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Abstract

Hand deformities in children with cerebral palsy (CP) result from an imbalance between
wrist, finger and thumb musculature secondary to central neurological disturbances. Upper limb
orthotic intervention aims to minimise muscular imbalance to improve function and/or prevent
the progression of deformity from becoming fixed and painful. A lack of clarity in literature
regarding upper limb orthosis prescription has led to insufficient evidence to support or refute the
efficacy of this intervention. The paucity of evidence may result in part from difficulty
researching a complex and multi-faceted intervention. This doctoral program aimed to explore
clinicians’ decision making when prescribing upper limb orthoses for children with CP, and
investigate the validity and reliability of a hand deformity classification designed to aid clinical

decision making.

A systematic review (Study 1) examined 18 intervention studies. Study 1 found that the
connection between the reported rationale for orthosis prescription and the effect described was
not transparent nor well defined. A child’s manual ability and movement of the wrist, fingers
and thumb were not described or considered when prescribing upper limb orthoses.
Consequently, a Q methodology study (Study 2) explored what guides an occupational
therapist’s clinical decision making when prescribing upper limb orthoses for children with CP.
Study 2 yielded three viewpoints: (i) the potential effect of the orthosis; (ii) biomechanical
presentation; and (iii) the client-therapist relationship. These viewpoints were supported by the
primary regard occupational therapists place on the client’s goals when deciding on upper limb
orthosis prescription. There is strong evidence for client-centred approaches that value the
therapeutic relations and these perspectives are not unique to orthosis prescription. The challenge
for clinicians and researchers in this field of enquiry is to connect the purpose and potential effect

of an orthosis as informed by the biomechanical presentation of the client.

The Neurological Hand Deformity Classification (NHDC), previously known as the Wilton
Classification of Deformities of the Hand in the Presence of Neurological Dysfunction, was
originally designed in 1986. The NHDC was developed to guide a therapist’s decision making
of upper limb intervention based on the dynamic interplay of the wrist and hand musculature. A
lack of procedure to classify hand deformity using the NHDC was identified in 2014 following
an initial reliability study. As part of this doctoral program a manual and website were developed
to describe a standardised procedure for the NHDC, to ensure consistency in observation and

recording of hand deformity (Chapter 5). The NHDC provides seven categories for classifying
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hand deformity. The categories are differentiated by the presence or absence of active wrist and
finger movement, relative to the flexed or extended wrist position. For the NHDC to be useful,
evidence of validity and reliability is essential. In Study 3 (Chapter 6), construct validity of the
NHDC was established through comparison of hypothesised and actual relationships between
the NHDC and the body function and structure and the activity domains of the International
Classification of Functioning, Disability and Health. Reliability of the NHDC was assessed by
calculating agreement between repeated measures (test—retest) and paired raters (inter-rater).
Expected relationships between the NHDC and other measures, stability between repeated
measures, and acceptable inter-rater agreement provided confidence in classifying hand
deformity with the NHDC. Case studies (Chapter 7) illustrate the clinical application of the
NHDC. The NHDC provides clinicians with a framework to structure and organise the
presentations of hand deformity in children with CP. The case studies were used as a pilot to test

the usefulness of the classification in supporting orthotic prescription.

The research findings have the potential to: provide a valid and reliable tool for clinicians
to classify hand deformity based on muscular imbalance; support clinicians’ decision making
regarding upper limb intervention according to an individual’s classified hand deformity; and
contribute to guidelines for upper limb orthosis prescription. Ultimately, the goal is to improve

the management and outcomes of upper limb intervention for children with CP.
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Chapter One. Introduction

1.1 Overview

Prescribing upper limb orthoses for children with cerebral palsy (CP) is multi-faceted and
can challenge even the most experienced therapist. There is little evidence about the
effectiveness of upper limb orthotic intervention and a lack of domain-specific guidelines to
assist therapists’ decision making (Copley & Kuipers, 2014b; Jackman et al., 2014b; Novak et
al., 2013). Despite low level evidence supporting the effectiveness of upper limb orthotic

intervention (Novak et al., 2013; 2020) orthoses continue to be used in clinical practice.

Lannin and Ada (2011) proposed that an understanding of the capabilities and limitations
of each orthosis, and clearly identifying the reason for orthotic intervention, would provide a
basis for clinical decision making and potentially reduce controversy surrounding its use. This
focus is on the orthosis itself, which is only one component to be considered when prescribing
upper limb orthoses. The very presence of an orthosis can do harm (Brand & Hollister, 1999). A
critical part of decision making for upper limb orthosis prescription is the therapist’s:
understanding of the capabilities and limitations of each orthosis; identification of deforming
forces on the individual client’s wrist and hand; and consideration, if indicated, of how to resolve
these forces with the appropriate orthotic intervention. The problem of lack of evidence might
sit with the difficulty in researching a complex intervention and the possible prescription of

orthoses for children who are not suitable for, and therefore do not benefit from, the intervention.

The focus of this doctoral program was to:

1. Explore clinician’s decision making when prescribing upper limb orthoses for children with CP.
2. Investigate the validity and reliability of a hand deformity classification designed to aid

clinical decision making when prescribing appropriate upper limb interventions.

The overarching objective is to improve outcomes of upper limb intervention for children
with CP. The ability to accurately classify hand deformity may be particularly helpful in
identifying young children who might need a variety of upper limb interventions to maintain
range of motion (ROM) and develop functional hand use. A reliable tool to classify hand
deformity may provide clinicians with a structure to analyse patterns of dynamic movement,
assist in planning intervention and add to practice guidelines for use of upper limb orthoses based

on hand deformity classification.
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This chapter provides:

an overview of CP and its clinical presentation in the upper limb;

— adescription of possible musculoskeletal change;

— the use of upper limb orthotic intervention aimed at managing this change;

— asummary of upper limb classifications to differentiate between different clinical presentations;
— an introduction to hand deformity classifications;

— the theoretical frameworks used to guide the doctoral program; and

— adescription of the aims and objectives reported in this thesis.

1.2 Cerebral palsy and its clinical presentation in the upper limb

Childhood physical disability is mostly represented by children with CP, occurring in
approximately two in every 1000 live births (Australian Cerebral Palsy Register, 2013;
Reddihough & Collins, 2003). An accepted definition of what constitutes CP, used by CP
Surveillance Programs in the United Kingdom, Europe and Australia (Smithers-Sheedy et al.,

2014) is:

A group of permanent disorders of the development of movement and posture,
causing activity limitation, that are attributed to non-progressive disturbances that
occurred in the developing fetal or infant brain. The motor disorders of cerebral palsy
are often accompanied by disturbances of sensation, perception, cognition,
communication, and behaviour, by epilepsy, and by secondary musculoskeletal

problems (Rosenbaum et al., 2007; p 9).

Movement control is dependent on the planning and organisation of the movement by the
central nervous system (Eliasson, 2005). Impaired voluntary movement control and involuntary
muscle contraction, caused by lesions to upper motor neurons of descending spinal tracts in the
brain and spinal cord, are referred to as an upper motor neuron syndrome (Esquenazi et al., 2013;
Ivanhoe & Reistetter, 2004; Mayer et al., 1997; Sanger et al., 2006). In children, upper motor
neuron syndromes will usually be associated with a diagnosis of CP (Graham & Selber, 2003).
The upper motor neuron syndrome has both positive features (spasticity, hyper-reflexia, clonus
and co-contraction) and negative features (loss of dexterity and motor control, weakness, poor
coordination and sensory deficits) (Chin et al., 2005; Copley & Kuipers, 2014b; Ivanhoe &
Reistetter, 2004; Sanger et al., 2006). These result in an imbalance of muscle activity in the arm
and hand, inadequate joint stability and reduced sensory and motor experiences (Bartlett &

Palisano, 2000; Kreulen et al., 2006; Morris, 2002; Scholtes et al., 2006).
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The clinical presentation and predominant movement patterns of the child with CP are
dictated by the interaction of positive and negative features of the upper motor neuron syndrome
and differ between individuals (Koman et al., 2008). CP is classified by topographical distribution
(unilateral or bilateral limb involvement) and motor type or movement abnormality (spastic,
dyskinetic, ataxic and mixed movement disorders) (Cans, 2000; Gainsborough et al., 2008;
Graham, 2005; Howard et al., 2005; Stewart & Harvey, 2018). In a consecutively sampled cross
sectional survey exploring the prevalence and pattern of upper limb involvement of children with
CP, Makki et al. (2014) found that upper limb involvement was seen in 83% of the children. The
level of upper limb impairment was related to topology and motor type. Those children with total

body involvement and dystonia and athetosis had poorer function (Makki et al., 2014).

Movement patterns of the upper limb vary according to the severity of the classified motor
type (such as spasticity or dystonia), the distribution of muscles affected, and age (Makki et al.,
2014). The most common upper limb movement patterns are internal rotation at the shoulder,
elbow flexion, forearm pronation, wrist and finger flexion, and thumb-in-palm (Burtner et al.,
2008; Casey & Kratz, 1988; Chin et al., 2005; Eliasson et al., 1998; Kanellopoulos et al., 2009;
Koman et al., 2008; Kreulen et al., 2006). This characteristic upper limb posture seen in children
with CP could be attributed to a combination of changes in muscular control and musculoskeletal

components (de Bruin et al., 2013).

Joints and muscles are the effectors of planned movements required for daily activities
(Eliasson, 2005). In children with CP, imbalance of muscle activity and changes in
musculoskeletal structures can reduce motor experiences and impair upper limb motor
development (Yasukawa & Cassar, 2009). Even though the primary lesion is in the central
nervous system, significant musculoskeletal changes occur secondary to the lesion (Pontén et al.,
2005). At birth, most children with CP do not have musculoskeletal deformity and exhibit full
passive range of motion (Graham, 2004; Hedberg-Graff et al., 2019). Musculoskeletal change
develops gradually and sometimes is not recognized until it is pronounced, with adolescents and
adults presenting with joint deformity and fixed contractures (Chin et al., 2005; Hedberg-Graff et
al., 2019). Therefore, the associated musculoskeletal deformity that occurs is progressive (Basu

et al., 2014; Chin et al., 2005; Georgiades et al., 2014; Graham, 2004; Graham & Selber, 2003).

1.3 Secondary musculoskeletal change

Children with CP may present with secondary musculoskeletal problems, including:
shortening of muscle fibres, deformity and contractures. These problems develop and progress as

a result of growth, spasticity, the effects of gravity, and ageing (Chin et al., 2005; de Bruin et al.,
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2013; Fulford & Brown, 1976; Graham & Selber, 2003; Hanna et al., 2003; Rosenbaum et al.,
2007; Vaz et al., 2006). Muscle shortening may occur due to an inability to move a joint through
its full range of motion. In addition, as the tissues adapt to functional demands and atypical

movement patterns, changes in connective tissue significantly contribute to the development of

hand deformities and contractures (Tardieu & Tardieu, 1987; Vaz et al., 2006; Wilton, 2013b).

Hand deformity is defined as a structural deviation of the wrist, hand, fingers and thumb
from normal size, shape or alignment (Farlex Medical Dictionary, 2012). Deformities may be
dynamic or fixed. Dynamic deformities can be modified by active or passive motion (Georgiades
et al., 2014). Fixed deformities, or loss of joint motion, usually require intervention through
surgery (Copley & Kuipers, 2014b). Hand deformities vary according to the underlying
pathology to the developing brain (Arner et al., 2008) and are determined by sensory impairment,
secondary musculoskeletal change, severity of imbalance between spastic and paretic muscles

and voluntary ability to grasp and release objects (Graham, 2004; Zancolli et al., 1983).

Park et al. (2011) explored the effect of upper limb deformities on upper limb function in
234 children with spastic CP. Of these 234 participants, 147 (62.8%) presented with flexion
deformities of the fingers and wrist, with deformity noted in 11 children under the age of two
years. The degree of deformity was strongly related to the amount of active upper limb
movement measured by the Upper Limb Physician’s Rating Scale and Upper Extremity Rating
Scale (Park et al., 2011).

In a prospective study of 81 children with unilateral CP (mean age 9 years 11 months, SD
3 years 3 months), mapping the five-year time course of upper limb function and influencing
factors, Klingels et al. (2018) found more passive ROM limitations in children nine years of age
and older than those aged less than nine. The most pronounced limitation was reported for wrist
extension. Klingels et al. (2018) discussed the importance of continued intervention to lengthen
wrist and finger flexor muscles for children within this age group, including use of orthoses and

Botulinum Toxin followed by intensive therapy and surgical intervention.

In a population-based study exploring upper limb contracture in 771 children with CP,
Hedberg-Graff et al. (2019) found that 19.4% of the children had significantly decreased
passive wrist and/or wrist and finger extension at age four years compared to children aged one
to four years. Seventeen children, aged one to three years, had upper limb contracture. The
number of children with contractures increased with age, with greater deterioration between 12
tol3 years of age, a time that commonly includes a growth spurt (Hedberg-Graff et al., 2019).
There is evidence that children from all Manual Ability Classification System (MACS) levels
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(Eliasson et al., 2006), including high ability levels (MACS levels I and II), may develop
contractures (Hedberg-Graff et al., 2019).

As secondary musculoskeletal changes progress and the degree of hand deformity and
contracture increases, so do the functional deficits of the hand (Arner et al., 2008; Law et al.,
2008). Impaired arm and hand function has been reported as a problem in about half the children
who present with CP (Arnould et al., 2004; Fedrizzi et al., 2003). Varied coordinated movements
of the hands are required in daily activities for independence, for communication and for social

contact (Arner et al., 2008; Basu et al., 2014).

With the best available evidence, the management options aimed at improving upper limb
function or correcting deformity include: bimanual training; constraint-induced movement
therapy; context-focused therapy; goal directed training; occupational therapy following
Botulinum Toxin injections; and surgery (Boyd et al., 2001; Novak et al., 2013; 2020). The
provision of orthoses has not been well evaluated even though they are the mainstay of treatment

(Basu et al., 2014; Shierk et al., 2016; Stanger & Oresic, 2003).

1.4 Upper limb orthotic intervention

The International Organization for Standardization (ISO) (1989) defines an orthosis as a
device used to modify neuro-musculoskeletal components of the body through the application
of external forces. The term orthosis may also be interchanged with splint and/or brace
(Australian Hand Therapy Association, 2012). The application of metal orthoses to manage joint

contracture can be dated back to the 1500s (Lannin & Ada, 2011).

The aims of upper limb orthotic intervention for children with CP include: management of
the effect of hypertonicity; prevention of deformity and contractures; management of pain;
maintenance of tissue and joint integrity; and improvement of function and participation in
activity (Arnould et al., 2014; Barroso et al., 2011; Chin et al., 2005; Copley & Kuipers, 1999;
Gormley Jr, 2001; Hughes et al., 2017; Wilton, 2013b). Both clients and therapists have
identified that the most frequent reason for the prescription of upper limb orthoses was to prevent

deformity and contracture (Kuipers et al., 2009).

Although upper limb orthoses continue to be used in clinical practice, there is insufficient
evidence to support use of this intervention for children with CP. Novak et al. (2020), in a
systematic review on the state of the evidence about interventions for children with CP, reported
a lack of evidence on the use of orthoses to improve upper limb function or prevent contracture

for the CP population. The lack of evidence has resulted in continued controversies about the
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effectiveness of upper limb orthoses, when they should be considered, what type of orthosis to
use, and timing and length of wear (Burtner et al., 2008; Copley & Kuipers, 1999; Jackman et
al., 2014b; Langlois et al., 1989; Lannin & Ada, 2011; Novak et al., 2013; 2020). Despite this,
there is evidence that upper limb orthoses are being prescribed to significant numbers of children

with CP (Andersson et al., 2019; Russo et al., 2009).

As part of a cross-sectional survey of function, pain, burden of care, self-concept and
quality-of-life in children with hemiplegic CP (n=107) in Australia, Russo et al. (2009) reported
findings on orthosis prescription. Fifty-six percent of children were prescribed upper limb
orthoses, with approximately half of the 56% using the orthosis. Children who had higher levels
of spasticity across the wrist (a score > 2 on the Modified Ashworth Scale) were almost 40 times
more likely to be prescribed an upper limb orthosis than those with lower levels of spasticity.
Reasons for poor adherence to orthoses included: the orthosis interfering with completion of
functional tasks; children with less functional impairment abandoning the orthosis; the benefits
failing to offset the perceived stigma associated with its use (Russo et al., 2009). These authors
acknowledged that little was known about the child characteristics associated with prescription,

the prescribing practices of clinicians, adherence to wearing, and the benefits from orthosis wear.

In a randomised controlled trial investigating the effectiveness of cognitive orientation to daily
occupational performance over and above functional hand orthoses for children with CP, Jackman
et al. (2018) reported that if given the choice, 16 out of 25 children (64%) would not have worn
the orthosis during daily practice of their identified goals. Reasons for the choice included:
restriction of movement; increased difficulty with grasp and release; practice of goals with the

orthosis being more difficult; and the orthosis being poorly tolerated (Jackman et al., 2018).

In a descriptive study investigating upper extremity spasticity-reducing treatment in adjunct
to movement training and orthoses, Andersson et al. (2019) reported that out of 25 participants
with CP (MACS levels IV-V): 56% adhered to wearing a wrist and hand orthosis at night as
prescribed; 20% wore their wrist and hand orthosis during the day so as not to affect sleep; 12%
did not use their prescribed orthosis due to changes in muscle tone; and 12% used an alternate

thumb or wrist orthosis (Andersson et al., 2019).

It is crucial to recognise that children with CP vary in musculoskeletal impairment and hand
deformity and this may affect the degree of response to upper limb orthotic intervention. In an
overview of review articles Autti-Ramo et al. (2006) stated that the number of children with CP
in upper limb orthosis studies was small, the prescribed orthoses differed among studies and

were not always described sufficiently. In rehabilitation settings, the evidence generated by
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traditional experimental methods, such as randomised controlled trials, are seen as having
limited application (Copley & Kuipers, 2014a). Those methods describe outcomes in terms of
the ‘average effect’” and may not adequately represent the heterogeneity or variability of
functional ability of children with CP or the complexity of clinical practice (Burgess et al., 2008;
Copley & Kuipers, 2014a; Teplicky et al., 2002). In considering the individual needs of the child,
the type of orthosis may vary between children with similar clinical characteristics (Autti-Ramo
etal., 2006; Goodman & Bazyk, 1991). The benefits gained from an orthosis must outweigh any
restriction of function while it is worn (Exner & Bonder, 1983). There is a lack of studies
specifically linking biomechanical characteristics and the dynamic interplay of wrist and finger
musculature with upper limb orthotic intervention. Consideration of the individualised pattern
of movement and hand deformity and an understanding of biomechanical principles is essential
to guide prescription, design and fabrication of any orthoses applied to the upper limb (Fess et
al., 2004; Wilton, 1983, 2003, 2013a). The initial focus of this doctoral program is to explore
the reasons for upper limb orthosis use, and if hand deformity and biomechanical factors are
considered in the clinician’s decision making regarding upper limb orthosis prescription for

children with CP.

1.5 Upper limb classification

The purpose of classification systems is to discriminate among variations of the presentation
of a health condition (Rosenbaum et al., 2014). Classification systems distinguish between
individuals with and without a particular characteristic (Kirshner & Guyatt, 1985; Rosenbaum et
al., 1990) and provide an external framework for organising complex, unfamiliar or unstructured
clinical problems (Copley & Kuipers, 2014a). It is an accepted international standard in CP to use
the Gross Motor Function Classification System (GMFCS) (Palisano et al., 1997), the MACS
(Eliasson et al., 2006) and the Communication Function Classification System (CFCS) (Hidecker
et al., 2011) to classify gross motor, manual ability and communication function respectively.
These systems do not substitute for more detailed assessment of function and performance, but
provide: a common language; a reliable ‘snapshot’ of an individual’s presentation; an aid for
clinical reasoning regarding intervention choices; and complementary information to more

detailed assessment and measurement (Kuipers & Grice, 2009; McConnell et al., 2011).

For children with CP, different upper limb classifications are available for classifying
function or hand deformity. Clinicians may need to use more than one system to capture a
complete clinical picture of the upper limb of a child with CP (McConnell et al., 2011). Valid and
reliable classifications of upper limb function include the MACS (Eliasson et al., 2006), which
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classifies the child’s typical use of their upper limb during observed manual activity, and the
Bimanual Fine Motor Function (BFMF) classification, which classifies how each of the child’s
hands grasp, hold and manipulate objects (Elvrum et al., 2016). Information provided by these
classifications differs between fine motor capacity and actual manual performance (Elvrum et al.,
2016). Classification of hand deformity is more problematic, as the biomechanical classifications
used in clinical practice have clinical utility and some evidence of reliability (Klingels et al., 2010)
but little evidence of validity (Arner et al., 2008; McConnell et al., 2011). McConnell et al. (2011)

reported it difficult to recommend a classification system for hand deformity in the CP population.

1.6 Classification of hand deformity

Classifications of hand deformity used in clinical practice include the wrist classification
developed by Zancolli (2003) and the thumb classification developed by House et al. (1981).
Both classification systems were developed for pre and post-operative assessment in CP, and
aim to describe the habitual position of the wrist and thumb respectively (McConnell et al.,
2011). Classification of spastic hand deformity using this system is based on the patient’s ability
to voluntarily straighten their fingers by actively flexing the wrist, and ability to extend the wrist
with flexed fingers. Surgical intervention is closely related to the classification of wrist and

finger deformities (Zancolli, 2003).

Clinical experience in classifying hand deformity in children with CP using the Zancolli
(2003) and House et al. (1981) classifications led Wilton (2003) to identify limitations in their
use. The levels of the Zancolli and House classifications relate to surgical options for the specific
deformity in each of the levels. The spectrum of hand deformities seen in clinical practice during
activity are not reflected in these classifications and they therefore have less useful therapeutic
application. Neither wrist extension deformities nor consideration for thumb posture is included
in the Zancolli classification (Zancolli, 2003). There is no reference in the House thumb
classification (House et al., 1981) to considering the position of the wrist when thumb deformity

classification is made.

As a result of the limitations noted in the Zancolli and House classifications, Wilton (2003)
developed a wrist and hand deformity classification to assist therapists to identify the various
presentations of hand deformity and guide decision making for intervention, including orthosis
prescription. After further development by Wilton (2013b), this classification was named the
Neurological Hand Deformity Classification (NHDC). An initial reliability study has been
published (Georgiades et al., 2014), which demonstrated high levels of inter-observer and intra-

observer reliability of the NHDC (x=0.87 and «=0.91 respectively). Following that study by
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Georgiades et al. (2014), a lack of guidelines in the procedure to classify hand deformity with
the NHDC and its clinical application was identified by the author of this thesis. As part of this
doctoral program a manual and website (Garbellini & Wilton, 2017) was developed to describe
a standardised procedure for the NHDC to ensure consistency in observation and recording of
hand deformity. A subsequent focus of this doctoral program is to further test the psychometric

properties of the NHDC.

1.7 Theoretical framework

Hand deformity, decision making and upper limb orthosis prescription are the key foci of
this doctoral program. A discussion of these concepts and frameworks — International
Classification of Functioning, Disability and Health, biomechanical frame of reference and

professional reasoning — that were used to support and guide this research follow.

1.7.1 International Classification of Functioning, Disability and Health (ICF)

The ICF (World Health Organisation, 2001) has re-defined the way clinicians think about
CP and expanded clinical focus from managing impairments to promoting activity and
participation intervention options (Novak et al., 2013; Rosenbaum & Stewart, 2004). The ICF
frames the impact a health condition has on an individual’s functioning. An individual’s
functioning is a dynamic inter-relationship between the body structure and function, activity and
participation domains, within the context of their personal and environmental factors (Bartlett &

Palisano, 2000; Hoare et al., 2011).

According to the ICF, hand deformity sits within the body structure and functions domain,
as an impairment or negative consequence of CP (Ohrvall et al., 2013; World Health
Organisation, 2007). The presence of CP may impact the body structures of the hand (muscle,
joint, bone) as well as body functions (coordinated control of movement, muscle strength), which
may limit the ability to complete a necessary daily living task, for example, eating and drinking
(Arnould et al., 2014). Worsening impairment of body structures such as muscle shortening,
joint contracture and increased hand deformity and their impact on body functions including

movement, have the potential to negatively affect activity and participation (Copley et al., 2013).

1.7.2 Biomechanical frame of reference

A biomechanical frame of reference in occupational therapy is concerned with an
individual’s capacity for movement during daily occupations (McMillan, 2011; Rybski, 2012).

The biomechanical approach uses anatomical and physiological knowledge, such as kinetics,
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anatomy and kinematics to explain movement. (Rybski, 2012; Wilby, 2007). Movement is
produced by a synthesis of forces coordinated by the nervous and musculoskeletal systems
(McMillan, 2011). How a person moves and the effect that movement has on their occupational
performance can be analysed. This information can be used to determine appropriate
intervention strategies (McMillan, 201 1; Rybski, 2012; Wilby, 2007). Orthosis use is an example
of a body structure intervention intended to alter musculoskeletal components such as muscle
stiffness, muscle length, balance and strength (Wallen & Stewart, 2016) through the application
of external forces (Australian Hand Therapy Association, 2012). The biomechanical frame of
reference is used to provide context for analysing the forces a person’s movement creates and

how an orthosis might counteract these forces.

1.7.3 Professional reasoning

Professional reasoning in occupational therapy is a complex and multi-faceted process that
clinicians use to plan, direct, implement and reflect on client care (Mattingly & Fleming, 1994;
Rogers, 1983; Schell & Cervero, 1993). Therapists do not always use a linear form of logic but
use various methods of thinking in response to features of a clinical problem (Fleming, 1991a,
1991Db). Factors that comprise each client’s condition, client’s contextual factors, the clinician’s
world view and the skill of the individual clinician and what they know how to do, continuously
influence reasoning (Cohn, 1991; Hooper, 1997; Schell & Cervero, 1993). The most commonly
agreed aspects of professional reasoning as summarized by Schell (2019) are scientific,
diagnostic, procedural, narrative, pragmatic, ethical, interactive, and conditional. Most research
about reasoning in occupational therapy practice suggests that all these aspects overlap and
interact (Schell, 2019). An aim of this doctoral program is to explore decision making for upper
limb orthosis prescription and the use of a hand deformity classification tool to aid decision
making. The professional reasoning aspects will be used as a guide to frame the decision making

component of this research.

1.8 Statement of the research problem

Upper limb movement and function is impaired in about half the children who are diagnosed
with CP (Arnould et al., 2014). The clinical presentation of their upper limb positioning and
movement is dictated by the influence of positive and negative factors of the upper motor neuron
syndrome. Many children develop secondary musculoskeletal changes over time, which may
limit use of their hands in daily tasks. Upper limb orthotic intervention is used to manage or
prevent musculoskeletal changes, however, evidence to support orthosis use for children with

CP is limited. There is a lack of clarity in the literature and a lack of guidelines supporting
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therapists’ decision making regarding upper limb orthotic intervention. Hand deformity
classifications may identify the deforming hand postures in ways that guide further assessment
and intervention of the body structures of concern. Limitations in the clinical use of surgical
hand deformity classifications such as the Zancolli and House classifications have been
identified. As a result, the NHDC was developed as a tool to guide decision making for therapists
working in the clinical area. The NHDC has preliminary evidence of reliability but evidence
about validity is limited. Further investigation of the reasons for upper limb orthosis prescription
is required. What guides therapists’ decision making for orthosis prescription needs further
exploration. The psychometric properties of the NHDC, that has the potential to be used as a

guide for decision making, requires exploration.

1.9 Statement of study purpose

The purpose of this research was to conduct a series of studies investigating the reasoning
behind upper limb orthosis prescription for children with CP, to add to specific information
within this clinical area, and to develop a hand deformity classification tool. This research

addresses the following questions:

— What are the reasons for upper limb orthosis prescription for children with CP?

— Is there a documented link between the reason for an upper limb orthosis according to its
intended effect, and the outcome measure used to determine its effect?

— Is standard nomenclature used in the literature to describe upper limb orthoses?

— What guides the decision making of occupational therapists in Australia when prescribing
upper limb orthoses?

— What are the psychometric properties of the NHDC, and can the NHDC be used with
confidence in clinical practice to classify hand deformity?

— How can the NHDC be applied in clinical practice?

1.10 Objectives of the doctoral program

In response to the research questions posed above the objectives of this doctoral program are:
1. To systematically review the literature

o To explore the rationale and effect of upper limb orthosis prescription for children with CP

o To identify any links between the reason for upper limb orthosis prescription, according
to the intended outcome of the orthosis, and outcome measure used

o To identify if any standard nomenclature is used when describing upper limb orthoses

used in published research
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2. To use a qualitative method to explore what guides occupational therapists’ decision making

when prescribing upper limb orthoses for children with CP

3. To establish validity and reliability of the NHDC by demonstrating

o Construct validity as evaluated using hypothesis testing against specific criteria
o Test-retest stability between occasions of assessment when no change is expected
o Inter-rater reliability when different raters classify the same participants

o Clinical utility using case studies

These specific objectives are a precursor to the future aim of exploring whether a
biomechanical intervention, wrist hand orthoses, can be guided by a hand deformity
classification (the NHDC) to improve targeting of prescription of the intervention and

subsequently the effectiveness of upper limb orthotic intervention for children with CP.

