thatutilise clinical

assessments that measure body alignment in posture manage(himtg, 2005;

Farley, 2003). The CABA was designed to measure specific body segments of body
alignment that are expected to chanffem the useof postural equipment as part

of posture management interventions across lying, standing and sittivapt{ers 4

andb).

The third phase of this investigation haslicatedthe CABA to be a responsive

measure in children with CP GMFCS levelg, IMeasuring immediate change of

body alignmentCollectively these findings alongside those of validity and reliability
examined in chapters d4nd5, demonstrate that the CABA has foundations as a

a0l yYRFNRAASR Of AyAOIf aasSaayYSyldod Cdz2NIKS)
psychometric properties in larger scale studies would be beneficial in supporting its

use as a clinical outene measure.

6.5 Gonclusion
The CABA is responsive to immediate change in body alignment when posture

management equipment is used. It demonstrates overall statistically significant
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ability to differentiate between changes in body alignment acrossasitjpns and

body segments in children with CP GMFCS IV and V.

Mean change in alignment was identified as being within 1 point of the CABA scale,
indicating that the posture categorisations are responsive to detecting real change

in body alignment in chdren with CP. The CABA is responsive to immediate change
in body alignment for children at both GMFCS IV and V, suggesting it can be used to
measure the impact of posture management equipment provided by therapists.
Further studies examingi KS / | pohsf¥énessl éhange in body alignment
over time would be beneficial. Longitudinal research studies would further support

the use of the CABA as an evaluative outcome measure of body alignment.

The implications of these findings, alongside those idetiin chapters 3, 4 and 5
will be collectively discussed ¢hapter 7. This final chapter wilbbring together the
main discussion points arising from this Ribgramme ofresearch. It presents a
synthesis of the findings and discusses the implicatidribese in relation to the
primary research question and objectivest out in chapter 1It concludes tis
researchproject,identifying scope for future research as part of wider post

doctoral projects.
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CHAPTER 7:

SUMMARYDISCUSSIOAND CONCLUSION

7.1 Introduction

This programme of research was driven from a clirpeaspective, principally the
questioring ofposture managemenrdndthe effectiveness athis approachAs a
therapist working within this field,was acutely aware of th24-hour gold standard
aimed for in provisiomf posture management, but also of the difficulties in
implementing this and the variability of provision between servitesoth a local

and nationalevel With very littleresearchevidenceinto the benefit of 24hour
posture managemenfFarley et al., 2003nd some research stating this could have
a negative impactGough, 2009)an interest developed in exploring this topic

further.

There were several clinical questions at the forefront of this exploratidratwas
the difference in impact on posture between-Béur posture management veus

a more variable approaatepresentative of typical clinical practie&Vas posture
management more effective in a certain positji@ach as sitting? Could posture
management straggies be priorities depending on presentatiand condition in
terms of what was most effective? Mst therapists regularly use their
observational skills to judge body alignmédd Rosarip2014), this approach lacks
standardisation (chapter 2: secti@10).Currentmeasures of post@whilst
reporting ®me aspects of psychometric testing have not been evaluated to meet
all criteria for instrumental development (Pavao et al., 20B3)determining the
amount of change in body alignmeint everyday clirtal practice therapists are
able to make observational, subjective judgements on the impaatparticular
posture management approadkiong 2005). Consequently,te questions which
have an important role within clinical practiceuld not start to beaddressed

without anassessment of body alignment which was applicable aaess/day
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therapy practicesHence thigprogramme ofresearchwas begurto explore how
body alignment was assessed aimdthe absence of a standardised assessment

(chapter 3)o develop one

The purpose of this research project was to construct an assessment instrument to
identify and assess body alignment difficulties in children with CG&gdloringbody
alignment assessment in children with CP this thesis focused on idatitfi,
developmentand psychometric testing oflaody alignmenmeasure.This research

has addressed several important issues in test development and generated an
innovative assessment in the measurement of body alignment for use in clinical

practice.

The need for valid, reliable and responsive measures has been justified and
explored at a clinical level among physiotherapists, and commonly used measures
of body alignment for children with CP have been evaluaiéddevelopedCABA

has the potential to b a measure used practice andesearch to explore in detail
the impact of posture management in a wide variety of conditions across a wide
variety of settings. This is the first step in a much broader project to examine and
develop our understanding afie impact posture management practices can have
across several clinical context$ie findings and limitations of each research study
contributing to this thesischapters 3, 4, 5, 6) have been interpreted and discussed
in the relevant chapters. This chiap will present a synthesis of the evidence
accrued to address the objectives identified in chapter aheill discuss the
implications the CABA may have on clinical and national approathedinal

section of the chapter considers timext steps anduture research

recommendations.

7.2 Summary of findings

Posture management programmes typically utilise positioning equipment to
support body alignmento prevent musculoskeletal deformity and promote
function. Available standardised clinical assessmsasftbody segment alignment for
children with CP have been found to be limited (Slegpter 3).To be useful to
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clinicians and researchers, assessment measures should demonstrate adequate
psychometric properties to have clinical meaning. The objectivéa®programme
of research were to undertake a robust method of developing and examining the
psychometric properties of a clinical measure of body alignment in children with

cerebral palsyThe Clinical assessment of Body alignment (CABA).

The CABA B gandardised assessmedesigned for physiotherapists to observe

YR YSIFadaNB® | OKIy3IS Ay | OKAftRQAa o02Re& I
in everyday clinical practicé.has been developed asstandardised assessment

that has undertaken a robusind clear method of examining its psychometric

properties.This programme of research has demonstrated detailed and robust

methods in its constructonan E+ YAYAyYy 3 2F (GKS /1.1 Qa Laeé
In the development of a standardised assessmers, ilnportant to consider the

process and framework followed (Crocker and Alginag820mis thesis has

provided a clear framework forming a strong foundation on which items reflect the

construct of body alignment.

¢ KS FT20dza 2 7F 1 K Sbody hlignmeni deviafe®fom bptindK A f RQ &
containingitems whichcan be observed by physiotherapigBsychometric testing
measures of validityreliability of scoring itemsnd responsiveness for the CABA

were obtained(See chapters 4, 5 and. @he studies udertaken as part of this
programme of research have demonstraiehe CABA to have excellent validity,
reliability and responsiveness properties aaa clinically applicablssessment

within everydaytherapypracticeso is a useful tool for measuripggural

alignment in clinical and research settings.

The CABA is the only assessment to have validity, reliadfiéyoring items from
photos with gridsand responsiveness examinékhe limitations and challenges of
each study have been addressed in teevantchaptersanda summative

overview given (see section 7.9)espite an extensive search of several large
electronic databases and referermenly seven assessments and ten articles were

identified that examined or supported psychometric testindgofly alignment
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measuregchapter 3: section 3.3.3Dnly two assessments were found which
demonstrated good to excellent psychometric properti€ke PPAS supported by
two published research articldRody-Bousquet et al., 2016; RodiBousquet et
al., 2014 and the SAROMM supported by ofiartlett and Puride, 2005)
suggesting that there has been limited research exploring this tégigects of
psychometricof the PPASRodbyBousquet etal., 2014 that have been
investigated to some extent are construct validity, internal consistently, Hrater
and interrater reliability. The SAROM{Bartlett and Puride, 200%)as been
partially investigated for construct validitigst-retestand interrater reliability.
Neither measurement had been investigated for measurement error, content
validity, responsiveness or setngty as an outcome of changes in body alignment.
Gaps in knowledge have been identified in chaptésegtion 3.5)The programme
of research undertaken within this thesis has addeedbe identified shortcoming

in assessment development and psychonweavaluation.

The CABA offers clinicians and researchers a rigorously developed clinical tool to
practically measure body alignment in children with Téthe authoi@knowledge
the CABA is the only assessment to detail and outline -@eh constructon
process.The CABA iteroonstructionand posture categorisation was then
examined through expert opinion of 283 paediatric physiotherapists to determine
its relation to measuring the construct of body alignmebécisions on posture
category size in obseation-based methods are important in optimising
observationbased analysis and minimising observer ef(fmdrews et al., 2012)
Theconstructionof the CABAutlined in detail how the development of ifpsture
classificationgook into accounergonomicpostureassessment literature, needs of
CP and posture management interventidor, the purpose ofedudngobserver

error and assessment time (Andrews et al., 2008 CABA is designed to score
gradeddeviatons in body alignment in sittingtanding and lyingsnga 0-3 scoring
system This not only improved accuracy and sensitivity in scoring as detailed in
chapter 5 and 6, it also improved the clinical usability and applicability into

everyday clinical @ctice.
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The focus ora clear framework fomssessment construction and item development
in this thesis was of particular importancerasasures, whiclfail to undertake a
robust development approach risk entrenching systematic errors making the
assessmetunsuitable to evaluate the intended aspect of clinical practice
(Mcdowell and Mcdowell, 2006).As identified in chapter 3 fewalidated measures
of body alignment in children with CP are availabMd of the seven identified
assessmersthad published esearch on assessment development and the
psychometric property of content validityvith the majority of current assessments
providing limited, imprecise or no detail on the development and validity of the
assessments contenthis neansthat clinicians ad researchers are unable to
determine, with clarity and conviction, the consistency and accuracy of the

assessments results

The clinical, national and research implications which arise from this programme of
research are discussed in the following seas. This outlines the importance thfe
CABA and its wider potential in the world of posture managent@miugh
translating the theoreticalrameworks, whichunderpin clinical interventions in
practice. Thus, enabling therapists to assess, evaluate atiflyjtheir approaches
of body alignment and its management in everyday clinical settiflgs.use of the
CABA to measure alignment accurately may prevent further deformity and pain
(Scrutton, 2008; Pope, 20Q#inproving &0 K A fafdpation in activies which

are important to them such as school and interaction in family Nfevaket al,
2020) Ensuringhe correct positioning needs of a chdde met has a significant
impact on a0 K A quali§ &f life,indicating the importance the CABA haségards

to clinical practice, national guidance and service provision.

7.3 Clinical Implications

Despite a renewed interest in management of body alignment during the last 10
years PHE, 2018YICE, 2012¥lansel| 2010) there has been to date a limited
number of assessments available to enable therapists to approach this area within
the context of everyday clinical practiokn examination of the current literature

on posture management illustrates limitations in range and content, impacting on
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the explaation of topics such as impact and effectivenéssnoted earlier in
chapter 3, the lack of standardised clinical assessments which assess total body
alignment in children with CP is a contributing factor to this deficient evidence base

to guide clinicapractice

7.3.1 Assessment

Paediatric rehabilitation has seen an increase in the measurement tools used
clinically (Dewar et al., 2015yVhilst measuresised frequently in rehabilitation
evaluate a broad spectrum of postural abilitesch as segmentaiunk control
(Argetsinger et al., 20)9postural ability RodbyBousquet et al., 2006 spinal
alignment along with joint rangaégérlett and Purdie, 20Q%nd motor function and
postural ability Pountney et al., 1999)hey lacksensitivty or inability in measuring
total body alignment and detecting changes within specific dimensions of this
(Butler et al., 2010; Dusing and Harbourne, 2028%essmenbf body position is
often determined through observation @O K A f R CaBalighigeat ardzNhether
thisimproves in regard to specific interventions such as the usadaiptive
equipment(Hong 2005) This approach remaineslbjectiveand unsubstantiated
by clinical datassessmenitacking meaningcredibility and VA G Ay 3 G KS NI LIA &
abilities to evaluate and justify their approach@®rtin et al, 2011).

Therapists regularly use their observational skillgwantify body alignmen{do
Rosarig 2014), howevemwithout a specified framework for measuripgefining
and describing this becomescomplex phenomenon restittg in confusionand
disparity between therapistéStokes2011) The lack of a standard procedure to
quantify the construct of body alignment and substatgi¢his within clinical
contexts limitsclinical decisions and evaluationaitcomes (Finch et al003).
This process is required in order for therapists to be able to accurately and
consistentlyidentify earlychanges in body alignmeand evaluatethe impact of
interventions such as adaptieguipment useThis ensures that a child is
positioned correctly at the outset, improving their comfort, function and
participation (Novalet al., 2020).The CABArovides a clear framework from which

therapists ae able tonumerically score body alignment and compare changesin
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individualchild® score agither no change, a higher CABA score indicating a

deterioration,or a lower CABA score indicating an improvement.

