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Thesis Summary

Anterior drooling is common in children with cerebral palsy (CP) and other
neurodisabilities (Reid et al., 2010), and has a significant impact on children’s
physical and psychosocial health (Chang et al., 2012). Causative factors for drooling
in children with CP include oromotor dysfunction (Hockstein et al., 2004) and
impairment of swallowing (Erasmus et al., 2009; Senner et al., 2004; Tahmassebi &
Curzon, 2003). Behavioural intervention is a conservative non-invasive treatment that
is frequently recommended before invasive approaches and routinely practiced by
allied health professionals (Meningaud et al., 2006; Van der Burg et al., 2007a;
Walshe et al., 2012). Previous experimental research has shown behavioural
intervention to have positive effects on drooling in children with CP, but studies are
few and the collective evidence is weak (Van der Burg et al., 2007b; Walshe et al.,
2012). Given the emphasis on using interventions that are feasible and supported by
high quality research evidence (Dollaghan, 2004; Hoffman, 2010; Sackett, 1997);
further research on the effectiveness of behavioural intervention for drooling is
needed to optimise the outcomes of children with neurodisability, including CP. The
purpose of this thesis was to contribute to the evidence about the treatment of

drooling in CP through the conduct of three studies.

The first study was a registered systematic review, undertaken to investigate and
synthesise the effects of behavioural interventions on Body Functions & Structures
(BFS) level and other outcomes for children with CP and neurodisability. A detailed
search in eight databases sought studies that (1) included participants 0 -18 years with
neurodisability and drooling; (2) provided behavioural interventions targeting

drooling or a drooling-related behaviour; and (3) used experimental designs. Two

Xvilii



reviewers extracted data from full-text papers independently. Results were tabulated
for comparison. Eight studies were found that described seven behavioural
interventions, including reinforcement and prompting, that mostly targeted BFS level

outcomes, but the risk of bias was high in all studies.

In the context of low-level research evidence to support the use of behavioural
interventions in practice, a cross-sectional online survey exploring Australian speech-
language pathologists’ practice decisions was conducted. Descriptive data were
analysed using non-parametric statistics. Informal assessments were preferred over
the available validated measures. Several behavioural intervention methods were
selected as treatments of choice, mainly due to client-related factors. Australian
speech-language pathologists perceived drooling in children with CP as a complex

practice area, in which there were several reported barriers to evidence-based practice.

The third study used a concurrent multiple baseline single case experimental design to
explore the therapeutic effects of a novel intensive behavioural intervention, the Lee
Silverman Voice Treatment LOUD (LSVT LOUD®), on drooling severity,
swallowing and speech with five participants with CP who drooled (n=5). This study
was designed and implemented using guidelines from the Risk of Bias in n-of 1 trials
(RoBINT) Scale (Tate, 2015). Strategies to optimise internal validity included:
randomisation of phase onset, using an independent data collector and blinding of all
the outcome assessors involved. A systematic visual analysis was supplemented with
statistical analysis, where appropriate, to analyse the data. The results were mixed
across participants, with each of the participants showing improvement on at least one
outcome. Immediately following treatment, small but positive effects on drooling

severity occurred for three participants (P1, P3, P4) with P4 having a statistically

XiX



significant reduction in drooling. There were positive effects on swallowing and
feeding competency in three participants (P1, P2, P4) including a large effect for P1.
Medium effects on sentence intelligibility (P2 and P3) and to a lesser degree,
conversational intelligibility, were found. For P1, P2, P4, and P5, small negative and

mixed effects were also found across outcomes.