1.11 Structure of the thesis

This doctoral program is presented in eight chapters:

— Chapter 2 presents the findings from a systematic review exploring the rationale for orthosis
prescription and the effect of upper limb orthotic intervention

— Chapter 3 unpacks information from the systematic review and current literature in more
detail to identify what domain-specific evidence exists to guide upper limb orthosis
prescription

— Chapter 4 is comprised of two sections. The first section presents the findings from a Q
method study, exploring what guides Australian occupational therapists’ upper limb
orthosis prescription decision making. The second section presents a critical reflection on
the use of Q methodology. Findings of the Q method study support the need for clinical
tools which aid decision making

— Chapter 5 introduces the Neurological Hand Deformity Classification as an aid to decision
making

— The focus of Chapter 6 is on investigating the psychometric properties of the NHDC. This
chapter is also comprised of two sections. The first presents the extended methodology of a
study to establish validity and reliability of the NHDC. The second provides results of
construct validity and test-retest and inter-rater reliability study of the NHDC

— In Chapter 7, case studies are presented to explore and explain how the NHDC can be

applied clinically
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— The final chapter, Chapter 8, provides an extended discussion of the findings from this
doctoral program, its strengths and limitations, and implications for clinical practice and

further research

Note: The manuscripts accepted for publication are presented in the chapters of this thesis

(Chapters 2 and 4). See Appendix B for publications.

1.12 Context of research

This doctoral research was embedded within two multi-centred randomised controlled
trials of upper limb orthoses for children (Imms et al., 2016); the Minimising Impairment
Trial (MIT) and infant Wrist-Hand Orthosis Trial (iWHOT). The MIT and iWHOT
investigator group comprise occupational therapists with clinical expertise in the area of CP
and upper limb orthotic intervention. Consumer representatives were engaged to guide the
MIT and iWHOT. These consumers participated in regular site meetings and provided
firsthand experience of participating in the trials. Data from the MIT and iWHOT were used
by the PhD candidate to explore the psychometric properties of the NHDC. The candidate,
a senior occupational therapist with more than 20 years of clinical experience in this area,
was an associate investigator for the MIT and iWHOT and was directly involved in data
collection at the Perth Children’s Hospital site. A summary of the research methods used

during the candidate’s research journey is presented in Table 1.1.
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Chapter Two. A Systematic Review

Preamble

The aims of the study reported in this chapter were to: explore why upper limb orthoses
were prescribed for children with CP; explore the connection between reason and outcome from
use of orthoses; and describe upper limb orthoses within the domains of the ICF and common
terminology of the Australian and American Hand Therapy orthosis classification systems.
These aims were achieved by systematically reviewing the literature with objective and
transparent methods as per the preferred reporting items for systematic reviews and meta-
analyses (PRISMA) statement (Moher et al., 2009). The protocol for this systematic review was
submitted and registered with the International Prospective Register of Systematic Reviews
(PROSPERO) (Appendix C). The accepted manuscript as prepared for Disability and

Rehabilitation is shown in this chapter. See Appendix B for publication.

As it has been three years since the systematic review was published, an updated search
using methods consistent with the original review was conducted. The aim was to identify
studies published between 2017-2019 that investigated the effect of an upper limb orthotic
intervention for children with cerebral palsy. Data were extracted and tabulated from additional
studies identified within the time period between initial publication and the end of the year 2019.
Findings are integrated with the published review findings and implications for clinical practice

and further research are discussed.
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Abstract

Purpose:

i. To explore reasons for upper limb orthosis prescription for children with cerebral palsy
ii. To explore the link between reason and effect according to intended outcome and outcome
measure utilised

iii. To classify the prescribed orthoses using standard terminology

Method: A prospectively registered (Centre for Reviews and Dissemination: 42015022067)
systematic review searched for experimental and observational studies investigating
rigid/thermoplastic upper limb orthotic intervention for children aged 0-18 with cerebral palsy.
The Cochrane central register, MEDLINE, CINAHL, Embase, SCOPUS and Web of Science

databases were searched. Included studies were assessed for risk of bias.

Results: Sixteen studies met selection criteria. Two studies described a specific reason for
orthosis prescription, six prescribed orthoses to manage a clinical symptom and eight did not
describe a reason. Eight studies were analysed for effect according to intended outcome with
no clear connection found between reasons for prescription, outcome measures utilised and

effect reported.

Interpretation: The lack of evidence for upper limb orthotic intervention for children with
cerebral palsy leads to uncertainty when considering this treatment modality. Future research is
needed to evaluate the effect of orthosis wear in relation to intended outcome utilising robust

methods and valid and reliable outcome measures.
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2.1 Introduction

Limitations in hand use due to musculoskeletal change impact people with cerebral palsy
(CP) across their life span and can result in significant disability and pain (Blair, 2010; Chin et
al., 2005; Foran et al., 2005; Park et al., 2011; Vargus-Adams, 2009). Musculoskeletal problems
develop as a result of growth, ageing, spasticity and limitations of movement against gravity
(Chin et al., 2005; de Bruin et al., 2013; Fulford & Brown, 1976; Graham & Selber, 2003; Hanna
et al., 2003; Rosenbaum et al., 2007; Vaz et al., 2006). Secondary musculoskeletal deformities
are, therefore, progressive (Chin et al., 2005; Georgiades et al., 2014; Graham, 2004; Graham &
Selber, 2003) and important to control, if possible.

Orthoses are one intervention prescribed to children with CP to minimise secondary upper limb
musculoskeletal deformities (Wilton, 2013a). An orthosis is defined as an externally applied device
used to modify the structural and functional characteristics of the neuro-muscular and skeletal
systems by applying forces to the body. In clinical practice, orthosis, splint and brace are
interchangeable terms (Australian Hand Therapy Association, 2012). Orthosis is the term preferred
by the International Organization for Standardization (ISO) (1989). The primary purpose of an
orthosis fitted to the upper limb is to immobilise or mobilise tissues to achieve the reason for which
it is prescribed (Boscheinen-Morrin & Conolly, 2001; Colditz, 1996; Wilton, 2013a). Orthoses used
to mobilise tissues apply gentle forces aimed at increasing passive range of joint motion (Wilton,
2013a). The use of upper limb orthoses for children with upper limb impairment is not a stand-alone
intervention within clinical practice. Prescription needs to be made in consideration of other
therapeutic, pharmacological and surgical interventions specifically related to the individual (Wilton,
2013b). Orthoses may be prescribed to manage the effect of hypertonicity, prevent deformity and
contractures, manage pain, maintain tissue and joint integrity and improve function and participation
in activity (Boscheinen-Morrin & Conolly, 2001; Colditz, 1996; Copley & Kuipers, 1999; Fess,
2011; Wilton, 2013b). This range of reasons for orthosis prescription targets the body function and
structure, activity and participation domains of the International Classification of Functioning,

Disability and Health (World Health Organisation, 2007).

Practice guidelines for the prescription of orthoses in the management of neurologically-based
upper limb impairments are scarce and great variability in prescription exists. Reported factors
which influence therapists’ prescription of orthoses include therapist training, familiarity and
expertise in the orthoses used and the availability of resources such as time, equipment and materials
(Fess et al., 2004). Other factors that influence prescription include client goals; client engagement
in the intervention; consideration of the therapeutic relationship; use of other interventions; family
and carer support of the intervention; and the client’s environment (Kuipers et al., 2009; Wilton,
2013b). Although these many factors have been identified, there is a paucity of information about,

and studies investigating, these factors in the literature.
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Evidence of the effect of upper limb orthoses for children with CP has been reviewed in
four publications between 1989 and 2014 (Autti-Ramo et al., 2006; Jackman et al., 2014b;
Langlois et al., 1989; Teplicky et al., 2002). Langlois et al. (1989) conducted a literature review
of 13 studies on the use of hand splints and cerebral spasticity, with three studies including
children with CP. The orthoses applied in the three studies included Snook’s spasticity reduction
splint (McPherson, 1981); dorsal and volar resting hand splints (McPherson et al., 1982);
Orthokinetic Cuff, Short Opponens Thumb Splint and MacKinnon splints (Exner & Bonder,
1983). Langlois et al. (1989) reported that clinical observation and scientific investigation
supported spasticity reduction using orthotic intervention. No conclusion was reached regarding

the most effective orthosis design.

Teplicky et al. (2002) conducted a critical review of the literature on the use of upper limb
orthoses for children with CP and traumatic brain injury. The review included four papers utilising
(1) Orthokinetic Cuff, Short Opponens Thumb Splint and MacKinnon splints (Exner & Bonder,
1983); (ii) MacKinnon Splint (Flegle & Leibowitz, 1988); (iii) Hand Positioning Device (Reid &
Sochaniwskyj, 1992); (iv) Dynamic Proximal Stability (Lycra®) Splint (Blair et al., 1995). The
reviewers concluded that hand splints improved grasp. Autti-Ramo et al. (2006) completed an
overview of review articles to summarise evidence on the effect of upper and lower limb casting
or orthoses provided to children with CP. Only one review by Teplicky et al. (2002) was included
that investigated the use of upper limb orthoses. Autti-Ramo et al. (2006) found inconclusive

evidence about the management of upper extremity problems using casting or splinting.

Jackman et al. (2014b) assessed evidence of the effectiveness of orthotic intervention for
improving hand function for children with CP using a systematic review with meta-analysis.
Only randomised and quasi-randomised trials were included in the review. Although the authors
reported study limitations made it difficult to draw clear conclusions, their findings suggested
that upper limb orthoses may have small benefits for hand skills however improvements
diminished after wearing ceased. The authors identified four studies as being sufficiently
homogenous in regard to participants, reason for orthosis, impairment-based outcome measures
and wearing regimes, to include in a meta-analysis. On closer inspection of these factors,
particularly the reason for the orthosis and wearing regimes, they may not be sufficiently
homogenous for inclusion in a meta-analysis. The intervention of a non-functional orthosis
included those constructed of thermoplastic material, plaster and fibreglass and metal lockable
hinges. The joints on which the orthoses acted were described but there was no comment as to
whether the orthoses were designed to immobilise joint movement or mobilise tissue. Regimen
of wear varied from nightly for 6 months, at least 4 hours daily for 6 months and two thirty-

minute sessions daily for 6 months.
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2.2 Rationale and aims

Upper limb orthoses are used to treat upper limb impairment in children with CP; however,
there is little evidence about their effect and no clear guidelines regarding when the intervention
should be considered, what orthosis to use, and timing and length of wear (Copley & Kuipers,
1999; Jackman et al., 2014b; Novak et al., 2013). The lack of guidelines for practice may relate
to the lack of systematic investigation as to the reason for orthosis prescription and whether any
observed effects meet the intended outcomes of the prescribed orthoses. In addition, there is
inadequate use of standardised terminology and inconsistent reporting of orthosis descriptions

in clinical practice.

The Australian Hand Therapy Association (AHTA) and American Society of Hand
Therapists (ASHT) endorse the use of orthosis classification systems to provide standard
nomenclature to clearly describe an orthosis (Australian Hand Therapy Association, 2012; Fess,
2011; American Society of Hand Therapists, 1992). Classification of orthoses can be made
regardless of the condition for which the orthosis is prescribed, theoretical approach or material
used to fabricate the orthosis. Defined language from the classification systems eliminates
confusion caused by colloquial jargon, improving communication between clinicians. The more
defined the orthosis description the greater potential there is for advancing knowledge,

improving patient outcomes and research (Fess, 2011).

This study aimed to:

1. Explore the reasons for upper limb orthosis prescription for children with CP;

2. Explore the link between reason and effect of upper limb orthoses for children with CP
according to the orthoses’ intended outcome and outcome measures utilised; and

3. Classify the upper limb orthoses using the ICF-CY (World Health Organisation, 2007)
framework and common criteria of the AHTA and ASHT orthosis classification systems

(Australian Hand Therapy Association, 2012; American Society of Hand Therapists, 1992).

2.3 Methods

2.3.1 Design

A systematic review was undertaken using objective and transparent methods as per the
PRISMA guidelines (Moher et al., 2009), to identify, evaluate and summarise all relevant
research findings (Centre for Reviews and Dissemination, 2009). The protocol for this review

was submitted to the Prosepero register and accepted on the 16/07/2015 (CRD42015022067).
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2.3.2 Eligibility

Inclusion criteria

Studies investigating the effect of an upper limb orthosis intervention, regardless of

publication date, that met the following criteria were included in the review:

1.

Included participants were children aged 0-18 years. In instances where a paper also
included participants older than 18 years, the study was included if 50% or more of the
participants were between 0—18 years;

Participants had a diagnosis of CP. In instances where a paper also included participants
with other neurological diagnoses, such as acquired brain injury, the study was included if

50% or more of the participants had a diagnosis of CP;

. The intervention included a rigid/thermoplastic orthosis applied to the upper limb

(regardless of duration or dosage). An orthosis was considered rigid if it did not allow
dynamic movement of the joints it acted upon, even if it was fabricated with a combination
of thermoplastic and flexible materials; and

The research design was a randomised controlled, quasi experimental study, or an

observational study using a cohort or case-control or single case experimental study design.

Exclusion criteria

Studies were excluded based on the following criteria:

The participants had neuro-degenerative conditions;

The orthotic intervention was designed to constrain the unaffected upper limb for the
purpose of improving movement of the affected upper limb;

The orthotic intervention was a cast applied to the upper limb;

The orthosis used in the intervention was fully constructed of soft, non-rigid materials for
example, neoprene or Lycra®;

The study design was qualitative or a systematic review; and

Full papers not written in English requiring translation.

2.3.3 Information sources

Databases searched included the Cochrane central register, MEDLINE, CINAHL, Embase,

SCOPUS and Web of Science. Database searches were conducted in June 2015 and again in

May 2016. Hand searches of reference lists of included studies were conducted to ensure

additional relevant references were identified. Although systematic reviews were excluded,
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reference lists were checked to ensure all primary research was located for inclusion. There was
no limit placed on the publication dates of the included studies. Only full papers written in
English were included. Full papers that required translation were excluded due to a lack of
resources. Where multiple publications reporting on the same study existed, data from the study

were extracted and reviewed only once.

2.3.4 Search

A full electronic advanced search strategy conducted in the MEDLINE complete database,
utilising the EBSCOhost Research Databases interface, is presented Table 2.1. This strategy was

modified as needed and applied to the remaining databases.

Table 2.1 Electronic search strategy in MEDLINE complete database
Search ID Search Terms
S1 (MH "Cerebral Palsy") OR (MH "Hemiplegia") OR (MH "Brain Injuries") OR (MH
"Craniocerebral Trauma") OR (MH "Brain Damage, Chronic") OR (MH "Hypoxia, Brain")

S2  (MH "Brain Hemorrhage, Traumatic") OR (MH "Brain Stem Hemorrhage, Traumatic")
OR (MH "Cerebral Hemorrhage, Traumatic")

S3 AB (cerebral palsy" OR CP OR hemiplegi* OR "brain injur*" OR "head injur*" OR "brain
damage" OR hypoxi*) OR TI ( "cerebral palsy" OR CP OR hemiplegi* OR "brain
injur*" OR "head injur*" OR "brain damage" OR hypoxi* )

S4  S1ORS2O0RS3

S5 (MH "Child") OR (MH "Child, Preschool") OR (MH "Adolescent") OR (MH "Infant") OR
(MH "Infant, Newborn+")

S6  AB (child* OR infant* OR toddler* OR babies OR baby OR adoles* OR youth OR
preschool ) OR TI ( child* OR infant* OR toddler* OR babies OR baby OR adoles* OR
youth OR preschool )

S7  S50RS6
S8  S4 AND S7
S9  (MH "Splints") OR (MH "Orthotic Devices") OR (MH "Braces")

S10  AB (splint* OR orthot* OR orthos* OR brace*) OR TI (splint* OR orthot* OR orthos*
OR brace*)

S11 S9 OR S10

S12  (MH "Hand") OR (MH "Fingers") OR (MH "Thumb") OR (MH "Wrist") OR (MH
"Metacarpus") OR (MH "Upper Extremity") OR (MH "Elbow") OR (MH "Arm") OR
(MH "Hand Deformities") OR (MH "Hand Deformities, Acquired") OR (MH "Hand
Deformities, Congenital")

S13 AB (hand* OR arm* OR elbow* OR wrist* OR thumb* OR "upper limb*") OR TI (hand*
OR arm* OR elbow* OR wrist* OR thumb* OR "upper limb*")

S14 S12 OR S13
S15 S8 AND S11
S16 S14 AND S15

Note: Terms were modified as needed and the search re-run in each of the Cochrane central register, MEDLINE,
CINAHL, SCOPUS and Web of Science databases.
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2.3.5 Study selection

Study selection was conducted in two stages utilising the Covidence systematic review
software for data management (Veritas Health Innovation, 2013). In stage one two authors (SG,
YR) independently screened titles and abstracts against the inclusion/exclusion criteria and
identified relevant papers. In stage two, the same two authors independently reviewed the full
text studies unable to be excluded by title and abstract alone. Comparison of papers was

completed between the two authors with no disagreements regarding inclusion.

2.3.6 Data extraction process

Two authors (SG, YR) independently extracted data using a customised data extraction form
developed for the purpose of the review. The data extraction form was piloted for use and tested
for agreement with two studies. Once agreement between the authors was reached regarding
completeness of the data extraction form, data were extracted from the remaining identified
studies. Data extracted for each study were tabulated. Extracted data were compared and
consensus was reached via discussion between the two independent reviewers where differences

in data extraction were evident.

2.3.7 Data synthesis

A narrative synthesis with tabulation of the data for each study aim was completed.
Comparison of the data relating to the reason for upper limb orthosis prescription, the link
between reason and intended outcome, outcome measures utilised and effect, and orthosis
classification is presented. To meet the aim of classifying orthoses, the domain(s) of the ICF-CY
(World Health Organisation, 2007) which the orthosis was prescribed to influence were
identified and common criteria adapted from the ASHT and AHTA orthoses classification
systems were used to describe the anatomical focus and primary purpose of each orthosis
(Australian Hand Therapy Association, 2012; Colditz, 1996; Fess, 2011; American Society of
Hand Therapists, 1992). Figure 2.1 displays the common classification criteria.
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Figure 2.1  Common criteria of ASHT and AHTA Orthosis Classification Systems

2.3.8 Risk of bias in individual studies

All studies were assessed independently for risk of bias by two authors (SG, YR). The
PEDro scale (Mabher et al., 2003) was utilised to assess methodological quality of randomised
controlled trials. Evaluation of methodological quality of intervention studies using single-case
methodology was completed utilising the Risk of Bias in N of 1 Trials (RoBiNT) Scale (Tate et
al., 2015). All non-randomised intervention studies were assessed using A Cochrane Risk of
Bias Assessment Tool: for Non-Randomised Studies of Intervention (ACROBAT-NRSI) (Sterne
et al., 2014). Using this tool, the highest assessment of risk of bias for an individual domain is
used to determine the overall risk of bias for the study (Sterne et al., 2014). Moderate risk
indicates the study is judged to be at low or moderate risk for all domains and is sound for a non-
randomised study with regard to this domain but cannot be considered comparable to a well-
performed randomised trial. Serious risk of bias indicates the study is judged to be at serious risk

of bias for at least one domain (Sterne et al., 2014).
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2.4 Results

A total of 16 studies were selected for inclusion in this review after the primary search was
completed (see flow diagram of results in Figure 2.2). Only one study (Lidman et al., 2015) was
selected for full text review following the second database search. The study did not meet
inclusion criteria even though it utilised a rigid/thermoplastic wrist and hand orthosis, as the study
aim was to evaluate and compare the effectiveness of repeated Botulinum Toxin-A injections plus
occupational therapy versus occupational therapy alone (Lidman et al., 2015). The impact of

orthosis in isolation use could not be determined by the study design (Russo, 2015).

Figure 2.2  Study selection flow diagram
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Two randomised controlled trials (Kanellopoulos et al., 2009; Ozer et al., 2006), two single-
case experimental designs (Goodman & Bazyk, 1991; Kinghorn & Roberts, 1996) and 12 non-
randomised intervention studies (Barroso et al., 2011; Burtner et al., 2008; Carmick, 1997;
Chhawchhria, 2014; Currie & Mendiola, 1987; Exner & Bonder, 1983; Louwers et al., 2011;
Postans et al., 2010; Scheker et al., 1999; Yasukawa & Cassar, 2009; Yasukawa et al., 2008;
Yasukawa et al., 2003) were included in the review and assessed for risk of bias. The scores on
the PEDro scale for the randomised controlled trials by Kanellopoulos et al. (2009) and Ozer et
al. (2006) were 4/10 (fair quality) and 7/10 (high quality) respectively. Kanellopoulos et al.
(2009) did not conceal allocation, blind assessors to the intervention or provide point measures
and measures of variability for outcomes. Ozer et al. (2006) did not have a control group. Neither
study was able to blind therapists administering therapy or blind subjects to their allocated group,
as this is not possible in this intervention. The single-case experimental design studies by
Goodman and Bazyk (1991) and Kinghorn and Roberts (1996) assessed with the RoBiNT scale
(Tate et al., 2015) scored 11/30 and 12/30 respectively. Internal validity ratings suggested high
risk of bias (3/14 and 4/14 respectively). It is difficult to attribute the reported improvement in
hand function to use of the orthosis as neither study discussed random assignment of treatment
times or blinding of assessors to the intervention (Goodman & Bazyk, 1991; Kinghorn &
Roberts, 1996). The findings may not be generalizable as indicated by external validity scores
of 8/16 for both studies. The risk of bias assessment of the 12 non-randomised studies is
presented in Table 2.2. Nine of the non-randomised studies of intervention were assessed with

an overall moderate risk of bias and three with serious risk of bias (see Table 2.2).

2.4.1 Reason for orthosis prescription

All children in the included studies who were prescribed an upper limb orthosis had a
diagnosis of CP and all but one study (Yasukawa et al., 2008) reported that the children had
spastic motor type. All children were seen in an outpatient setting. Table 2.3 outlines the reasons
for orthosis prescription documented in the included studies. Information regarding study design,

purpose of the study and inclusion criteria is also included in Table 2.3.

The reported reasons for orthosis prescription varied in the included studies as seen in Table
2.3. Two of the 16 studies described a specific reason for orthosis prescription. Barroso et al.
(2011) reported the orthosis was to improve wrist and thumb joint positions. Carmick (1997)
reported the orthosis was to stabilise the wrist in a functional position and ’replace the therapist’s
hands’, to maintain an extended wrist position to encourage motor learning. Six studies (Burtner
et al., 2008; Currie & Mendiola, 1987; Kanellopoulos et al., 2009; Louwers et al., 2011;

Yasukawa et al., 2008; Yasukawa et al., 2003) prescribed orthoses to manage the presentation
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of spasticity and increased muscle tone, altered arm and hand position or primary contracture
that limited active and passive movement. The remaining eight studies (50%) (Chhawchhria,
2014; Exner & Bonder, 1983; Goodman & Bazyk, 1991; Kinghorn & Roberts, 1996; Ozer et al.,
2006; Postans et al., 2010; Scheker et al., 1999; Yasukawa & Cassar, 2009) did not report the

reason for orthosis prescription.

2.4.2 Link between reason for prescription and effect
Prescribed reason

For the eight studies reporting a reason for orthosis prescription, data describing the effect
of the upper limb orthosis according to its intended outcome are presented in Table 2.4. For each
of the eight studies listed, their analyses for orthosis effect found a positive effect. In the
remaining eight studies where the reason for the orthosis was not reported, it was not possible to

present results exploring the link between reason and effect.
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Chapter Two. A Systematic Review

Outcome measures of effect

Of the eight studies in which a reason for orthosis prescription was provided, only three
studies (Currie & Mendiola, 1987; Yasukawa et al., 2008; Yasukawa et al., 2003) had a direct
link between the reason for the orthosis, the outcome measure utilised and effect (see Table 2.4).
For example, Yasukawa et al. (2003) prescribed an elbow orthosis for children where spasticity
was interfering with range of motion (ROM) at the elbow. The outcome measures utilised
included the Modified Ashworth Scale (MAS) (a spasticity measure) and ROM measures. The

conclusion was a positive effect of improved ROM from baseline.

In the five remaining studies there was no clear link between the documented reasons for
orthosis prescription, intended outcome, outcome measures utilised and effect (see Table 2.4).
For example, the reason described for orthosis prescription by Burtner et al. (2008) was spasticity
warranting orthotic intervention, but this was not supported by any spasticity measure, only the
conclusion that grip improved. Kanellopoulos et al. (2009) used the Quality of Upper Extremity
Skills Test (QUEST) as the sole outcome measure to evaluate quality of upper extremity function
in four domains: dissociated movement, grasp, protective extension and weight bearing
(DeMatteo et al., 1993). No goniometric range of motion measures or spasticity measure were
utilised to support the conclusion reported by Kanellopoulos et al. (2009) of improvement in

muscle tone, range of motion and hand cosmesis.

2.4.3 Classification of orthoses

No studies classified orthoses using the domains of the ICF-CY (World Health
Organisation, 2007) framework or referred to an orthosis schedule when describing orthoses.
Table 2.5 presents the review author’s classification of the orthoses prescribed in the studies

according to anatomical focus and primary purpose of the orthoses.
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Chapter Two. A Systematic Review

In all studies, the orthoses were classified as having an impact on the body function and
structure domain of the ICF-CY as all were applied directly to the child and positioned the joints
of the arm and hand. Only three studies (Scheker et al., 1999; Yasukawa et al., 2008; Yasukawa
et al., 2003) were classified as having potential to impact the activity domain of the ICF-CY as

the authors of these three studies included assessment of the orthosis effect on task execution.

Four of six elbow orthoses prescribed (Postans et al., 2010; Yasukawa & Cassar, 2009;
Yasukawa et al., 2008; Yasukawa et al., 2003) were mobilising orthoses aimed at increasing the
passive or active range of motion at the elbow joint. The dynamic spiral wrist splint (Burtner et
al., 2008) was a restrictive orthosis as it allowed 30 degrees of movement but limited active wrist
flexion range of motion. This reflects consideration of the dynamic interplay between wrist and
finger musculature aimed at improving grasp, however the connection between this factor and
orthosis design is not described in the study. The orthoses acting on the wrist and/or wrist and
thumb joints (Barroso et al., 2011; Burtner et al., 2008; Carmick, 1997; Louwers et al., 2011)
were classified as immobilising orthoses aimed at improving grip for task specific or bimanual
use. Again, there was no connection between the movement of the wrist and fingers and orthosis
design evident in the study authors’ descriptions. All of the orthoses acting on the thumb (Currie
& Mendiola, 1987; Exner & Bonder, 1983; Goodman & Bazyk, 1991) were hand based and

immobilised the thumb in a position out of the palm aimed at developing improved grasp.

2.5 Discussion

This review aimed to explore reasons for upper limb orthosis prescription, explore the link
between reason and effect according to the intended outcome and outcome measures utilised,
and to classify orthoses within the domains of the ICF-CY (World Health Organisation, 2007)
and common criteria of the ASHT and AHTA orthosis classification systems. Our findings
suggest that connection between the reported rationale for orthosis prescription, the selection of
outcome measures utilised according to intended outcomes and the effect described, is not
transparent, nor well defined. All interventional study designs were included in this review to
maximise the information available to explore the rationale for orthosis prescription. If only

randomised controlled trials were included, only one study would have met selection criteria.

The systematic review undertaken by Jackman et al. (2014b) included randomised and
quasi-randomised trials of upper limb orthoses. These authors reported there is no evidence
supporting the use of orthoses for children with CP in isolation. In contrast three studies included
in this review (Barroso et al., 2011; Burtner et al., 2008; Louwers et al., 2011) assessed the effect

of upper limb orthoses while the child wore the orthoses only during testing. No additional
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Chapter Two. A Systematic Review

therapy or adjunct interventions were reported. The frequency of outcome measures were with
and without the orthosis within 30 minutes (Barroso et al., 2011); twice with and without the
orthosis within a two week period (Burtner et al., 2008); at baseline, a week later with orthosis
wear and a week following without orthosis wear (Louwers et al., 2011). The reported effect was
improved hand function (Barroso et al., 2011), greater grip dexterity (Burtner et al., 2008) and
the ability to grasp objects of different shapes without assistance of the dominant hand (Louwers
et al., 2011). It is not possible to determine the effect of adjunct interventions on the reported

effectiveness of upper limb orthoses in the studies in this review.