¢ KS /! . ! Qaantifydohservationl assessmignt of body postuemables
changes to be determined accurately and quickly as an integral partioid® day
to-day function, instead of in a oraff specific position, setting or tagisoldsmith

et al., 2009)Forassessments to be meaningfrelevant and effective they need to
be standardised and demonstrate good performance in psychometric
characteristics of validity, reliability and responsiven@gssch et al., 208, Terwee

et al., 2003)The CABA prades a consistent method for physiotherapists to
identify, describe and evaluate body alignment of a child at a particular point in
time. The research undertaken in chapter 4, 5 and 6 established excellent to good
performance of the CABA as a valid, tdksand responsive clinical measurement

of body alignment. The construction of the CABA devised a strategy for collecting
and recording observations of body alignment in children with CP in a standardised
format applicable to posture anagement therapy irrventions.To the autho
knowledge there are no other clinical measures for children with CP that
demonstrate detailed content validity and item construction to assess total body
alignment across any postural position while also allowing differentidigtween

left and right sides of the body. Current assessments, such as the PPAS (Rodby

Bousquet et al., 2018)ave only focused on one of these assessment criterions.

This programe of researchdevelopedthe CABAo encompass important

components requied to assess the construct of body alignment. With 19 items
matched to a high level of agreement to assess body alignment across sitting,
standing and lying positions, the CABA allows degrees in postigalignmento

be measured and demarcation betwesitles of the body to be clinically assessed.
This enables physiotherapists to observe, categorise and group body alignment and
deviation from optimal in children with CP. By accurately describing body
alignment and reliably determining the amount of clggnin body alignment,

therapists are able to make a clear judgement on the body alignment posture and

areas of need for an individual child.
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Whilst the overalintent of the CABA i® succinctly measure overdibdy

alignment it can also be segmented msubscales related to individual body
segmentsThe CABA&nables clinicians to break down alignment issine®lation

to specifichody partsfor examplehead / trunk / pelvis, differentiate between left
and right side of the bodgind precise movement dactions. This means that
clinicians can identify specific areas where alignment is problematic and
immediately analyse whether the posture managent strategies they are using,
such as positioning equipmerare effective at correcting alignmerithis enakes
analysis not only of overall body alignmebtit also detailed and specific
identification of body segment alignmenthis allowsthe demands the child faces

in maintainingtheir body alignmento be targeted, optimising their stability and
improving heir proficiency at completing the desirenovement Pusing and
Harbourne, 2010Pope, 2007). The more symmetrigddody segmentsare aligrned

the lower the risk of significant lontgrm complicationsand fixed deformities
(Goldsmith et al., 2009; GrahanQ@2).This specificity within the CABA means that
it can be associated with th@omechanical assessment of posture such as range of
movement and wider aspects of posturantrol e.g., Trunk stability, having a
direct and relevant role within a holistibérapy approach to posture and motor

development.

¢KS /1.1 KIF&a SELIYRSR (GKS GKSNI LTRist 4aQ
assessmenfiocuses on body linkages and the difficulties or restrictions a child
might have. This enables therapists to gtify body alignment issues and directly
relate this withother methods such aestriction in joint rangeWhen analysing
constraints orposture, physiotherapists must also consider biomechanical factors
such as the specific muscle strength and the raofgmotion (ROM) resulting in
limitationsin body positions, fixed or postural deformities (Carlberg and Hadders
Alga, 2005; Hong, 2005; Butler and Major, 1992) (chapter 2: section 2.12). The
CABA allowtherapiststo not onlyquantify problems with body anment but also
relate this torestrictions in joint rang@and how thismpact posture Oneexample

of this isa child who has no issues with joint range or muscle shortehimgever,

when sat is unable to achieve optimal alignmghts indicating theequipment set

g2 :
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up is not appropriate and likely to need reassessmentthermore for a child who

has muscle shorteningnda fixed trunk side flexion of 1&om optimal, when sat

in a posturalchair, a CABA score dbr 1 trunk side flexionwould be expeted. A

score lower than this would indicate the equipmentigdercorrecting failing to
achieveoptimal alignment Conversely, a score higher than this may indicate
overcorrection, and it is likely that this would show alignment problems at other
body @mponents such as pelvic obliquity. As discussed in chapter 2, the patterns of
deformity are linked and consequently overcorrecting a shortened muscle will

result in misalignment at other connecting body segments, such as the pelvis.

The CABAexpands@ 8 NI LIA A0 Qa FaaSaavySyd (2 ljdz yiaAafd
direct relation to the posture management strategies used. Whilst the provision of
positioning equipment takes into consideration a limitation in hip flexion, this

ultimately results in an obliqujtof the pelvis, or a shortening lateral trunk

musclescanlead to a fixed trunk side flexioklnsupportiveor incorrect positioning

can result in a child experieimg pain and discomfort angossiblydevelop fixed

deformities (Goldsmith et al., 200€nsuring positioning equipment is correctly set

up for the specific postural needs of an individual child supports and maintains their
movement and function (Scrutton, 2008eing able to build upon joint range

assessment allows for more in depth andgreal observational assessment of

posture within everyday clinical settings.

It is important that assessments are able to be used flexibly by therapists within
clinical practice (Sarathy et al., 2019). The Cébles clinicians to assess body
alignmentacross lying, sitting and standing positions, positions which are highly
relevant to posture management practices, either combined or separaféig.
alignsto the collaborative holistic frameworkdvocated by thénternational
Classification of Functiomg, Disability and Health (ICF) (WHO, 208dynamic
interaction between contextual factors and health conditiggiaces emphasis on
assessmerst which measurendividual abilities in different environmental contexts

(Odomet al.,, 2007). This is importamor body alignment and CP children as they
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make up a highly heterogeneous population, with clinical assessment occurring

across diverse environmental settings and contexts (Sarathy et al., 2019).

Overall, the CABA enables accurate assessment of bgpiyradnt to support
correct and effective intervention in the provision of equipment to manage body
alignment. UltimatelghisK I & @A RSNJ AYLI OG 2y | OKAf RC
their ability to play, engage in and explore their environmésaddersAlga, 2013;
Pope, 200Y. As discussed in chapter Zydy alignmenis a fundamental
component ofpostural controland motorskills(Pavao et al., 201 FhumwayCook
and Woollacott, 2007Pountney et al.2004). Assessing and supporting alignment
means thata O K A fofuPeshasstability from which tomoveand function from
efficiently (CarlbergandHaddersAlgra, 2005; White, 1999 Children with CP
whose individual constraints are guthat they are unable to maintain alignment
against gravity, means they are unable to achieve postural orientaicnitical
component of postural contrdPavao et al., 2013; Shumw@apok and Woollacott,
2007)(chapter 2: section 2.5).

Theprovisionof positioning equipmenpermitsa therapist to adapt the
environment in which a childith CP carfunction in by ensuring that this
equipment is providing an optimal support of body alignmemiprovingfunctional
movement, stability and motor controlfciently (Scrutton, 2008; Vekerdy, 2007,
Pountney et al., 2002). Assessment of body alignment is important GMHCS
levels however, thetreatment strategiesa therapistselectswill vary dependent on
the level of classificatio(Palisano et al., 200 (chapter 2: section 2.11}.his
enablestherapists to analyse and evaluateeir approach to manage body
alignment alongside other fundamental clinical priorities such as motor skills and
Fdzy OGA2ylf Sy3al3aSYSyidd ¢ KbepioKsoiNdfthih & G Q& |
equipment is achievinthe intendedbody alignment correction and support is an

important component of wider therapy provision for children with. CP
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7.3.2Measurement of aitcome
The lack of adherence to sound practices in body aligrirassessment

development may in part account for the conflicting and ambiguous results of

research pertaining to posture management in children with CP. Research has often

attempted to demonstrate the effectiveness and outcome of posture management
interventions, by using poorly standardised or unrelated measures. This has
produced inconsistent and inaccurate results, meaning that clinicians and
researchers are unable to determine, with clarity and conviction, whether postural
interventions were effectivepr the measurements were so imprecise that the true

effects of the intervention went undetected. This research highlights that the

/1.1 Qa Oft2aS I RKSNBYyOS (2 GKS LINAYyOALX Sa

content validation, make it a measure whicmdae utilised in future experimental
investigations improving the overall quality of research in physiotherapy, CP body

alignment and posture management.

Measuring outcomes at a clinical level has been an established practice for some
time (Stokes2011) As discussed in chapterpghysiotherapists must be able to
assure the quality of their practice; this includes gathering qualitative and
guantitative data and using appropriate outcome measures to evaluat
interventions to ensure they meet individual needs (HCRX6 DoH 2010).The
/1.1 A& RS&AAIYSR FT2N) LIKeaA2iKSNI LAAGaA
body alignment as part of posture interventions in everyday clinical pra@ice.
comparing data déected from the CABA relating alignmesttoreshefore and while

using positioning equipment, a measurement of clinical outcome can be obtained.

Standardised assessments are essential in ensuringi@tiagan evidence the
effectiveness and outcomesd their interventions(Fawcett, 2013)The CABA, by
virtue of the psychometric properties examined in this thesis, is an effective
measure in identifying clinically meaningful change of body alignment in children
with CR The CABAllows physiotherapists to identify and examine specific areas
where change in alignment has occurred, offering a comprehensive summary and

comparison of results torpviousassessmentThisenables clinicians to measure

02
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the effectiveness of thie posture management strategiest@rms ofmanaging

body alignment

Effective outcome measurement is an important driver of clinical practice (WCPT,
2019). Being able to demonstrate a therapy approaches true benefits to individuals
can influence healtipolicies and political priorities (Fawcett, 2013). Evidence based
research is fundamental in providing a platform to champion the highest standard
of health provision (Dean et al., 2014). Clinically relevant research which utilises
standardised assessmeistcritical to support therapists, service providers and
KSIfGK LIRftAOe YI{TSNRa R@2014S SFFSOUALS
CABA provideesearclersand clinicianghe abilityto accurately measure changes
YIRS G2 F OKAft R6ugh thie previsioniof pasaighivigegjuipment
Thisallowsthe impact and effectiveness of postural interventions, in terms of
alignment to be evaluatedusing clinically relevant methods. This would identify,
with precision and accuracy, the efficacy ospure management interventions,
informing clinical guidelines and cestfective practicesThe CABA could broaden
opportunities for researchers and clinicians to examine the efficacy of posture
management interventions, not just in CP, but in other ctiods where posture

management is needed.

The CABA provides an additioredihicaldimension tothe assessment of posture
Designed aa simple and clinically functional assessmiesin support findingsf
more establishedinfrequent,standardised lb-based tests typically used to
measure effect of posture such asays.Thiswould enable physiotherapists to
quantify with meaningful consistency the results of the provision of positioning
equipment, justifying clinical judgements on the impact an@etfeness this has
on supporting and correcting body alignmer@ommissioners and service planners
have increasingly included outcome measurement in their service and treatment
specifications, becoming a routine element in clinical governance and service
redesign (CSP, 2012; DA&A10) thapter 2: section 2.10). Consequently,
standardised assessment and outcome measurement have an importaribrole

enabling physiotherapy services to demonstrate their cost effectiveness, impact
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and justify use of clinicaésources. This is particularly pertinent to posture
management in CP, where there is a paucity of standardised assessments to enable
therapists to evaluate antheasure the outcome their approach has body
alignment.The CABA as a standardised measurelinical practice, could enable
clinicians and researchers to examine the efficacy of accurate equipment provision.
Justification orthe provision of most appropriate piece of equipment to service
providers would support health providers and funding sms to develop polices

and practical procurement guidance based on clinically relevant evidence based

practice.