The topic of anterior drooling is substantially under-researched in children with CP.
There are significant gaps in research evidence on behavioural intervention
effectiveness but also in the integration of evidence-based assessments into routine
clinical care. Evidence-based practice in the field could be advanced by research to
explore the lived experience of individuals with CP who drool; further examine the
covert non-visible causal mechanisms of drooling in children with CP; and by
undertaking further experimental behavioural intervention-based research on

treatment effectiveness, informed by future perspectives.
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Chapter 1 Introduction

Anterior drooling, the loss of salivary contents from the mouth (Blasco & Allaire,
1992) was the behavioural focus of this PhD research program. This introductory
chapter provides a background to the topic of this doctoral research, that is, effective
behavioural interventions to reduce drooling and their impact in children with cerebral
palsy (CP). Currently there is a void in both research and practice evidence for the
behavioural treatment of children with CP who drool and because of this, the evidence

base to support current practice is weak.

1.1 Childhood disability including CP

Childhood neurodisability refers to a number of chronic conditions across the lifespan
of the child that are either congenital or acquired resulting from damage to the brain
and/or neuromuscular system, which can lead to disturbances in functioning (Morris et
al., 2013). The sub-populations of childhood disability include but are not limited to

CP, Down syndrome, spina bifida and autism spectrum disorder (ASD).

1.2 CP

CP is a non-progressive neurological condition that occurs in early childhood and
persists into adulthood (Bottcher et al., 2010) and is the most common cause of
childhood physical disability (Rosenbaum, Paneth, et al., 2007; Stanley et al., 2001). In
Australia, the most recent prevalence of CP is reported to be 1.9 per 1000 live births
with approximately 34,000 people with CP currently living in Australia. (Mclintyre et
al., 2018). A newer definition of CP was proposed in 2007 which also encompasses the

secondary non-motoric impairments frequently seen:



Cerebral palsy describes 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 CP are often accompanied by disturbances of sensation,
perception, cognition, communication, and behaviour, by epilepsy, and by
secondary musculoskeletal problems (Rosenbaum, Livingston, et al., 2007, p.

9).

The control of movement relies on the planning or organisation of the central nervous
system (Eliasson et al., 2006), which encompasses the brain and spinal cord. The
nerves that carry impulses from the brain that initiate and control movement, maintain
muscle tone and regulate posture are called upper motor neurons (UMNSs). The direct
UMN pathway divides into the corticospinal and corticobulbar tracts to carry signals
for voluntary movement (Lundy-Ekman, 2013) and the UMN pathway responsible for
swallowing and motor speech is the corticobulbar tract (Duffy, 2013, 2020). Any
damage or lesion to the upper motor neurons or these descending tracts can impair
motor control and voluntary muscle contraction, resulting in what is commonly
referred to as the upper motor neuron syndrome (Duffy, 2013; Lundy-Ekman, 2013).
The upper motor neuron syndrome has both positive (spasticity, hyperreflexia, co-
contraction) and negative (sensory deficits, weakness, loss of motor control and
incoordination) (Bartlett & Palisano, 2000; Selber, 2003) features, which cause joint
instability and reduced sensory or motor experiences. The most common cause of the

upper motor neuron syndrome in children is CP.

For many, the cause of CP is unclear (Shepherd et al., 2017) with complete causal

pathways to brain injury being poorly understood (Mclintyre et al., 2018). CP may arise
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from the interaction of multiple risk factors (Rosenbaum, Livingston, et al., 2007),
including prematurity, low birth weight, birth asphyxia, abnormalities of the placenta,
meconium aspiration, neonatal seizures or infections, birth defects, and duration of
mechanical ventilation for pre-term infants (Mclntyre et al., 2018; Mcintyre et al.,
2011; Mclntyre et al., 2013; Roberts et al., 2015; Shepherd et al., 2017). Research has
highlighted that the timing of the brain injury occurs prenatally in approximately 80%
cases (Green & Hurvitz, 2007), but can also occur perinatally or postnatally, which has
different implications for the child’s type of motor impairment, movement ability and
development. For example, children who acquire CP postnatally are more likely to
have epilepsy, intellectual or language impairment, compared to babies who acquire
CP prenatally (Mcintyre et al., 2018; Morgan et al., 2013). In addition, the nature of
the brain injury differs between individuals in location and extent (Krageloh-Mann,
2004). The wide range of aetiological-related factors means that the abilities of the
child will be affected in different ways and no two children with CP will have exactly

the same clinical presentation.