The lack of clearly documented reasons for upper limb orthosis prescription and the effect
of other interventions on upper limb impairment increases assumptions made regarding the
clinical decisions for orthosis use and decreases capacity to use the evidence to inform clinical
practice. The absence of a reason for orthosis prescription impacts the selection of appropriate
outcome measure(s) utilised to determine effect, as it is not clear if the intended outcome is
effectively measured. Often there was no clear link between the stated reason of the orthosis, the

way the results were measured and the stated outcome of the study.

Manual ability and the influence of spasticity on the movement of the wrist and fingers of
the affected limb(s) are important factors to consider in orthosis prescription (Wilton, 2013b),
yet the connection between these factors and reason for prescription and description of orthoses
is not well described in the included studies. Only three studies (Barroso et al., 2011; Louwers
et al., 2011; Ozer et al., 2006) included a description of either the child’s manual ability and/or
active hand movement of the affected limb(s). A tool to classify manual ability for children with
CP, the Manual Ability Classification System (MACS) (Eliasson et al., 2006), was published in
2006 however only two of the seven studies published after this date utilised the MACS to report
the manual ability level of children in their study. Barroso et al. (2011) included children at
MACS levels I and II and Louwers et al. (2011) included children at MACS levels I to III. The
Zancolli classification (Zancolli, 2003) is another classification tool which reports the action of
spasticity on the muscles of the wrist and fingers and classifies wrist and finger deformity
according to observed movements. Only two studies, Ozer et al. (2006) and Louwers et al.
(2011) classified children using this classification. All children in these two studies had
voluntary extension of their wrist and/or fingers. Understanding how manual ability and
movement limitations of the wrist and finger musculature of the affected limb(s) inform the

reason for and choice of orthosis is critical.

All studies included in the review were evaluated to have some risk of bias. Therefore, the

assessment of the effect of the orthoses should be taken in context of the quality of the individual
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Chapter Two. A Systematic Review

studies. Caution is required in generalising the reported effect of orthotic intervention in this
review. The positive effects reported in the studies did not match the initial reason for the orthosis.
This consistent mismatch between reason for prescription and measured effect significantly limits
our understanding of the utility of orthoses for children with CP. It is critical in any intervention
research (or intervention prescription) that the mechanism by which the intervention is intended
to effect change is demonstrated. If associated, or additional, effects are anticipated, for example,
improved use of the hand following orthosis wearing, it is certainly appropriate to also measure
those effects. However, in the absence of knowing whether the primary mechanism of the orthosis

1s supported, it is difficult to interpret subsequent potential impacts.

2.5.1 Limitations of review

There were limitations of this review related to the search criteria, study design selection
and evaluation of effect of intervention. Because the search was restricted to studies written in
English, four studies were excluded that may have provided additional evidence. Study design
selection included observational studies to determine the reason for the use of upper limb
orthoses but, given the lower level of evidence this limited the evaluation and generalisation of
effectiveness of the intervention. It was not possible to synthesise the data using statistical

analyses given the heterogeneity and lower level of evidence within the included studies.

2.5.2 Recommendations for practice and research

Evidence to inform the use of upper limb orthoses for children with CP in clinical practice
is limited. This may be because it is difficult to research a complex multi-factorial intervention
rather than because the intervention lacks effect. Under these circumstances it is strongly
recommended that continued clinical use of upper limb orthotic intervention should only occur

with the inclusion of the following practice recommendations:

A description of the dynamic interplay of the wrist and finger musculature as part of a

comprehensive upper limb assessment;

— Clear documentation of the use of the orthosis as an intervention including the aim(s) of the
orthosis based upon assessment findings;

— A description of the orthosis using consistent terminology applying an orthosis
classification schedule such as those endorsed by the AHTA or ASHT; and

— Application (pre, during and post) of intervention outcome measures that are consistent with

the reasons for the orthosis when evaluating the effect of the orthotic intervention.
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Chapter Two. A Systematic Review

Future clinical research is required to understand the factors that influence clinicians’
rationale for prescribing orthoses as well as establishing the effect of upper limb orthotic
intervention through connecting the reason for prescribing the orthosis, intended outcomes and

effect utilising valid and reliable outcome measures.

2.6 Conclusion

The lack of clear evidence about the effect of upper limb orthoses leads to many challenges
for clinicians who are considering offering upper limb orthotic intervention for children with
CP. The variability in design, materials and presumed mechanism of effect of upper limb
orthoses further increases the difficulty clinicians have in determining whether or not the
intervention has value. Variability in terminology and stated rationale of orthoses used creates a
communication barrier and introduces considerable difficulty in synthesising research evidence

to determine the outcomes of orthosis prescription.
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SYSTEMATIC REVIEW UPDATE

2.7 Background

In November 2019, the same electronic databases were searched with the same search terms
as for the original review. The search yielded six papers that were not previously identified. One
author (Garbellini) screened the titles and abstracts of the additional papers against the original
inclusion and exclusion criteria. Four papers were excluded as three did not include an upper
limb orthotic intervention and one used a non-rigid orthosis as the intervention. Two randomised
controlled trials (RCTs) were identified: Jackman et al. (2018; 2019) as meeting criteria for
inclusion. The same author (Garbellini) extracted data using the original data extraction form
developed and piloted for the original review and tabulated the data. Quality of the RCTs were
assessed with the PEDro scale (Maher et al., 2003), again by the same author.

Prior to publication of the two RCTs by Jackman et al. (2018; 2019), a protocol paper was
published outlining both trials (Jackman et al., 2014a). The protocol outlined that enrolled
participants would participate in both trials (Jackman et al., 2014a). To manage the similarities
across both trials, data extraction was tabulated as if there was: one trial when determining the
reason for orthosis prescription and classification according to anatomical focus and primary
purpose, as the orthotic intervention was the same; and two trials when determining the effect of
the intervention and quality assessment of the RCTs. To remain consistent with the tables in the

published systematic review, the same format was used.

2.8 Results of systematic review update

PEDro scale scores for both trials (Jackman et al., 2018; 2019) were 8/10. Due to the nature
of the intervention (orthosis prescription) blinding of participants and therapists to the
intervention was not possible. A score of 8/10 indicated high quality on the PEDro scale for
both studies. Table 2.6, Table 2.7 and Table 2.8 respectively present: the reason for orthosis
prescription; effect of the orthoses; and the review author’s (Garbellini) classification of

orthoses according to anatomical focus and primary purpose.
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Chapter Two. A Systematic Review

2.9 Discussion

The information extracted from the new RCTs by Jackman et al. (2018; 2019) reinforced
the findings of the original systematic review. The specific reason for orthosis prescription in
both RCTs was described — to support the wrist in an optimal position to improve function, that
is, grasp and release — however, the connection between the reason for prescription and specific
goal-directed functional task for improvement was not well defined. Both trials refer to the wrist
orthosis as being customised to allow maximal possible wrist extension with full finger extension
(Jackman et al., 2018) and customised to the participant’s finger flexion and extension status
(Jackman et al., 2019), but further information describing the interplay of the wrist and finger
musculature was lacking. There was no protocol or standard operating procedure presented for
orthosis fabrication. For those participants with bilateral involvement, there was no information
about the limb for which the orthosis was fabricated, whether an orthosis was prescribed for both
limbs, or if the more severe limb was the one prescribed the orthosis. In both RCTs the orthosis
was called a “wrist cock-up” orthosis with no reference or adherence to standard nomenclature
as presented in hand therapy association orthosis schedules (Australian Hand Therapy

Association, 2012; American Society of Hand Therapists, 1992).

2.10 Chapter Conclusion

The findings of the systematic review identified that the reason for orthosis prescription is
not well defined in most of the included studies. Regardless of methodology and sample size, a
lack of connection was evident between the reason for orthosis prescription, the outcome
measures used and the stated outcome of the studies. There was little consideration of
participants’ manual ability and wrist and finger movement and how this guided orthosis
prescription. Even studies presenting higher level evidence (RCTs) with high quality were
limited in describing the reasons for, and decision making regarding, prescription of upper limb

orthoses for children with CP.

Following findings from the review, it was recommended that continued orthosis prescription
in clinical practice include: clear documentation of the reason for the orthosis; consideration of
wrist and finger movement in orthosis prescription; outcome measurement linking effect with
intended reason for the orthosis; and consistent terminology to describe the orthosis. Future clinical
research is required to establish the effect of the intervention based on these practice
recommendations. The following chapter (Chapter 3) considers the findings of the systematic

review in more detail and identifies gaps in the literature that require further investigation.
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3.1 Introduction

Upper limb orthoses for people with neurologically-based impairment have been prescribed
to: manage the effect of hypertonicity; prevent deformity and contracture; manage pain; maintain
tissue and joint integrity; and improve function and participation in activity (Boscheinen-Morrin
& Conolly, 2001; Colditz, 1996; Copley & Kuipers, 2014b; Fess, 2011; Wilton, 2013a). These
varied reasons for upper limb orthosis prescription, as reported in the literature, provide some
guidance for clinical practice. However, most published studies that explore the effect of upper
limb orthoses have a low level of research evidence. This provides little direction to inform
clinical practice (Novak et al., 2020). Currently, most upper limb orthotic prescription is based
on practice tradition, biomechanical and neurophysiological theoretical assumptions and

emerging but limited empirical evidence (Lannin et al., 2017).

The systematic review by Garbellini et al. (2017) (Study 1 of this doctoral program) identified
a lack of clarity of the reasons for orthosis prescription, the orthoses’ intended effect and the
outcome measures used to determine that effect. Garbellini et al. (2017) proposed that this lack of
clarity decreases the usefulness of the research literature to inform clinical practice about orthosis
prescription. The lack of research evidence may be due, in part, to the complexity of researching a
multi-faceted intervention. The question remains as to what information is currently available to

guide clinician’s decision making regarding upper limb orthosis prescription.

The first aim of this chapter is to further explore the reasons for orthosis prescription as
identified from the systematic review (Garbellini et al., 2017) (Study 1). The reasons for orthosis
prescription are detailed and discussed within the ICF, biomechanical and professional reasoning
frameworks. The domains or components of these frameworks that relatied to the reasons given
for orthosis prescription, identified within the studies included in Study 1 (16 studies) and the
systematic review update (2 studies) were considered by the author. For example, no author
presented a reason for orthosis prescription within the participation domain of the ICF, therefore
the participation domain is not discussed. The second aim of this chapter is to identify and review
existing resources intended to guide upper limb orthosis prescription. An algorithm,
classification tool and model that organise this complex or unfamiliar information and guide
practice are presented and discussed. The third, and final, aim of this chapter is to identify
potential gaps that exist in the literature. The dynamic inter-relation of the ICF domains (World
Health Organisation, 2001) is used to diagrammatically present these gaps.
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3.2 Exploring the reasons for upper limb orthosis prescription

3.2.1 International Classification of Functioning, Disability and Health

The ICF provides a description of human functioning and its restrictions and organises this
information into two parts. Part one deals with functioning and disability, which are considered
outcomes of a dynamic interaction among body functions, body structures, activity and
participation. Part two deals with contextual factors comprised of environmental and personal
factors (World Health Organisation, 2001). The reasons for orthosis prescription identified in

the literature can be linked to the domains of body structure, body function, and activity.

Body Structure

Body structures are defined as anatomical parts of the body (World Health Organisation,
2001) and those related to movement are the focus of this section. The systematic review by
Garbellini et al. (2017) identified that eight out of 18 studies reported reasons for orthosis
prescription aimed at addressing impairment of body structure, namely muscles and joints. These
authors reported that prescription aimed to improve: (1) the structural position or support of
joints (Barroso et al., 2011; Carmick, 1997; Currie & Mendiola, 1987; Jackman et al., 2018;
2019; Louwers et al., 2011); or (2) management of the effect of muscle tone, spasticity and/or

contracture (Burtner et al., 2008; Kanellopoulos et al., 2009; Yasukawa et al., 2008; 2003).

Orthoses prescribed to support the thumb aimed to position the thumb in abduction and
extension (Barroso et al., 2011; Currie & Mendiola, 1987; Louwers et al., 2011). Orthoses
prescribed to address the position of the wrist or manage the effects of tone and spasticity in the
wrist and/or finger musculature reported varying positions of the wrist, with the wrist in a neutral
position (Kanellopoulos et al., 2009; Louwers et al., 2011; Yasukawa et al., 2003); 10 degrees
of wrist extension (Burtner et al., 2008; Carmick, 1997); 20 degrees of wrist extension (Barroso
etal., 2011); and 20-30 degrees of wrist extension (Jackman et al., 2018, 2019). There was little

discussion in the publications regarding the rationale for the desired wrist position in the studies.

These studies provided some information to guide clinicians’ decision making of orthosis
prescription based on impaired body structure. For example, positioning of the thumb in
abduction and extension to improve hand function was reported, but the rationale to clearly direct
practice was lacking. Of concern were the eight studies that did not report any reason for orthosis
prescription. In those eight studies it appeared that orthoses were prescribed because the child
had CP, without any further justification or rationale. Omission of a clear rationale for orthosis

prescription may increase the potential for an orthosis to be prescribed that does not address the
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individual’s movement impairment. Three studies (Jackman et al., 2018; 2019; Louwers et al.,
2011) considered both the body structure in orthosis prescription (i.e. the wrist in either 20-30
degrees of extension or in a neutral position respectively) and also the body function of how the

wrist and fingers moved in relation to each other.

Body Function

Body functions are defined as the physiological functions of body systems (World Health
Organisation, 2001) with neuromusculoskeletal and movement related functions the focus of this
section. Analysis of patterns of wrist and finger movement during function provide a basis for
treatment decisions (Wilton, 2003). A classification of wrist and hand movement (Zancolli,
2003) was used in the study by Louwers et al. (2011) in relation to participant selection. Jackman
et al. (2018; 2019) discussed customising the orthosis prescribed if the participant was not able
to extend their fingers with the wrist positioned in 20-30 degrees of wrist extension. These
studies documented neuromusculoskeletal and movement related function but didn’t explicitly
connect the reason for the specific orthosis prescription used in the study to the dynamic

movement observed. These studies’ respective use of movement analysis is discussed further.

Louwers et al. (2011) classified participants’ hand deformity using the Zancolli (2003)
classification. Classification was based on volitional release of the fingers through active wrist
flexion and the ability to actively extend the wrist with the fingers flexed. Almost perfect
agreement has been established for inter-rater reliability (n=23) for the Zancolli classification
(Klingels et al., 2010). Louwers et al. (2011) used this reliable classification to determine
severity of impairment of hand function. They excluded those who were classified with no ability
to extend the fingers even with maximal passive wrist flexion from their study. In applying this
criteria, Louwers et al. (2011) chose to exclude those children whose movement limitation was
severe. It is the current author’s interpretation, based on clinical experience, that this may be
because children with this classification of movement do not usually improve with the use of a
wrist orthosis worn during functional tasks. Louwers et al. (2011) discussed the difficulty some
children have closing the hand around an object and holding it with the wrist in a flexed position.
It is assumed therefore, that this was the rationale behind the decision to position the wrist in a
neutral position in the orthosis. Louwers et al. (2011) reported that some children classified at
Zancolli level 1IB (finger extension only with wrist flexion) (Zancolli, 2003) needed more time
to extend their fingers, with their wrist in a neutral position, as it took more effort to achieve this
movement against tight or shortened finger flexor muscles. This observation highlights the
importance of considering not only how orthosis prescription impacts movement, but how it may

also affect the speed and quality of movement of the hand in bimanual activity.
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Jackman et al. (2018; 2019) described analysing the movement of the fingers in relation to
the child’s ability to actively extend their fingers. If the child was unable to extend their fingers
with their wrist in 20-30 degrees of wrist extension, the orthosis was customised during
fabrication. There was no detail reported as to how the orthosis for the individual child was
customised, only the assumption, made by the author of this thesis, that the amount of wrist
extension was reduced until the child could extend their fingers. The connection between the
movement analysis and respective outcome measures (Canadian Occupational Performance
Measure (COPM) (Law et al., 1990); Goal Attainment Scaling (GAS) (Kiresuk et al., 2014) and
Box and Blocks Test of Manual Dexterity (Mathiowetz et al., 1985) used in the Jackman et al.
(2018; 2019) studies is not presented or discussed in detail. Practice-based knowledge and
experience directs that consideration be given not only to analysis of movement pattern and how

this guides orthosis prescription, but also to how impaired movement affects the activity itself.

Activity

Activity is the execution of a task or action by an individual (World Health Organisation,
2001). Mobility or movements required to carry, move and handle objects form part of the ICF
activity and participation domains and are the focus of this section. Six studies included in the
systematic review (Garbellini et al., 2017) used measures of upper extremity function. The
studies, the outcome measures used, and the corresponding ICF domains as described by Wallen

and Stewart (2016) are presented in Table 3.1.

Table 3.1 Measures of upper extremity function used in included studies

Study Outcome measure ICF domain
(Barroso et al., 2011)  Jebsen Taylor Hand Function Test* Activity = Body Function
(Tipton-Burton, 2011)
(Burtner et al., 2008)  Nine Hole Peg Test (finger dexterity)* Activity £ Body Function
(Smith et al., 2000)
(Jackman et al., 2019)  Box and Blocks Test of Manual Dexterity Activity + Body Function

(Mathiowetz et al., 1985)

(Jackman et al., 2018)  Canadian Occupational Performance Measure  Activity
(COPM) (Law et al., 1990)

Goal Attainment Scaling (GAS) Activity
(Kiresuk et al., 2014)

(Kanellopoulos et al.,  Quality of Upper Extremity Skills Test Activity + Body Function
2009) (QUEST) (DeMatteo et al., 1993)
Louwers et al. (2011)  Assisting Hand Assessment (AHA) Activity

(Krumlinde-Sundholm et al., 2007)
Note: + — plus or minus; * The Jebsen Taylor Hand Function Test and the Nine Hole Peg Test were not described

in the paper by Wallen and Stewart (2016) and were classified by the author of this thesis. These tests have
predominantly been used with the adult population post stroke and not with children.
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In Table 3.1, all but one study, Kanellopoulos et al. (2009), prescribed an orthosis for wear
during activity. The studies by Barroso et al. (2011), Burtner et al. (2008) and Jackman et al.
(2019) used tests of manual dexterity which focus on unilateral movement to measure changes
in activity level outcomes. Wallen and Stewart (2016) classified the Box and Blocks Test of
Manual Dexterity (Mathiowetz et al., 1985) within the activity, plus or minus the body function
domain of the ICF. It is assumed by the author of this thesis that the classification of the Box
and Blocks Test of Manual Dexterity within the body function domain is related to the
neuromusculoskeletal and movement related functions required to complete the test. Given the
similarity of the other tests of manual dexterity it seems reasonable to classify them within the
same ICF domains. The orthoses used in these studies were worn only during the immediate
assessment period. In clinical practice, the speed of a child’s ability to grasp, release or
manipulate an object does not indicate if he/she is unable to execute a task. The link between
these actions and the activity that orthosis prescription was aimed at improving is not clearly

reported in these studies, apart from the movement of grasp and release.

Jackman et al. (2018) used goal achievement outcome measures — the COPM (Law et al.,
1990) and GAS (Kiresuk et al., 2014) — to explore if there was a change in activity performance
using a three parallel group RCT. The first group was prescribed an orthosis only and wore it for
one hour per day when practicing set goals. The second group received only task-specific training
intervention, Cognitive Orientation to daily Occupational Performance (CO-OP) (Cameron et al.,
2017), daily for one hour for a period of ten consecutive working days. The third group received
a combination of the CO-OP intervention with orthosis wear and an hour of orthosis wear when
practicing set goals at home. There were no reported differences in goal achievement with orthosis
wear compared to the other groups (Jackman et al., 2018). There was no discussion about the
individual participant’s activity limitations and if the goals set were due to impaired movement,
the lack of use of the hand in specific activities, or other reason (e.g. cognitive strategy use).

Again, the link between the activity and orthosis prescription was not clearly articulated.

It is unlikely that upper limb orthotic intervention applies to all children with CP. In practice,
no orthosis exists that applies to all people, even those with the same diagnosis (Lannin et al.,
2017). This raises the question as to whether an experienced clinician in the field would have
prescribed the provided orthoses to all (or any) of the children who received one in the included
studies. Detailing and discussing the reported reasons for orthosis prescription using the ICF
(World Health Organisation, 2001) framework provided no further clarity to inform clinical
practice. This was due to the variability in positioning of muscles and joints (particularly the

wrist) to manage impairment at the body structure level; minimal consideration of movement
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analysis to guide prescription; and a lack of explicit connection between orthosis prescription
and how activity limitations might be addressed. The result of this analysis raised further issues

that need consideration when determining rationale for orthosis prescription.

3.2.2 Biomechanical framework

At the body structure and function level, a biomechanical approach, focussing on anatomy,
kinetics and kinematics, provides a way to analyse impairment and consider corrective options,
including the use of upper limb orthoses (Copley & Kuipers, 2014b; Lannin et al., 2017; Wilton,
2013a). Parallels between the body structure and function domains of the ICF (World Health
Organisation, 2001) as discussed above and a biomechanical approach can be made with the
studies by Louwers et al. (2011) and Jackman et al. (2018; 2019). In these three studies,
consideration was given as to how the body structures of the wrist and fingers moved in relation
to each other. These authors appeared to consider the movement limitations observed within
their rationales for orthosis prescription. None of the studies directly linked or described the
reason for orthosis prescription relative to the dynamic movement observed or the forces and

movement created by the anatomical structures of the wrist and hand.

An imbalance between joint, muscle and soft tissue structures of the hand and upper limb
(body structure issue) can result in activity limitations (Lannin et al., 2017; Wilton, 2013a). At
an activity level, a biomechanical frame of reference in occupational therapy provides an
approach to: analyse how a person moves; the effect that movement has on occupational
performance; and what intervention to implement to remediate impairment (McMillan, 2011;
Rybski, 2012; Wilby, 2007). This activity level approach, to remediate impairment with a
prescribed upper limb orthosis, was not explicitly described in any of the studies in the

systematic review by Garbellini et al. (2017) or systematic review update.

There is a long standing premise that the static and dynamic aspects of deformity present in
the wrist, fingers and thumb during movement of the hand must be considered when prescribing
orthoses for children with CP (Wilton, 1983). An understanding of the relationship between the
body’s anatomy and the forces and motion it causes (biomechanics) and the use of biomechanical
principles — such as advantageous applications of force and use of mechanical characteristics
of materials to counteract impaired movement — is essential to successful prescription of any
upper limb orthosis (Fess, 2011; Wilton, 2013a). Biomechanical considerations for the reasons

for upper limb orthosis prescription were not well reflected in the reviewed literature.
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3.2.3 Professional reasoning

A clinician’s professional reasoning is complex and multi-faceted: it is comprised of layers
of professional knowledge based on empirical evidence, practical know-how or practice based
knowledge, emotional intelligence and instinct (Unsworth & Baker, 2016). Clinical reasoning
occurs during interactions between the client, clinician and environment (Schell, 2019).
Common aspects of professional reasoning — including scientific, diagnostic, and procedural
reasoning (Schell, 2019) — can be extrapolated to understand the rationale for upper limb
orthosis prescription as identified in the systematic review by Garbellini et al. (2017). The
aspects of reasoning and their application to orthosis prescription in the studies can be

summarised as follows:

— Scientific reasoning focuses on a diagnosis or condition and uses theory-based decision
making and statistical evidence to select a treatment approach (Hooper, 1997; Schell, 2019;
Unsworth & Baker, 2016). A diagnosis of CP or impairment of body structure and function
were the foci of all reasons for orthosis prescription in the studies in the systematic review
and review update.

— Diagnostic reasoning uses a blend of science and client-based information to explain why a
client is experiencing problems, and to plan and direct client care (Rogers & Holm, 1991;
Schell, 2019). Consideration of the client’s movement (Jackman et al., 2019; Louwers et
al., 2011) and their goals (Jackman et al., 2018) directed reasons for orthosis prescription in
these three studies.

— Procedural reasoning may reflect protocols or intervention routines for identified conditions
within the intervention setting (Schell, 2019). All studies in the systematic review were
based upon research protocols and this was the reason for orthosis prescription. In their
inclusion and exclusion criteria, none of the studies discussed or detailed whether the
reasoning for orthosis prescription would have formed part of the child’s regular care or

reflected the organisation’s usual practice.

The aspects of professional reasoning described above relate to the interactions between the
client and clinician. There was no discussion of the client’s personal or environmental factors
(World Health Organisation, 2001) such as family support and experience with previous orthotic
intervention and how this might influence their choice to participate in orthotic intervention.
There was no discussion of the clinical environment, resource demand of time, equipment and
material and the therapist’s expertise and experience and how this might influence orthosis

prescription. It is acknowledged that this lack of discussion, within the studies included in the
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review, might be due to several factors. These include: reporting limitations; the investigating
organisation’s protocols; funding allocation for the study; and the selection of experienced
investigators and interventionists for the study. As identified by Garbellini et al. (2017), there is
a paucity of information and studies investigating these factors that guide clinicians’ decision

making when prescribing orthoses for children with CP.

3.3 Resources to guide orthosis prescription for children with CP

Frameworks or systems to organise complex or unfamiliar clinical information such as
algorithms, classification systems or decision-making aids may be useful resources for a
clinician with little practice-based knowledge specific to orthotic intervention (Copley &
Kuipers, 2014a). An algorithm for orthosis prescription to correct deformity and prevent
contracture (Lannin et al., 2017), the Neurological Hand Deformity Classification (NHDC)
(Wilton, 2013b) and the Hypertonicity Intervention Planning Model (HIPM) (Copley & Kuipers,
1999, 2014a) are available as guides for clinicians considering upper limb orthotic intervention
for people with neurologically-based upper limb impairment. They were each developed using

practice-based knowledge due to the paucity of empirical evidence in the literature.

The algorithm for correcting deformity and preventing contracture (Lannin et al., 2017),
provides a decision making tree to guide orthosis prescription. Decisions are guided by whether
the client has: loss of, or is at risk of losing, passive range of motion (plus or minus the presence
of hypertonicity); hypermobile joints; a risk of developing long-term pain; or functional
limitations. The algorithm provides clear steps to guide the clinical reason for potential orthotic
intervention. The algorithm does not consider how an individual’s dynamic movement might

guide orthosis prescription.

Wilton (1983) published an orthotic assessment profile to guide orthosis prescription for the
spastic hand in CP which included consideration of the dynamic and static aspects of hand
deformity. Through extended clinical contact in assessing and treating upper limb impairment
of children and adults with CP and other neurological conditions, versions of a wrist and hand
deformity classification were developed and refined, eventually culminating in the NHDC
(Wilton, 2013b). The NHDC is an impairment-based tool that provides a biomechanical
approach to classifying hand deformity determined by wrist position and wrist and finger
movement (Garbellini & Wilton, 2017). The NHDC differentiates between varied wrist and hand
positioning during movement and has potential to aid identification of body function and
structure level factors, allowing the clinician to discriminate between positive (e.g. spasticity)

and negative (e.g. weakness) factors that can be either harnessed or reduced through intervention
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(Copley & Kuipers, 2014a). The NHDC was developed with a focus on impairment. It was not
designed to classify activity or participation limitations nor to provide a structure to consider a
client’s goals. Initial intra and inter-rater reliability of the NHDC has been explored (Georgiades

et al., 2014) but validity of the tool has not yet been established.

The HIPM was developed by Copley and Kuipers (1999; 2014a) as an aid to structure
clinical reasoning and decision making regarding intervention to maintain the long-term health
and function of the upper limb affected by neurological impairment. The model: (i) aids the
identification and classification of impairment underlying each client’s movement and their
adaptation and compensation for that movement presentation; and (ii) uses that information to
select appropriate interventions individualised by the client’s goals (Copley & Kuipers, 2014a).
The HIPM details how to choose interventions based on the individual’s upper limb features and
movement patterns, while considering the client’s needs holistically (Copley & Kuipers, 2014a).
The assessment of body function and structure level factors within the HIPM comprises various
measures of range of motion, hypertonicity and spasticity commonly used in clinical practice. It
also comprises tools such as the Zancolli (2003) and the House Thumb (1981) classifications.
These tools, used to classify upper limb characteristics of deformity, have some evidence of

reliability but an absence of evidence for validity (McConnell et al., 2011).

The algorithm for correcting deformity and preventing contracture (Lannin et al., 2017), the
NHDC (Garbellini & Wilton, 2017; Wilton, 2013b) and the HIPM (Copley & Kuipers, 2014a)
are available resources to guide orthosis prescription for children with CP. Previous published
versions of the HIPM and NHDC have been available since the years 1999 and 2003
respectively. However, eight studies identified in the systematic review (Garbellini et al., 2017),
published after these dates, did not report use of the HIPM and/or NHDC. This may be due to
the lack of established validity and/or, an absence of research on the application of these clinical

resources.