7.3.3 Procurement of equipment

Therapists are increasingly required to justify the provision of equipment from a
clinical perspectivaot onlyin terms of patient outcomedyut also from a funding
perspectiveregarding provision angdurchasingof positioning equipmen{PHE,
2018;Robertson et al., 201&;enker et al 200). With funding sources wairig
evidencethat their resources areffective in treir use (Lenker et g1200),
therapistsare becoming more critical of their assessment chqitaioring
intervention strategies to adopt an evident®@sed approach (Majnemer and
Mazer, 2004)It is recognised that research intiee potential cost effetiveness of
postural care servicds required (PHE, 2018). However, as noted in chapter 3,
researchwhichattempted to demonstrate the effectiveness of posture
management interventions &gl poorly standardised or unrelated measurd$e
paucity of a standrdised clinical assessment of body alignment has meant that
accuratelyprovidingevidene for postureinterventions has been a challengehe
CABA caaccurately assess body alignment and evaluate effectiveness of
equipment provision. Thisouldsupportmore targeted and appropriate equipment
being prescribedimproving outcome for the child and their families (section 7.3.2),
making better use of available fundingnddevelop an evidence base for posture

management therapeutic interventions.

Equipment povision can includsleep systems, standing frames and specialist

seating with numerous versions available within each specialist éReanie 2007,
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Goldsmith 2000 Pountney et al.2009) As a resulttican be difficult for therapists
to articulate and quantify the difference betweemriousmakes and models of
positional equipment. Often the biggest difference is the alignment that is achieved
and maintained, havever, up until now there have beemo assessments therapists
canuse to quantify thisn a standardised formaf he research undertaken in
chapter 6demonstratedstatistically significant abilitgf the CABAo differentiate
between changes in body aligemt, signifyingits responsiveess aslinical
measurement of immediate change in body alignment when using positing
equipment.This aids therapists imdentifyingwhich piecs of equipment are most
effective at correcting body alignmenithismeans the caect, most appropriate
piece of equipmentan beprovidedand that clinical decisions can be justified

funding sources.

There isnot only an economic impatbd correct equipment provision but also a

health consequence. appropriateprovisionof equipment meansbody alignment

is poorly managed, resulting in asymmetrical postures, postural deformities and
developmentof subsequent secondary complications such as sur@rgpter 1:

section 1.1)Deterioration in body alignment means that equipment neads

constantly changing resulting in an-goning cost implicationAs outlinal in chapter

2 (section 2.12)providing equipment whicleorrectlysupporis body alignmenend

reduces secondary health complicationspuld recover theeconomiccosts of the

equipment (BHTA, 2014Jhe cost of secondary conmgations has significant

impact not onlyon health services but alson the child andtheir family. Posture

management is not a sheterm intervention, rather a lifestyle approach which

requires constant reew and adaption to meet the needs of the chifs discussed

Ay OKIFLIWGSNIH 0aSOGA2Y HdcdmMO NBO23IAyAaAy3
guiding appropriate and successful postural intervention and priorities (Pope,

2007). Following a systemoatel framework which considers a chdndividual,

iral FYR SY@ANRYyYSyidlt ySSRa YIFIEAYAAaSa |
Cook and Wollacott, 200@nd improves equipment use (McDonald et al., 2007)

Havingg OKAf RQ& | y R dréfronhdf pgosiudial idedventioh meéads G KS T
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the most appropriate and usable piece of equipment is provided reducing the risk

both short-term and longterm, of secondary health implicatiafor the child.

Accurate, effective assessment and clear clinicabnaie on the appropriate
provision can reduce immediate and letegm health and economic costEhe
CABA has the potential to provide physiotherapists with an accustd@dardised
assessment of body alignment supporting a sound clinical rationalegtopeent
provision. Accurate assessment is more likely to result in the correct positioning
equipment being prescribed on assessment and reduce the possibility of equipment
having to be altered or changétfcDonald et al 2007, Hong, 200% As such, eing
able to provide the correct piece of equipment straight away means the need for
several assessments, purchasing of additional parts or a different piece of
equipment are reducedrl his wouldprovide early correct positioningeduce costs

of clinical resotces such aatherapists time andmean fundingcould be more

accurately directed.

Early identificationaccurateassessment andffective interventionstrategieshave
the ability to minimise secondary complications, maintaining body shape and
ultimately reduce theprevalence of complex postures which requirasre
complex individualised equipmerfbuccessful equipment provisiamcorporates
multiple factors and is a complex undertakif@plling 2007, McDonald et al 2007,
Hong, 2005TaylorCookson ad Mitchelle, 2001) The CABA offer therapists a
clinical method fodetermining body alignmenaccurately and quickly as an
integral part of achild@ day Having a standardised clinical measure tisat
applicable within everyday therapy practiaad evalates equipment provision
enablesthe child@ needdo be met from the outset, ensuring optimal positioning is
implemented as early as possiblurthermore, ly being ablgo identify which area
of alignment requires the most support therapists are abladopt a tailored
individualised approach to provision, rather thtoe all-encompassing 2tour
approach. Therapists would be able to use their time and staff resources to
optimise engagement with therapy programmes and improve outcomes for

individual chiiren and their families.
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7.3.4 Clinicadtility

If an assessment is to be a functional and relevant measurement it should be
applicable to the various settings and strategies, and easily tailored to individual
everyday therapy practicd-awcett, 2013Cracker and Algina, 2@). The CABA was
constructed as a functional and useful everyday clinioesure whichensured
clinical utility properties were fundamentalithin its development processh{apter
4). Children with complex neurological problems, suahCP, frequeiyt have
problems with fatigueresulting ina low tolerance for lengthy assessme(iaxter

et al., 2007; Harris and Roxborough, 2006)addition,undertaking posture
management means a therapist assesses body alignmenvidearange of
StidAy3aas adzOK a OKAfRNByQa K2yvySa:x
and respite carePart of this development procesavolved283 paediatric
physiotherapistating clinical utility propertiesequiredof a body alignment
measure This highghtedthat usability, time and applicability wermportant for

i KS [/ Useinlegedyday practicewith particular emphasis otime to complete
and usality in different environmentss essential components the

I & & S & ackhieaf fiir@tinality (capter 4: section 4.5.4¥herefore, a clinical
assessment needs to be usable without tlequirement forlarge spaces and /or
specialist equipmenin order to complete The development and refinement of the
CABAaimedto reduce clinical and respondent lien bybeing aneasy,

inexpensive and lowurden measuref bodyalignment in children with CP

a0K2 2

CdzNIKSNJ &G dzRASa SEFYAYyAYy3I GKS /1.1 Q& Of A

findings within this programme of research.

Failure to recognise critical compents of a measures clinical utility, such as cost
and application, can result in the measurement being impracticable within the
clinical environmentKawcett, 2013Roach, 2006)The CABAs a quick assessment,
taking 10 minutes to complete. Within th@mtext of the studies, it has shown to
be effectively applied by paediatric physiotherapists with varied experiefbe
research undertaken in chapter &¢tion 5.3)showed the CABRems wereable to
be reliablyscored from photographs using a gratiossphysiotherapists with

variedlevels of experiencdrom different work-places and areas o$pecialtyin
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children with CP. Other assessments of body alignment identified in chapter 3,
required training and experience to produce consistent reliabilisutes (Rodby
Bousquet et al 2016; Goldsmith and Goldsmith, 2009; Pountney et1&99).
Psychometric studies of theses assessments used raters with considerable
experience in using and /or developing the tool, had training or required a manual
to follow (RodbyBousquet et al 2016; RodyBousquet et al 2014;Goldsmith and
Goldsmith, 2009Bartlett and Purdie, 20Q3Pountney et aJ 1999).The CABAas

the potential to be an assessment whidquires no experience, training or
instruction in its use t@roduce reliable and valid measurements of body alignment
(chapter4and5C dzNII KSNJ G dzRASa Ayd2 GKS /! .1 Q&
usability and psychometric properties when used in clinical settings by a range of
therapists would support itsse as low demand, accessibled practical

assessment

Posture management supports and correptgly alignment across all postures a
child adoptswithin their day and nighttypicallytheses involve all or a combination

of lying, sitting and standing paiins (Gericke, 2006Y.he CABA can be applied
across lying, sitting and standing, witietintent to succinctly measure body
alignmentas part of posture management. As sucban be divided into

subsection®f positionsassociated with posture managemigior example lying.

This allows for a comprehensive analysis of body alignment acrasssafarate

body positionsand a comprehensive measure of body alignment encompassing the
posture management worldvhilst also allowing for analysis and reviewspgcific
positions. Thismeans that a therapist can complete the whole assessment across
lying, sitting and standing to give an overarching picture of a @mlltgnment.
However, they can also select the section of the CABA most relevant to their
immediate assessment, for example review of seatifgus,providing the therapist
with aflexible approach t@ssessment of body alignmenthich can be easily
adapted to meet individual needs of each chidging &unctional and relevant
assessment of all p@®ns used in posture management strategies, makes the
CABA highly applicable to everyday practice and easily tailored to individual therapy

assessment.

O
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A patrticular point to note in regard to the clinical usability of the CABA was the
context in which tle responsiveness was evaluat@tapter 6: section 2.6)
Responsiveness is context based, dependent on the nature of chiaaige
measuresare basedon, and on whom (Beaton et al, 200The research

undertaken in chapter 6 demonstrated tl@ABAS responsve, measuring

immediate change of body alignmeacross all positionsn children with CP

GMFCS levels-W, Consequently, assessment of change in body alignment has only
been examined within this context and for this set group of children which lirsits it
generalisability. Bildren with CP aGMFCS IV andare most likely to require
positioning equipment to support body alignment (Gericke, 20@®refore it is of
critical importance that assessments assponsive to immediatehangeat both

these lewels.Sensitivity to determine differences in body alignment fastbohort

of children has not been reportedi{apter 3). A strength of the CABA is that it is a
measure which is sensitive to immediate changes of body alignment at both GMFCS

IV and V.

7.3.5 Wider context

Management of body alignment involves several clinical services and is applied
within various environmental settings, illustrating the therapeutically diverse reality
of assessing body segment alignment and implementing posture managemen
daily practicq WHO, 2007; Farley et 22003 Humphreys and Pountney, 2008)

range of clinical services and professionals are involved in the provision of
equipment withinCP.The CABA has applicability to support alignment across all
health disciplines involved in posture management and the provision of positioning
equipment. Posture management utilises the provision of equipment across all
environments a child interacts thin. This crosses a range of disciplines from
wheelchair services in the provision of wheelchair seating, occupational therapy for
provision of home seating and bathing equipment such as a bath seat,
physiotherapy in terms of sleep systems and standdrie. JABA is an assessment
GKAOK SyloftSa I OKAfRQa o62Re FfAIYyYSyld
theseareasand can be applied within various settings such as home, theriapgs

andschoos.
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The CABA provides a standardisggproach thatan aitineachh f RQa A Y RA @A Rd,
alignment needs and ensure posture management strategies are uniform across
multi-professional service3.his not only improves the outcome for the child in

terms of maintaining alignment, improving function and comfort, it afsproves

the effectiveness of equipment provisioAs each child has individual presentations

in regards to their body alignment, meaning there is no generic appraastead,

it requires all professions working with that child to have a universal viewveir

postural needs and understating of intervention strategies and intended outcomes.

In the absence of a standardised assessment this has meant those in each discipline
within services and wider are utilising their own approach to assessing and
determining posture ¢hapter 2: Section 2.12). This inconsistency in use of

positioning equipment increases the risk of alignment worsening along with the

associated health and economic impact as discussed in section 7.3.3.

The CABA is a highly accessibley ¢asise assessment with qualities which make it
stand out as a functional standardised assessment folaggeart of physiotherapy
practice. Whilst this programme of research has focused on children with CP, the
assessment of body alignment has appliaggb#dcross a wide range of health
services and professionBhe link between posture and motor control in this thesis
has focused specifically on the impact body alignment has on functional movement
in CP ¢hapter 2). The provision of positioning equipmeiins to supporbptimal
alignmentcreatinga stable base from which function is enhanced (Shurm@agk

and Woollacott, 2007; Harris and Roxborough, 2005). This poses the hypothesis
that the CABA, as a measure of body alignmeaspotentialto be d berefit to

any individual who requiresupport ofbody alignmenor uses some form of

positioning equipment.