CP is defined by the behaviours and abilities of the child (Rosenbaum, 2012) and can
be classified or described in different ways. Methods of description include: classifying
the type of motor impairment, for example, spastic, dyskinetic, ataxic, specifying the
anatomical distribution of the motor dysfunction, for example, hemiplegia, diplegia,
and quadriplegia, or naming the location of the central nervous system injury, for
example, motor cortex, basal ganglia, cerebellum (Koman et al., 2004). Additionally,
CP can be classified according to the severity of motor impairment using different
systems including: the Gross Motor Function Classification System (GMFCS)

(McDowell, 2008), the Manual Ability Classification System (MACS) (Eliasson et al.,



2006) and the Communication Function Classification System (CFCS) (Hidecker et al.,

2011).

1.3 Drooling in children with CP

Anterior drooling refers to the loss of saliva from the front of the mouth and is not
considered to be acceptable after four years of age (Blasco & Allaire, 1992), while
posterior drooling is saliva which flows posteriorly over the tongue through the faucial
isthmus (Jongerius et al., 2005). The focus of this thesis is on anterior drooling only.
For children with childhood neurodisability including CP, who experience movement
disturbances, dental malocclusion and sensory processing disorders, anterior drooling
is very common (Reddihough & Johnson, 1999). Excessive drooling has also been
significantly correlated with the degree of motor impairment with the risk being
greatest among children classified at GMFCS levels IV and V (Parkes et al., 2010). In
an Australian context, two out of every five children aged between seven and 14 years
with a diagnosis of CP experience drooling (Reid et al., 2012). Due to the
repercussions for physical and social health, anterior drooling can be a significant issue

in the population of children with CP and other neurodisabilities.

It is now accepted that drooling behaviour in CP is not attributable to any one cause
(Reilly, 2008). Children with CP can experience drooling due to the lack of control of
the movements necessary to swallow and manage saliva in the oral cavity and also due
to the disturbances in the ‘comorbid’ sequelae of sensation, for example in the oral
sensory processing of information in the mouth (Weiss-Lambrou et al., 1989). Oral
motor dysfunction (O'Dwyer et al., 1989; Reilly et al., 1996) and/ or a reduced ability
to swallow have also been reported as key reasons for anterior drooling loss in

paediatric population of children with CP (Senner et al., 2004). In the past,



hypersalivation was considered to be a cause but now drooling is generally not
attributed to excessive saliva production (Hussein et al., 1998). In children with
hyperkinetic CP, it has been suggested that there is increased salivary flow not because
of hypersalivation but due to hyperkinetic oral movements (Erasmus et al., 2009;
Hussein et al., 1998). A reduction in oral sensation in the muscles of mastication has

also been reported as a contributing factor to drooling (Weiss-Lambrou et al., 1989).

Drooling can be a disabling condition for children with CP, adversely affecting health
and health-related outcomes including physical and emotional health, social
interactions and self-esteem (Lancioni et al., 2011; Senner et al., 2004). The physical
effects include skin maceration and skin breakdown, respiratory compromise
(Manrique & Sato, 2009), while social effects include rejection from peers and social
isolation (Van der Burg, Jongerius, et al., 2006b). Drooling has also been found to
increase the care needs of the individual significantly (\Van der Burg, Jongerius, Van
Hulst, et al., 2006), thereby having the potential to put families under increased stress.
Drooling therefore has the potential to cause a significant reduction in the quality of
life for both children with CP (Rekha et al., 2011), and their families (Bachrach et al.,

1998; Bella et al., 2011).