3.4 Gaps in the literature

Terms found in the literature from the systematic review (Garbellini et al., 2017) were
categorised into each corresponding domain of the ICF (World Health Organisation, 2001). The
diagrammatic representation of these terms within the ICF framework (World Health
Organisation, 2001) is presented in Figure 3.1. The use of dashed lines, instead of solid, visually

highlights potential gaps in the rationale for orthosis prescription as identified in the literature.
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Figure 3.1  Gaps in the orthotic intervention literature as framed within the ICF.

Visual inspection of the ICF framework (World Health Organisation, 2001) (see Figure 3.1)
shows the interaction among the ICF domains and the complex factors within each domain,
identified in the literature, that a clinician should consider when prescribing an upper limb
orthosis for a child with CP. These factors that guide a clinician’s decision making were not well
represented or explored in the literature. An exploration of what guides an occupational
therapist’s decision making when prescribing orthoses for children with CP has the potential to

unlock important information about when orthoses might be useful.

Commonly used terms identified in the literature were typically categorised within the body
structure and function or activity domains of the ICF framework (World Health Organisation,
2001), however little connection was made between these domains and the reasoning for orthosis

prescription. This was evidenced by a lack of description of:

— the dynamic interplay of the wrist and finger musculature
— how movement impairment limited activity

— how orthosis prescription could be used to manage this impairment.

An absence of use of the HIPM and NHDC, resources to guide assessment and intervention
for neurologically-based upper limb impairment, was also evident in the literature. This gap,
in addition to the identified lack of description of the dynamic interplay of the wrist and finger
musculature, or link of orthosis prescription to a child’s hand deformity, led to a focus on the

NHDC.
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3.5 Chapter Conclusion

Two recurring themes arose from exploring and discussing the available research literature
in more detail. Firstly, the identification of many factors, as framed within the ICF (World Health
Organisation, 2001), that may guide clinicians’ decision making of upper limb orthosis
prescription for children with CP, but a paucity of studies investigating these factors. Secondly,
that biomechanical considerations, particularly analysis of dynamic movement guiding orthosis
prescription or the use of available clinical resources, were not well reflected or described in the

literature.

To address the first theme, the focus of the next study (Study 2, Chapter 4) of this doctoral
program was to explore occupational therapists’ viewpoints about what guides their clinical
practice related to upper limb orthosis prescription for children with CP using qualitative
methodology. To address the second theme of a lack of biomechanical consideration for the
reason for upper limb orthosis prescription or use of clinical resources, a hand deformity
classification system, the NHDC, is considered in more detail. Subsequent chapters of this
doctoral program present the NHDC (Chapter 5), explore its psychometric properties (Study 3,
Chapter 6) and describe how it may be used in clinical practice (Study 4, Chapter 7).
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Preamble

Upper limb orthotic intervention for children with CP is common in clinical practice despite
the low level of evidence to support this intervention (Lannin & Ada, 2011; Novak et al., 2020).
In the previous chapter, reflection and detailed discussion on the systematic review by Garbellini
et al. (2017) identified a paucity of information and studies on the factors that guide a clinician’s
decision making for upper limb orthosis prescription. Given this lack of information, a
qualitative cross sectional (Q methodology) study was conducted to identify how occupational
therapists viewed the factors that guided their practice of upper limb orthosis prescription for

children with CP (published, Study 2 — see Appendix B).

The study was approved by the Human Research Ethics Committee of Australian Catholic
University (Appendix D). The viewpoints identified from this qualitative study might inform the
development of guidelines for orthosis prescription. This accepted manuscript is presented in the

first part of this chapter.

The second part of this chapter presents a critical reflection (accepted manuscript) on the
authors’ experience using Q methodology (Garbellini et al., 2020) (see Appendix B for the
published version). Frank and Polkinghorne (2010) stated that new researchers seek information
about qualitative methodologies and acquire standards from published examples. This critical
reflection paper was the result of an identified lack of published information in the literature
regarding the factor analysis stage of Q methodology. The aim of the paper was to add

experiential information for new researchers navigating Q methodology.
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Abstract

Purpose: This study identified occupational therapists’ viewpoints that guide their practice of

upper limb orthosis prescription for children with cerebral palsy.

Methods: A qualitative study utilising Q methodology explored participants’ viewpoints.
Thirty-nine occupational therapists (38 females) were purposively recruited to rank statements
generated from interviews of experienced clinicians and peer reviewed and published literature.
Statements about reasons for orthoses prescription, were ranked according to what guides
decision making the most to least. Data from ranked statements were analysed using by-person
factor analysis to reveal the different ways statements were grouped. The resultant factors, based
on the average arrangement of statements associated with each factor, were interpreted and

named as viewpoints.

Results: Viewpoints identified: 1. Potential effect of the orthosis (n=12 sorts); 2. Biomechanical
presentation (n=12 sorts); and 3. Client-Therapist relationship (n=10 sorts). The ‘Client’s goals’

statement was ranked highest across all viewpoints.

Conclusion: Viewpoints identified may inform development of clinical guidelines. Further
research is required to (i) identify valid and reliable classification and assessment tools to guide
decision making; and (ii) establish the mechanism of the effect of orthotic intervention by
considering the link between the biomechanical purpose of the orthosis (e.g., mobilise tissue)

and aim of intervention (prevent contracture).
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4.1 Introduction

In daily practice, clinicians make a range of clinical decisions using knowledge about factors
internal and external to their clients based on their clinical reasoning. Clinical reasoning is
defined as all aspects of thinking that guides clinical practice (Fleming, 1991a; Rogers, 1983;
Unsworth, 2004). Rogers (1983) stated the goal of clinical reasoning is the development of a
treatment recommendation in the interests of the particular client. Clinical reasoning is therefore
shaped by the client and/or caregiver’s concerns and treatment recommendations are
individualised within the requirements of the client’s particular situation (Cohn, 1991; Fleming,
1991a; Mattingly, 1991). Multiple approaches to reasoning are inherent in clinical practice
(Schwartz, 1991) with reasoning varying according to the clinician’s level of expertise (Harries

& Harries, 2001).

Clinical decision making for clients with neurologically based upper limb impairment is
complex, challenging and multifaceted (Copley & Kuipers, 1999, 2014a; Kuipers et al., 2009;
Wilton, 2013b). In children with cerebral palsy (CP) decision making may be framed within the
International Classification of Functioning, Disability and Health: Child and Youth (IFC-CY)
(World Health Organisation, 2007). Consideration is given to internal factors within the body
function and structure, activity and participation domains and to external factors in context of
the child’s family system and influence of their surrounding environment (World Health
Organisation, 2007). Factors internal to the client include personal attributes, neurological
musculoskeletal components, severity of condition and associated impairments. Factors external
to the client include economic and service provision factors, and environmental factors such as
interactions and opportunities provided by parents, caregivers or service providers, and
clinician’s knowledge and experience (Copley & Kuipers, 2014a; Kuipers et al., 2006; World
Health Organisation, 2007).

A clinician’s knowledge, experience and service environment guide their process of clinical
reasoning (Fleming, 1991b; Mattingly & Fleming, 1994; Unsworth, 2004). Underpinning this
reasoning is the clinician’s world view, or outlook on life and the world, characterised by
personal opinions, interpretations, biases, values, motivation and personal style (Barbosa et al.,
1998; Hooper, 1997; Unsworth & Baker, 2016). Individuals do not show homogeneity or
similarities in their world view, even following similar professional training (Wigger & Mrtek,
1994). Research from 15 years ago indicated that although therapists valued the application of
research-based evidence to practice, they relied more heavily on clinical experience when
making practice decisions (Bennett et al., 2003). Current practice aims to further integrate

clinical evidence with clinical experience, although history suggests orthotic intervention
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corrects deformity and prevents contracture, the evidence is limited and less convincing (Lannin

et al., 2017). So understanding what guides current decision making is important.

Practice decisions regarding orthosis prescription require attention to three broad elements
which include: (i) occupational goals of the individual; (ii) up-to-date information regarding
efficacy, design, materials and wearing regimes; and (iii) relevance and practicality within the
individual’s life situation (Lannin et al., 2017). Currently there are no practice specific, research
informed guidelines, regarding upper limb orthosis prescription for children with CP. The
purpose of this study was to gain evidence on occupational therapists’ viewpoints about orthosis
prescription within current clinical practice in Australia. Increased knowledge regarding what
therapists consider important (Wagman et al., 2012) when prescribing upper limb orthoses may

inform the development of clinical guidelines.

The aim of this study was to identify occupational therapists’ world views (or viewpoints)
that guide their clinical practice related to orthosis prescription for children with CP. In the
current absence of evidence regarding when orthotic intervention should be considered, what
orthoses to use for which children, and timing and length of wear (Copley & Kuipers, 1999;
Jackman et al., 2014b; Novak et al., 2013), it is expected that the viewpoints identified from
those practising in this area can be used to inform the development of specific guidelines and

future research to address some of these issues for this complex and varied clinical area.

4.2 Methods

This study was approved by the Human Research Ethics Committee of Australian Catholic
University (2017-54E) in Victoria, Australia. The research activities conformed to the provisions
of the Declaration of Helsinki. Informed written consent was obtained from each participant

prior to data collection and data were de-identified to maintain confidentiality.

A qualitative cross-sectional study utilising Q methodology was conducted. Q methodology
has an exploratory focus and is concerned with the individual viewpoint of participants (Brown,
1993; Dennis, 1986; Dziopa & Ahern, 2011; Van Exel & De Graaf, 2005). Q methodology
maintains the subjectivity of participants using rigorous objective processes (Corr, 2006).
Participants provide their perspective by sorting statements related to the topic in question
(Newman & Ramlo, 2010). Consistent with the method, no definitive hypothesis or theory was
proposed or tested for this study (Watts & Stenner, 2012). Q methodology involves the following
stages: (1) concourse development, (2) development of the Q sample, (3) selection of the

participant set (P set), (4) Q sorting, (5) factor analysis, and (6) interpretation of factors (Brown,
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1970; Chee et al., 2015; Corr, 2006; Donner, 2001; Dziopa & Ahern, 2011; Van Exel & De
Graaf, 2005; Watts & Stenner, 2012).

4.2.1 Concourse development

A body of knowledge, comprised of a collection of thoughts, ideas and information, referred
to as the concourse in Q methodology, was generated from relevant sources related to upper limb
orthosis prescription (Brown, 2008; Corr, 2001; Cross, 2005; McKenzie et al., 2011; Van Exel &
De Graaf, 2005; Watts & Stenner, 2012). The systematic review by Garbellini et al. (2017)
provided information regarding rationale for orthosis prescription and recommendations for
orthoses use from a rigorous and systematic literature search. Published information, including
textbooks, on upper limb orthosis prescription also yielded information included in the concourse.
In addition, information sourced and transcribed from three open-ended telephone interviews with
experienced occupational therapists was included in the concourse. Each occupational therapist
had more than 15 years of experience in the prescription and fabrication of upper limb orthoses
for children with CP. The development of the concourse laid the foundation from which the Q

sample was drawn (Brown, 1993; Chee et al., 2015; Dziopa & Ahern, 2011).

4.2.2 Development of the Q sample

The Q sample is a set of statements representative of the major ideas and existing opinions
on the topic (Barbosa et al., 1998; Van Exel & De Graaf, 2005; Watts & Stenner, 2012). Initial
statements were drawn from the concourse and categorised utilising the domains of the ICF-CY
(World Health Organisation, 2007) by the researchers. The statements (n=102) were reviewed
within a focus group involving four occupational therapists, reflecting the sample of intended
participants, independent to the research team and different from those previously interviewed.
This group worked to remove duplicate ideas and combine similar statements. The statements
were refined to 42 by the focus group. The researchers reviewed the 42 statements and removed
two statements due to ambiguity. A senior speech and language pathologist independently
reviewed the statements for readability and recommended changes that resulted in one statement
becoming redundant. Once recommended changes were made, the statements were run through
freely available readability software to ensure that the level of readability did not exceed a year
12 education level. As a result of these processes, the statements were further refined from 42 to
a total of 39. The focus group was sent the 39 refined statements for comment and no additional

changes were suggested. The final Q sample consisted of 39 statements.
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To enhance the rigour of the study, the Q sorting process (utilising the 39 Q sample
statements) was piloted with a purposively selected sample of three occupational therapists. This
provided a further check in regard to whether the statements were comprehensive and that there
were no irrelevant or obviously missing statements. The pilot also sought to identify if there was
any perceived burden of sorting on the potential participants and that the sorting could be

completed in an acceptable timeframe (i.e., no longer than 30 minutes).

4.2.3 Selection of the P set

The P set are the participants who sorted the Q sample statements (Van Exel & De Graaf,
2005). The P set was not random: participants were occupational therapists chosen based on their
relevance to the study’s aim, rather than their representativeness of a larger population (Van Exel
& De Graaf, 2005). Large numbers of occupational therapists were not required as the aim of Q
methodology was to identify the key opinions of the selected participant group (Thompson et
al.,, 2016; Watts & Stenner, 2005). Disparity exists in the literature as to the number of
participants for Q methodology (Dziopa & Ahern, 2011). Common sizes of participants in Q
methodology studies are between 20 and 40 participants (Corr, 2006). Watts and Stenner (2005)
recommend maintaining at least a 1:1 ratio of participants to Q sample statements and to avoid

including many more participants than statements.

The number of participants determined for the study was 39, a 1:1 ratio of participants to Q
sample statements. Occupational therapy and research managers from community service
providers, not-for-profit organisations and tertiary health services around Australia were
approached, inviting occupational therapists on staff to participate in the study. Networking and
direct contact with colleagues of one of the researchers (SG) was also utilized for recruitment.
Occupational therapists were included in the study provided they were currently active, or had
worked, in treating children with CP, regardless of length of time, and they consented to
participate. Demographic information describing the participants, including gender, years of

clinical experience and description of work organisation was collected.

4.2.4 Qsorting

From October to December 2017 participants were recruited and ranked Q sample
statements along a continuum of, “guides the least” to “guides the most” on a quasi-normal
distribution grid. The grid accommodated the 39 statements with a distribution ranging from -5
to +5 (total 11). Figure 4.1 shows a participant sorting the statements and an example of the

quasi-normal distribution grid. All sorts were done face to face with the same researcher (SG) at
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the participant’s place of work or a place convenient for the participant. The instructions set the
conditions for how the participants approached and completed the sort (Barbosa et al., 1998;
Brown, 1970; Watts & Stenner, 2012). In this study the instructions directed the participants to
rank the statements according to what guides their decision making the most, to the least, in
response to the question: What guides your decision making when prescribing upper limb

orthoses (splints) for children with cerebral palsy?

Figure 4.1  Participant sorting statements and an example of the quasi-normal distribution grid

Following completion of the Q sort the participants were asked: (i) Do you think any factors
are missing that guide your decision making? (i1) If yes, please describe them; (iii) Are you
satisfied with your final sort? and (iv) Do you have any comments? Data from participant
comments provided additional information whether statements were missing and assisted in the
interpretation and naming of the factors or viewpoints. To maintain the same set of conditions
for all participants, regardless of identification of perceived missing items, the same number and

wording of statements was provided to every participant.

4.2.5 Factor analysis

Factor analysis was employed to reduce the larger number of Q sorts to smaller groups of
factors, usually two to five, representing a common perspective (Brown, 2008). Factor analysis
was conducted utilising Ken-Q Analysis software, which was freely available online (Banasick,
2018). This involved entering the study parameters: (1) the name of the project; (ii) the Q sample
(39 statements); (iii) the Q sort range (-5 to +5) on the quasi-normal distribution grid; (iv) the
number of statements allocated for each column on the grid (see the numbers in brackets above
each column in Figure 4.1); and (v) each participant’s completed Q sort (statement rankings on

the grid). A correlation matrix was then generated as an interim step that aimed to reveal factor
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structure (Brown, 1993). A principle component analysis was run to examine the correlation
matrix and extract underlying factors that revealed the number of qualitatively different ways
the various Q sorts were organised by the participants (Barbosa et al., 1998; Brown, 2008; Corr,
2006; Wigger & Mrtek, 1994).

Factors were rotated using varimax rotation to identify how variables grouped together
(Coakes, 2010) and to maximise how much the set of observations differed from each other
(variance) (Stevens, 2002). Factor loadings provided the correlation between each of the Q sorts
and the retained factors (Brown, 1993; McKeown & Thomas, 2013) and uncovered which Q
sorts significantly loaded onto each factor. Factor loadings, with a value of 2.58 times the
standard error of each Q sort (statistically significant at p < 0.01), were used to identify the Q
sorts correlated with each factor (Brown, 1980, 1993; McKeown & Thomas, 2013; Newman &
Ramlo, 2010). Standard error (SE) was calculated using the formula SE=1/\n, where n is the
number of statements in the Q sample (Brown, 1993; McKeown & Thomas, 2013). Therefore,
loadings of > +0.4131 (calculated by 2.58(1/739)) (McKeown & Thomas, 2013) identified the
Q sorts correlated with each factor. Q sorts that significantly loaded onto more than one factor
or did not significantly load onto any of the factors were excluded from further analysis. The
weighted average statement score (factor score) of the Q sorts that defined each factor were

calculated (Van Exel & De Graaf, 2005) and standardised to reflect a z-score (Atchley, 2007).

Representative Q sorts, demonstrating the average Q sort arrangement associated with each
factor, were created by listing each statement in order of largest positive to largest negative z-
score for each factor. The z-score determined where each statement was placed on the sorting
grid of the representative Q sort (Brown, 1980; Donner, 2001; McKeown & Thomas, 2013;
Newman & Ramlo, 2010; Wagman et al., 2012). Statements placed in statistically significantly
locations between any pair of factors were identified as distinguishing statements. Statements
that did not distinguish between any pair of factors were identified as consensus statements

(Dziopa & Ahern, 2011). These final factors were then interpreted and named as viewpoints.

4.2.6 Interpretation of factors

The interpretation and naming of collective viewpoints was informed by the qualitative
synthesis of three key outputs generated by the Ken Q analysis software: (i) the representative
Q sorts; (ii) the distinguishing statements, positioned in the section of the grid that guided
decision making the most in each of the representative Q sorts; and (iii) the consensus statements.
Comparison of the position of statements on each representative Q sort, how the placement of
statements distinguished the sorts from one another or demonstrated consensus, provided the

framework for interpreting and naming each viewpoint.
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4.3 Results

Analysis of the Q sorts completed by 39 of 41 participants approached (38 female; 1 male)
resulted in three factors, each representing a viewpoint. The two participants approached who
did not complete the Q sort were time limited when approached and subsequently, once 39
participants were reached, were no longer required to participate. The proportion of female to
male participants is representative of 91.2% of females compared to 8.8% of males registered to
practice occupational therapy in Australia in 2017 (Occupational Therapy Board of Australia,
2017). The years of the participants’ practice, including years of practice with children with CP,
their highest level of tertiary education, at the time of Q sort completion, and their self-reported
level of experience with orthotic intervention (King et al., 2008) is displayed for each participant
in Table 4.1 and arranged according to factor loadings associated with their Q sort. Thirty four
Q sorts correlated with one of the three viewpoints (numbers in bold in the table). Five of the 39
Q sorts, not bolded, significantly loaded on more than one of the viewpoints and were therefore

excluded from further analysis.

Table 4.2 displays the z-score of each statement, its rank (1-39) and represented Q sort value
in parentheses (i.e. number on the grid) for each viewpoint. All statements are shown in
descending order from distinguishing to consensus. Numbers in bold indicate a distinguishing

statement for the individual viewpoints.
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Table 4.1 Participant demographics arranged according to factor loading
Participant demographics for each sort Factor Loading
Years of Years of Orthotic
clinical experience Highest level intervention
Qsort experience with CP  of education experience Factor 1 Factor 2 Factor 3
Qsort 11 19 16 Masters Experienced  0.8572  0.0508  0.1479
Qsort 10 10 5 Bachelor Intermediate  0.7779  0.0231  0.2894
Q sort 20 5 4 Bachelor Novice 0.6736 0.5016  0.1322
Qsort 5 28 28 PhD Experienced  0.6494  0.2301  0.2894
Q sort 31 23 3 Bachelor Intermediate  0.5879  0.4430  0.3298
Q sort 38 30 26 Bachelor Intermediate  0.5743 -0.0654  0.4140
Qsort 6 5 2 Honours Intermediate  0.5719  0.3842  0.2897
Q sort 29 2 2 Honours Novice 0.5646 0.3454  0.1460
Q sort 25 2 2 Bachelor Novice 0.5443 0.1282  0.3032
Q sort 28 15 7 Masters Novice 0.5418 0.0601  0.4561
Q sort 32 7 7 Bachelor Intermediate  0.4832  0.0958  0.2579
Q sort 12 5 1 Bachelor Novice 0.4648 0.3579 -0.0060
Q sort 2 14 7 Bachelor Intermediate  0.2305  0.7949  0.2489
Q sort 33 7 5 Bachelor Intermediate  -0.0279  0.7359  0.1006
Q sort 14 12 2 Honours Experienced  0.3645  0.6935  0.2855
Q sort 34 5 5 Bachelor Intermediate  0.5373  0.6894 -0.1090
Q sort 35 27 7 Post Grad Experienced -0.0301  0.6475  0.4825
Qsort 1 25 23 Bachelor Intermediate  0.3516  0.6077  0.4125
Q sort 39 20 20 Honours Intermediate  0.5532  0.6051  0.1122
Qsort 21 7 5 Honours Intermediate  0.5336  0.5847  0.0623
Qsort 15 18 18 PhD Experienced -0.1797  0.5756  0.2888
Qsort9 42 35 PhD Experienced  0.1073  0.5224  0.4950
Q sort 30 10 8 Bachelor Intermediate  0.3354  0.5096 0.3216
Q sort 3 25 25 Bachelor Intermediate  0.3116  0.4807  0.2819
Qsort 16 25 9 Post Grad Novice 0.1328 0.1796  0.7947
Qsort 17 25 1 Bachelor Novice 0.3370  0.1223  0.7353
Q sort 22 18 15 Post Grad Intermediate  0.2048  0.1732  0.7263
Q sort 18 6 6 Honours Intermediate  0.3171  0.3301  0.7112
Q sort 7 12 7 Post Grad Intermediate  0.3282  0.0767  0.6774
Qsort 19 17 13 Post Grad Intermediate  0.2201  0.3141  0.6553
Q sort 13 11 11 Honours Experienced  0.0860  0.3437  0.6510
Q sort 23 9 7 Honours Intermediate  0.2680  0.4330  0.6378
Q sort 36 23 4 Honours Intermediate  0.3083  0.4415  0.6305
Q sort 4 35 20 Masters Novice 0.5573  0.0052  0.5574
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Participant demographics for each sort Factor Loading
Years of Years of Orthotic
clinical experience Highest level intervention
Qsort  experience with CP  of education experience  Factor 1 Factor 2 Factor 3
Qsort 8 25 25 PhD Experienced  0.4226  0.4833  0.3896
Q sort 24 8 6 Bachelor Novice 0.3615 0.5691 0.4572
Q sort 26 5 2 Bachelor Novice 0.5222 04730 0.4003
Q sort 27 12 12 Bachelor Intermediate  0.4296  0.3386  0.4627
Q sort 37 11 9 Masters Intermediate  0.5219  0.3660  0.5154
Percentage of explained variance 20 19 20
Number of defining variables 12 12 10
Factor score correlations Factor 1 Factor 2 Factor 3
Factor1 1 0.6087  0.6576
Factor2 0.6087 1 0.6463

Factor3 0.6576 0.6463 1

Note: numbers in bold indicate Q sorts highly correlated with that factor (p < 0.01); CP cerebral palsy
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Chapter Four. Factors guiding the prescription of upper limb orthoses for children with cerebral palsy

Three representative Q sorts were derived from the data and interpreted as representing the
following collective viewpoints: [. Potential effect of the orthosis; 2. Biomechanical

presentation,; and 3. Client therapist relationship.

4.3.1 Viewpoint 1: Potential effect of the orthosis

Viewpoint 1 (derived from Factor 1) accounted for 20% of the explained variance with 12
Q sorts significantly associated with this factor (see Table 4.1). The representative Q sort for
viewpoint 1 is shown in Figure 4.2. This viewpoint was characterised by the cluster of positively
ranked statements on the right side of the grid, representing the potential effect of the orthosis in
guiding decision making the most. Positive z-scores of the distinguishing statements within this
cluster of statements (see Table 4.2) for this viewpoint included: Potential to cause harm (Q sort
value 4); Evidence in the literature to support the use of a splint (Q sort value 3); and Skin
hygiene (Q sort value 3).

Figure 4.2 Representative Q sort for viewpoint 1
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4.3.2 Viewpoint 2: Biomechanical presentation

Viewpoint 2 (derived from Factor 2) accounted for 19% of the explained variance with 12
Q sorts significantly associated with this factor (see Table 4.1). The representative Q sort for
viewpoint 2 is shown in Figure 4.3. This viewpoint was characterised by the cluster of positively
ranked statements on the right side of the grid, representing the perspective of biomechanical
presentation guiding decision making the most. Positive z-scores of the distinguishing statements
within this cluster of statements (see Table 4.2) for this viewpoint included: Potential for splint
to improve function (Q sort value 5); Loss of active range of motion (Q sort value 4); Client’s
goals (Q sort value 3); The position of thumb (Q sort value 3); Wrist, finger and thumb movement
in relation to each other during a task (Q sort value 3); The position of the wrist (Q sort value
2); Ability to grasp and release (Q sort value 2); Current level of hand function (Q sort value 2);
and Severity of spasticity (Q sort value 1).

Figure 4.3 Representative Q sort for viewpoint 2
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4.3.3 Viewpoint 3: Client-Therapist relationship

Viewpoint 3 (derived from Factor 3) accounted for 20% of the explained variance with 10
Q sorts significantly associated with this factor (see Table 4.1). The representative Q sort for
viewpoint 3 is shown in Figure 4.4. This viewpoint was characterised by the cluster of positively
ranked statements on the right side of the grid, representing the partnership between the
child/carer(s) and therapist guiding decision making the most. Positive z-scores of the
distinguishing statements within this cluster of statements (see Table 4.2) for this viewpoint
included: The client is willing to wear the splint (Q sort value 4); The carers recognise and
understand the need for the splint (Q sort value 3); The position of thumb (Q sort value 2); The
client/carer will put the splint on correctly (Q sort value 2); and [The therapist’s] Knowledge of
pathophysiology of cerebral palsy (Q sort value 2).

Figure 4.4  Representative Q sort for viewpoint 3

Six consensus statements were identified (see Table 4.2) with no statistically significant

difference in Q sort value across all three viewpoints. The statements were ranked in a similar
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position across all viewpoints on the Q sort grid indicating agreement on how much the statement
guided decision making regarding orthosis prescription. Occupational therapists agreed that
splint tolerance had a positive ranking (viewpoint 1: Q sort value 2, viewpoint 2: Q sort value 1,
viewpoint 3: Q sort value 1). There was also agreement with the negative ranking of some
statements: the client wants to change the look of their hand (viewpoint 1: Q sort value -2,
viewpoint 2: Q sort value -2, viewpoint 3: Q sort value -2); muscle weakness (viewpoint 1: Q
sort value -3, viewpoint 2: Q sort value -2, viewpoint 3: Q sort value -2); health professional
request for splint (viewpoint 1: Q sort value -2, viewpoint 2: Q sort value -2, viewpoint 3: Q
sort value -3); proficiency in splint fabrication (viewpoint 1: Q sort value -4, viewpoint 2: Q sort
value -4, viewpoint 3: Q sort value -5); and access to funding for splint (viewpoint 1: Q sort
value -5, viewpoint 2: Q sort value -5, viewpoint 3: Q sort value -4). These negatively ranked

statements were consistently considered to guide decision making the least.

Twenty five participants responded they did not think there were any missing statements.
Missing statements identified by 11 participants could generally be mapped to one of the existing
statements. For example, “improving function for task specific activity” (Participant 38) could be
mapped to statement 17, potential for splint to improve function. Some of the suggested statements
were based on personal and environmental contextual factors (World Health Organisation, 2007).
For example, “child’s sleep and level of physical involvement” (Participant 5), “clinical anxiety in
the child” (Participant 8), and “climate/environment” (Participant 39) were mapped to statement
35, the client’s perceived success or failure with previous splint use, statement 36, the client is
willing to wear the splint, and statement 37, splint tolerance respectively. When asked if they were
satisfied with their final sort: 24 (62%) participants said yes; 11 (28%) said they were mostly
satisfied; and 4 (10%) said they were not. The reasons for not being satisfied with the final sort
included: the individualised nature of decision making for splinting, including goals and
scientifically gained evidence; difficulty generalising decision making; and difficulty with the

forced sort of the statements as many of the statements guided decision making.