CP is not the onlgondition thatinvolves posture managemerit.is utilised across
a range of conditions and ages from stroke and dementia froth barthe elderly
population.Research has raised the importance of posture alignment and its
management within complex conditions such as stroke (Chatterton G017,
Jones et a) 1998) and multiple sclerosis (Chan and H&&©®9) The NSF for long
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term conditions outlines care, treatment and service provision for individuals with a
wide range of neurological conditions, such as brain injury, epilepsy, motor neurone
RA&aSFasS | yR (2008)]Ithetay@sgsitie physcal hnd movement
difficulties individuals may have and advocates the provision of effective positioning
equipment to prevent deterioration of posture and development of subsequent
secondary complications. More recently, Public Health England (2018) published
guidance on postural ca in people with learning disabilities, identifying accurate
measurement of body alignment as fundamental to evaluating outcomes of posture
management interventions. Both theggiidancepapers signify the importance
accurate assessment of body alignmeashnevaluaingthe effectiveness of

postural therapeutic strategies across a wider variety of conditions and
presentations than CHhe CABA has the potenttaldevelop and direcposture

management treatment and service provision across a wide rangerafitions.

7.4 National guidance and service provision

Despite increased recognition of the role posture management programmes have
within physiotherapy rehabilitatiofPHE, 2018\ICE, 2012)the research to date
haslittle high-quality data available on posture management effectiveness in
correcting body alignment in children with (Pavao et a) 2013; Farley et al.,

2003) Theapproach to posture management intervent®im terms of supporting

and correcting body alignment lacks specificity (NICE, 2012), meaning currently
posture management interventions and equipment provision vary on a local and
national context. The CABA, asstandardisedmeasure ofalignment andoosture
managemenstrategiesmay assisin overconingthese challenges dioth a local
regional and nationaderviceprovisions.The CABA has the potential to provide the
means for therapists and researchers to examine the impact positioning equipment
hason body alignment at a clinical lev@lhismeans thata particular position such

as standing or a particular group of individuals such as children with CP GMFCS V
could be evaluated comprehensivelgforming current and future best practice

posture managment approaches.
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The current evidencbase surrounthg posture management is limited (Farley et
al., 2003) Clinical guidelines lacking specifigqBHE, 2018; NICE, 2012; Mansell,
2010; Gericke, 200@nd assumed best practicase unvalidated by clinical data
(chapter 2 section 2.9. The focus needs to be on clinically based research which
examines body alignment and evaluates, with specificity, the effectiveness of
posture management interventiongVhilst clinical guidelines clearly state that
services should focus on protection of body shape, the details of how this is carried
out, the currentstrategies in place and assessment processes are lacking (NICE
2012 Mansel| 2010). Standardised assessmigtools are vital to provide quality
information and guide clinical decisions (Terwee et al., 2018; Roach, A0@0).
current clinical guidelines on posture management either lack detail of an
assessment process or recommend an assessment with little fisypchometric
properties(PHE, 2018; NICE, 2012; Mansell, 2010; Gericke,.Zdfjc Health
England (2018) makes recommendations for using@sldsmith Indices of Body
Symmetry(Goldsmith et al., 1992as an assessment, howeyevidence to support
it as a standardised outcome measure is lacking in the guidance (PHE, 2018).
Furthermore, the research undertaken in chapter 3 (section 3.3.3.) found this
assessment to have popsychometriqoroperties, firding no evidence reporting on

either its validity or reliability. The CABA fills this current gap in clinical assessment.

Whilst research recognised that posture should be managed by CP classification, its
specificity is limited (Gericke, 2006), it doext specify which positions are a

priority in terms of effectively supporting body alignment outcomes for children at
differing levels of severity. Consequentliimical guidelines lack specificity, with
recommendations for practice referring to classifioa groups of children with CP

and collective posture management interventiof®HE, 2018; NICE, 2012; Mansell,
2010; Gericke, 2006 he lack of differentiation between presentation of CP and
types of psture management limits directed prioritised interventions (Farley et al.,
2003.91j dzZA LIYSy i &St SOlA2y HKAOK A& &aLISOATAO
improve acceptance and use (Collins, 2007; Taytwkson and Mitchelle, 2001),
supporting aligment more effectively and improving outcome for the child

(McDonald et al., 2007Currently physiotherapists have generalalicompassing
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guidancewhich fails to recognise the individualised constraethild with CRean
present with (Carlberg and lddersAlgra, 2005). This is unrepresentative of
everyday clinical practice whereby therapists use comprehensive assessment to
identify the correct piece of equipment (Hong, 2005), taking into consideration

practicalities witlin family life (Cast et al.,2014).

Whilst there is a general consensus that ah®ir posture management approach
isthe gold standard (NIGR012; Hill and Goldsmith, 2010; Pountney et al., 2009;
Gericke, 2006}his assumption has not been validated with clinical dais.
discussd in chapter 2 (section 2.9)ractices in reality are often not a 2¥bur
approach(Castle et al., 2014; Maher et al., 2011; Gough, 20B8jlance and
advice on which aspects of posture managemsuoth as sittingoffer the most
benefit to body alignmencorrectionwould be of benefit to therapistand service
providers It may also reduce the burden on families having to implement-ad#
approach on a daily basis, and improve compliance on targeted postural
interventions (Gough, 2009Fhe CABA hake ability to provide clinical data and
guidance on specific and priority areas of alignment and therefore assist in
prioritisation of postural intervention. As the CABA is relevant to all GMFCS of CP it
would not only assist therapistin prioritising treir therapy goals but also
evaluating the outcome of equipment effectiveness, supporting an evideased

approach and improving treatment outcomes.

The lack of clarity and detail in clinical guidance and evidence means current
posture management intervgions and equipment provision vargaving a
standardised approach tmeasuring body alignment means that assessment,
treatment and service provision is standardisdthe CABA can expand the options
for therapists and researchers to evidence the efficaicgosture management

practicesand assist in developing guidance with more clarity and specificity.

7.5 Limitations of theproject
This programme of research was intended to be a thorough investigation and

development of a tool, but still some limitatis are presentor instance,le
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responsiveness study examined the CABA in the context of detecting immediate
change in alignment by the primary researchdrapter 6). As responsiveness is
context based, dependent on the nature of change being meakhbased and on
whom (Beaton et al 2001), the results are limited to the framewdtat
responsiveness was investigated\idhilst the use of one therapisthe author and
develope of the CABAcould be seen as a limitation, it reflects real life practice.
Therapists see children they know frequently. It is not typical practice to have
ASOSNIt dzyly26y OGKSNILA&GA 20aSNBAYy3I I O
detectchange in body alignment over time or its application to other neurological
conditionswhich require positioning equipmeriChatterton et al, 2001; Chan and
Heck 1999; Jones et al1998) are limited without further studiest ivould have
been preferablg¢o haveinvestigatedwith a wider population of neurological issues
across adults andhildren. Limitations and challenges of each study have been

addressed in the relevant chapters, and summaries below.

The content validity study (Chapter 4) involved 269 physiotherapists, who partially/

fully completed the survey, scoring items of matahor not to the domain of body

alignment. Whilst the CABA items demonstrate good content validity, how to
AYOSNIINBG GKS /! .1 Q& Nlg a02NBa Aa dzyly?2:
typically developing children and those with CP are needed to devetong cut

offs and norms for this scale. This should be explored in further investigations as

part of the development process of this assessment.

The first stage reliability study (Chapter 5) examined the reliability of scoring CABA
items, from photograhs, using a grid. Whilst the use of the grid assisted in
minimisngrater error it is acknowledged that this is not indicative of usual clinical
practice. As such this has limitations in relation to use and reliability of the CABA in
clinical settings. tfthermore, this study examined scoring of items only, not
administration of the CABA. A study on administration of the GABHAnical
settingscouldinvestigatehow physiotherapists place children into the positions
required for scoringandwhether a gid to viewthe positionsthrough is required

Further studies which examine the reliability of scoring both with and without a grid
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reliability and its application in clinicptactice.

As part of the development of this new assessmeng,fitst stage reliability study
(chapter 5) aimed to explore the reliability of scoring the CABA items. As such, the
use of photographs of children with CP minimised the amount of randoar err

likely to occur from the child and enabled examination of rater error. This resulted
in the ability to identify any CABA items which had limited reliability between
physiotherapists and, therefore, likely to be exacerbated when used in a clinical
setting. The use of photographs has limited applicability to real life clinical
assessmentphotographs require a procedure for positioning a chifdorder to
photograph and analyse the posture from this (do Rosario, 20¥4jlst

photographing posture is naurrently reflective of therapist@approach to

everyday posture assessment (Perry et al., 2008), photograph acquisition is fast,
easy to do, and is accessible for the majority of physiotherapists working in clinical
settings (Fortin et al., 2011Furthe studies exploring the reliability of scoring in
clinical settingsvith and without the use of photographsould further support the

use of the CABA as an assessment in clinical everyday practice.

The responsiveness study (Chapter 6) results were caoté by one therapist who

is the developer of the CABA, observing body alignment. This was selected due to

ethical considerations and managing the risk of distress to the children. As the lead
researcher was a physiotheraplgtownto the children, this asured that the

OKAf RNBY NBYIAYSR NBftIFIESR YR Ay G(KSAN Wi
independent evaluation means there is a risk of researcher bias, however, it reflects

real life and attempted to ensure the assessment of body alignment wadsses to

typical everyday practice as possible. Further studies examining the responsiveness

of the CABA across a wider sample of therapists would further support the

generalisability of the results of this study.

There are two main limitations affectinge overall conclusion of the thesis. Firstly,

the sample frames of seffelection for both the development, content and
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reliability studies in chapter4and5 may not represent the views of all
physiotherapists working with CP and posture, potentiallynpacting on the

internal validity of the study (Tripepi et.a2010).

In terms of the recruitment strategy sedklection bias was expected, as only those
who worked with posture and CP were asked to participate. However, it is
acknowledged that those/ho selfselected to participate were only a selection of
those who could havdn terms of selection bias, it could be argued that those who
participated differel perhaps in their experience and specialities. Although self
selection is a threat for intewd validity of the study, the impact of this biean be
minimised throughdiversityin respondent characteristiod ripepi et al 2010).As

the respondents in both the validity and reliability studies demonstrategrse
respondent characteristicacros experience, speciality and region, which

minimised the impact of this potential bias.

Secondly, and more significantly, the sample size for the reliability study in chapter
5 was considerably smaller than desired and this had implications specifocally
reliability testing and interpretation of the findings. The sample size did meet the
requirement according to the power calculation for repeated testing and from a
statistical perspective was high total 167 initial responses were received but only
15 participated fully in the studysuggesting the scale of the projéstexamining
childrenat each GMFCS across all positivas potentially too largechapter 5).

Data collection focusing on one part of the CABA for children witht@Rspecific
GMFG levelcould alsoimprove response ratel herefore further studies
investigatingsmaller focused areasf alignment assessment within posture
managementlinical practicefor example standingh GMFCS levels IV and V,
would recruit a larger sample ofiwicians and children providing further detail on
the psychometric propertiesThe methodologalapproach to examine reliability,

the use of photographswhilst minimising the amount of random error likely to
occur and enabling examination of rater erraould be viewed as limiting in terms

of clinical applicationFurther reliability testing should take place in clinical settings
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to provide detail on the scoring reliability propertigsclinical face to face

scenarios

7.6 Recommendations for future@esearch

TKS /1.1 Q4 Oft2aS | RKSNBYyOS (2 GKS LINAYyOAL

and content validation, make it a measure which can be utilised in future
experimental investigations improving the overall quality of research in

physiotherapy, CP bgdalignment and posture management.