1.4 Interventions to treat drooling

In striving to facilitate optimal health outcomes for children who drool, it is strongly
advised that clinicians use evidence-based interventions (Dollaghan, 2007; Reilly &
Perry, 2001). Currently, there is no clear consensus as to which drooling treatments are
safe and acceptable in children with CP (Delsing et al., 2018). Many invasive and non-

invasive interventions exist. In a systematic review of interventions to treat drooling in



children with CP, Walshe et al (2012) classified botulinum toxin A, surgery, and
pharmacological treatments as invasive treatments; whilst behavioural, the use of intra-
oral appliances and oral motor therapy were categorised as non-invasive treatments
(Walshe et al., 2012). Six studies that met criteria for the review included four studies
on botulinum toxin A and two studies on medications. The absence of good quality
studies on non-invasive treatments such as behavioural intervention was highlighted
with no studies meeting the criteria for inclusion. Overall, Walshe et al (2012)
concluded that there was insufficient evidence to support one intervention over the

other when treating children with CP who drool.

1.5 Conceptual Framework

The International Classification of Functioning Disability and Health (ICF) is a
framework for assessing health and disability at an individual and population level
(World Health Organization, 2001). In 2007, the ICF framework was modified to
include a Child and Youth version (ICF-CY) (World Health Organization, 2007)
providing a methodology for measuring the health outcomes of children and
adolescents at differing stages of development in environments in which they live
(World Health Organization, 2007). The ICF-CY (World Health Organization, 2007)
provides a broad conceptual way of describing the child’s functioning in terms of body
functions and structures, activities and participation, all under the influence of
contextual, that is the environmental and personal, factors (see Figure 1.1 below). This
biopsychosocial framework thereby provides a standard language for professionals to
describe health and health-related states (World Health Organization, 2007, p. 3) and
the unit of focus is not the child’s diagnosis but their functioning (World Health

Organization, 2007). Since its inception, the ICF-CY framework been instrumental in



changing clinical practice, enabling practitioners to look beyond an individual’s
‘impairment’ and consider the impact of a diagnosis on a person’s activities and their
ability to be involved or participate in their daily life. As children with CP are likely to
present differently due to motoric impairment, topography, and other associated
conditions such as epilepsy, the ICF-CY framework is useful in helping to analyse
functioning and disability across these domains of health. Drooling is a multi-faceted
behaviour that has multifactorial causative factors (Reilly, 2008). The ICF-CY
framework (World Health Organization, 2007) is therefore helpful as an analytical tool
to describe the impairment of drooling and how it could potentially limit the activities

and restrict the participation of the individual in relevant contexts (see Table 1.1.).

This doctoral program uses the ICF-CY version (World Health Organization, 2007) as
a theoretical framework to describe, understand and study health and health related
outcomes. The focus of this doctoral research is primarily on the body functions and

structures domain of the ICF-CY (World Health Organization, 2007).



Figure 1.1

ICF Framework
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Note. ICF Framework (World Health Organization, 2001). Reprinted with permission
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Table 1.1

A description of drooling using the ICF CY Coding

Body Structures
ICF CY Area of Functioning
Code
(World Health Organization, 2001)
s510 Structure of salivary glands
s110 Structure of brain
s320 Structure of mouth
s330 Structure of pharynx
s340 Structure of larynx
s710 Structure of head and neck (related to movement)

Body Functions
Mental Functions

b1100 State of consciousness functions

b1144 Orientation to space functions (spatial orientation related to mouth
closure)

b1400 Sustaining attention

b1470 Psychomotor control

b1564 Tactile perception

Sensory Functions

b260 Proprioceptive function

b265 Touch function

Digestive Functions

b5105 Swallowing
Neuro-musculoskeletal + Movement Functions

b7601 Control of complex voluntary movement

b7602 Coordination of voluntary movements

Activities & Participation

d429 Changing and maintaining body position, other specified and
unspecified

d250 Managing one's own behaviour

d520 Caring for body parts

Note. Contents extracted from Chapters 1, 3,5 and 7 (Body Structures); Chapters 1, 2,
5 and 7 (Body Functions) and Chapters 2, 4, 5 ICF CY (World Health Organization,

2007).