4.4 Synthesis of results

The most highly ranked statement across the three viewpoints, based on z-score, rank (1-
39) and Q sort value, was client’s goals. This statement’s z-score for viewpoints 1, 2 and 3 was
2.03 (rank 1), 1.25 (rank 4) and 2.03 (rank 1), respectively. The average Q sort value, in order,
on the representative Q sort was five, three and five. Even though the client’s goals statement
was not a statistically significant consensus statement among all three viewpoints, its highly

ranked position indicates the primary regard occupational therapists place on the client’s goals
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when deciding on upper limb orthosis prescription. This view, as presented in Figure 4.5, has

been interpreted as an overarching perspective for the three identified viewpoints.

Figure 4.5  Occupational Therapist’s viewpoints that guide orthosis prescription decision making

4.5 Discussion

Knowledge about how occupational therapists balance ideas that influence decision making
in prescribing upper limb orthoses for children with CP provides a better understanding of
decision making within this complex area of clinical practice. The process of by-person factor
analysis within Q methodology reduced many statements that guide orthosis prescription
decision making for children with CP to three viewpoints that may inform occupational therapy
practice. Occupational therapists with varying levels of clinical experience, years of treating
children with CP, education and self-determined experience with orthotic intervention were
represented in each of the three viewpoints. This highlights the varied approaches to decision

making regarding orthosis prescription and the complexity of the clinical area.

The first viewpoint, potential effect of the orthosis, revealed an eclectic clustering of
statements that was not as obvious to interpret and name as the second and third viewpoints. The
viewpoint was distinguished with statements that had an occupation focus, supported by
evidence within the literature, regarding the outcome of the orthotic intervention itself. Decision

making for this viewpoint was guided the most by upper limb orthotic intervention having the
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potential to improve or impede function. This viewpoint did not appear to take a reductionist
view of impairment, rather it considered promoting clients’ engagement in occupation and
meeting their occupational needs, utilising upper limb orthoses as the primary intervention
strategy (Fisher & Bray Jones, 2017). This viewpoint is consistent with the conceptual
framework of the Canadian Model of Occupational Performance where the focus is on the
dynamic interaction between the person, environment and occupation that results in occupational

performance (Boniface et al., 2008; Boniface & Seymour, 2013; Law & Laver-Fawcett, 2013).

The second viewpoint, biomechanical presentation, revealed a clustering of statements
distinguished by range of motion, wrist and thumb joint positions, wrist, finger and thumb
movement in relation to each other during a task, ability to grasp and release and current level
of'hand function. These statements align with biomechanical principles considered when making
decisions about orthotic intervention. Biomechanical principles include assessment of joint
structure and alignment, changes in muscle and soft tissue length, and muscle imbalance (Copley
& Kuipers, 1999, 2014b). Biomechanical principles also use the principles of physiology and
physics to explain successful application of orthoses to remediate changes in joint, muscle and

soft tissue (Wilton, 2013a).

The third viewpoint, client-therapist relationship, revealed a clustering of statements that
had a theoretical underpinning of client centred care. Client centred care has a focus on the
dynamic relationship of the client and therapist (Parker, 2013). The therapist engages with the
client to provide them with clinical information, including information based on the therapist’s
knowledge of the pathological processes and musculoskeletal changes that occur within cerebral
palsy, to allow the client to make informed decisions about their needs. This collaboration
establishes an understanding of the intervention and promotes participation in therapy (Parker,
2013; Sumsion & Law, 2006). This viewpoint demonstrates the importance of the client, carer

and therapist working together to facilitate successful upper limb orthotic intervention.

Consensus statements, identified by consistent ranking of statements across all viewpoints,
highlighted that environmental variables of access to funding, proficiency in orthosis fabrication
and health professional requests for an orthosis, guided occupational therapists the least when
making a decision regarding orthosis prescription. Caution in interpreting this is required to not
diminish the importance of the individual statements. In the process of Q sorting, a forced sort
on the quasi-normally distributed grid, statements had to be placed at the ‘guides the least’ value.
This does not mean they do not guide decision making, only that they are less influential than

the other statements.
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The viewpoints identified in this study can be aligned with the recommendations for continued
clinical use of upper limb orthotic intervention as presented by Garbellini et al. (2017). The
biomechanical presentation viewpoint aligns with the first recommendation from the systematic
review of describing the dynamic interplay of wrist and finger musculature as part of a
comprehensive upper limb assessment. The therapist’s decision making regarding orthosis
prescription is guided by the structures of the upper limb that are potentially limiting movement.
The potential effect of the orthosis and client-therapist relationship viewpoints align with the
second recommendation of the systematic review to provide clear documentation of the use of the
orthosis as an intervention including the aim or intended effect. Documenting the use and aim of
the orthosis clarifies what the therapist is trying to remediate with the intervention, for example
enhancing engagement in occupation during specific activity while wearing the orthosis. Having
a clearly documented aim of orthosis use also allows transparency in decision making,
collaboration and communication with the client, allowing them to make an informed decision
regarding participation in the intervention. The biomechanical presentation viewpoint aligns with
the third recommendation of the systematic review that orthoses should be described using
consistent terminology. Utilising biomechanical principles, the therapist can describe the orthosis
based on the anatomical focus and the purpose of the orthosis (immobilisation, mobilisation,
restriction or torque transmission) on the upper limb (Australian Hand Therapy Association, 2012;
Colditz, 1996; Fess et al., 2004; Garbellini et al., 2017; American Society of Hand Therapists,

1992). These viewpoints could be refined to inform the development of clinical guidelines.

The challenge in prescribing upper limb orthoses for children with CP may be in balancing
the three viewpoints to guide decision making: 1. The potential effect of the orthosis, 2.
Biomechanical presentation; and 3. Client-therapist relationship. Further exploration of the
relationship between actual practice and these viewpoints is needed. As identified in this study,
the elements of orthosis prescription decision making not only encompass individual occupational
goals, evidence, relevance and practicality within the individual’s life situation (Lannin et al.,
2017), but also includes the biomechanical principles considered by occupational therapists

(Copley & Kuipers, 1999, 2014b; Wilton, 2013a). Future clinical research is required to:

1. Identify valid and reliable classification and assessment tools to guide decision making
regarding orthosis prescription (encompassing the viewpoints from this study).
2. Establish the effect of orthotic intervention through connecting the aim of orthotic

intervention and the purpose of the orthosis utilising valid and reliable outcome measures.
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A strength of this study was the robust process followed in the selection of Q sample
statements, structured on the ICF-CY (World Health Organisation, 2007), refined by a focus
group and piloted prior to commencement of Q sorting. The judgement of the researchers in
interpreting and ascribing meaning to the viewpoints was guided by the data, but remains a

complex process and may be seen as a limitation.

4.6 Conclusion

Upper limb orthotic prescription for children with CP is complex and the reasons to use
orthoses may be influenced by many factors. Through the application of Q methodology, this
study identified ‘client goals’ as a primary value that precedes three viewpoints for guiding
decision making. The viewpoints were: . Potential effect of the orthosis; 2. Biomechanical
presentation; and 3. Client-Therapist relationship. The main elements contributing to each of
these viewpoints were identified and discussed. These viewpoints may be used to provide
structure in the identification of valid and reliable classification and assessment tools that may
contribute to the development of domain specific guidelines when determining upper limb
orthosis prescription for children with CP. The challenge for future clinical research is to connect
the potential effect of the orthosis for a particular client, as decided by the therapist, with the
purpose of the orthosis itself, informed by biomechanical presentation of the client, to establish

the effect of the intervention.
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Abstract

Background: Occupational therapy research has not fully utilised available research methods
when exploring occupational therapists' views on specific interventions and service provision
nor when exploring consumer priorities and the impact of occupational therapy services. Q
methodology, a quantitative method for the systematic assessment of qualitative data, is an

approach that can be used to examine viewpoints related to occupational therapy practice.

Purpose: This paper adds experiential knowledge to guide researchers new to navigating Q
methodology and encourages occupational therapy researchers to consider the application of Q

methodology when exploring viewpoints pertinent to practice and research.

Key issues: This paper provides more detailed reflection on each stage of Q methodology than
is currently available in the literature, with a focus on the factor analysis stage, to support

successful implementation of this method.

Implications: Sharing experience in implementing Q methodology may inform and encourage
researchers in its use as one approach to combine qualitative methods and quantitative data
analysis techniques. The rigor of the method’s processes may add credibility to identified

viewpoints and how they could inform occupational therapy practice.
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4.8 Introduction

Health-based research is characterised by a broad range of qualitative methodologies.
Occupational therapy researchers, however, have not fully utilised some of these methods to
facilitate a better understanding of the consumer perspective regarding priorities for occupational
therapy programs and the impact those programs have on the daily lives of the consumer (Borell
etal., 2012). To assist with evaluating the effect of programs and implementing research findings
into practice, Rapport et al. (2018) encourage the researcher to include consumer perspectives
to inform health care research and service provision. Q methodology was identified by Corr
(2001) as a potential approach to explore and determine subjective viewpoints and attitudes
towards occupational therapy interventions, service provision, education and the occupational
therapy profession. Despite Corr’s encouragement, Q methodology is not commonly used in

occupational therapy research.

Q methodology incorporates quantitative techniques for the systematic assessment of
qualitative data (Brown, 1993; Dziopa & Ahern, 2011). Participants are asked to rank stimuli,
usually statements, on a quasi-normally distributed grid, that provides one place for each
statement. The statements are drawn from a larger body of information, representing the range
of views on the topic, called the concourse (Kenward, 2019; Van Exel & De Graaf, 2005). The
statements, defined as the Q sample, are ranked on a continuum, for example agree/disagree,
most important/least important, according to the participant’s perspective on a given topic (Chee
et al., 2015; Corr, 2006; Dziopa & Ahern, 2011; Watts & Stenner, 2012). How the statements
are placed on the grid are analysed with by-person factor analysis to identify the number of
different ways the statements have been organised, which are then interpreted and labeled as
viewpoints (Brown, 2008). This relatively straightforward description of Q methodology belies

the rigorous, and somewhat complex, process of the method itself.

There is a misconception that Q methodology involves quantitative assessment (Dziopa &
Ahern, 2011). However, Watts and Stenner (2005) describe it as a highly unusual qualitative
research method featuring quantititive methods. The sorting of statements by the participant,
from their point of view, is a dynamic way in which subjectivity can be expressed (Brown, 1993;
Dziopa & Ahern, 2011). Q methodology employs by-person factor analysis to identify themes,
determined by comparing how participants rank a set of statements (Dziopa & Ahern, 2011;
Watts & Stenner, 2005). This interpretive approach to participant-driven subjectivity aligns with

a qualitative paradigm of inquiry.
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Q methodology has been described as a set of connected techniques within two key phases
of data collection and data analysis (Baker, 2016). The process to collect and analyse data is
comprised of the following stages: 1) concourse development; ii) development of the Q sample;
1i1) selection of the participant set (P set); iv) Q sorting; v) factor analysis; and vi) interpretation
of factors (which comprise the viewpoints) (Chee et al., 2015; Corr, 2006; Dziopa & Ahern,
2011; Watts & Stenner, 2012). The stages of the Q methodology process are presented in Figure
4.6. Application of the stages provides the basis for systematic examination of the subjective

viewpoints of study participants (Brown, 2008).

Figure 4.6  The Q method phases and stages, and reflection on the knowledge needed to implement
the method

For more information and resources regarding Q methodology see www.qmethod.org. For
a more detailed description on the stages of Q methodology, as presented in Figure 4.6, readers

are referred to Brown (1993); Corr (2001); Dziopa and Ahern (2011); Watts and Stenner (2012).

The qualitative approach of Q methodology aligns with the holistic nature of how people
perceive themselves and view their daily activities in the world in which they live (Robertson,
1988). Q methodology provides a flexible approach combining qualitative methods of data

collection and interpretation, with quantitative by-person factor analysis, to gather viewpoints
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on the dynamic relationship between the person, environment and occupation (Boniface &
Seymour, 2013; Robertson, 1988). Using Q methodology, the occupational therapy researcher
can: (1) convey what it is like to have a condition; (ii) reflect on the features of a service or
system; (iii) convey the perspective of a patient/client experience; (iv) convey the perspective
on a hospital or community experience; and (v) summarise viewpoints from different groups,

for example, occupational therapists (Robertson, 1988).

Q methodology has been applied in published occupational therapy and occupational

science research to identify:

— Patients’ perception of curative factors in occupational therapy groups (Webster &
Schwartzberg, 1993);

— The comparison of an occupational therapy definition and consumers’ experiences (Corr
et al., 2005);

— What is considered important for life balance (Wagman et al., 2012);

— Viewpoints on community mobility and participation in older age (Fristedt et al., 2012);

— Food activities and maintenance of identity in later life (Plastow, 2014);

— Viewpoints on driving of individuals with and without autism spectrum disorder (Chee et
al., 2015);

— Parents' viewpoints regarding the participation of their child with an acquired brain injury
(Thompson et al., 2016);

— Identifying outcomes related to occupational therapy student community partnerships
(Kramlinger et al., 2016);

— The role of Filipino occupational therapists in substance addiction and rehabilitation (Sy et
al., 2018); and

— Prescribing upper limb orthoses for children with cerebral palsy: a Q methodology study of

occupational therapists' decision making. (Garbellini et al., 2019).

These ten studies, identified from a comprehensive search, provide diverse examples of the
application of Q methodology in occupational therapy research. Occupational therapists have
also been active participants in published studies using Q methodology (Clarke & Holt, 2015)
and probably in Q methodology studies either not submitted for publication, or not published.
Dziopa and Ahern (2011), in a systematic review on the application of Q methodology, reflected
that the topics Q methodology can examine are limited only by the researcher’s imagination. So
the question remains as to why Q methodology has not been utilised more in occupational

therapy research.
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In a paper on qualitative research in occupational therapy, Frank and Polkinghorne (2010)
stated that new researchers acquire standards for qualitative research from published examples.
The atypical nature of Q methodology and varying applications of the methodology within the
literature has been described as a source of confusion (Dziopa & Ahern, 2011). For occupational
therapy researchers seeking guidance from published examples, the stages of Q methodology
are provided (Brown, 1993, 2008; Corr, 2001; Dziopa & Ahern, 2011), but detail about what is
undertaken within each of the stages may appear contradictory across various publications. This

lack of clarity is problematic for the researcher new to this method.

The purposes of this paper are to add experiential information to guide researchers new to
Q methodology and to encourage occupational therapy researchers to consider the application
of Q methodology to explore consumer, clinician and other stakeholder viewpoints that may
inform service provision and further research. The study by Garbellini et al., (2019) provided
the experiences that informed this discussion of Q methodology that aims to assist future
researchers and people reading Q methodology papers with interpreting the evidence provided.
A lack of clarity and variability in approach to choosing factors to retain and interpret within the
data analysis phase was identified as a gap in the literature. This gap guided the critical reflection
reported in this paper that describes our experience and provides direction for researchers new

to Q methodology.

4.9 Critical reflection

Experience gained using Q methodology to explore occupational therapists decision making
when prescribing upper limb orthoses for children with CP (Garbellini et al., 2019), formed the
basis of this critical reflection. Reflections on each stage of the process of Q methodology are
detailed in Figure 4.6. Although the research team encountered challenges throughout the stages
of the Q methodology process, most challenges were experienced during the data analysis phase,
particularly within the stage of factor analysis. Watts and Stenner (2012) suggest that the
interpretation of factors has less to do with aims of the investigators and more to do with the
chosen number of factors to retain, method of rotation and the factors investigators decide to
interpret. Understanding the steps to choose factors to retain and rotate, within the factor analysis
stage, was critical to determining the number of collective viewpoints (factors) and naming them
in the interpretation stage. Therefore, this paper provides information aimed at detailing these
steps of the method. Figure 4.7 provides a summary of data management steps undertaken within

the factor analysis stage.
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Figure 4.7 Q method stage of factor analysis

We experienced greatest challenge in selecting factors to retain and rotate (refer to Step
three in Figure 4.7). Direction was taken from the studies by Chee et al. (2015) and Thompson
et al. (2016) who applied the following five criteria to select factors:

1. Use of the default number for extraction within the software (PQ Method software
(Schmolck, 2014))

2. Inclusion of factors with an eigenvalue of greater than one

3. At least two significant factor loadings required per retained factor

4. Multiplication of the highest two significantly loading factors should be greater than twice
the standard error (Humphrey’s rule)

5. All factors displayed prior to the scree plot levelling or plateauing should be retained

Application of these criteria to the data analysed within our study (Garbellini et al., 2019) is
presented in Table 4.3. It was identified that strictly following the methods of these previous
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studies would have resulted in only one factor, meeting all five criteria (see Factor 1 in Table 4.3),
being retained factor for rotation. This decision would have limited the interpretation stage to the
identification of one broad, and difficult to interpret, viewpoint versus the three viewpoints
ultimately identified. Our experience suggests that the criteria should be applied to guide, not
limit, selection of factors to retain for factor rotation. When these five criteria were used as a
guide and applied without strict adherence, it allowed a more nuanced insight into the number of
factors to retain for rotation. Our approach aimed to find the balance between identifying an

amorphous single viewpoint and multiple individual perspectives.

Table 4.3 Application of selection criteria to retain factors

Factor
Selection criteria 1 2 3 4 5 6 7 8
1. Default number in software J J J J J J J J
2. Eigenvalue® > 1.0 v vy v v v v V
3. Two significant factor loadings J J J X X X X X
4. Humphrey’s rule J X X X X X X X
5. Scree plot test J ? ? ? X X X X

Key: v/ - Yes; X - No; ? - Dependent on where the levelling of the scree plot is determined.
°Eigenvalue is the sum of squared factor loadings for each factor (Brown, 1980).

The output generated by the Ken Q analysis software following factor rotation allowed
relatively fast visual inspection of multiple combinations of retained factors. This confirmed the
selection of factors to retain related to criteria one, two and five. A comparison of each different
combination of retained factors with the number of Q sorts (participant’s ranking of selected
statements; refer to Figure 4.6, Stage 4) that significantly loaded onto each factor (refer to step
four in Figure 4.7) guided the selection of the final factors for interpretation. As the number of
factors retained increased, it was gradually clearer as to when the number of Q sorts loading onto

each factor were less related to a collective viewpoint and more to an individual perspective.

Application of criteria three and four, as in the studies by Chee et al. (2015) and Thompson
et al. (2016) guided selection of final factors in our study, ensuring two significant factor loadings
per retained factor and that the multiplication of these was greater than the standard error (refer
to Step four in Figure 4.7 and Table 4.3). This approach, of iteratively comparing a combination
of retained factors with consideration of the criteria applied by Chee et al. (2015) and (Thompson

et al., 2016), provided a more nuanced insight in determining the final number of factors.
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The interpretation and naming of viewpoints (refer to Figure 4.6, Stage 6) by Garbellini et
al. (2019) was informed by review of three key outputs from the Ken Q analysis software: (i) the
representative Q sorts (the average Q sort arrangement for each viewpoint; refer to Step six of
Figure 4.7); (i1) the distinguishing statements; and (ii1) the consensus statements. Comparison of
the position of statements on the grid of each representative Q sort, how the placement of
statements distinguished the sorts from one another or demonstrated consensus, provided the
framework for naming of each viewpoint. The challenge of this part of the process was
determining a name for each viewpoint that was indicative of the qualitative category of thought

it represented within the context of the issue under investigation (Brown, 1993).

The final outcome of the Q methodology study was a product of qualitatively generated
statements, qualitatively sorted by participants, quantitatively analysed with by-person factor
analysis, qualitatively interpreted and named. This incorporation of quantitative techniques
within qualitative methodology is encouraged as one method to ensure that viewpoints of the
consumer, and/or stakeholder, and/or community perspective is included in future occupational

therapy research.

410 Summary

Q methodology is a rigorous research process, employing both qualitative and quantitative
methods, that may be utilised in occupational therapy research to explore consumer and therapist
viewpoints regarding interventions, service provision and the profession itself. This paper
highlights issues to consider for future utilisation of this method. An understanding of each stage,
in particular the factor analysis stage of the process, allows successful implementation of the
method. Sharing of practical experience utilising Q methodology may inform and encourage
occupational therapy researchers in its use and aid clinicians reading studies that use Q
methodology in their interpretation of the evidence. Having a rigorous process to follow may
add credibility to the viewpoints identified and how these viewpoints could inform occupational

therapy practice and research.
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Key messages

— Qmethodology can be used in occupational therapy research to explore consumer and therapist
viewpoints regarding interventions, service provision, priorities and the profession itself.

— Q methodology employs a specific, repeatable process within each stage of the research
process to ensure rigor.

— Q methodology provides an approach to combining qualitative research methods with

quantitative analysis techniques to understand viewpoints of interest.

END OF PUBLICATION 3

4.11 Chapter Conclusion
Conclusions

Findings from the Q methodology study highlighted the complexity of upper limb orthosis
prescription for children with CP, and clinicians’ varied approaches to decision making. When
considered together, the three viewpoints identified from this qualitative study could be used to
inform upper limb orthosis prescription as aligned with the ICF framework (World Health
Organisation, 2001).

The first viewpoint, the potential effect of the orthosis, aligns with activity and participation
domains. The decision to prescribe an upper limb orthosis may be guided by whether an orthosis

will meet the client’s occupational needs and promote their engagement in occupation.

The second viewpoint, the biomechanical presentation of the client, aligns with the body
structures and function domains. Assessment of changes in muscle length, joint structure and
alignment and movement resulting from muscle imbalance of the wrist and hand (hand

deformity) may guide decision making for orthosis prescription.

The third viewpoint, the client-therapist relationship, aligns with the personal and
environmental contextual factors within the ICF framework (World Health Organisation, 2001).
Orthosis prescription may be guided by the client’s previous experience with the intervention,
family/carer support of the intervention and the therapist’s experience, expertise and the

environmental constraints (i.e. time demand, available resources) within which they work.

Reflection on the systematic review by Garbellini et al. (2017) and the detailed discussion
presented in Chapter 3 identified a lack of biomechanical considerations, as part of upper limb

orthosis prescription, as a gap within the current literature. While biomechanical considerations
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are not a feature of research studies, in practice at least some clinicians consider biomechanical
information important when prescribing an upper limb orthosis. This Q methodology study
identified that clinicians’ decision making regarding upper limb orthosis prescription was not
only guided by the potential effect of the orthosis and client-therapist relationship, but also by

the client’s biomechanical presentation of wrist and hand movement.

The systematic review by Garbellini et al. (2017) recommended further exploration and
identification of valid and reliable tools to classify the dynamic interplay of wrist and finger
muscle movement. To address the lack of movement analysis or use of available clinical
resources identified in the literature, the introduction of the Neurological Hand Deformity
Classification (NHDC) to classify hand deformity from the dynamic interplay of the client’s
wrist and finger movement (Chapter 5) and exploration of the psychometric properties of validity
and reliability of the NHDC (Chapter 6) is the focus of the following chapters of this doctoral

program.
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5.1 Introduction

Hand deformities can occur as a result of imbalance in wrist and finger muscle groups
caused by positive and negative neurologically-based features (Chin et al., 2005; Copley &
Kuipers, 2014b). Consideration must be given to how musculoskeletal and neural factors interact
with each other and cause the dynamic presentation of hand deformity. Scales that discriminate
between the characteristics influencing hand position or movement (Copley & Kuipers, 2014a)
and consistent patterns of hand deformity observed in clinical practice have been developed

(Wallen & Stewart, 2016).

The Neurological Hand Deformity Classification (NHDC) is one such tool developed to
facilitate analysis of the biomechanical components of hand deformity. Information from the use
of the NHDC may guide the selection of interventions to prevent or remediate impairment.
Despite its availability, the NHDC has not been applied in research studies. This might be due
to its limited psychometric properties or the need to have more detailed information on its
application. Initial reliability of the NHDC has been explored (Georgiades et al., 2014). No
evidence of construct validity or test-retest reliability was established. Following this initial
reliability study, a lack of procedural guidelines in the application of the NHDC was identified
by the author of this doctoral program. To ensure consistency in observation and recording of
hand deformity using the NHDC a standardised procedure was developed and completed as part
of this doctoral work. Background information on the NHDC, its aims and standard procedure,

presented as a manual and website (Garbellini & Wilton, 2017) are provided in this chapter.
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5.2 Neurological Hand Deformity Classification Manual
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5.3 Chapter Conclusion

This chapter has provided the procedural information that was developed, in the form of a
manual and a website, for the use of the NHDC. The focus of the next chapters of this doctoral
program were to: explore the psychometric properties of construct validity and test-retest and
inter-rater reliability of the NHDC (Study 3, Chapter 6); and present the clinical application of
the NHDC in the form of case studies (Study 4, Chapter 7).

117






Validity and reliability of the Neurological
Hand Deformity Classification

6.1 INETOAUCTION ... ettt et e e et e s e ens 120
6.2 StUAY PUIPOSE ..ottt ettt ettt ettt ettt s st e e ssaeenteenseesaaeenseenneas 120
6.3 Extended methodolOgy........cccviiiiiiiiiieiiiece e 120

UNPUBLISHED MANUSCRIPT — THE NEUROLOGICAL HAND DEFORMITY
CLASSIFICATION: CONSTRUCT VALIDITY, TEST-RETEST AND INTER-RATER RELIABILITY.. 130

ManUSCIIPE AELAIIS .....couiiiiiiie ettt e et e e s te e s b e e enbeeenreees 130
W 0113 1o APPSR 131
6.4 INEEOAUCTION ...ttt et e et e e e e 132
6.5 1Y (11510 T SRS 136
6.6 RESUILS ..ottt ettt e e e e e e e b e e e naeeennes 142
6.7 DIISCUSSION ..c.eviieireeeiieeeeteeeeiteeeteeeeteeestreeetreesebeeesabeeesseesaresessseeentsaesesesensseeenseeas 145
6.8 CONCIUSION. .....viieitieciiee et eeitee et e et ettt e ete e e e be e e eabeeeteeesaveeessseeenteeesereseereeenneeas 147
6.9 ACKNOWIEAZEMENLS ......eieiiieeiiieciec et e eae e e 148
6.10 SUpPOTting INFOTMATION ...cceviieiiiieiie ettt e e e ebe e e sbeesneeee e 149
6.11 Chapter CONCIUSION .........eeiuieiiieiiecie et 151

119



Chapter Six. Validity and reliability of the Neurological Hand Deformity Classification

6.1 Introduction

The Neurological Hand Deformity Classification (NHDC), outlined in the previous chapter,
was developed to classify hand deformity attributed to neurologically-based upper limb
impairment (Garbellini & Wilton, 2017). The usefulness of the NHDC for clinical decision
making depends on the extent to which clinicians can rely on the accuracy and relevance of the
level of hand deformity classified (Portney & Watkins, 2015). Although classifications may be
less complex than other assessments and measurement tools, it is important that they are
evaluated for psychometric rigor. This includes evaluation of validity and reliability, to ensure
consistency in reporting clinical and functional presentations (McConnell et al., 2011; Randall,
Harvey, et al., 2013). Validity and test-retest reliability of the NHDC were not explored in the
initial reliability study by Georgiades et al. (2014) and are explored further in this study. In
addition, as part of the multi-centre randomised controlled trials (RCT) investigating the use of
rigid wrist and hand orthoses — iWHOT and MIT (Imms et al., 2016) — it was possible to assess
repeat inter-rater reliability with a larger sample size. The purpose of this study and the extended
methodology are presented in the first part of this chapter. The second part of this chapter
presents the manuscript prepared and submitted for consideration for publication in the Journal

of Hand Therapy.

6.2 Study purpose

The purpose of this study was to further evaluate the psychometric properties of the NHDC.
The study aimed to determine if the NHDC measured the construct of hand deformity to establish
validity (Portney & Watkins, 2015). It also aimed to establish reliability by determining if the
NHDC was consistent in discriminating between severity of hand deformity and, if the

categorisation was reproducible, to establish reliability (Portney & Watkins, 2015).

6.3 Extended methodology

6.3.1 Design

A measurement study design (Portney & Watkins, 2015) was used to explore construct
validity, test-retest and inter-rater reliability of the NHDC. This study was embedded within,
and sourced data from, two multi-centre RCTs. The trials investigated the use of rigid wrist and
hand orthoses for children (aged 0-3 years and 5-15 years) with CP (Imms et al., 2016). The

trials were multi-centred and sponsored by Australian Catholic University.
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6.3.2 Ethics

Ethical approval was sought and received from all relevant Health Research and Ethics
Committees (HREC) of participating sites (Appendix D). Sites of the trials included: Australian
Catholic University; Cerebral Palsy Alliance in NSW; Monash Children’s Hospital and The
Royal Children’s Hospital in Victoria; and Perth Children’s Hospital in Western Australia (Imms
et al., 2016). The initial study site in Western Australia was Princess Margaret Hospital (PMH),
until services relocated to the new Perth Children’s Hospital in June 2018. As a result, the Child
and Adolescent Health Services Human Research Ethics Committee migrated all PMH approved
projects to the Research Governance Service and allocated new approval numbers. Approval
numbers for all sites are included in the manuscript presented in the second part of this chapter.
Informed written consent was obtained from parents or guardians who agreed to their child’s

participation in the study.