This is the first step in a much broader project to examine and develop
understanding of thé ! . | Q & poblird nEnafeyhent practices acrosious
clinical contextsThe research studscontributing to this thes Chapters 4, 5, 6)
has shown the CABA to have excellent to good validity, reliability and
responsiveness properties. Whilst this is an imporfaoindation in examining the
/1.1 Qa Llaeé OK 2 YahatNal fhogredNidnlaiSHisTivariSistiather
analyse thgpsychometric testing and developmeaot the CABA

What is now needed is a creeational clinical study involving therapist®rking
with a wider range of CP childrefhis would producgreaterclinicaldatain terms
of itsvalidity, reliabiity, responsiveness and the generalisability of resiutisn this
thesis The Covidl9 pandemic interrupted a feasibility study égamine
psychometric properties of the CABA with physiotherapists in clinical practice
assessingtandingalignmentin children with CP This research, would have
addressed some of the limitations identified within this thesis; however, the

circumstances at the time prevented it from being conducted.

9ELI YRAY3I (GKS SEIFYAYLGAZ2Y 2F GKS /! .1 Q&
logical next step following on from this programme of research. Investigating the
CABA in terms of clinical utility and face validity, would provide greater detail on

GKS /1.1 Qa OfIFNRdGEe IyR dzaS¥dAZ ySaa a |y

the/ ! .1 Q&8 NBEAIOATAGE Ay OfAYAOIt &S8SGGAYyTS
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well as scoring woultle beneficial to conduct to suppoitis useas a clinical

measure

It would be interesting to compar€P classification levahd the effectiveness of
positioningin terms ofcorrecting alignment. This maagsist therapisin

prioritising their interventions. While it was noted ehapter 6that sitting achieved
better alignment compared tthe other positions lying and standingaution must

be exercisd in the interpretation of tis finding. The context of this research

(chapter 6) involved only children with CP GMFCS IV and V, therefdher work

is required which examines this across all GMFCS levels as it may be beneficial in

supporting a argeted equipment choice

CdzNIi KSNJ NBaSI NOK ¢6KAOK SEFYAySa GKS /1.1
alignment over time would be worthwhiléNhilst the posture categorisations of

the CABA are able to detect immediate change in alignment, in relatioretofus

positioning equipment, it has yet to be determined if these are sensitive to detect
changes in alignment over time. This could expand the CABA role in clinical practice

as an identification measure of postural change. The ability to frequently monitor

and identify early change in alignmefindbm clinical presentationprior to the need

for radiographsvhichare invasive andhfrequent, is an important area for future

research.

a2zNB ONRIRfe&x NBaSIFNOK Aa |faz2 WBSESRSR (2
range of conditions, adults and children and usalifferent professionalsuch as
occupational therapistsvheelchair therapists, education staff and paretds

broaden its clinical usé greater focus on this within future research could

establishbetter understanding of posture management benefits at a clinical and

national level A future impact study using the CABA to examine posture

management interventions and their effectivenessuld guide and change clinical

practice andprioritiesto improve outcomes for children with postural needs.
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A shortfall within current guidance in offering specific recommendatjons
established on a relevant and appropriate evideeese limits optimising health

and economic benefits. There remains a paucityesearch literature which

explores the effectiveness of positioning equipment according to specific positions,
clinical presentation and subsequent application. Consequergiseral key clinical
guestions remain at the forefront of posture management piees. What is the
difference in impact on alignment following a-Béur posture management

approach verses a more typical variable one? Is posture management more
effective in a certain position such as sitting? Can posture management strategies
be priorties depending on presentaticend condition in terms of what is most
effective?Whilst these questions are not small, theirgortance to clinical practice

is significant. Thdevelopment of the CABAs a clinical tool for therapists and
researchersisthe first step towards exploring these important clinical questions,

further developing and informing evidendmsed practice and national guidance.

7.7 Thesis conclusion

All objectives have been addressed and explored within the possibilities afforded by
the sample sizeand the research has been conducted scientifically and rigorously
Preliminary investigation of this new assessment of body alignment is promising.
The first steps of identifying construct and content viyidreliability and

responsiverss provides a platform for further revision and examination of the

CABA in clinical settings.

This PhDresearch programme gisychometric investigation, as undertaken in

chapters 4, 5 and 6 @n importantF 2 dzy Rl G A2y Ay SEFYAyAy3a (K
psychometre properties within clinical settingk1 asensefi KAa Aa 2yfeé (KS
AOSO0SNEHQ Ay (GSN¥Xa 2F GKS /! .1l a I Oft AyAd
applicability of body alignment is a problem associated with various neurological
conditionscrossing both the adult and child populati@dansel| 2010; Chatterton

et al, 2001; Chan and Heck999; Jones et gl1998). Body alignment and

interventions to manage posture have been establishexbss a wide scope of

conditions thatresult in movemat problems resulting in difficulty maintaining and
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adjusting static position against gravity (chapterE)suring appropriate

assessment, services and support for posture management should be a priority for
those who have body alignment problems. Thdiings from this thesis have
important implications for future practice3he CABA has the potential to be an
assessmenttilised by clinicianand researcheracross various health service
provisions to evaluate body alignment and the effectiveness ofyres

management approaches.
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Appendices

Appendix 1:Permission to use Images White (2011)

From:Marketing
Sent:06 August 2015 15:25

To:Frances George
Subject:Re: request for permission to use images

Good afternoon Fances,
Thank you for your request.

28§ I NB KILIL®E F2N) é22dz 2 dzas§ GKS AYlF3IS&a e2dz N
please let us know.

Kind Regards,
The Marketing Team!

From: Frances Georg (i <

Sent:06 August 2015 15:11

Torinfo <

Subject:request for permission to use images

To whom it may concern

| am a PhD student who is undertaking research into posture manageanerchildren

with cerebral palsy. | am writing to seek your permission, as | am wanting to use some of

your images from the below document in my PhD thesis:

t230dz2NBx 126 AGQa RS@OSt2LIAY3A YR gKeé aill yRAY

| accessed this off the internetnd am wanting to use images 1, 2 and 3 from this
document. | will of course reference this work to yourselves.

Yours Sincerely
Frances George
Highly Specialised Physiotherapist MSc BSc HPC MCSP

ool
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Appendix 2:Ethical approval letter Content Validity

Nathalie Noret

Chair of Faculty of Health &
Life Sciences Research
Ethics Committee

4™ March, 2017 Direct Line ||

E-mail: [

Dear Frances,

RE: Development and content validity of the Clinical Assessment of
Body Alignment for children with cerebral palsy.

REF: 069011429 George 04032017

The research ethics committee has approved, without reservation, the above
research ethics submission of 16" January 2017.

Yours sincerely

UGk
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Appendix 3:Example of initial CABA itemsrm alignment

Section D: Arm Analysis
Iltem 17: Locate arm alignment (flexion right arm)

Position of the individual’s arm alignment from the side. Item scores the arm position from 0—3.

Score: 0 RN
Right Arm o

-5 5°

Item 18: Locate arm alignment (flexion left arm)

Position of the individual’s arm alignment from the side. Item scores the arm position from 0—3.

Score: 0 Left Arm

-5°  5°
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Item 19: Locate arm alignment (extension right arm)
Position of the individual’s arm alignment from the side. Item scores the arm position from 0—3.

Score: 0

5°-40°

1

Item 20: Locate arm alignment (extension left arm)
Position of the individual’s arm alignment from the side. Iltem scores the arm position from 0—3.

Left Arm g
X *3

Score: 0

o
.
.
.
.

.
EEEEEEESENEEEESSEEEESSEEEEES,

: 40°-90°

.
.
D
. »
-
»
D
.
»
.
D
D
x
0

pRsasssRsRRERL L e s T A

5> 5°
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Appendix 4.Example of revised CABA iteram alignment

Section D: Arm Analysis
Item 10: Locate arm alignment (flexion / extension)

Position of the individual’s arm alignment from the side. Item scores the arm position from 0—3.
Score: 0
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Appendix 5:Electronic Survey content validity

ClinicalAssessment of Body Alignment
CABA

Q1 This questionnaire is anonymisgsing a coded system. Please provide the last 3 digits
of your postcode and the last 3 digits of your date of birth.

Providing this code is optiondllowever if you wish to withdraw from this survey before
the closing date, this code can then be provided to the researcher and enable your
responses to be discard from the research project.

Q2 Of which APCP region are you a member of?

Q3 How many years have you been working as a qualified physiotherapist?
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Q4 Whch of the following best describes your area of speciality?If you have more than one
area, please tick all that apply.

Musculoskeletal (1)

Neonatal (2)

Neurodisability (3)

Management (4)

Respiratory (5)

Orthopeadic (6)

Community (7)

Acute wad (8)

Q5 Which of the following best describes your place of work?
If you work across more than one of these areas, please tick your primary area of work.

NHS (1)

Private practice (2)

Education (3)

General Practitioners practice (4)
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Q6PART 2

For the following questions please use the operational definitions of body alignment &
body segment:

Body alignment: The position of body segments in relation to one another and their
orientation in space.

Body segment: The position of the head, trunk, pelvis, arms, legs and feet.

The following questions will ask you to rate if each of the following assessment items
matches the definition of body alignment.

Q7 Section A: Head position

LGSY mY [20FGS KSFR FEtA3ayYSyild o6Ft SEAZY
the side. Item scores the head position from3)

Score: 0 d
2060

Q8 Does the above item match body alignment?

&Yes (1) ... No (2)

K

SE
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vep LGSY wY [20FGS 1SR FtA3yYSyid 60&aARS Tt SERX
front or back. Item scores the head position from3)

Score: 0

Q10 Does the above item match body alignment?

cYes (1) ... No (2)

QIUILGSY oY [20I3dGS KSIR FftAAYYSyild ONRGFGAZ2YD
transverse plane. Item scores the head position fron80

Score: 0

Q12 Does the above item match body alignment?

cYes (1) ... No (2)
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Q13Section B: Trunk Analysis

ltemnY [20F3GS GNXzyl FtA3IyYSyid o0FtSEA2Y k SEGSyY
the side. Item scores the trunk position from 8.

Score: 0

20°-60°

60"+

Q14 Does the above item match body alignment?

cYes (1) ... No (2)

Q15 ltem 5: Locate trunk alignmet @ RS Ft SEA2Yy0® t2a8AGA2Yy 2F (K
the front or back. Item scores the trunk position from ®.

Score: 0

20°.60°

60"+

Q16 Does the above item match body alignment?

cYes(1)...No (2)
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Q17 Item 6: Leate trunk alignment (rotation)Position of they’ RA @A Rdzl £ Qa G Ndzy' |
transverse plane . Item scores the trunk position fror30

Q18 Does the above item match body alignment?

&Yes (1) ... No (2)

Q19Section C: Pelvis analysis

“

ltem 7: Locate Pelvic alignment (posterior / anteriortiig. 8 A GA 2y 2F (KS AYRAQD
from the side. Item scores the pelvic position fror3.0

Score: 0

|

20°-60"

Q20 Does the above item match body alignment?

cYes (1) ... No (2)



280

Q21 Item 8: Locate Pelvic alignment (obliquity2 & A G A2y 2F GKS they RA @A Rdz
front or back. Item scores the pelvic position from3)

Score: 0
o° 60"+

160°s o "

5* e ey B F
5 & 2060 J 2 1 hoeor

Y5200 U C T S |

Right A Left

Q22 Does the above item match body alignment?

cYes (1) ... No (2)

Q23 Item 9: Locate Pelvic alignment (rotatian)2 a A G A2y 2F (GKS AYRAGARdz
transverse plane. Iteracores the pelvic position from-(8.

Q24 Does the above item match body alignment?

cYes(1)...No (2)
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Q25Section D: Arm Analysis

LGSY mnyY [20FGS FNY FEAIyYSyd o6Ft SEAZ2Y «

alignment from the sideltem scores the arm position front (8.

Score: 0 "
Left Arm o,
2 4 = K 3 3
J90°+ 90° + %
% 40%90 5
% 40°-90° .
2 K K 2 B

Q27 Does the above item match body alignment?

cYes(1)...No (2)

viec LGSY mmY [20FGS FNY FEAIYyYSy
arm alignment from the front. Iltem scores the arm pms from Ot 3.