1.6 Statement of the research problem
Drooling is very common in children with CP and it has a significant impact on the
child’s physical and psychosocial health (Chang et al., 2012). The clinical presentation

of drooling in CP is the result of a complex interaction of factors related to motoric,



sensory, and cognitive functioning that includes oral sensory motor movements and
swallowing skills. High quality evidence-based interventions to treat drooling are
lacking (Walshe et al., 2012) and this topic is a relatively under-researched area when
compared to other areas of functioning such as upper limb impairment (Novak et al.,

2020), thus there is little guidance for practice.

1.7 Statement of the doctoral research purpose

The purpose of this research is to add to the evidence surrounding current practices in
managing and treating drooling in children with CP and assist with future research
planning. Specifically, this doctoral research program aimed to further knowledge by
examining the effectiveness of commonly used interventions and to investigate clinical
assessment and treatment practices for the purposes of advancing the state of the
evidence. A novel intensive behavioural intervention, the Lee Silverman Voice

Treatment LOUD approach (LSVT LOUD®) for drooling was also investigated.

1.8 Thesis Structure

The thesis is presented as a series of chapters and publications or manuscripts of

publications, as follows:

1.8.1 Chapter 2. Behavioural interventions in the management of drooling.
The theoretical underpinnings of behavioural intervention are discussed from both
traditional historical, and contemporary viewpoints. A rationale for why behavioural

intervention is recommended in the treatment of drooling is also discussed.
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1.8.2 Chapter 3. A systematic review of the literature.
This chapter includes a published systematic review (Study 1) and a recent update to
that systematic review. The purpose of this systematic review was to synthesise the
evidence to support the effectiveness of behavioural intervention in the treatment
of drooling for children with neurodisability including CP. This review was needed
due to gaps in the research evidence to support the current practice. The updated
review findings are discussed in relation to the original systematic review. The
conclusions from the systematic review are summarised and how Study 1 informs the
next study and chapter are identified.
Publication:
Mclnerney, M., Reddihough, D., Carding, P. N., Swanton, R., Walton, C. M., & Imms,
C. (2019). Behavioural interventions to treat drooling in children with
neurodisability: a systematic review. Developmental Medicine & Child

Neurology, 61(1), 39-48. https://doi.org/10.1111/dmcn.14048.

1.8.3 Chapter 4. Speech-language pathologists (SLPs) treatment of drooling in children
with neurodisability.
This chapter includes the second published paper in this thesis (see
publication below). The purpose of Study 2, a cross sectional survey, was to provide
current information on the assessment and treatment practice of Australian SLPs when
treating children with neurodisability who drool. The survey also explored the SLPs
rationale for choosing interventions and their perspectives on evidence-based practice
when treating children with neurodisabilities, including CP, who drool. A summary of
the findings are provided after the published manuscript and its relevance to Chapter 5

is discussed.
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Publication: Mclnerney, M., Reddihough, D. S., Carding, P. N., & Imms, C. (2020).
Drooling in children with neurodisability: A survey of Australian speech—language
pathologists’ practice. International Journal of Speech-Language Pathology, 1-9.

https://doi.org/10.1080/17549507.2020.1729860.

1.8.4 Chapter 5. Planning and implementing LSVT LOUD® and LSVT e-LOUD®
This chapter commences with a rationale for providing specific details on
interventions in the field of research for children with CP. A description of the
background and underlying theories to support LSVT LOUD® in the context of
treatment of drooling in children with CP is discussed. The active ingredients and
procedures used in implementing the Lee Silverman Voice Treatment LOUD approach

(LSVT LOUD®) with five children with CP (Study 3) are also detailed in this chapter.