6.3.3 Participants

To be eligible for inclusion participants were diagnosed at risk of, or with, CP, and were
aged between zero and three years or five and 15 years at the time of recruitment. Participants
presented with abnormal or persistent flexion postures of the wrist and/or fingers/thumb during
active use of the hand. The parents understood spoken and written English. Participants with a
predominant dystonic motor type, allergy or sensitivity to thermoplastic material or inability to

access one of the study sites were excluded (Imms et al., 2016).

6.3.4 Recruitment

Study information was provided to potential participants identified by the treating clinical
teams at each site. Informed consent was sought from the parent(s)/guardian of the child. Eligible
participants were confirmed by an assessor blind to group allocation at the participant’s baseline

assessment (Imms et al., 2016).

6.3.5 Data collection

All assessment data were collected by an occupational therapist/physiotherapist, trained in
reliable administration of all measures. The assessors were blinded to the participant’s allocation
to orthosis or non-orthosis group. Test-retest data were collected at the Western Australian site
by the investigator for this study (SG). All data were collected using a customised data collection
form. Each data collection form is kept securely at each study site. Assessment data forms were

scanned and electronically submitted, via a secure and ethically approved method, to the Project

121



Chapter Six. Validity and reliability of the Neurological Hand Deformity Classification

Manager at ACU for central data management (Imms et al., 2016). Data were extracted from

datasets of the two RCTs from August 2015 until September 2018.
6.3.6 Measures

The key dependent variable of this study was hand deformity as classified with the NHDC.
Independent variables were selected to tap constructs from across the ICF-CY components.
Measures of the independent variables were used to explore their relationships with the NHDC
according to pre-specified hypotheses. The selected measures and the related hypotheses are

presented in Table 6.1.
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Chapter Six. Validity and reliability of the Neurological Hand Deformity Classification

6.3.7 Procedures

Procedure for validity testing

Construct validity was assessed by calculating correlations between baseline assessment
data of the NHDC and other measures used (Terwee et al., 2007; Westen & Rosenthal, 2003) in
the RCT (Imms et al., 2016), for example, active and passive range of motion. If baseline data
required for analysis were not complete, the next assessment timepoint containing all outcome
measures required was used. Hypotheses set in advance allowed comparison of correlations to
determine whether the correlations between the NHDC and other outcome measures had a
similar association as predicted by the researchers. In other words, determining if the levels on
the NHDC behaved as expected given the constructs under consideration (Mokkink et al., 2009;
Westen & Rosenthal, 2003). The construct of hand deformity was expected to correlate in
varying ways depending on the different independent variables as presented in Table 6.1.

Correlation coefficients were interpreted as follows:

0.00 to 0.25 Little or no relationship;
— 0.25 to 0.50 Fair relationship;

0.50 to 0.75 Moderate to good relationship; and

above 0.75 Good to excellent relationship (Portney & Watkins, 2015).

Procedure for test-retest reliability

A repeated measure component was implemented to establish test-retest reliability of the
NHDC (Landis & Koch, 1977; Mokkink et al., 2018; Mokkink et al., 2009). Hand deformity of
a sample of the Western Australian participants was classified on two occasions with the NHDC
(Mokkink et al., 2009). Retest classification was completed within a two-week period. This was
to test the hypothesis that the classification can be reliably made on repeat occasions and
establish stability of the measure (Polit, 2014). To establish test-retest, timing of data collection
for the second occasion varied across the period of the RCT. Most of the retesting was done

following baseline or 6 monthly follow up assessment.

The NHDC is a classification of hand deformity according to observation of the dynamic
interplay of wrist and hand muscles in action. There was no risk of participant recall or learning
bias for this classification. The repeated classification within the two-week period was chosen
to avoid assessment fatigue, yet be recent enough to avoid genuine clinical changes over time

(Mokkink et al., 2018; Mokkink et al., 2009; Portney & Watkins, 2015; Terwee et al., 2007).
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Chapter Six. Validity and reliability of the Neurological Hand Deformity Classification

Testing conditions regarding set-up, instructions and objects used to observe the wrist and hand
muscles in action followed the standard procedure as outlined in the Neurological Hand
Deformity Classification manual and website. The manual and website are available online

(Garbellini & Wilton, 2017) and are described in the previous chapter of this thesis (Chapter 5).

In this study, all NHDC assessments were video-recorded for later scoring. A freely
available online tool, Research Randomizer (Urbaniak & Plous, 2018), was used to generate a
random order for both the initial test and retest video recordings of the participant’s NHDC.
Each participant’s randomised NHDC video recording was classified. To minimise the chance
of the investigator’s (SG) recall, or classification of the same participant’s data in sequence, the

randomised retest NHDC video recordings were classified after a wait period of three weeks.

Procedure for assessing inter-rater reliability

Data for the inter-rater reliability component of the study was sourced from NHDC video
recordings of the children participating in the RCT at all sites. Video footage of each
participant’s wrist and hand movement allowed two raters, the RCT assessor blinded to the
participant’s group allocation and the current researcher (SG), to observe the same performance
and classify hand deformity with the NHDC. Baseline assessment data of the NHDC was
preferentially used. If baseline data for NHDC was missing the next assessment timepoint
containing the required data for analysis was used. Prior to the researcher (SG) rating
participant’s NHDC, the Research Randomizer (Urbaniak & Plous, 2018) was again used to
generate a random list of the participant’s NHDC video recording to ensure a mix of the

participants’ data from each site.

6.3.8 Data analyses

Validity

Construct validity of the NHDC was assessed by comparing pre-determined hypothesised
relationships to actual relationships (see Table 6.1). This was calculated with Spearman
correlation coefficients, chi-squared test of independence or a dependent samples t-test
depending on the data type (see Table 6.1). Comparisons were tabulated to consider the extent
to which the NHDC scores performed as hypothesised. A positive rating for construct validity
was determined if at least 75% of the pre-determined hypotheses corresponded to the results

(Terwee et al., 2007).
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Reliability

Test-retest reliability of the NHDC was assessed through percentage of absolute agreement
between the repeated measures. Inter-rater reliability of the NHDC was assessed through
percentage of absolute agreement between the two raters. In addition, Cohen’s Kappa with 95%
confidence intervals were produced, which has been chosen due to the nominal nature of the

assessment tool's scale. Interpretation of Kappa coefficients will be as follows:

< 0 Less than chance agreement;

— 0.01-0.20 Slight agreement;

— 0.21-0.40 Fair agreement;

— 0.41-0.60 Moderate agreement;

— 0.61-0.80 Substantial agreement;

— 0.81-0.99 Almost perfect agreement (Landis & Koch, 1977).

Terwee et al. (2007) and Streiner and Norman (2008) recommend an acceptable positive
rating for reliability with an interpreted value of the kappa of at least 0.70 for a useful instrument.

This guideline was used in interpreting whether the NHDC is a stable and reliable classification.

129



Chapter Six. Validity and reliability of the Neurological Hand Deformity Classification

UNPUBLISHED MIANUSCRIPT — THE NEUROLOGICAL HAND DEFORMITY CLASSIFICATION:
CONSTRUCT VALIDITY, TEST—RETEST AND INTER-RATER RELIABILITY

Manuscript details

Title: The Neurological Hand Deformity Classification: construct validity,
test-retest and inter-rater reliability

Author: Simon Garbellini'?

! Centre for Disability and Development Research, Australian Catholic University,
Melbourne, VIC, Australia
2 Department of Pediatric Rehabilitation, Princess Margaret Hospital, Perth, WA, Australia

Status: Journal of Hand Therapy — Under review

Keywords: Hand deformities; classification; cerebral palsy; psychometrics

130



Chapter Six. Validity and reliability of the Neurological Hand Deformity Classification

Abstract

Background: The Neurological Hand Deformity Classification (NHDC) is an impairment-
based classification that classifies hand deformity into one of two ordinal scales: flexion
deformities (five levels) or extension deformities (two levels). Differentiation between the levels

is determined by wrist position and wrist and finger movement.
Purpose: To examine aspects of validity and reliability of the NHDC.

Study design: A measurement design study guided by COnsensus-based Standards for the
selection of health Measurement INstruments (COSMIN).

Methods: Data from a convenience sample of 127 children with cerebral palsy (66 males: 61
females; age range 8mo to 14y 11mo; Manual Ability Classification System I (8.3%), 11 (47.2%),
I (22.2%), IV (13.0%), V (9.3%)), participating in two randomized controlled trials
investigating upper limb orthotic intervention were analysed. Construct validity was assessed by
testing pre-determined hypotheses of relationships between the NHDC and measures of body
function (for example, range of motion) and activity measures (for example, Box and Block Test
of Manual Dexterity) with observed relationships. Reliability was assessed by calculating
agreement between repeated measures (test-retest) and paired raters (inter-rater). Weighted

kappa and Cohen’s kappa with 95% confidence intervals were produced.

Results Predicted hypotheses for the NHDC were met in nine of 10 correlations with body
structure measures and in two of seven correlations with activity measures. Test-retest for
flexion deformities: kw=0.84; 95%CI 0.70 to 0.98; and extension deformities: k=1.0; 95%CI 1.0
to 1.0 was good to excellent; inter-rater reliability for flexion deformities: kw=0.76; 95%CI 0.67

to 0.85; and extension deformities x=0.75; 95%CI 0.43 to 1.0 was moderate to excellent.

Conclusion Expected relationships between the NHDC and other measures, stability between
repeated measures and acceptable between-rater agreement supports confidence classifying hand

deformity with the NHDC.
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6.4 Introduction

Due to the heterogeneous nature of the cerebral palsy (CP) population, meaningful and
reliable classification systems are important to ensure consistency in reporting clinical and
functional presentations (Randall, Harvey, et al., 2013). Classifications are needed across a range
of clinical domains, including hand function and deformity where impairment is common in
children with CP (Eliasson, 2005). For example, a consecutively sampled cross-section of 100
children with CP from a children’s hospital, identified 83% with upper limb involvement of
which 36% had contracture, with limitations in the wrist and hand most frequent (Makki et al.,
2014). In a population of 771 children with CP (aged 1-18 years, mean: 11 years 8§ months),
19.4% had significantly decreased passive wrist extension with extended fingers at age four
years compared to the youngest children (aged one to four years) (Hedberg-Graff et al., 2019).
As severity of spasticity and hand deformity increases there is a higher level of impairment and

functional deficits (Law et al., 2008; Russo et al., 2009).

Hand deformity classifications are a means to understand and analyse patterns of dynamic
movement and assist in planning intervention (Wallen & Stewart, 2016). The Neurological Hand
Deformity Classification (NHDC) (Garbellini & Wilton, 2017) (SI Figure 1, online supporting
information) and Zancolli classification (McConnell et al., 2011; Zancolli, 2003) classify hand
deformity. The Dynamic Positional Analysis (DPA) component of the Shriner’s Hospital Upper
Extremity Evaluation (SHUEE) (Davids et al., 2006) examines segmental positioning of the

upper limb during activity. A comparison of these tools is presented in Table 6.2.
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Chapter Six. Validity and reliability of the Neurological Hand Deformity Classification

The NHDC was developed to address limitations noted with other hand deformity
classifications (Georgiades et al., 2014). The NHDC includes wrist extension deformities and
considers thumb posture, neither of which are included in the Zancolli classification (Georgiades
etal., 2014). The NHDC also considers the movement of the fingers and thumb in relation to the
wrist position while the DPA component of the SHUEE scores the segmental alignment of
individual joints of the upper extremity (Davids et al., 2006). Thus, the NHDC offers a distinct
approach to classifying hand deformity in CP.

The NHDC is framed within the body function and structure domain of the International
Classification of Functioning, Disability and Health (ICF) (World Health Organisation, 2001),
and does not classify or assess activity level performance. The NHDC provides a structured
approach to identifying components of hand deformity through observation of the dynamic
interplay of wrist and hand musculature (Garbellini & Wilton, 2017; Georgiades et al., 2014;
Wilton, 2013b). Identifying these components may guide interventions to lessen the impact of
those leading to progressive musculoskeletal change. High levels of inter-rater and intra-rater
reliability (x=0.87 and x=0.91 respectively) were established in an initial reliability study
involving 26 children and three observers (Georgiades et al., 2014). Evidence of validity has not
been reported. The purpose of this study was to further examine the psychometric properties of
the NHDC to establish confidence in its use.

The COnsensus-based Standards for the selection of health Measurement INstruments
(COSMIN), study design checklist (Mokkink et al., 2019) guided the design and reporting of the
psychometric properties of construct validity, and test-retest and inter-rater reliability. The
construct validity of a measure is based on evidence supporting the measure’s adequacy and
usefulness of score interpretation in relationship with scores of other measures (Messick, 1995).
Reliability is the extent to which a measure is consistent and free from error (Portney & Watkins,
2015). Test—retest and inter-rater reliability were investigated in this study. To build evidence

about validity and reliability, this study explored three research questions.

When used with children with CP, does the NHDC demonstrate:

1. Construct validity as evaluated using hypothesis testing against specified criteria?
2. Test—retest stability between occasions of assessment when no change is expected?

3. Inter-rater reliability when different raters classify the same participants?
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6.5 Methods

6.5.1 Design

A measurement study design was used and reported following the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) guidelines (von Elm et al.,
2007). Data for this study were collected within two Australian multi-centre randomised
controlled trials investigating the use of rigid wrist hand orthoses for children with CP: (i) the
Infant Wrist Hand Orthosis Trial iWHOT); and (ii) the Minimising Impairment Trial (MIT)
(Imms et al., 2016). The trials were registered with the Australian New Zealand Clinical Trials
Registry: iWHOT 12614001275651 and MIT 12614001276640. Eligibility for participation in
the trials included children: (i) at risk for or diagnosed with CP; (ii) aged between zero and three
years (IWHOT) or five and 15 years (MIT); and (ii1) with abnormal or persistent flexion postures
of the wrist/fingers and or thumb. Exclusion criteria included (i) upper limb dystonia without the
presence of spasticity; and (ii) allergy or sensitivity to materials used to fabricate the orthoses

(Imms et al., 2016).

6.5.2 Ethics

Ethical approval, for each trial site, was received from Australian Catholic University
(HREC: 2014 317V and 2014 318V), Cerebral Palsy Alliance in NSW (HREC 2014-08-02 and
2014-08-03), Monash Children’s Hospital (HREC: 14199B and 14201B), The Royal Children’s
Hospital (HREC: 34280A and 34279) in Victoria, and Perth Children’s Hospital in Western
Australia (HREC: RGS2456 and RGS2457). Informed written consent to participate was

collected from parents or guardians of children on enrolment.
6.5.3 Data collection

NHDC data from the iWHOT and MIT, collected between August 2015 and September
2018, were extracted for this study. NHDC data were collected at baseline assessment and at six-
month intervals, over a period of up to three years by assessors blinded to the participant’s
allocation to the orthosis or non-orthosis group. The NHDC can be scored live or from a video
record of the person’s available dynamic movement of the wrist and fingers during approach,
grasp and release of an object. A website and manual (Garbellini & Wilton, 2017) have been
developed which describe the standardised procedure for using the NHDC to ensure consistency
in observation and/or recording. This was available to the assessors within the iWHOT and MIT.
Observation of three attempts of wrist and hand movement may be required to make a

classification, based upon the most consistent movement observed during the three attempts

136



Chapter Six. Validity and reliability of the Neurological Hand Deformity Classification

(Garbellini & Wilton, 2017). A video record of the participant’s NHDC was taken at each
assessment timepoint in the iIWHOT and MIT. The first occasion of iWHOT or MIT assessment

(usually baseline) where NHDC level was recorded was used for analysis in this study.

6.5.4 Sample size

Sample sizes for the validity and reliability components of this study were guided by
the COSMIN study design checklist, with an aim to recruit at least 100 participants (Mokkink
et al., 2019).

6.5.5 Procedures

Validity: Construct validity was established by comparing whether pre-determined hypotheses
of correlations between the NHDC and other outcome measures had similar associations with
observed correlations, as predicted by the researchers (Mokkink et al., 2019; Westen &
Rosenthal, 2003). Table 6.3 displays the independent variables, their construct, hypothesised
relationship with the NHDC and analysis methods.
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Chapter Six. Validity and reliability of the Neurological Hand Deformity Classification

Reliability: Test—retest reliability was studied using a convenience sample from one iWHOT/MIT
study site. Children were re-assessed using the NHDC within a two-week period following a
scheduled assessment timepoint. As the NHDC is a classification of hand deformity according to
observation of available dynamic hand movement, repeated classification within a two-week
period was chosen to avoid fatigue from multiple attempts of movement, yet was recent enough
to avoid clinical change occurring over time (Mokkink et al., 2018; Mokkink et al., 2009; Portney
& Watkins, 2015).

Inter-rater reliability was studied by establishing the extent of agreement in classifications
made by paired raters (Portney & Watkins, 2015). Participants were from multiple trial sites. A
video record of participants’ wrist and fingers in action allowed two independent raters to
observe and classify the same performance using the NHDC. One rater (SG) rated all
participants. The second rater was one of 12 blinded assessors employed and trained for
iWHOT/MIT data collection, who contributed between 1 and 31 (mean 9.5 ratings per pair, total
ratings=114) of the paired ratings. Where a difference in rating occurred between raters, the

individual participant’s video record was reviewed to explore possible causes of difference.
6.5.6 Statistical Analyses

The NHDC classifies hand deformity from a neutral wrist position into one of seven levels
of deformity: flexion (F1 to F5) and extension (E1 to E2) (Garbellini & Wilton, 2017). To
maintain the ordinal nature of the data, flexion and extension classifications were explored

separately. Data were initially summarised and displayed graphically to explore relationships.

To investigate validity, the relationship of NHDC level for each limb (identified as
correlation by limb) with: passive range of motion (PROM); peak active range of motion
(AROM) (from up to three trials (Imms et al., 2016)); Modified Ashworth Scale (MAS)
(Numanoglu & Giinel, 2012); Modified Tardieu Scale (MTS) (Numanoglu & Giinel, 2012); and
Box and Block test of manual dexterity (Box and Blocks) (Mathiowetz et al., 1985) were
explored (see Table 2). In the trials, only wrist extension, and not wrist flexion measures were
taken for PROM, AROM, MAS and MTS, so it was not possible to correlate the extension
deformity levels of the NHDC with these measures. The sample size is the total number of limbs

for each analysis, regardless of the participant’s unilateral or bilateral presentation.

The relationship of the NHDC (identified as correlation by child) with: gender; age; Manual
Ability Classification System (MACS) (Eliasson et al., 2006); Pediatric Evaluation of Disability
— Computer Aided Test (PEDI-CAT) (Haley et al., 2011); and the ABILHAND-Kids
questionnaire (ABILHAND) (Arnould et al., 2004) was explored. For children with bilateral

140



Chapter Six. Validity and reliability of the Neurological Hand Deformity Classification

presentation only one NHDC classification was used. The sample size is the number of
participants for each relationship. If NHDC was the same for both limbs, the right limb measure
was chosen for analysis. If the NHDC differed for both limbs, the more severely classified limb
was chosen. The criteria for interpreting the strength of observed relationships was: 0.00 to 0.25
Little or no; 0.25 to 0.50 Fair; 0.50 to 0.75 Moderate to good; and above 0.75 Good to excellent
relationship (Landis & Koch, 1977).

Test—retest reliability was assessed by calculating chance-corrected and absolute
agreement between repeated measures. Weighted kappa and Cohen’s kappa with 95%
confidence intervals were produced for flexion and extension classifications respectively. Inter-
rater reliability was assessed by calculating the percentage of agreement between two raters.
Weighted kappa and Cohen’s kappa with 95% confidence intervals were produced for flexion
and extension classifications respectively. Interpretation of agreement using kappa was: 0 Less
than chance; 0.01-0.20 Slight; 0.21-0.40 Fair; 0.41-0.60 Moderate; 0.61-0.80 Substantial; and
0.81-0.99 Almost perfect agreement (Streiner & Norman, 2008). For one data point, rater
discrepancy was found between an F1 level (most active movement) and an F5 level (minimal
to no active movement). Following review of the video record this data point was excluded as

rater error was obvious.
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6.6 Results

6.6.1 Participant characteristics

There were 127 participants aged 8 months to 14 years 11 months. The number and
percentage of participant’s topographical distribution, MACS and NHDC levels are presented in
Table 6.4(a). Table 6.4(b) includes the number of participants (n) assessed with the measures

used in the orthosis trials and was labelled accordingly.

Table 6.4(a) Participant characteristics (n=127)

Characteristic n (%) Range Mean (SD)
Gender

Male 66 (52%) - -

Female 61 (48%)
Age at baseline assessment - 8mo to 14y 11mo 6y 7mo (4y 7mo)

Topographical distribution

Unilateral 96 (76%) - -
Bilateral 31a (24%)
MACS ®
I 7 (5.9%) - -
II 56 (47.1%)
111 25 (21.0%)
v 15 (12.6%)
\Y4 16 (13.4%)
NHDC
Fl1 34 (22.7%)
F2 32 (21.3%) - -
F3 22 (14.7%)
F4 14 (9.3%)
F5 15 (10.0%)
El 27 (18.0%)
E2 6 (4.0%)
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Table 6.4(b) Measures

Measure n Range Mean (SD)

*PROM °© 161 -92°to 97° 66.98° (36.76°)
TAROM ¢ (MIT only) 72 -75° to 80° 2.69° (44.57°)
MAS®

0 8 - -

1 44

1+ 38

2 51

3 18

4 0
MTS ¢ 114 -101° to 74° -7.59° (39.54°)
Box and blocks ¢ (MIT only) 79 0to 40 10.92 (10.85)
PEDI-CAT® 120 30to 61 47.27 (8.37)
ABILHAND * (MIT only) 69 14 to 21 20.55 (1.19)
Participants in analyses

Validity 127 - -

Test-retest 36

Inter-rater 113

Note: mo=months; y=years;  Of the 31 participants with bilateral involvement, 18 had the same NHDC level for
both limbs and 13 had different NHDC levels for each limb. ®by child; ¢ all limbs included. *PROM denotes the end
of passive range of wrist extension with fingers extended. TAROM denotes maximal active range of motion
achieved of wrist extension with fingers extended.

6.6.2 Evidence for construct validity of the NHDC

As expected, there was no association between gender and NHDC for either flexion (X
(4)=1.898, p=0.755) or extension (X’ (1)=0.160, p=0.689) deformities. Contrary to our
hypothesis, there was little or no relationship between NHDC and age. The youngest participant
classified at each level of the NHDC was: E2 — 1 year and 4 months; E1 — 8 months; F1 — 11
months; F2 — 13 months; F3 — 1 year 10 months; F4 — 2 years and 8 months; and F5 — 2 years 3
months (SI Figure 2, online supporting information). As expected, nine of the ten predicted
relationships between NHDC and body structures measures, correlation by limb, were met. Only
two of the seven predicted relationships between NHDC and activity measure, correlation by
child, were met. Correlation coefficients between the NHDC and other measures by limb, and

by child are displayed in Table 6.5(a) and 6.5(b) respectively.
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Table 6.5(a) Spearman’s rho correlation coefficients between NHDC and other measures
Correlation by limb

NHDC Flexion
Right Left
rs n )2 rs n D Hypotheses met

PROM -0.442 62 0.000 -0.546 54 0.000 1 out of 2
AROM (peak) -0.607 37 0.000 -0.632 28 0.000 2 out of 2
MAS 0.408 60 0.001 0.452 55 0.001 2 out of 2
MTS -0.451 49 0.001 -0.381 43 0.012 2 out of 2
Box & Blocks -0.564 41 0.000 -0.562 32 0.001 2 out of 2

Total: 9 out of 10

Table 6.5(b) Spearman’s rho correlation coefficients between NHDC and other measures
Correlation by child

NHDC Flexion NHDC Extension
rs n D Fs n D Hypotheses met
Age 0.008 94 0.939 -0.244 25 0.240 0 out of 2
MACS 0.562 91 0.000 0.108 21 0.640 1 out of 2
PEDI-CAT -0.327 90 0.002 -0.183 24 0.391 1 out of 2
ABILHAND 0.181 60 0.167 Cannot be computed 0 out of 1
Total: 2 out of 7

Note: rs =correlation; n = number; p = level of significance

6.6.3 Evidence for reliability of the NHDC

Absolute agreement for test—retest classifications (n=36 participants) for flexion deformities

was 81% and extension deformities 100%. Test—retest reliability was almost perfect for flexion

(xkw=0.84; 95%CI1 0.70 to 0.98) and extension (x=1.0; 95%CI 1.0 to 1.0) deformities.

The absolute agreement between raters for flexion deformities (n=80 paired ratings) was

70% and 92% for extension deformities (n=26 paired ratings), and weighted kappa showed

substantial agreement for flexion (xkw=0.76; 95%CI 0.67 to 0.85) and extension deformity

(x=0.75; 95%CI 0.43 to 1.0) ratings.
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Table 6.6 shows level of agreement for flexion deformity for test—retest and between raters.

Table 6.6 Cross-tabulation of NHDC flexion levels for (a) test—retest classifications, and
(b) inter-rater classifications

(a) NHDC retest (b) NHDC Rater 2
F1 F2 F3 F4 F5 Total F1 F2 F3 F4 F5 Total
o F1 |2 2 0 0 0 4 . F1 |22 0 0 0 0 22
2|F2|0o 8 0 1 0 9 g|F2|6 16 3 0 0 25
% F3|0 1 2 0 0 3 5 F3|0 4 5 1 0 10
E(Fm 0o 0o 1 7 0 8 g|lF |0 0 6 10 0 16
“lF |0 0o 0o o0 3 3 “lr |0 o 3 1 3 7
Total 2 11 3 8 3 27 Total 28 20 17 12 3 80

Note: Numbers in bold indicate absolute agreement of NHDC at test-retest (a) and between raters (b).

Review of participants’ video records where a difference in NHDC classification occurred
identified possible causes of difference including: (i) objects being too big for the participant’s
hand; (i1) objects being placed too far away; (iii) the wrist position of younger children being
obscured by wearable sensors (used as an outcome measure of passive and active movement in the
iIWHOT/MIT); and (iv) the passive extension movement of the participant’s wrist being recorded

as an F3 level, where minimal ‘active’ movement should have been classified as an F5 level.
6.7 Discussion

Construct validity of the NHDC was explored through testing relationships with other
measures. For correlations by limb, nine out of ten predicted hypotheses were supported by the
relationships found. As the NHDC is framed within the body function and structure domain of
the ICF (World Health Organisation, 2001) the relationships found with other measures within
the same domain support the NHDC as a valid tool to classify the construct of hand deformity.

For correlations by child, two of the predicted hypotheses for correlations with activity level
measures of MACS (Eliasson et al., 2006) and PEDICAT (Haley et al., 2011) were met for
NHDC flexion deformities, but not for extension deformities. The correlations demonstrated
between increasing dynamic flexion deformity and activity measures may be due to the focus of
those measures on ability to handle objects. This becomes increasingly difficult as flexion of the
wrist and lack of finger movement (as classified on the NHDC) increases. These findings support
clinical experience that as spasticity and hand deformity increase so does the level of impairment
and functional deficits (Law et al., 2008; Russo et al., 2009). The lack of a relationship between

measures with NHDC extension deformities could be due to: the restricted range of scores (only
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two extension levels in the NHDC); small sample sizes, as only a small proportion of participants
presented with extension deformities (25 out of 127); and very low prevalence, with only five
participants classified with an E2 deformity. The lack of relationship between levels on the
NHDC and scores on the ABILHAND (Arnould et al., 2004) may be the result of a restricted
range of participants’ ABILHAND scores (14-21 of possible 42—refer to Table 3). The

restricted range provided little variation with which to explore the relationship.

Contrary to prediction that as age increases hand deformity may increase in some children,
there was no relationship between NHDC and age. Our findings suggest that hand deformity
may not show a steady increase with age as it may already be present at a young age: the youngest
participant had a hand deformity classification of E1 at 8 months of age. Also, participants
younger than three years were classified into each level of the NHDC. A child’s NHDC level
may provide an early indicator to identify those at risk of losing passive wrist extension, with
extended fingers, by the age of four years, as found by Hedberg-Graff et al. (2019). NHDC level
may not have a relationship with age as was predicted in this cross-sectional analysis, but

longitudinal changes in an individual’s NHDC level requires further exploration.