Score: 0

Right Arm

Y 90%+

Q27 Does the above item match body alignment?

cYes (1) ... No (2)
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Q28Section E: Leg position (standing or lying)

LGSY mMHY [201GS €83 tA3yYSyd
side. Item scores theg position from © 3.

Score: 0

-5°-5°

Q29 Does the above item match body alignment?

cYes(1)...No (2)

6Ft SEAZY

60°+

K
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von LGSY mMoY [20F3GS €83 FEtAIYYSYyid 61 6RdOGAZY
from the front or back. Item scores the leg position from3

Score: 0 Right Leg

B ge5o 5o

1 1

.
.

Q31 Does the above item match body alignment?

cYes (1) ... No (2)



284

VoH LGSY mnyY [20FGS €S3 FEAIYYSYyld oNRGFGAZ2YD
Item scores the leg position front (8.

Score: 0

".
2  ;
"‘ * *%
., 40°+ 40°+ .
. ..
* . .
. g
. . o
3% 5 % e
& . . 3
W 20 % 20°-40° % ¢
. ‘- **
o,

...............
......

Right Leg

Q33 Does the above item match body aligmi?

&Yes (1) ... No (2)
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Q34Section E: Leg position (sitting)

LGSY mpY [20FGS !'LIISNI £S3 tAIYyYSyil o0FtSEAZY
from the side. Item scores the leg position from 8.

Score: 0

Left Leg Right Leg
~‘. *
£120% e, Monex %
1:90%120° e, e, S .1

‘ t\z e " 3
% 60° 90° o :
1 : £ q
-‘: E
. 20° 60° : 20° 60°
.. 5°-20% 50 20% *
2 LT : .. 2
Sernenna, H LY s
3 3

Q35 Does the above item matblody alignment?

&Yes (1) ... No (2)

voc LGSY mcY [20FGS [26SNIES3 EAAyYSyld 67t S
leg from the side. Item scores the leg position from3

Score: 0

85°-95° 2 ., S90°60° K
90°-120° 2
1 "&et 1

‘e, 120% &

2 .. 290°-120% 90°%-60°%,
‘o e 2

Q37 Does the above item match body alignment?

cYes (1) .No (2)
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voy LGSY wmtY [20FGS £S3 tAIYyYSyld 6FoRdzOGAZ2Y
from the front or back. Item scores the leg position from3

Score: 0 Left Leg

Right Leg

-5 352} 588 5

Q39 Does the above item match body alignment?

&Yes (1) ... No (2)

Q40ltem18:Locatt ST It AIYYSYld ONRBOGIFIGAZ2Y0OD t2aA0GA2Y
or back. Item scores the leg position from 8.

Score: 0

‘e, 60°
e

53858 58 ., 2060° L 20%60°

. - I
.520 520 5t 2

Q41 Does the above item match body alignment?

cYes (1) ... No (2)
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Q42Section F: Foot position

ltem 19: Locate foot align®y i O0AYOBSNEAZ2Y Kk SOSNBEAZ2Y OO t 2aA
the front or back. Item scores the foot position from G.

Score: 0

Left Foot

Right Foot

Q43 Does the above item match body alignment?

&Yes (1) ... No (2)

Q44 Item 20: Locate foot alignment (plantarflexion tsiiexion). Position of the
AYRAGARIZ £t Qa F220 FTNRBY (KS WA RS LGSY a02NBa

Score: 0

.
",
L
",
.

Q45 Does the above item match body alignment?

cYes(1)...No (2)
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Q46 Please state any other item which you feel should be included in an obsealati
assessment of body alignment.

Q47PART 3

For the following question, please use these operational definitionsserail and not
relevant:

Essential: item is essential and must be included to ensure the assessment has clinical
utility. To exclude this would mean that the assessment had an extremely high risk of not
being able to be used in everyday clinical settgg

Not relevant: this item would never impact on the assessment being used within everyday
clinical practice
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Q48 How important are the below items for using the CABA within clinical practice?

Essential (4) Important (5) Acceptable (6) rl\éllzzg;?l(l%l) Not r(eél)e vant

Formal training

1)

Informal
training (2)

Cost (3)

Time to
complete (4)

Format-
electronic (5)

Format- paper
based (6)

Format- paper
based and
electronic (7)

Usability in
different
environments

8)
Ease of use (9)

Requirement of
equipment to
conduct
assessment (10

Demand on the
child (11)

Transportability
(12)

Ease of analysis
(13)
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Appendix 6:Email nformation ¢ content validity

2S AYQOAGS @2dz G2 GF1S LINIG Ay (KuhitisthdzSaGA2Yyy
content validity of the Clinical Assessment of Body Alignment in children wi¢iCCP

This study is being doraes part of PhD resedrqroject by lead researcher Frances George
from York St John Universityou are invited because you are a health professional working
with children with cerebral palsy

The survey should takguno more than 5 minutes to complete

Wewanttogainasmany peopleds views as possible. The que
from confirming your APCP region, years of experience and area of specialty, you will be

asked to rate the assessment items as either being relevant or not by ticking a yes or no

box. The final part of the questionnaire has 1 question looking at how important clinical

usability of an assessment is, using a 5 point scale and only 1 question requires a written

answer, but this is optional to fill in. Please fill in as much as you can i your ideas are very

important to us.

You may not directly benefit from this research. Your participation will inform future
research, and hopefully will improve postural management for children with cerebral palsy.
Your answers will be used to produc®lbDthesis, publicatiomeport but individual

comments will remain anonymous.

You do not need to give us any contact information.

Taking part is your choice and you can withdraw at any time within 60-days of the
survey.

If you have questions about this project or if you have a research-related problem, you may
contact:

Frances George: [
Dr Lynne Gabriel: | I

Please note this survey will close in 50 days from the date of the email.
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Appendix 7:Participant Informationg content validity

Participant Information Sheet: Development and content validity of the Clinical
Assessment of Body Alignment for children with cerebral palsy.

What is the purpose of this study?

You have been invitkto take part in aesearchproject which aims to develop a tool to
assess body alignment, and to examine the content validity of this new scale.

The study involves théevelopment of a Clinical Assessment of Body Alignment (CABA).
This assessment ie be used by physiotherapists as part of their clinical practice in the
assessment of body alignment, as part of posture management interventions with children
with cerebral palsy.

This study is part of a PhD project exploring &issessment of posture magement in

children with cerebral palsy. Before you decide if you would like to participate we would
like to explain the study and what we would expect from you. You may talk to others about
the study before you decide if you would like to participate aBkedo not hesitate to

contact us if you have any questions, contact details are below.

Why have | been invited?

You have been invited as you have been identifiedeasg a member of the APCP special
interest group, and have experience within the fiefdpaediatric physiotherapy

What is expected of me if | take part?

If you chose to participate in the study you will be involved in completing the online
questionnaire which is attached to this email.

The guestionnaire has N questions set out irethparts.

9 Part one asks you to answer questions relating to YSREP region, years of
experience and area of specialty.

i Part twoasks you to rate each assessment item as either being relevant or not by
ticking a yes or no box.
This section also has empen question where you can state any other items you
feel would be beneficial in the assessment of body alignment.
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1 Part 3 asks you tmate the degree of importance of items which relate to the
clinical usability of the assessment, using a 5 point scale.

You may be contacted a second timeftadditional items are found from the first round of
open ended responses. Only new items will be circulated electronically in a second round
and youwill be asked to rate if the new items do or do not match theifaute of body
alignmentby ticking a yes or no box

The first questionnaire should take no more than 25 minutes to complete. It is envisaged
that the second questionnaire (if needed) would take a shorter amount of time, but no
longer than 25 minutes.

The data collected from responses will be analysed and summarized as part of the PhD
Project.

Consenting and Taking part?

If you wish to consent to being part of this study then please complete the attached
questionnaire and submit.

The questionnaire W be open and accessible for 1 month from the date of the email.

If you do not wish to take part then please delete this email.

Do | have to take part?

Your decision to take part is completely voluntary. You may refuse to participate or
withdraw fromthe survey at any point.

Each questionnaire will be anonymised using a coding system. Participants will be asked to provide
the last three digits of their postcode and their date of birth. This code can then be provided to the
researcher if you wish to ithdraw.

Expenses and payment

You will not be paid for taking part in this study.

What are the possible disadvantages and risks of taking part?
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We expect no serious risks.
What are the possible benefits of taking part?

Participants will be able toontribute to this research; this may then lead to further
research as part of this PhD project regarding postural management and children with
cerebral palsyParticipants may find participation an opportunity to contribute and share
their knowledge, assting in shaping future clinical assessments which are clinically
applicable to practice.

Who can | contact about the project?
If you have any queries or questions please contact:

Principal Investigator: Frances George Efjj G o G

School oHealth Sciences, York St John University

Alternatively you can contact my supervisor: Lynne Gabrie! Ejjj GGG«
Phone | O

If you have any concerns regarding how the research has been conducted, please contact

t chair of the cross schools research ethics committee at
tor by phone o N

Will my taking part in this study be kept confidential?

The questionnaires will be anonymous, at no point will you be asked to state your name
and individual quesonnaires cannot be traced back to an identified individual. Names will
not be used in the final publication, so that you will not be identifiable.

The guestionnaire will then be kept securely, with access by the principal research only, for
as long asnay be needed in the future.

Please retain this document for your records. If you have any questions of queries please
do not hesitate to contact the principal researcher.

How will the information be used?


mailto:f.george@yorksj.ac.uk
mailto:l.gabriel2@yorksj.ac.uk
mailto:n.noret@yorksj.ac.uk
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This research is part of a PhD study into postmanagement with cerebral palsy, and the
results of this study may be used in the following ways:

As part of a PhD study

Part of a series of publications / conference presentations / book.
Within further research.

Informing best practice guidelines, gawment input.

Teaching / training / education.

=A =4 -4 -4 -4
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Appendix 8:Ethical Applicationg content validity

Please indicate which route you wish your application to follow:

Route 1Ethical approval is not required

Route 2Approval by expedited review Route 2 j
Route 3Approval without full ethical review

Route 4 or S-ull ethical review required

STEP ONE: Provide an outline of the project

Everyone must complete this brief outliftleat shows the Research Ethics
Committee what the project entails.

Where will yau get your research material?

Documents:

Unpublishedn Publishedn Existing databases;

Other (specify):

Online or social media:

Blogsn Chat roomsn) Webpagesn

Other (specify): |

From people by:

Interviews:n Focus group$; Questionnaired

Other (speify): ‘
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Biological, medical or social data from:
Animalsn Members of the publicf

Medical patientsn Social care clients

Other research material:

Specify: |

If human participants are involved are they:
Under 160 Adults ableto give consentH Adults unable to give consent

Briefly describe your project

Outline

Body alignment is the position of body segments in relation to one another and their
orientation in spae. Body segments are defined as the position of the héamk, pelvis,

arms, legs and feethese are connected together through the spinal jojihtips,

shoulders, knees, and wrist aadkle joints known as the body linkagelmpairments in

body alignment have been documented in children with CP, aimlpsrtant for enabling
effective functional movement. A valid, reliable and clinically feasible assessment measure
of body alignment is important for describing when and how body alignment is impaired
YR Y2YAG2NARAYy 3 OKI y3aS A yholKdad tRMNielioatdn as 2 R &
much as possible via specific interventions, prominently posture management
programmes.

There is a paucity of available standardised clinical assessments of body alignment for
children with CP that include assessment of lhlead, trunk, pelvis, arms, legs and feet

-t A
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Aims:

The aim of this study is to describe the creation of the Clinical Assessment of Body
Alignment (CABA) and examine its content validity.

The primary research question is: Does the CABA have contentyalidit

Methods

To evaluate construction of the CABA and its content validity, a consensus process and
expert panel review design will be employed.

Through consensus, 3 researchers (primary researcher and 2 members of the PhD
supervision team) will select anifial pool of items to create the CABA.

Content validity will be examined through expert opiniomuaposeful sample of
Physiotherapists who are members of tAssociation of Paediatric Chartered
Physiotherapists (APCR)special interest group consisg of experts within the field of
paediatric physiotherapy will be contacted.