1.8.5 Chapter 6. Effects of LSVT LOUD® on outcomes for children with CP.
This chapter provides information on the intervention study (Study 3) in which LSVT
LOUD® was delivered to five children with CP, and is written in a manuscript format
as it will be submitted to the Behaviour Therapy journal. A concurrent multiple
baseline single case experimental design investigated the effects of LSVT LOUD® on
three outcomes, drooling, speech intelligibility and swallowing in five children with
CP. The findings from the study are discussed in addition to implications for research

and practice.

1.8.6 Chapter 7. Extended discussion of the methods used in the implementation of the
SCED.
This chapter provides an extended methodology and discussion related to Chapter 6.

Key considerations related to optimising internal and external validity together are
12
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discussed in addition to the insights of the researcher, in implementing the SCED.
A practice summary is also provided for other researchers who plan to evaluate

an intervention’s effectiveness in the research field.

1.8.7 Chapter 8. Extended discussion
The knowledge generated from each of the three studies are discussed in more depth.
The implications for practice and future research priorities in the treatment of children
with CP who drool are outlined. The strengths and limitations of the studies is
followed with concluding remarks of this program of research. The appendices
provide supporting materials; including permissions obtained for the use of materials;
and materials related to each study (Appendices B1-B8, systematic review; C1-C5,

survey study; D1-D3, SCED study).
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Chapter 2 Behavioural interventions in the management of

drooling

The aims of this chapter are to (i) outline the need for effective treatments in the
management of drooling in children with CP in the wider context of evidence-based
practice (EBP); (ii) describe the range of interventions to treat drooling and their
effectiveness; (iii) discuss the theoretical underpinnings of behavioural learning theory;

and (iv) explain why behavioural interventions are hypothesised to reduce drooling.

2.1 EBP and rationale for effective treatments for children with CP who
drool

While the suitability of the intervention to the client and clinical experience are
important evidence-based components of clinical decision-making, it cannot replace
research evidence on intervention effectiveness (Sackett, 1997). Increasingly, EBP
now demands that the effectiveness of intervention must be supported by robust
research evidence to increase the likelihood of improving the individual’s health
outcomes (Fakhry et al., 2004). EBP is a systematic approach to clinical decision-
making that encourages clinicians to integrate knowledge from three sources: their
own clinical expertise; high-quality quantitative and qualitative research; and the
client's background, preferences and values when making clinical decisions (Sackett,
1997). Clinicians have an ethical responsibility therefore to use treatments that are
informed by client, clinical and research evidence to optimise the health outcomes for

children with CP.
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Effective evidence-based treatments are lacking for children with CP who drool
(Reddihough, 2017; Walshe et al., 2012), and this is problematic as drooling is
common in children in this population (Blasco & Stansbury, 1996; Reid et al., 2008;
Walshe et al., 2012) due to oral motor dysfunction including poor lip closure (Hussein
et al., 1998), and/or swallowing difficulties (Senner et al., 2004). Drooling is a
disabling condition, adversely affecting physical health, and causing social difficulties
including social rejection from peers (Blasco & Allaire, 1992; Senner et al., 2004; Van
der Burg et al., 2007b). Drooling also increases the care needs of the individual
significantly, thereby increasing caregiver burden and potentially reducing the quality

of life for both the individual and family.

2.2 Children with CP: Interventions for drooling and their effectiveness
There are a range of interventions available to treat drooling in children with CP and
these are typically categorised as invasive or non-invasive methods. These
interventions aim to: a) reduce the production of saliva and/or change the directional
flow towards the back of the of the oral cavity; b) optimise oral motor movements or
functioning to facilitate increased containment of saliva within the oral cavity; or c)
increase the child’s capability in managing their drooling independently or increasing
the number of swallows taken to clear saliva from the oral cavity (Walshe et al., 2012).
Invasive treatments include surgery, medications and injection of botulinum toxin-A
into salivary glands, while non-invasive (conservative) treatment methods include oral
motor therapies and behavioural interventions (see Table 2.1) (Van der Burg et al.,
2007a; Walshe et al., 2012). Invasive treatment approaches are primarily aimed at