The NHDC demonstrated stability between occasions of classification as evidenced by
almost perfect agreement in classifications given at two timepoints for the same cohort. Absolute
agreement of 80% for flexion deformities and 100% for extension deformities provides strong
support that the NHDC can achieve the same result with repeated administrations. Substantial
agreement between raters using the NHDC was also established when rating the same observed
movement of the wrist and fingers. Observed agreements of 70% for flexion deformities and
92% for extension deformities supports inter-rater reliability of the NHDC. The NHDC met an
acceptable (and recommended) rating for reliability with a kappa of at least 0.7 (Streiner &

Norman, 2008).

Reflection on the observed differences between raters (refer to Table 5B) provides an
opportunity to consider what actions could be implemented to improve NHDC rater agreement.
Most variation between raters occurred in classification of the F3 level. Review of participants’
video records revealed differences in administration of objects to elicit the movement to classify
hand deformity by some assessors, and the presence of atypical devices (wearable sensors)
possibly obscuring accurate observation of wrist position. Reviewing the NHDC user manual
and website identified a potential lack of clarity of instruction, and a need for additional
description of level differentiation, particularly for F3 deformity. For example, the position of
the wrist is key to classification of hand deformity using the NHDC. For a participant’s hand to

be classified at F3, the movement into passive wrist extension must be driven by the participant’s
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force of their hand on the object they are attempting to approach, grasp and release (Garbellini
& Wilton, 2017). This point of difference for the F3 level, compared to F4 (where there is no
active or passive wrist movement) or F5 (where the object needs to be presented to the child), is
crucial for accurate classification. To increase accuracy in the clinical use of the NHDC
administration instructions need to be updated to include emphasis on the differences between
classification levels in the NHDC user manual and website (Garbellini & Wilton, 2017).
Development of an online training module including video records to demonstrate NHDC
administration and provide examples of each level of classification may increase reliable
classification using the NHDC and build confidence in interpreting the clinical impact of NHDC
levels (Portney & Watkins, 2015; Randall, Harvey, et al., 2013).

A strength of this study was it being situated within two larger national randomised trials,
enabling data to be collected beyond one site, service provider, assessor and clinician. This
extended both the volume of data and number of measures available against which to explore
hypothesised relationships for the NHDC. However, participants with predominant dystonia
were excluded from these trials and therefore this study. As the NHDC can be used for unilateral
and bilateral neurologically-based upper limb presentations with any motor type the exclusion
of those with dystonia, in addition to families declining to participate in the larger trials, are

potential limitations to sample representativeness.
6.8 Conclusion

Evidence to support the validity of the NHDC as a tool to classify hand deformity was
provided by the relationships confirmed with other measures of body function and structure. The
relationships explored with activity level measures were less supportive. Each participant’s level
of hand deformity could be classified in one of the NHDC levels, regardless of age, manual
ability, or topographical presentation. The NHDC demonstrated stability between occasions of
classification and an acceptable level of rater agreement. These findings support the NHDC as a
valid and reliable classification of hand deformity. Clarification of administration instructions to
distinguish between classification levels, and development of an online training module is

recommended to further enhance reliability.
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Figure 6.1  Neurological Hand Deformity Classification.
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6.11 Chapter Conclusion

The aim of the measurement study in this chapter was to explore the construct validity and
test-retest and inter-rater reliability of the NHDC. An extended methodology for the study was
described in detail in the first part of the chapter. The results of the validity and reliability study
demonstrate that the NHDC has relevance when measuring the construct of hand deformity and,
that its use is accurate and reproducible. The analyses of construct validity and test-retest and
inter-rater reliability suggests that the NHDC has the potential to guide decision making for
upper limb interventions based on the biomechanical components of an individual’s observed
hand deformity. The clinical application of the NHDC is presented in the form of case studies in
the next chapter (Chapter 7).
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7.1 Introduction

A case study is a practical form of enquiry that investigates a current phenomenon within
its real-life context (Yin, 2014). Case study analysis should draw on the researcher’s prior

knowledge of the phenomenon while making use of relevant evidence (Rowley, 2002).

Accurate and clear case reports present information that may guide clinical research and
inform clinical practice guidelines (Riley et al., 2017). In this chapter, case studies are used to
illustrate how classifying hand deformity, with the Neurological Hand Deformity Classification
(NHDC), can guide clinical decision making for choosing interventions. The CAse REport
(CARE) guidelines (Riley et al., 2017) were used to structure this chapter to address the question:
How can the NHDC be used in clinical practice for children and youth with cerebral palsy?

7.2 Method

7.2.1 Design

Descriptive case study methods were used to demonstrate how the NHDC can be embedded
in decision making. The CARE guidelines (Riley et al., 2017) were adapted to provide a
framework for these case studies. Adaptation of the guidelines was necessary to describe how to
apply the NHDC in clinical practice, rather than describe the effect of a specific intervention.
The body functions and structure domain of the ICF (World Health Organisation, 2001) was
used as a framework to present clinical information of the individual cases. The outcome
measures rating form (CanChild, 2004; Law, 1987) was used to structure the information about

the clinical utility of the NHDC.

7.2.2 Participants

Children were eligible for selection as a case for this study if they were participants of one of
two Australian multi-centre randomised controlled trials. The trials were investigating the use of
rigid wrist hand orthoses for children with CP: (i) the Infant Wrist Hand Orthosis Trial iWHOT);
and (ii) the Minimising Impairment Trial (MIT) (Imms et al., 2016).

A total of 55 children participated in the iWHOT (n=21) and MIT (n=34) trials at PCH
between August 2015 and September 2018. Participants were randomly allocated to a wrist hand
orthosis group or a non-orthosis group following baseline assessment (Imms et al., 2016).
Children were selected from the wrist hand orthosis group as detailed information of upper limb
orthotic intervention was collected for participants in this group as part of the trials. This

information included details of orthosis fabrication and photographs. Eleven children, aged
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between zero and three years of age, were randomly allocated to the wrist hand orthosis
intervention group in the iWHOT. Eighteen children, aged between five and 15 years of age,

were allocated to the wrist hand orthosis intervention group in the MIT.

Two children were chosen as cases for this study as they represented the two different trials
(participant 1 was in the iWHOT and participant 2 in the MIT) and had different severity of hand
deformity. Participant 1 was chosen because their level of unilateral hand deformity represented
one of the largest groups (21%; 32 out of a total of 127 children) of the children classified with
the NHDC from Study 3. Participant 2 was chosen because their bilateral hand deformity
represented the most severe wrist extension deformity of one hand, and wrist flexion deformity,
as classified with the NHDC, on the other hand. A total of three limbs were classified in the two

case studies. The participants’ individual characteristics are presented in Table 7.1.

Table 7.1 Participant’s characteristics

Characteristic Participant 1 Participant 2
Gender Male Female

Age at baseline assessment 2 years 11 months 10 years 11 months
Topographical distribution Unilateral Bilateral

(mini) MACS Level II Level V

GMFCS Level I Level V

NHDC at baseline Left: F2 Right: F5; Left E2

Note: MACS — Manual Ability Classification System (Eliasson et al., 2006); GMFCS — Gross Motor Function Classification
System (Palisano et al., 2008); NHDC — Neurological Hand Deformity Classification (Garbellini & Wilton, 2017).

7.2.3 Classification tool

Appropriate tools must be selected by clinicians to attain the information they require to
guide intervention in clinical practice (Ketalaar et al., 1998). The NHDC is an impairment-based
classification system that provides a biomechanical approach to classify hand deformity
(Garbellini & Wilton, 2017). It is a discriminatory classification (Kirshner & Guyatt, 1985) used
to distinguish the differing levels of hand deformity between individuals with neurologically-
based upper limb impairment. Classification of hand deformity is made according to the
individual’s observed wrist and hand movement. The NHDC was the tool of focus in the case
studies presented. The purpose, psychometric properties and aspects of clinical utility of the

NHDC are discussed further.
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The purpose of the NHDC as described by Garbellini and Wilton (2017) is to:

— facilitate observation and analysis of the anatomical and biomechanical components of wrist
and hand deformity in people with neurologically-based impairment.

— identify the primary factors causing the dynamic presentation of the deformity during active
wrist and hand movement.

— provide a framework for therapists to consider intervention options based upon the dynamic

pattern of movement observed.

The NHDC provides a structure to discriminate between different levels or severity of
movement to classify varying presentations of hand deformity. Once the classification is made,
the NHDC, presented in table form (Garbellini & Wilton, 2017; Wilton, 2013b), is designed to
help identify the primary structures responsible for the deformity (Georgiades et al., 2014). Once
hand deformity is classified and the structures causing the deformity are identified, individual

intervention options can be considered.

The selection of a measurement tool should depend on evidence of the tool’s validity and
reliability specific to its purpose (Ketalaar et al., 1998). Construct validity and test-retest and
inter-rater reliability of the NHDC has been established (Chapter 6 of this doctoral program).
The NHDC has demonstrated capacity to discriminate the individual’s presentation of hand
deformity and classification decisions can be reliably reproduced. The NHDC also has a freely
available website and manual online (Garbellini & Wilton, 2017) which provides a standard

procedure for administration and classification.

The clinical utility of any classification or measurement tool must consider: format; clarity
of instruction; qualification required to use the tool; time taken to complete measurement; and

cost (CanChild, 2004; Law, 1987).
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The clinical utility of the NHDC considering these elements is established as follows:

— Format — Observational classification requiring participation of the client.

— Clarity of instructions — Comprehensive written and diagrammatic instructions are outlined
in the NHDC manual (Garbellini & Wilton, 2017).

— Qualifications — For use by clinicians working with clients with neurologically-based upper
limb impairment, no formal training or certification required.

— Completion time — Administration 5—10 minutes, classification 5—10 minutes.

— Cost — Nil, freely available.

7.2.4 Administration and set up of the NHDC

The standard procedure to administer and set up the NHDC, as outlined in the NHDC manual
and website (Garbellini & Wilton, 2017), was incorporated into the assessment protocol for the
orthosis trials (Imms et al., 2016). The NHDC procedure included observation of three attempts
of wrist and hand movement, with the most consistent movement used to classify the level of
hand deformity. The maximum degree of wrist flexion observed at any stage of the movement
determined the classification (Garbellini & Wilton, 2017). Video recording is recommended
when classifying hand deformity with the NHDC. The video camera is placed a metre from the
non-classified side of the participant (Garbellini & Wilton, 2017). Video recorded footage was
available from each participants’ NHDC. The footage was used to describe the administration

and set up. Further details are provided for each participant in the following sections.

Participant 1

Participant 1 was a two year and 11-month-old boy who presented with a left hemiplegia.
He had active reach and hand placement with his affected left upper limb. He was independently
mobile and attending day-care at the time of baseline assessment. The participant sat on his
parent’s lap at an adjustable table set to the recommended height as described in the NHDC
manual (Garbellini & Wilton, 2017). A soft toy, approximately the size of the participant’s fist,
was placed on the table in front of him. The participant’s parent restrained his unaffected right
upper limb and the participant was encouraged to approach, grasp and release the toy with his
left hand. The NHDC was scored from a video recording of the participant’s dynamic left wrist

and hand movement.
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Participant 2

Participant 2 was a ten year and 11-month-old girl who presented with involvement of all four
limbs and a history of refractory epilepsy and cortical visual impairment. She had minimal to no
active upper limb movement and was dependent for all her care needs. She was in year five at a
supported education school at the time of baseline assessment. The participant was seated in a
supported seating system on a manual wheelchair. Both hands of the participant were classified,
so the video camera position was moved according to the side being classified. Due to the
participant’s inability to move towards the object, a ball, approximately the size of the participant’s
fist, was presented to the hand being classified. The ball was used to stimulate the dorsal and volar
surfaces of the fingers to elicit any active movement. The NHDC was scored from the video

recordings of the participant’s wrist position and minimal amount of finger movement.

7.3 Clinical findings

The participants” NHDC levels constituted the clinical findings for each individual case
presented. The classification of hand deformity using the NHDC was completed at the
participant’s baseline assessment for the orthosis trials (Imms et al., 2016). The level of hand
deformity classified using the NHDC, along with a description of the level of deformity, and
identification of the primary factors causing hand deformity for each participant is presented in

the following sections.

7.3.1 Participant 1

Classification type: Participant 1 was classified with an NHDC level of F2 for his left
hand (see Figure 7.1). The participant had wrist flexion of greater than 20 degrees during active
finger extension, had active finger flexion, and active wrist extension present during the

observed movement.
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Figure 7.1 F2 NHDC level for the left hand of Participant 1.

Primary structures causing deformity: Active wrist flexion of greater than 20 degrees, and
wrist ulnar deviation during the observed movement were caused by increased muscle tone in
the wrist flexors, predominantly Flexor Carpi Ulnaris (FCU). The movement into wrist flexion
was also due to weakness of the wrist extensors, Extensor Carpi Radialis Longus (ECRL) and
Extensor Carpi Radialis Brevis (ECRB). During the observed movement wrist flexion,
metacarpophalangeal (MCP) hyperextension and interphalangeal (IP) joint flexion was caused
by increased muscle tone or insufficient length of the finger flexors, Flexor Digitorum

Superficialis (FDS) and Flexor Digitorum Profundus (FDP) when extending the fingers.

Associated thumb deformity: Left carpometacarpal (CMC) joint adduction and, MCP and
IP joint hyperextension were present during the observed movement. The associated thumb
deformity was driven by increased tone in the thumb adductor, Adductor Pollicis (AP). The
flexed wrist position increased tension through the long thumb extensor, Extensor Pollicis

Longus (EPL), causing hyperextension of the IP joint.

7.3.2 Participant 2

Classification type: Participant 2 was classified with an NHDC level of E2 for her left hand
(see Figure 7.2a) and an F5 level for her right hand (see Figure 7.2b). On the left, the participant’s
wrist remained in wrist extension with no active wrist or finger movement. On the right, the

participant’s wrist remained in wrist flexion with no active wrist or finger movement.
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Figure 7.2 NHDC levels for left and right hand of participant 2. (a) level E2 for the left hand, (b) level F5
for the right hand

Primary structures causing deformity: On the left, the extended wrist position was driven
by increased muscle tone or shortening of the extrinsic wrist extensors, ECRL, ECRB and
Extensor Carpi Ulnaris (ECU). The participant’s left forearm remained in pronation.
Consideration of the observed forearm posture eliminated the reinforcing effect gravity would
have added to the wrist extension deformity, if the forearm was in supination. The MCP joints
were in 60 degrees of flexion, with the proximal interphalangeal (PIP) joints flexed to 70 degrees,
and the distal interphalangeal (DIP) in 40 degrees of flexion. This observed posture was caused
by increased muscle tone or shortening of the intrinsic muscles of the hand (causing MCP

flexion) and shortening of the extrinsic finger flexors, FDS and FDP.

On the right, the flexed wrist posture was driven by increased muscle tone or shortening of
the wrist and finger flexors Flexor Carpi Radialis (FCR), Palmaris Longus (PL), FCU, FDS and
FDP. Consideration of the observed forearm position indicated the potential effect of gravity in
reinforcing the wrist flexed posture of 50 degrees of flexion. An absence of active wrist extension

was observed.

Associated thumb deformity: On the left, CMC joint adduction and MCP joint flexion with
the thumb positioned between the index and middle fingers was observed. The left thumb posture
was driven by increased muscle tone or shortening of the Flexor Pollicis Brevis (FPB) and AP
intrinsic muscles of the thumb. On the right, CMC joint adduction with IP joint hyperextension
was observed. The associated right thumb deformity was driven by increased tone in the thumb
adductor, AP. The flexed wrist position increased tension through the long thumb extensor, EPL,

causing hyperextension of the IP joint.
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7.4 Diagnostic assessment

The NHDC provided structure to observe and classify the hand deformity of both cases
presented above. Observation of the dynamic interplay of the participants’ wrist and finger
movement supported identification of the structures causing hand deformity which were

further assessed.

The primary body structures causing hand deformity, as identified by use of the NHDC, were

assessed for:

— Passive range of motion (PROM) using a goniometer

o Assessment of end PROM of the wrist flexors was assessed with the fingers flexed
o Assessment of end PROM of the finger flexors was assessed with the fingers extended

o Assessment of end PROM of the wrist extensors was assessed with the fingers flexed

— Spasticity using the Modified Tardieu Scale (MTS), the initial resistance on rapid passive
motion (R1) (Numanoglu & Giinel, 2012)
— Hypertonicity using the Modified Ashworth Scale (MAS) (Numanoglu & Giinel, 2012)

The outcome measures of PROM, MTS and MAS were part of the protocol within the
orthosis trials. The range of wrist movement was referenced from -70 degrees (full flexion) to
+80 degrees (full wrist extension), where 0 degrees indicated a neutral wrist position (Imms et

al., 2016). The participants’ assessment details are tabulated below.

7.4.1 Participant 1

Table 7.2 Assessment of the left hand body structures for Participant 1

Diagnostic assessment

Primary body structure causing deformity PROM () MTS () MAS
Wrist flexors — FCU 80 -2 1+
Finger flexors — FDS/FDP 67 -60 3
Thumb adductor — AP 70 Not assessed Not assessed

Note: PROM — End of passive wrist extension was measured with fingers flexed for wrist flexors and with fingers
extended for finger flexors; MTS — Modified Tardieu Scale reports joint angle at initial resistance on rapid passive
motion (R1); MAS — Modified Ashworth Scale; FCU — Flexor Carpi Ulnaris; FDS — Flexor Digitorum Superficialis;
FDP — Flexor Digitorum Profundus; and AP — Adductor Pollicis.

A loss of passive motion of the finger flexors was indicated by the difference between end
of passive motion for wrist extension with fingers flexed and with fingers extended. Spasticity

was assessed in the wrist and finger flexors with the MTS. A combination of spasticity and loss
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of passive motion of the finger flexors caused greater than 20 degrees of wrist flexion during

active finger extension. This supported the NHDC classification of F2.

7.4.2 Participant 2

Table 7.3 Assessment of the left hand body structures for Participant 2

Diagnostic assessment

Primary body structure causing deformity PROM () MTS () MAS
Wrist extensors — ECRL/ECRB/ECU -10 NoR1 2
Finger flexors — FDS/FDP 59 28 2
Intrinsic muscles — Lumbricales 0 Not assessed Not assessed
Intrinsic muscles — FPB 0 Not assessed Not assessed

Note: PROM — End of passive wrist flexion was measured with fingers flexed for wrist extensors and with fingers
extended for finger flexors; MTS — Modified Tardieu Scale reports joint angle at initial resistance on rapid passive
motion (R1); MAS — Modified Ashworth Scale; ECRL — Extensor Carpi Radialis Longus; ECRB — Extensor Carpi
Radialis Brevis; ECU — Extensor Carpi Ulnaris; FDS — Flexor Digitorum Superficialis; FDP — Flexor Digitorum

Profundus; and FPB — Flexor Pollicis Brevis.

Loss of passive wrist flexion supported the NHDC classification of E2, as the participant’s
left wrist remained in extension with minimal passive motion into wrist flexion available. The

MCP joints of the fingers and thumb had no loss of passive motion of extension as there was no

limitation in extension of these joints.

Table 7.4 Assessment of the right hand body structures for Participant 2

Diagnostic assessment

Primary body structure causing deformity PROM () MTS () MAS
Wrist flexors — FCR/FCU/PL 66 34 1+
Finger flexors — FDS/FDP -28 -40 2

Note: PROM — End of passive wrist extension was recorded with fingers flexed for wrist flexors and with fingers
extended for finger flexors; MTS — Modified Tardieu Scale reports joint angle at initial resistance on rapid passive
motion (R1); MAS — Modified Ashworth Scale; FCR — Flexor Carpi Radialis; FCU — Flexor Carpi Ulnaris; PL—
Palmaris Longus; FDS — Flexor Digitorum Superficialis; and FDP — Flexor Digitorum Profundus.

Contracture in the finger flexors of the right hand was observed. There was a difference of
94 degrees between end of passive wrist extension with fingers flexed and with fingers

extended. The persistent flexed wrist position and shortening of the finger flexors supported the

NHDC FS5 classification.

162



Chapter Seven. How can the Neurological Hand Deformity Classification be used in clinical practice?

7.4.3 Additional diagnostic assessment

The NHDC was used to classify hand deformity and identify the body structures causing the
deformity for both cases presented. Subsequently, those body structures were assessed and
information provided about severity of impairment. This information forms one part of a more
comprehensive upper limb assessment that quantifies the client’s upper limb function and can be
used to guide intervention. An example of the complexity of information required to assess hand
movement and function, as included in the iIWHOT and MIT orthosis studies (Imms et al., 2016),

is represented within the ICF framework (World Health Organisation, 2001) in Figure 7.3.

In addition to the participants’ body structure and function information, assessment of their
capacity and performance for activity is also required to quantify upper extremity function and
guide the selection of intervention options (Wallen & Stewart, 2016). In the context of upper
extremity function: capacity describes the person’s ability to reach, grasp, manipulate and release
objects; and performance describes how they use their upper limb in everyday activity in their

environment (World Health Organisation, 2001).

Most upper limb assessments provide a clinician with the opportunity to observe active range
of motion and motor control during voluntary movement (Wallen & Stewart, 2016). The NHDC
provides a system to observe, classify and consider structures causing hand deformity during
available active movement and therefore formalises observational opportunities. Once assessment
of a child’s upper limb biomechanical presentation, capacity of upper limb function and actual

functional performance has been completed, clinicians can then decide on how to best intervene.

Figure 7.3  ICF representation of factors and assessments that could guide intervention
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7.5 Therapeutic intervention

A clinician’s decision making on how to intervene for children with CP is informed by the
best available evidence (Novak et al., 2020), practice based knowledge, emotional intelligence
and instinct (Unsworth & Baker, 2016). The focus of current upper limb intervention is to
maximise the efficiency of the child’s response to the environment and demands of the task,
leading to changes in upper limb movement capabilities and task performance (Hoare &
Greaves, 2017). As biomechanical presentation, capacity for upper limb function, functional
performance and goals differ between individuals, so too does the choice of appropriate

therapeutic intervention.

The level of hand deformity, classified with the NHDC, may guide the choice of upper limb
intervention. For example, for children with a unilateral presentation, the level of hand deformity
and movement impairment may inform the selection of constraint-induced movement therapy
versus bimanual occupational therapy (Hoare & Greaves, 2017). Also, the level of hand
deformity, capacity for movement and the child’s performance of daily tasks should be
considered when selecting goal-oriented training (Eliasson & Burtner, 2008). The level of hand
deformity and identified structures causing the deformity, in combination with range of motion
measures and spasticity measures, may influence the muscle selection for the use of Botulinum
Toxin Type A (Fehlings et al., 2010) and inform the biomechanical application of an upper limb
orthosis (Wilton, 2013b).

Study 1 of this doctoral program identified that biomechanical influences were not well
reported in the literature as being considered in the rationale for upper limb orthosis
prescription. The literature lacks sufficient description of the dynamic interplay of the wrist
and fingers in action, and how orthosis prescription was guided by this. Prior to prescribing an
upper limb orthosis it is essential to analyse the deforming forces generated by the wrist and
finger musculature (Garbellini et al., 2017). Information on the direction, location and intensity
of forces required to minimise or resolve the deformity with an orthosis can be determined

from this analysis.

Garbellini et al. (2017) proposed recommendations for the continued use of upper limb
orthotic intervention. These included: observation and analysis of hand deformity; clear
documentation of the reason for orthosis prescription; and using consistent terminology to
describe the purpose of the orthosis. The use of classification of hand deformity, the reason for
orthosis prescription, purpose and description of the orthosis for each participant will now be

presented in further detail.

164



Chapter Seven. How can the Neurological Hand Deformity Classification be used in clinical practice?

7.5.1 Participant 1 — Left upper limb orthotic intervention
Analysis of left hand deformity

Participant 1 received an F2 classification for his left hand using the NHDC. The
participant’s left wrist and finger flexors were identified as the primary structures (Wilton,
2013b) causing the deforming forces (red arrows, Figure 7.4). The positional deformity was
corrected with the application of reciprocal forces (Van Lede & Van Veldhoven, 1998) (green
arrows), around the axis of the left wrist joint, with the application of a volar wrist orthosis
(Figure 7.4). It is of note that the wrist and finger positions are greater than the angle of initial
catch assessed with the MTS (Numanoglu & Giinel, 2012), potentially providing stretch to the

wrist and finger flexors (refer to Table 7.2).

Figure 7.4  Hand deforming forces without orthosis and reciprocal resolving forces with orthosis for
the left hand

Reason for left upper limb orthosis prescription

An orthosis was prescribed to maintain optimal postural alignment of the wrist and fingers to:

1. prevent complications associated with muscle shortenting due to abnormal posturing, and

ii. maximise potential for functional use of the hand (Imms et al., 2016).

Purpose of the orthosis

The primary purpose of the orthosis was to apply forces to extend the wrist and fingers in a

position opposite to the deforming forces idenitified using the NHDC.

Description of the orthosis

The orthosis prescribed was a mobilising wrist and hand orthosis (Australian Hand Therapy
Association, 2012; American Society of Hand Therapists, 1992) of a volar design. A two
millimetre thick thermoplastic material was used (micro-perforated Orfit). The orthosis was held

in place by VELCRO® straps (Velfoam).
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Timing and dosage of wear

Orthosis prescription was for night wear for a period of at least six to eight hours during
sleep. Participant 1 wore the left orthosis at night. This allowed the participant to have his left
hand free to actively use as an assisting hand during the day. The participant wore the orthosis
for the three-year period of the iIWHOT. The orthosis was serially adjusted or re-made during
this period to sustain mobilising forces on the deforming structures. Since completing the
iWHOT the participant’s parents have chosen to continue orthotic intervention with a left
mobilising wrist and hand orthosis worn at night. The duration of orthosis wear at night currently

totals four years.

7.5.2 Participant 2 — Bilateral upper limb orthotic intervention

Analysis of left hand deformity

Participant 2 received an E2 classification for her left hand using the NHDC. The
participant’s left wrist extensors, extrinsic finger flexors and intrinsic hand muscles were
identified as the primary structures (Wilton, 2013b) causing the deforming forces (red arrows,
Figure 7.5) of wrist extension, MCP flexion and finger flexion. The positional deformity was
corrected through the application of forces (green arrows, Figure 7.5) with a wrist and hand
orthosis. It is noted that the wrist is positioned in a neutral position, only 10 degrees less than

the amount of available passive wrist flexion.

Figure 7.5  Hand deforming forces without orthosis and resolving forces with orthosis for the left hand.

Analysis of right hand deformity

Participant 2 received an F5 classification for her right hand using the NHDC. The
participant’s right wrist and finger flexors were identified as the primary structures (Wilton,
2013b) causing the deforming forces (red arrows, Figure 7.6) of wrist and finger flexion. The
positional deformity was corrected through the application of forces (green arrows, Figure 7.6)

with a wrist and hand orthosis.
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Figure 7.6 Hand deforming forces without orthosis and resolving forces with
orthosis for the right hand.

Reason for upper limb orthosis prescription

Orthoses were prescribed to:

1. prevent further loss of passive range of motion at the wrist and fingers;
ii. prevent complications of pain and poor hygiene associated with muscle shortenting (Imms

etal., 2016).

Purpose of the orthoses for left and right hands

The primary purpose of the orthosis for the left hand was to apply forces to flex the wrist
and extend the MCP joints of the fingers in a position opposite to the deforming forces
identified using the NHDC. The primary purpose of the orthosis for the right hand was to apply
forces to extend the wrist and fingers in a position opposite to the deforming forces idenitified

using the NHDC.

Description of the orthoses

The orthoses prescribed were mobilising wrist and hand orthoses (Australian Hand Therapy
Association, 2012; American Society of Hand Therapists, 1992) of a dorsal/volar design. A 3.2
millimetre thick thermoplastic material was used (classic soft non-perforated Orfit). The orthosis

was held in place by VELCRO® straps (Velcro and Velstretch).

Timing and dosage of wear

Orthosis prescription was for night wear for a period of at least six to eight hours during
sleep. Participant 2 wore both the left and right orthoses at night. Given the participant had
minimal active movement of her hands, sometimes her parents chose to don the orthoses for
periods during the day. They did this if they felt her hands were particularly stiff, or that her

muscle tone had increased due to seizure activity. The participant wore the orthoses during the

167



Chapter Seven. How can the Neurological Hand Deformity Classification be used in clinical practice?

18-month period of the MIT study, until the study’s cessation. The orthosis was serially adjusted
or re-made during this period to sustain mobilising forces on the deforming structures. The
participant’s parents have chosen continued left and right mobilising wrist and hand orthoses
wear at night. The duration of bilateral orthosis wear at night currently totals three and a half

years. The participant did not have orthoses prior to her participation in the MIT.

Additionally, identification of the participant’s left extension hand deformity was used to
educate the parents and caregivers regarding the best way to open the participant’s hand for
cleaning and hygiene. Application of passive wrist flexion forces counteracted the extension
forces. A more neutral wrist position decreased the amount of flexion force through the MCP
joints which allowed the parents and carers to extend the MCP joints to clean the palmar surface

of the hand.