The list of items will be sent out electronically to all APCP members. Respondents will be
asked if they want to participate, a month period will be given for responses todokem
Respondents will be asked to review the CABA items scoring them as either matching or
not to the domain of bodwlignment. One open Question will be provided for respondents
to state any other assessment item they think should be included, these mespill be
tallied. If additional items are found from the first round of responses, these will be
circulated electronically in a second round aedpondents will be asked to rate if the new
CABA itemslo or do not match the attribute of body alignment.

Respondents will also evaluate the clinical utility of the CABA, scoring items relating to
clinical utilityin terms of importance using a 5 point scale

STEP TWO: Initial Screening Checklist

Please complete the initial screening checklist by cligithgr 'Yes' or 'No' in
EACH row:
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Subject area

If the research involves matters of social, political or personal sensitivity you need to be aware of the
boundary between legitimate academic enquiry and unnecessarily offensive or illegal behaviour.

1.

Participants: recruiting and consent

If the research involves collecting data from people you need to be aware of issues related to ensuring
they are able to give informed consent to participate where approprigies means being aware of how
people are recruited, and whether they understand what information is being collected and why. In sor
cases data collection has to be covert, or informed consent is not possible from the participants thems
These requé particular attention.

3.

Will the research require the collection of primary source material that might
possibly be seen as offensive or considered illegal to access or hold on a
computer?Examples might be studies related to state security, pornography,
abuse or terrorismCheckhe Prevent Duty Guidance for Higher Education

OR

Does your research concern groups which nimyconstrued as terrorist or ‘ No ‘
extremist?

LT @2dzNJ FyagSNI 2 GKAa ljdzSadGAazy Aa
supplementary form available as an appendix to your Research Ethics approv
form. You will also need to complete Appendices A and B at thé ef the form

to ensure secure data storage for securensitive information.

Will the study involve discussion or disclosure of information about sensitive

topics?

This may invive legal issues that are nonetheless sensitive (e.g. sexual ‘ No ‘
orientation, or states of health), or topics where illegal behaviour could be

revealed (e.g. abuse, criminal activity, undge drinking or sexual activity).

Will the study require the ceoperation of a gatekeeper to give access to, or to
help recruit, participants?

No |
Examples include head teachers giving access to schools, ministers giving ac ‘
to congregations, group leaders puldiag your research.
Will it be necessary for participant® take part in the study without their
knowledge or consent at the time? ‘ N ‘
[0}
Examples might be studies of group behaviouheruse of data that was not
intentionally collected for research.
Will the study involve recruitment of patients through the NHS? ‘
No ‘

There are particular issues and procedures redufrthe research will involve



https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/445916/Prevent_Duty_Guidance_For_Higher_Education__England__Wales_.pdf
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NHS users.

Will inducements be offered to participants?

This could include direct payments, the offer of being entered in a prize draw,
for students, the offer of course credit for participation. It does not include the
payment of legitimate expenses.

Does the study involve participants who are particularly vulnerable arable
to give informed consent?

You must answer 'yes' if any participants are under 18. Adults with learning
disabilities, the frail elderly, or anyone who may be easily coerced due to lack
capacity is considered vulnerable. If you teach and you wisksearch your own
students, they should be classed as potentially vulnerable

Data collection

Where the collection of data involves more than trivial risk to participants rdss@must weigh carefully

the necessity of the procedure, the level of possible harm, and the benefits of the research.

8.

10.

11.

12.

Will the study require participants to commit extensive time to the study?

Singlesession interviews or completing questionnaireseoor twice would not

be considered excessive, but ldegn studies with multiple sampling, intensive
data gathering over a day or more, or long interviews and questionnaires that
take some hours to complete might fall into this category.

Are drugs, placebos or any other substances to be administered to participant
or will the study involve invasive, intrusive or potentially harmful procedures
of any kind?

Even simple proceduresch as tasting sessions might be dangerous if
participants have allergies, so tick yes if the research involves any substance
trials.

If there are experimental and control groupsyill being in one group
disadvantage participants?

Examples might be testing new teaching methods where pupils without the tri.
procedure may be disadvantaged, or trying a new procedure where the outco
are uncertain.

Is an extensive degree of exercise or physical exertion involved?

If participants are unused to such exercise it could put them at risk, so it is
important for researchers to be aware of this and communicate ibtonteers.

Will blood or tissue samples be obtained from participants?

These procedures require specialist training and are covered by particular eth

| [t

| [t

No

No
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13.

14,

codes.
Is pain or more than mild physical discomfort likely to result from the study?
| o]
Could the study induce psychological stressamixiety or cause harm or
negative consequences beyond the risks encountered in normal life?
This might be because the subject area is sensitive, the nature of task (e.g. ‘ No ‘

decisioamaking under pressure),or the participants are particularly vulnerable
stress or anxiety (e.g. those with a history of poor mental health).

Date (dd/mml/yy): 01/12/16

ResearcherEnter your name here to confirm you have answered all the
guestions on the checklis
| fracnes george

When you have completed the checklist click here to see what to do next
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Appendix 9:Ethical approval letter Reliability and construct validity

Nathalie Noret

Chair of Faculty of Health &
Life Sciences Research
Ethics Committee

22" September, 2017 Direct Line ||| Il

E-mail: [

Dear Frances,

RE: A study into the inter and intra-rater reliability and usability of the
Clinical Assessment of Body Alignment (CABA) in children with
cerebral palsy.

REF: 069011429 George 22092017

The research ethics committee has approved, without reservation, the above
research ethics submission of 22" June 2017.

Yours sincerely

U1Gk-
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Appendix 10:Gate Keepet_etter ¢ Reliability Study

Dear

| am writing to you regarding a study whiaims o develop alinicalassessient ofbody
alignment, and to examine thealidity andreliability of this newAssessmentThe study
involves thedevelopment of a Clinical Assessment of Body Alignment (CABA). This
assessment is to be used by physiotherapstpart of their clinical practice in the
assessment of body alignment, as part of posture management interventions with children
with complex needs

Thisstudyis part of a PhD project exploring thssessment of posture managememt
children with cerebal palsyin order to better understand the current practice and inform
future service development for within this field.

The study will take the form of survey to Paediatric physiotherapists who are members of
the Association of Paediatric Chartered Phyfsaoapists (APCP), a special interest group
consisting oR,200experts within the field of paediatric physiotherapythe UK
Physiotherapists will be asked &ssess the body alignment of 5 children widrebral

palsy using the CABA assessment.

Eachchild will have 4 photographs taken in sitting, lying and standihgtographs will be

taken from 4 different body angledront, back, side and horizontal. Each child wakr

shorts and vest topi the photographgo enable physiotherapy to observaé score body
alignment.The photo session occurs once and will take no more than 20 minutes; it is

recognised that children with complex postures may take longer but no more than 30
minutesintotal9 I OK LIK2 G2 3N} LK gAff Khaagidi KS OKAf RQa
identification and will be taken against a neutral background to avoid identification of the

school andocation.

Photographs will be stored cam encrypted USB data stick. They will be disseminated in a
survey. The survey will be sent outa@ peadiatricphysiotherapistasvho are members

of a special interest groups APCP; who will be able to access the survey for a 1 month
period. If a poor response is obtained after 1 month then the survey accessibility will be
extended for a further 1 monthgriod. The survey will be accessible for a maximum of 2
months, after which it will expire.

Children will be identified by the primary researcher and their parents contacted
individuallyusing the schools established and preferred method of communicatiting
parents; the use of home school boolarentswill not be approached directly by the lead
researcher for consent to participate in the study. The information to caregivers will make
it very clear that participation is voluntary and that refusal othdrawalwill not influence

the therapy supporeither theyor their child receive for postural management, and any
other therapy intervention.Parents will be sent a letter and provided with detailed
information regarding the study. Parents will be paedl with a return envelope and asked
to return a consent form to school for the attention of the primary researcher if they
consent to their child participating in this study.
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Children will also be given information about the study; taking into consiaeré#tie

complex learning and communication needs of the child participants, it is important that
these approaches atailored to the needs of those involved. It is particularly important to
note there is likely to be a range of needs and abilities, theesfools may need to be

adapted to suit the individuals not the group as a wh&eh decisions will be informed by
consulting relevant experts (for example, parents, practitioners and support workers) and it
may well be necessary to work alongside pasamtsupport workers when taking the
photographsBody responses will be observed and taken as the child degent

participate in the study, &h chil@ & A y Rupildpiofitedudtl the used to informbody
responseglisplayedwhen they are happy andntappy If a child is able to give a verbal
response this will also be included alongside observation of body response. Caregivers will
be given a copy of the child participation information so they can share this with their child.
Signed consent forms f@articipation will be obtained from the caregivers of all included
children participants.

Postural management has become part of the recommended treatment for some children
with cerebral palsy and can help improve quality of life through maintainingiplogical
function, whilst also promoting participation and interaction.

Currently there is no standardised assessment regarding the analysis of body alignment and
provision of postural management programmes, and therefore a variable level of service is
being provided both locally and across the country. Hence, the information gained from

this study aims to examine the validity and reliability of this new assessment. This may
prompt further research into posture management in the longer term, helpingtim fa

base of knowledge for the development of a standardised service framework.

| would greatly appreciate your help in both allowing children with cerebral palsy from your
school to participate in the study. Parents of identified children will be coathct

individually and provided with more information regarding the study, and asked if they
would be willing for their child to participate.

If you have any questions or queries please do not hesitate to contact me.

Yours faithfully

Frances George (Pripail researcher)
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Appendix 11:Caregiver participation Informatiorg Reliability

CaregivelParticipant Information Sheet: Inteater and intrarater reliability of the Clinical
Assessment of Body Alignment for children with cerebral palsy.

What is the prpose of this study?

You child haseen invited to take part in a research study. Before you decide if you would
like your childto participate we would like to explagbout thestudy and what we would
expect your child to doYou may talk to others alot the study before you decide if you
would like to participate. Please do not hesitate to contact us if you have any questions,
contact detailsare below.

This researcistudyis part of a PhD project exploring thesessment of posture
management in clidren with cerebral palsylt aims b develop arassessient ofbody
alignmentClinical Assessment of Body Alignment (CABA), and to examineliable this
is when used by physiotherapisis part of posture management interventiofts with
children wih cerebral palsy.

Why has my childbeen invited?

You child hadeen invited ashey have been identifieds having a diagnosis cérebral
palsy.

Does my childhave to take part?

Thedecisionfor your childto take part is completely voluntary. Youay refuse to
participate or withdraw from thestudyat any point. Your refusal to participate or wish to
withdraw from the studywill not influence the therapy support you gour child receives
for postural managementr any other therapy intervention.

What is expected ofny child andme if | take part?
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If you chosdor your child toparticipate in ths studythey will be have 4 photographs taken

in sitting, on a wooden box / plinth, lying on a mat and standing for use in a physiotherapy
survey.lf your child struggles to sit or stand without support then an adult will support
them.

Photographs will be taken from 4 different body anglé®nt, back, side and horizontal.
Each child willvear shorts and vest toga the photographdo enable physiotheapy to
observe and score body alignmeifihe photo session occurs once and will take no more
than 20 minutes; it is recognised that children with complex postures may take longer but
no more than 30 minutes in total.

9 OK LIK2 G2 3INIF LK fageibfafikediout @ Svoid idestificigriahdrnid be
taken against a neutral background to avoid identification of the location.

Youas a caregiver do noteed to do anything or have any involvement in this study.
However, if you want, yoare more thanvelcome tobe present for the photographs. You
gAtt NBOSAGS | O2Lk 2F &2dzNJ OKAf RQA LK23G23aNI

Storage and dissemination of Photographs:

Photographs will be stored can encrypted USB data stick. They will beatiggated in a
survey. The survey will be sent outa@?00peadiatricphysiotherapistsvho are members
of a special interest groups APCP; who will be able to access the surves0fdagperiod.
The survey will be repeated a second time 1 month afterfttst survey has finished, it will
be sent to physiotherapists who have indicated they want to be involved from the first
survey. Thissurvey will be accessible for a maximun60fday periodafter which it will
expire.

Consenting and Takingart?

If you wish to consent to your child being part of this study then please complete the
FGGFr OKSR O2yaSyid F2N¥Y YR NBGdNYy AG Ay (G4KS S
home-school book. .

If you do not wish to take part then please ignore this letter.
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What are the possible disadvantages and risks of taking part?

We expect no serious risks. However we have identified some potential areas of risk which
we have taken steps to minimise the impact of these.

The following steps will be taken to ensure fidantiality of the children being
photographed.

1. b2 OKAf RNID yabshnal détarlsSsiich asNdame, DOB or addwveiisbe
included in any part of the research.

2. The location and name of schools used will not be disclosed in the research.

3. / KAt R NBwiltba blahkedout to avoid identification.

4. Photographs will be done against a blank background so the location will not be
identifiable.

The following steps will be taken as thead researcher is a physiotherapist at the special
school:

1. Caregivers Mlinot be approached directly by the lead researcher for consent to
participate in the study.

2. Caregivers will be contacted using the schools established and preferred method of
communicating with parents; the use of home school books.

3. The information to ceegivers will make it very clear that participation is voluntary
and that refusal or withdrawaill not influence the therapy support either they or
their child receive for postural management, and any other therapy intervention.

What are the possibldenefits of taking part?

Participants will be able tbe a part otthis research; this may then lead to further research
as part of this PhD project regarding postural management and children with cerebral
palsy.Participants may find participation an oppunity to developknowledge, assisting in
shaping future clinical assessments which are clinically applicable to practdeport to
children with cerebral palsy

Expenses and payment
Youor your childwill not be paid for taking part in this study

Who can | contact about the project?
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If you have any queries or questions please contact:

Principal Investigator: Frances George Erfjj G one G

School ofHealth Sciences, York St John University

Alternatively you can contact my supervisor: Lynne Gabriel Efj G«
Phone N0

If youhave any concerns regarding how the research has been conducted, please contact
I chair of the cross schools research ethics committee at

I o1 by phone o

Will my taking part in this study be kept confidential?

Children photographed will be described in terms of their GMF@G3 & 2y f & @ b2 OKA
names or personal details such as name, DOB or address will be included in any part of the
research.The location and name of school used will not be disclosed in the research.

/| KA RNByQa FI 0Sa oAff 0S oflyl1SR 2dzi G2 I @
against a blank background so the location will not be identifiable.

The photographs will thebekept securely, with access by the principal research only, for

as long as may be needed in the future.

Please retain this document for your records. If you have any questions of queries please
do not hesitate to contact the principal researcher.

How will the information be used?

This research is part of a PhD study into posture management with cerebral palsy, and the
results of this study may be used in the following ways:

As part of a PhD study

Part of a series of publications / conference presdions / book.
Within further research.

Informing best practice guidelines, government input.
Teaching / training / education.

=A =4 =4 4 =4
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Appendix 12:Caregiver consent forng Reliability

RESEARCH CONSENT FORM

Name of Researcher(s) (to be completed by the researcher)

Frances George

Title of study (to be completed by the researcher)

Inter-rater and intrarater reliability of the Clinical Assessment of Body Alignment
children with cerebral palsy.

Please read and complete this form carefully. If you ardlwg to participate in this
study, ring the appropriate responses and sign and date the declaration at the end. If you
do not understand anything and would like more information, please ask.

1 I have had the research satisfactorily explained to me in Jeahd /
or written form by the researcher. YES / NO

1 | understand that the research will involve: my child having
photographs taken of them wearing shorts and a vest top. The phc
will take no longer than 30 minutes. These photographs will be s
out in a survey to peadiatric physiotherapists who are members ¢
special interest groupthe APCP. Thaurvey will be accessible for 6
days and repeated thonth later. YES / NO

1 lunderstand that | may withdraw my child from this study at any tir
without having to give an explanatiorlhis will not affect my future
care or treatment. YES / NO

9 1 understand that all information about my child will be treated
strict confidence and that my child will not be named in any writt
work arising from tfs study. YES / NO

9 lunderstand that any photographed material of my child will be us
solely for research purposes and will be destroyed on completior
your research unless | have given my consent for other use. YES / NO

T 1 understand that you wlibe discussing the progress of your resear
with others Dr Lynne Gabriel, Dr Charikliea Sinai and Dr Alex Ber
at York St John University YES / NO

T | consent for the photographs of my child to be used in t
instructions and guidelines which lxdcompany of this assessment.  YES / NO

| freely give my consent for my child to participate in this research study and have been
given a copy of this form for my own information.

/| KATRE DEFYSY XXXXXXXXXXXXXXXXXXXXXXXXXXD,
{ATYLFGAINBY XXXXXEXXXXXXXXXXEXXXXXXXXXXX

BFGISY XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX.
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Appendix 13:Child participant info example Reliability
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CABA Scoring Sheet - Overview

Childs Name:

DoB:

Assessment criteria:

Date of Assessment:

Therapist:

D Out of equipment (on a flat surface, wooden block, floor mat, plinth)

l:l In equipment — provide details of equipment (Make, model, support)

Overview: By body segment and position

Body Segment

Sitting

Lying

Standing

Head

Trunk

Pelvis

Leg

Arm

Foot

Total Score = All body segment scores
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CABA Score Sheet

Therapist:

| Score | Left | Right

Section A: HEAD

1 Flexion / extension

2 Side flexion

3 Rotation
Section B: TRUNK
4 Flexion / extension

5 Side flexion

6 Rotation

Section C: PELVIS

7 Anterior
Posterior

8 Obliquity

9 Rotation

Section D: ARMS

10 Flexion

Extension

11 Abduction

Adduction

Section E: LEG — STANDING / LYING

12 Flexion

Extension

13 | Abduction

Adduction

14 Internal rotation

External rotation

LEG - SITTING

15 | Flexion (upper leg)

Extension (upper leg)

16 | Flexion (Lower leg)

Extension (Lower leg)

17 Abduction

Adduction

18 Internal rotation

External rotation

Section F: FOOT

19 Inversion

Eversion

20 Plantarflexion

Dosriflexion

DoB:

Date of Assessment:

Position Assessment:

In or out of equipment:

Total Scores for each section

Head Score

Trunk Score

Pelvis Score

Arm Score
Standing Leg Score
Sitting Leg Score

Foot Score

Total CABA Score
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Appendix 15Electronic Survey Reliability

Reliability of the Clinical Assessmeot
Body Alignment CABA

Consent question:

BN

By clicking on Al agreeo to the questionnair
have read and understood the participant information and agree to participate in this
research study.

| have read and understood the participant information regarding this survey.

| agree to continue and complete the questionnaire

| do not wish to continue with the questionnaire

Participant information

Q1 This questionnaire is anonymisgsing a coded system. Please provide the last 3 digits
of your postcode and the last 3 digits ofuyadate of birth.

Providing this code is optional. However if you wish to withdraw from this survey before
the closing date, this code can then be provided to the researcher and enable your
responses to be discard from the research project.

Q2 Of which APCP region are you a member of?

Q3 How many years have you been working as a qualified physiotherapist?



https://yorksj.eu.qualtrics.com/CP/File.php?F=F_9WGpWSZ99F8UIqV
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Q4 Which of the following best describes your area of speciality?If you have more than one
area, please tick all that apply.

Musculoskeletal (1)

Neonatal (2)

Neurodisability (3)

Management (4)

Resyratory (5)

Orthopeadic (6)

Community (7)

Acute ward (8)

Q5 Which of the following best describes your place of work?
If you work across more than one of these areas, please tick your primary area of work.

NHS (1)

Private practice (2)

Educaion (3)

General Practitioners practice (4)
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Q6 Thank you so much for participating in our study. Here is some more information about
what the study involves.

If you wish to view it please click on the link. You do not have to view this to movéhento
next section.

Q7 PART 2
For the following questions will ask you to observe and rate each
child'sbody alignment using the CABA across lying, sitting antisig positions.

You will be asked to ginaescore of G 3. Photographs are shown with the
corresponding CABA assessment item making it quick and easy for you to score.

The specific body alignment component being observed for each pmato a
a description of how this is rated is given at the top of each question.

Lets get started.

The images in this survey are copyrighted. Please do not copy any images.
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Q8Position: Lying

Q9ltem 1: Head Flexion / Extension

Item 1: Locate head alignment (flexion / extension)
Position of the individual’s head from the side. ltem scores the head position from 0- 3.

- -
Score: 0
Child 1 Child 3 Child 4 Child
Child 1 Child 2 Child 3 Child 4 Child 5

Answer 1 (1) Answerl1 (1) Answerl(l) Answerl(1l) Answerl (1)

Score 0 (1)

Score 1 (2)

Score 2 (3)

Score 3 (4)
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Q10ltem 2: Heal Side flexion

Iltem 2: Locate Head alignment (side flexion)
Position of the individual’s head from the front or back. Item scores the head position from 0 - 3.

olee
Score: 0 2 . e D
20°-60° 20°-60°
...... :.3
3: 60+ 60°+ :
l \ :' ........................ -_.
- = Left -
Right
1=
Child 1 Child 2 Child 3 Chidd 4 Child
Child 1 Child 2 Child 3 Child 4 Child 5

Answer 1 (1) Answerl (1) Answerl(l) Answerl(l) Answerl(1)

Score 0 (1)

Score 1 (2)

Score 2 (3)

Score 3 (4)
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Q11ltem 3: Head Rotation

Item 3: Locate head alignment (rotation)
Position of the individual’s head in the transverse plane. Item scores the head position from 0 - 3.

Score: 0

=52

Child 1 Child 2 Child 3 Child 4 Child 5

Child 1 Child 2 Child 3 Child 4 Child 5
Answer 1 (1) Answerl (1) Answerl(l) Answerl(l) Answerl(1)

Score 0 (1)

Score 1 (2)

Score 2 (3)

Score 3 (4)
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Q12ltem 4: Trunk Flexion / Extension

Item 4: Locate trunk alignment (flexion / extension)

Position of the individual’s trunk from the side. Item scores the trunk position from 0- 3.

Score:0 2

Child 1 Chid 2 Child 3 Child 4 Child 5

Child 1 Child 2 Child 3 Chid 4 Child 5

Answer 1 (1) Answerl1 (1) Answerl(l) Answerl(1) Answerl (1)

Score 0 (1)

Score 1 (2)

Score 2 (3)

Score 3 (4)
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Q13ltem 5: Trunk Side Flexion

Iltem 5: Locate trunk alignment (side flexion)

Position of the individual’s trunk from the front or back. Item scores the trunk position from 0 - 3.

Score:0 5°-5° I,
7 “5°20° 1 5°20° 7 *, 2

.
‘.' . .
o . - > '0.
’o' . — - '0.
3 ,
oo 20°-60° . . s 20%-60° R
. 3 . s -
.
., - *

kS
'

.
",
.
L
e
"
.
"
L
N,

Child 1 Child 2 Child 3 Child 4 d S

Child 1 Child 2 Child 3 Child 4 Child 5
Answer 1 (1) Answerl (1) Answerl(l) Answerl(l) Answerl (1)

Score 0 (1)

Score 1 (2)

Score 2 (3)

Score3 (4)
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Q14ltem 6: Trunk Rotation

Item 6: Locate trunk alignment (rotation)

Position of the individual’s trunk in the transverse plane . ltem scores the trunk position from 0 - 3.

Score: 0 Y : 5 o

............
..........

Child 1 Child 2 Child 3 Child 4 Child 5

Child 1 Child 2 Child 3 Child 4 Child 5

Answer 1 (1) Answerl1 (1) Answerl(l) Answerl(1) Answerl (1)

Score 0 (1)

Score 1 (2)

Score 2 (3)

Score 3 (4)
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Q15ltem 7: Pelvis Posterior / Anterior Tilt

Child 1 Child 2 Child 3 Child 4 Child 5
Answer 1 (1) Answerl (1) Answerl(l) Answerl(l) Answerl(1)

Scoe 0 (1)

Score 1 (2)

Score 2 (3)

Score 3 (4)
















































































































































































































