7.6 Discussion

Assessment of neurologically-based upper limb impairment and choosing appropriate
interventions is challenging. Understanding movement limitations of the wrist and finger
musculature of people with neurologically-based upper limb impairment is critical to inform the
reason for, and choice of, upper limb intervention (Garbellini et al., 2017). In the case studies
presented, use of the NHDC provided structure to: observe and classify the dynamic movement
of the wrist and hand musculature; identify the dynamic forces causing deformity; and guide
decision making for intervention strategies. For clinicians new to working in the clinical area of
CP, or managing neurologically-based upper limb conditions, the NHDC could provide a starting

point to guide information-gathering and decision making.

The aim of the case studies was to provide a clinical context for the use of the NHDC, not to
present all possible upper limb assessments and interventions. It is not proposed the NHDC be
used in isolation as it is an impairment-based classification tool. A more complete clinical picture
of the child through assessment of their unimanual capacity and bimanual performance would also
guide the selection of upper limb intervention. For example, unilateral capacity of the upper limb
can be assessed with the Melbourne Assessment 2 (Randall, Johnson, et al., 2013), or the Quality
of Upper Extremity Skills Test (QUEST) (DeMatteo et al., 1993). Bimanual performance of the
upper limbs can be assessed with the Assisting Hand Assessment (Krumlinde-Sundholm et al.,
2007) or the Both Hands Assessment (Elvrum et al., 2018). Across the ICF domains that guide
decision making, other relevant upper limb measures and environmental and personal factors must

also be considered.
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In a clinical setting, where time is limited, it is not possible for clinicians to use every upper
limb measurement tool to assess the person’s upper limb. Time efficient measures with
established validity, reliability and clinical utility are required. A clinician’s experience and work
setting also influences the choice of measurement tool. With the recent clinical focus on activity
and participation, tools to measure upper limb capacity and performance have been integrated
into clinical practice. For example, the AHA is now regularly used to assess bimanual
performance of children with unilateral presentation. Biomechanical measures of body structure
and function are still used in practice, but what is measured can vary depending on the experience
of the clinician. For example, assessment of range of motion for the upper limb may be
completed for the whole upper limb or targeted in more detail for one or two joints. The NHDC
can guide which body structures to assess in more detail based on the classification of hand

deformity, and therefore potentially save time.

This chapter has presented two case studies to illustrate how the NHDC was used to guide
the prescription of upper limb orthotic intervention in two multicentre trials. Analysis of the
forces causing hand deformity allowed identification of the forces required to resolve the
deformity. The resolution of forces was achieved with the application of a wrist and hand
orthosis. It is noted that deforming forces are dynamic, even if the child’s active range of motion
at the joints impacted has decreased over time. If the deformity is fixed, then there is no passive
range of motion available at the affected joints. This supports the recommendation that the
NHDC not be used in isolation. It also highlights the importance of clinicians using standard
terminology when describing the orthosis prescribed, and including whether the orthosis aims to
immobilise or mobilise tissues (Australian Hand Therapy Association, 2012; Garbellini et al.,

2017; American Society of Hand Therapists, 1992; Wilton, 2013a).

In the cases presented the orthoses were prescribed to mobilise tissues to maintain or gain
passive range of motion. They were not prescribed to rest the joints. There was no pathology,
for either case study, to suggest the joints needed to be immobilised or rested. A static orthosis
was prescribed to create mobilising forces to correct the dynamic deformity. The static orthosis
was serially adjusted to sustain the mobilising forces over time. The orthoses were worn at night
to allow the participants to have their hands free for use during the day. Participant 1 was able
to use his left hand to hold objects and stabilise objects with grip. Participant 2 was able to have

her hands massaged and touched for care and cleaning.

Both participants wore the orthoses for the time and duration prescribed. Adherence and
tolerance of the upper limb orthotic intervention was not a concern for either participant. The

parents of both participants understood the reasoning for and were supportive of the intervention.

169



Chapter Seven. How can the Neurological Hand Deformity Classification be used in clinical practice?

Neither participant reported sleep disturbance while wearing the orthoses. Any concerns of
orthosis fit, or discomfort were addressed with modification of the orthosis. Modification was
required to reduce pressure and shearing forces and maintain advantageous application of the
resolving forces (opposite to the deforming forces) of the orthosis due to growth. Application of
the NHDC enabled identification and understanding of the dynamic forces essential to the

process of orthosis modification.

A strength of using a case study design is it allows the structured presentation of information
within a clinical context. The application of the NHDC followed the same format and yielded
similar information to guide decision making, even though the age of the participants and their
severity of impairment differed. Conversely, the selection of cases may be seen as a potential
limitation. The two participants were purposively selected out of a possible 29 children. It is
unknown whether randomly selecting participants would have provided a different focus for the

information presented in the case studies.

7.7 Chapter Conclusion

These case studies highlight that managing neurologically-based upper limb impairment is
complex. Classification of hand deformity using the NHDC can guide further assessment of the
primary structures causing deformity and connect analysis of body structure and function
directly to intervention decisions, in this case orthosis prescription. Identification of the forces
causing deformity from observation and classification of the wrist and hand muscles in action
can guide how to counteract those forces with an appropriate intervention. Many factors must

be considered to appropriately prescribe and fabricate upper limb orthoses.

In this chapter, a description of how the NHDC can be used in clinical practice has been
presented in the form of two case studies. In each case study the NHDC was used to guide
assessment at the body structure and function level of the ICF. The NHDC should form part of
a comprehensive upper limb assessment that includes activity and participation measures, in the

context of personal and environmental factors to inform best practice intervention.
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8.1 Introduction

The available research evidence to support upper limb orthosis prescription for children
with CP has been graded as weak, and resulted in the recommendation that clinicians should
‘probably do it’ (Novak et al., 2020). This lack of research evidence has led to uncertainty when
considering upper limb orthotic intervention. Uncertainty also comes from studies reporting that
less than half of the children would wear an upper limb orthosis as prescribed (Andersson et al.,
2019; Jackman et al., 2018; Russo et al., 2009). Even with the current state of the literature, some
experienced clinicians are yet to relinquish orthosis prescription as an intervention option for
children with CP. This may be due to the improvement clinicians observe with the use of orthotic
intervention for individual clients, or their belief that the published evidence does not address
the complexity of the intervention (Garbellini et al., 2017). The questions remain as to: why
some children benefit from upper limb orthotic intervention; why some choose to wear
prescribed orthoses and others do not; and whether clinicians are prescribing the right orthosis,

for the right child, at the right time.

This final chapter synthesises the evidence from this doctoral program. The lack of upper
limb orthotic intervention practice guidelines for this complex intervention are discussed in
greater detail. Recommendations for clinical practice are made based on these findings. In
addition, implications for future research and the limitations and strengths of this doctoral

program are presented.

8.2 Summary of doctoral program

This doctoral program comprises four studies:

1. A systematic review (published, Study 1) following the PRISMA guidelines (Moher et al.,
2009). Study 1 explored the questions:

o What are the reasons for upper limb orthosis prescription for children with CP?
o Is there a documented link between the reason for an upper limb orthosis according to
its intended effect and outcome measures used to determine effect?

o Is standard nomenclature used in the literature to describe upper limb orthoses?

2. A qualitative cross-sectional study using Q methodology (published, Study 2), which

established an answer to:

o What guides the decision making of occupational therapists’ in Australia when

prescribing upper limb orthoses?
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3. A measurement study using quantitative methods (Study 3), which addressed the question:
o What are the psychometric properties of the NHDC, and can it be used with confidence
in clinical practice to classify hand deformity?
4. Case studies (Study 4) following the CARE guidelines (Riley et al., 2017). Study 4 formed
part of the doctoral work to answer the question:
o How can the NHDC be applied in clinical practice?

The completed work and findings of the doctoral program, including answers to the

questions above, are outlined in Figure 8.1.
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Figure 8.1 A summary of this doctoral program
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8.3 The lack of upper limb orthotic intervention practice guidelines

Three viewpoints emerged from the Q methodology study (Study 2) when Australian
occupational therapists were asked, “What guides your decision making when prescribing upper
limb orthoses for children with CP?” The viewpoints included: client-therapist relationship;
biomechanical presentation of the client; and potential effect of the orthosis (Garbellini et al.,
2019). These viewpoints reflect clinical practice, and they are here used to frame further
discussion of the lack of guidelines for upper limb orthosis prescription found throughout this
doctoral work. Recommendations for clinical practice are presented following the discussion of

each viewpoint.

8.3.1 Client-Therapist relationship

Upper limb orthotic intervention must be considered in the context of the client and his/her
environment. This approach was not well reported in the literature; the goals of orthotic
intervention for the children were not detailed (Garbellini et al., 2017). This is concerning given
that the goals of the client was the primary regard of occupational therapists when rating what
guides their decision making for orthosis prescription (Garbellini et al., 2019). This raises the
question of whether the goals of orthotic intervention are not detailed in clinical practice and

therefore poorly reflected in the research literature.

The challenge for clinicians, particularly with orthosis prescription, is to determine if
orthotic intervention is the best intervention for the individual child. The relationship between
the client and clinician is vital to ensure that realistic goals are set and that they are achievable
(Copley et al.,2008). To determine if orthotic intervention is an appropriate intervention,
clinicians must: consider the child’s level of impairment and unimanual capacity; integrate how
this affects bimanual or activity performance; understand what the child wants to do; and account

for and accommodate influencing factors in the child’s environment.
g

Recommendations for clinical practice

It is recommended that upper limb orthosis prescription be based on assessment findings

and the occupational needs of the individual child, within the context of his/her environment.
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Practice recommendations include:

— Clear documentation of the goal of orthotic intervention

— Application of an upper limb orthosis based on the occupational needs of the individual child

o What the child wants to do

o How important it is to the child

o What the child can do (capacity)

o What the child does (performance)

— Consideration of whether prescription of an orthosis will meet the goal of the upper limb

intervention

8.3.2 Biomechanical presentation

Biomechanical considerations of the child’s presentation, and the application of orthoses
were not well reflected in the literature (Garbellini et al., 2017). Some of the included studies
assessed range of motion, muscle tone and spasticity, however did not link these findings with
the impact on movement or hand deformity. This disconnect was evident by the lack of
description of the child’s wrist and hand movement and severity of impairment. It is difficult to
resolve impaired movement, or correct deformity without understanding the forces that create
them, or the forces required to resolve them. There has also been a shift in clinical practice from
a focus on body functions and structures to activity and participation (Lannin et al., 2017). Even
with this shift in practice, attention on body functions and structures is still required to consider

how they can potentially impact the other domains of activity and participation.

Recommendations for clinical practice

It is recommended that upper limb orthosis prescription be based on the biomechanical
presentation of the individual child and the biomechanical effect of the prescribed orthosis.

Practice recommendations include:

— Observation and classification of hand deformity using the NHDC
— Identification of the dynamic forces causing the hand deformity using the NHDC

— Consideration of the biomechanical forces required by an orthosis to resolve the deformity
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8.3.3 Potential effect of the orthosis

The limited research evidence on the effect of upper limb orthotic intervention (Jackman et
al., 2014b; Novak et al., 2020) provides little guidance for clinical practice. Closer inspection of
the research evidence in the systematic review by Garbellini et al. (2017) found a lack of
description, or absence of reasons behind orthosis prescription. The purpose of the orthoses was
not clearly described. Additionally, there was often no clear link between the stated reason for
the orthosis, the way the results were measured or the stated outcome of the intervention
(Garbellini et al., 2017). Without clarity about the reason for orthosis prescription and the
purpose of the orthosis, or link with the outcome measure used, the ability to use the research

evidence to inform practice guidelines is limited (Garbellini et al., 2017).

Variability in the terminology used in clinical practice might explain some of the difficulty
in researching, and the resultant lack of evidence of the effect of the intervention. The effect of
prescribed upper limb orthoses is determined by: the reason for prescription; the purpose of the
orthosis; and the orthosis and its wear. The development of practice guidelines is challenging
without clear and common terminology to detail and describe these determinants of the effect of
orthosis prescription. The lack of clarity and variability of terminology for these determinants is

discussed further in the following section.

Reason for orthosis prescription

The reason for orthosis prescription has been termed a ‘clinical aim’ by Copley and Kuipers
(2014b) and “clinical indication’ by Wilton (2003, 2013). The reasons for upper limb orthosis
prescription have been described as: managing the positive or negative features of upper motor
neuron syndrome; minimising the potential for secondary musculoskeletal change; resolving
contracture; maintaining integrity of tissues; managing pain; and improving function (Copley &
Kuipers, 2014b; Wilton, 2003, 2013). There was a lack of specificity in the reasons for orthosis
prescription in the research literature (Garbellini et al., 2017). This lack of specificity provides
little information for the development of practice guidelines and causes concern for clinical
practice, as the reasons for orthosis prescription may apply to almost all children with CP. If
orthosis prescription proceeds without a clear description of the purpose of the orthosis and when

it is to be used, some children may be prescribed an orthosis that does not meet their clinical needs.

Purpose of the orthosis

The purpose of an orthosis should be based on its key function (Lannin & Ada, 2011). The
Australian Hand Therapy Association (2012) and American Society of Hand Therapists (1992)
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classify the purpose of orthoses as immobilising, mobilising, restricting or torque transmitting.
There was little differentiation between the reason for orthosis prescription and the purpose of the
orthosis in the CP research literature. No studies referred to the orthosis purpose based on its key
function (Garbellini et al., 2017). Terminology used in textbooks and in the research literature to
describe the reason for the orthosis, its purpose and description seem to be interchangeable. These
terms include functional and non-functional orthoses and resting orthoses (Copley & Kuipers,
2014b; Jackman et al., 2019). Even though clinicians may understand the use of these terms, using
them in clinical practice and in research may cause uncertainty. For example, a serially adjusted
static orthosis can be used to mobilise tissues to gain passive range of motion. Using common
terms, this orthosis would be referred to as a resting orthosis, a term that does not provide a clear
description of the purpose of the orthosis which may not be ‘to rest’. Communication between

clinicians is difficult if inconsistent terminology is used to describe the same thing.
The orthosis and its wear

Orthoses have been described in many ways. In the studies included in the systematic review

by Garbellini et al. (2017) orthoses were named (see Table 2.5 in Chapter 2):

— Cortical thumb orthosis

— Ultraflex orthosis

— Wrist extension thumb abduction (WETA) orthosis
— Volar wrist splint

— Dynamic spiral wrist hand splint

— Dorsal wrist splint

— Children’s wrist and thumb support

— Static night splint

—  Wrist cock-up orthosis

The names of some these orthoses give an idea as to the joints on which they were applied,
others do not. Standard nomenclature to describe upper limb orthoses is not evident in the

literature (Garbellini et al., 2017).

The timing and dosage of orthosis wear is also variable in the research literature (Garbellini et
al., 2017). Some studies investigated the immediate effect of a wrist orthosis (Jackman et al., 2019;
Louwers et al., 2011). The orthoses were only worn during the assessment. No effect from length
of orthosis wear was determined. Other studies did not report any timing or duration of orthosis
wear (Barroso et al., 2011; Burtner et al., 2008; Kanellopoulos et al., 2009). The lack of evidence

of timing and duration of orthosis wear provides little information to guide clinical practice.
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In clinical practice the timing and duration of orthosis wear is critical to achieve the desired
effect of the intervention. Children are unlikely to wear an orthosis if it: is uncomfortable;
restricts too much movement during function; makes things more difficult for them to do; stops
them from using their hand in a way that is more efficient for them; or interferes with sleep.
The biomechanical presentation of the child and considered action of the forces generated from
an orthosis are critical to minimise the impact of these hindrances to orthosis acceptance and
wear. Clinicians should consider if a lack of wear is attributable to: inappropriate prescription;
a lack of clarity in the reason or purpose of the orthosis; or the lack of connection between the

biomechanical forces applied by an orthosis and the biomechanical presentation of the child.

Recommendations for clinical practice
It is recommended that upper limb orthosis prescription include:

— Clear documentation of the reason for orthosis prescription

— A description of the purpose of the orthosis using the terminology of an orthosis
classification schedule (Australian Hand Therapy Association, 2012; American Society of
Hand Therapists, 1992)

— Use of an anatomical focus when describing the orthosis (Australian Hand Therapy
Association, 2012; American Society of Hand Therapists, 1992), for example ‘wrist and
hand orthosis’

— Application of outcome measures that are consistent with the reason for the orthosis when
measuring the effect of the intervention

— Clear documentation of when and for how long the orthosis should be worn

8.4 Implications for clinical practice

The complexity of upper limb orthosis prescription can be seen in the many factors that
require consideration for the use of this intervention. The clinical practice of orthosis prescription

should be guided by the collective consideration of:

— Client-therapist factors
— Biomechanical factors

— Orthosis factors

Recommendations for clinical practice within each of these factors has been outlined above.
These factors are not mutually exclusive. For example, the decision to prescribe an orthosis

should not be determined from the child’s biomechanical presentation alone. A summary of the
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practice recommendations above and the considerations to guide upper limb orthosis

prescription are presented in Figure 8.2.

One of the main gaps identified throughout this doctoral work, was a lack of connection
between the child’s biomechanical presentation and the reason and purpose of upper limb
orthosis prescription. Establishment of construct validity and test—retest and inter-rater reliability
of the NHDC (Study 3), and the development of an NHDC procedural manual and website
(Garbellini & Wilton, 2017), provide a means to address this gap. As part of the development
process, resources were made to disseminate information for the implementation of the NHDC
in clinical practice (Graham et al., 2006). In addition to the NHDC manual (Chapter 5), the
resources include: NHDC quick guide and NHDC orthosis considerations (Appendix E).

Embedding the recommendations generated from the findings of this doctoral work and use
of the NHDC in clinical practice will be challenging and take time. The challenge will be
engaging clinicians to adapt clinical practice. Even though engagement with clinicians as the
primary stakeholders is paramount (Graham et al., 2006), there needs to be recognition of the
need for change, and acceptance that change is required. There is potential to engage with
clinicians through the development of clinical workshops on upper limb orthotic intervention
and to disseminate information through presentations at relevant scientific conferences. The
development of practice guidelines and knowledge creation needs to be a partnership between

consumers, clinicians and researchers (Graham et al., 2006, McKenzie & Hanley, 2012).
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Figure 8.2  Considerations to guide upper limb orthosis prescription

181



Chapter Eight. Extended discussion and conclusion

8.5 Implications for research

The primary challenge for future research into upper limb orthotic intervention is to determine
the effect of the intervention. A multi-layered approach including collaboration between clients,
clinicians and researchers is required to develop research that will explore all aspects of the
intervention (Graham et al., 2006; Grimshaw et al., 2012; McKenzie & Hanley, 2012). Elements
to consider for future research, based on the findings of this doctoral work, are presented within
the research cycle as described in the Framework on Consumer and Community Participation in
Health and Medical Research (McKenzie & Hanley, 2012). The stages of the research cycle
include: (i) deciding what to research; (ii) deciding how to do it; (iii) doing it; (iv) letting people
know the results; and (v) knowing what to research next (McKenzie & Hanley, 2012).

8.5.1 Deciding what to research

The findings of this doctoral work have shown the variability of use of upper limb orthotic
intervention (Garbellini et al., 2017). This variability in use of terminology, implementation and
outcome measurement has resulted in difficulty determining the effect of the intervention.
Collaboration between consumers, clinicians and researchers is required to develop research
priorities for exploration of the efficacy of upper limb orthotic intervention. A multi-level
approach to developing research questions is required, considering: the client’s previous
experience with orthotic intervention; the reasons clients have chosen not to wear a prescribed
upper limb orthosis; current use of upper limb orthoses in clinical practice; use of practice
guidelines (as per the considerations for orthosis prescription in Figure 8.2); and previous
research methodology used. Clear research questions are required to enable selection of

appropriate study methods.

8.5.2 Deciding how to do the research

A lack of specificity in what guided the prescription of upper limb orthoses for children
with CP was evident in the research literature (Garbellini et al., 2017). Previous studies created
homogenous groups based on their topographical presentation, for example unilateral spastic CP
(Barroso et al., 2011; Louwers et al., 2011; Ozer et al., 2006). These studies did not describe the
variability of each child’s clinical presentation or movement limitation and how this guided

orthosis prescription.
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Deciding on how to explore the effect of upper limb orthotic intervention will need

collaborative consideration of:

— Who to involve in the research team — It is recommended that consumers are involved at all
stages of the research cycle, especially this stage of deciding how to do the research. The
consumer’s experience with orthotic intervention could improve the choice of study design
and study population (the right orthosis for the right person at the right time). Engaging
clinicians who work with children with CP and service provider managers will be essential
to understand current clinical practice, and to implement change (if required) based on
research findings.

— Who to include as participants in the study — Participants need to be chosen on the clinical
indication or occupational need for orthotic intervention. Stratification based on NHDC
level, presence or absence of active wrist extension, or Bimanual Fine Motor Function
Classification level might direct selection of participants.

— Study design — Experimental methods such as single subject designs may be considered as
an alternative to RCTs. Singe subject designs account for the heterogeneity or variability
seen in children with CP and the complexity of clinical practice (Copley & Kuipers, 2014a;
Portney & Watkins, 2015).

— The intervention and its purpose — Clarity is required in describing the reason for the
intervention and purpose of the orthosis (Garbellini et al., 2017). An orthosis designed to
immobilise the thumb in opposition and improve its position for grasp, may only be
beneficial during targeted activities. The benefit of wearing the orthosis for other activities
may be diminished if the position in which the orthosis places the thumb limits capacity to
complete the activity. An orthosis worn at night to maintain muscle length may not improve
the child’s movement or functional ability during the day.

— Timing and duration of the intervention — The timing and duration of orthosis wear will
impact the outcome of the intervention. Wearing instructions must be clear and match the
intended purpose of the orthosis. Consideration of longitudinal research to explore the long-
term effect of orthotic intervention is required. This is particularly pertinent when a main
reason for orthosis use is the maintenance of muscle length and prevention of contractures.

— What outcome measures to use — The outcome measures used must match the intended

reason(s) for orthosis prescription.
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8.5.3 Doing the research

The practical aspects of doing upper limb orthotic research requires:

— Consideration of consumer engagement to promote and support recruitment

— A clear study protocol

— Training of assessors to ensure reliability in assessment

— Training of clinicians to ensure consistency in orthosis prescription

— Consideration of the child’s biomechanical presentation in prescribing the orthosis
(Garbellini et al., 2019)

— Experienced clinicians to fabricate the upper limb orthoses and monitor the intervention

— Training clinicians with less experience in orthosis fabrication to ensure fidelity of orthotic
intervention

— Adequate time, expertise and resources to provide the intervention and collect data

— Data monitoring to check the reliability of the data

— Communicating the aim of the study, the clinical reason for an upper limb orthosis and what

to expect during the study to the participants

8.5.4 Letting people know the results

Grimshaw et al. (2012) reported that considering what knowledge to share, to whom and by
whom is essential to translate research into practice and policy. McKenzie and Hanley (2012)
recommend keeping consumers and research participants involved throughout the research
process. Collaborative consideration by consumers, clinicians, researchers and service provider
managers to determine how the results are disseminated and implemented is required before the

data and results are interpreted.

8.5.5 Knowing what to research next

An ongoing relationship between consumers, clinicians and researchers, using an integrated
knowledge translation approach, can support the direction of future research (Gagliardi et al.,
2016; Kothari & Wathen, 2012). Collaboration of these main stakeholders could ensure that
research reflects clinical practice and that the research knowledge can be embedded in clinical

practice (Graham et al., 2006; McKenzie & Hanley, 2012).
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8.6 Limitations and strengths

The specific limitations and strengths of each study have been discussed within each
respective chapter. The selection of Australian occupational therapists for the Q methodology
study (Study 2) may reflect the bias of clinicians selected from a developed country.
Generalisation of the results from this study should be made with caution. Future studies on what
guides clinicians in the prescription of upper limb orthoses for children with CP could include a
broader cross-section of clinicians from a range of cultural, economic and health-service

backgrounds.

An additional limitation was seen with the sample size achieved for the NHDC test-retest
component of Study 3. The sample achieved (n=36) was approximately one-third of the sample
recommended by the COSMIN guidelines (Mokkink et al., 2019) to achieve a ‘very good’ rating.
Access to participants to collect test—retest data was limited to the Western Australian site. Time-
constraints and costs were too prohibitive for this data to be collected at other sites. The
collection of the test-retest data was onerous as participants and their families needed to attend
a second data collection point within a two-week period. If further testing of the psychometric
properties of the NHDC occur, consideration of the sample size required and how the data will

be collected is needed.

This doctoral work was embedded in two multi-centre national trials (Imms et al., 2016).
This connection to the larger trials is seen as both a limitation and strength. Adherence to the
study protocols (Imms et al., 2016), dictated the nature and timing of data collection. If the child
was distressed, the focus of the assessment was collection of the primary outcome measure (end
of passive range of wrist extension with fingers extended) rather than completion of other
measures of the trial. A focus of this doctoral program was hand deformity classification with
the NHDC. As aresult, the NHDC data were not collected at all conducted assessments, limiting

sample size.

Conversely, given the longitudinal nature of the orthosis trials and the part-time nature of
this doctoral program, sequential knowledge gained at each stage of work was used to drive the
next stage of research. Awareness of the trials within the therapy community across Australia
potentially increased the participation of occupational therapists in Study 2. Access to data from
multiple sites, rather than one site alone, increased the potential sample sizes for testing the
psychometric properties of the NHDC (Study 3). The larger investigatory group responsible for

the trials provided encouragement and support for the completion of this doctoral work.
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Additional strengths to the findings of this doctoral program include the rigor of the studies
by following: the PRISMA guidelines (Moher et al., 2009) for the systematic review (Study 1);
Q methodology procedure (Watts & Stenner, 2012) for the qualitative cross-sectional study
(Study 2); the COSMIN guidelines (Mokkink et al., 2019) for testing the psychometric properties
of the NHDC (Study 3); and the CARE guidelines (Riley et al., 2017) for reporting of the case
studies (Study 4).

8.7 Thesis Conclusions

The following conclusions may be drawn from the studies reported in this doctoral program:

1. Upper limb orthotic intervention for children with CP is complex.

2. Consistency in clinical practice is required. This includes consideration of the: goals of the
client; client-therapist relationship; biomechanical presentation of the client and the effect
of the orthosis.

3. The NHDC can be used with confidence to classify hand deformity, has stability between
occasions of classification, and established agreement between raters. Case studies have
shown how the NHDC can be used in clinical practice to guide upper limb assessment and
choice of upper limb intervention.

4. Orthosis prescription must be tailored to the individual. The prescription of an orthosis is
unlikely to be suitable for all children with neurologically-based upper limb impairment.

5. Collaboration between clients, clinicians, researchers and service provider managers is
required to develop future research and practice guidelines.

6. The effect of the intervention and which children would most benefit from intervention

needs to be determined.
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“Centre for Disability and Development Research, Australian Catholic University, Melbourne, VIC, Australia; l’l)epartment of Pediatric
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Australia
A r KL TORY
Furpose: To explore (i} reasons for upper limb orthosis prescription for children with cerebral palsy (CP), Receivea « navember 2016
(i1} the link between reason and effect according to intended outcome and outcome measure utilized and Revised 6 February 2017
(iii} to classify the prescribed orthoses using standard terminology. Accepted 16 February 2017

Method: A prospectively registered (center for reviews and dissemination: 42015022067) systematic

review searched for experimental and observational studies investigating rigid/thermoplastic upper limb w ;
orthotic intervention for children aged 0-18 with CP. The Cochrane central register, MEDLINE, CINAHL, upper nmo; Orthoses;
Embase, SCOPUS and Web of Science databases were searched. Included studies were assessed for risk cerebral palsy; prescription:
of bias. children

Results: Sixteen studies met selection criteria. Two studies described a specific reason for orthosis pre-

scription, six prescribed orthoses to manage a clinical symptom and eight did not describe a reason. Eight

studies were analyzed for effect according to intended outcome with no clear connection found between

reasons for prescription, outcome measures utilized and effect reported.

Interpretation: The lack of evidence for upper limb orthotic intervention for children with CP leads to

uncertainty when considering this treatment modality. Future research is needed to evaluate the effect of

orthosis wear in relation to intended outcome utilizing robust methods and valid and reliable outcome

measures.

b A IAT1 F BIL!

e Insurficient evigence exists about the reason for prescription of upper limb orthoses.

e The connection between reason for orthosis prescription, intended outcome, outcome measure
utilized and observed effect is unclear.

e Recommend orthosis prescription to be accompanied by clear documentation of the aim of the
orthosis and description using orthosis classification system terminology.

e Outcome measures consistent with the reason for orthosis prescription and intended outcome of the
intervention are essential to measure effectiveness of the intervention.
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