reducing saliva production with the secondary aim of reducing drooling, while non-
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invasive approaches are aimed at managing the saliva produced (see Table 2.1). In
their systematic review of interventions to treat children with CP who drool, Walshe et
al (2012) included six eligible studies that focused on pharmacological interventions,
four of which used botulinum Toxin-A. In the same review, no studies on behavioural
or other non-invasive treatments met the inclusion criteria of the review and a meta-
analysis could not be completed due to heterogeneity and methodological issues in the
included six studies. Walshe et al (2012) therefore reported inconclusive evidence to
support the use of one treatment over another, inferring that evidence-based
empirically founded treatments to reduce drooling in children with CP were lacking.
As a consequence, clinicians do not currently have appropriate evidence as to how best
to treat drooling (Walshe et al., 2012). High-quality research studies can help to
generate strong evidence on the effectiveness of interventions. Translating new
knowledge from research into practice will facilitate safer and more effective treatment

practices resulting in improved health outcomes for patients (Titler, 2011).
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Table 2.1

Interventions to treat drooling in children with CP

Invasive treatment approaches primarily aimed at reducing saliva production

Interventions

Aims

Types (where applicable)

Surgery

Reduce or eliminate neural
stimulation to salivary glands

Redirect salivary flow

Induce atrophy of glands
through ligation

Eliminate the production of
saliva by excising the salivary
glands

Sectioning of the parasympathetic neural
pathway

Submandibular duct re-routing
Submandibular or parotid gland ligation
Submandibular or sublingual gland
excision

Parotid duct rerouting

Pharmacological

Decrease the volume of saliva
produced

Anticholinergic drugs
e Benztropine
e Glycopyrrolate
e Scopolamine

Injection of
botulinum toxin
type A

Inhibits the release of
acetylcholine at the
neuromuscular junction
thereby reducing the amount
of saliva produced by the
salivary glands

Non-invasive treatment approaches primarily aimed at managing saliva produced

Physical, oro- Improve jaw or lip closure
motor and oro-  Increase tongue control
sensory Reduce tongue thrust
therapies Normalise tone or oro-facial
sensation
Behavioural Increase target behaviours Instruction
intervention such as swallowing, wiping or  Prompting

head control

Positive reinforcement
Cueing techniques
Self-management

Intra-oral Modify and improve oro- Exeter Lip Sensor Palatal training
appliances motor functioning to increase  appliances (Selley, 1985)
oral control of saliva and Innsbruck Sensorimotor Activator and
containment within the oral Regulator (ISMAR) (Johnson et al., 2004)
cavity Castillo-Morales appliance (Fischer-
Brandies et al., 1987)
Acupuncture Tongue acupuncture: specific

tongue acupoints are
stimulated which relate to
different body parts

Note. Contents extracted from Walshe et al., 2012 (pp.17-19).
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2.3 Behavioural interventions for children with CP who drool

Behavioural intervention is grounded in a scientific view of human behaviour(Corey,
2009), defined as what people do and say (Corey, 2015; Miltenberger, 2012). The
treatment is goal-oriented (Corey, 2012, 2015) and solely focused on facilitating the
patient or individual to change their actions; or learn, to optimise some aspect of their
health (Michie et al., 2011). In this context, learning refers to any enduring change in
the way a person responds to their experience, and occurs over the lifespan of the
individual (Burton et al., 2015). Since the 1970s, behavioural interventions have been
used as a treatment method to reduce drooling (Barton & Madsen, 1980; Garber,
1971; Kay et al., 2006; Lancioni et al., 2011; Lancioni, Singh, O'Reilly, Sigafoos,
Didden, et al., 2009; Lancioni et al., 2013; Lancioni et al., 2008; Richman &
Kozlowski, 1977; Sethy et al., 2011; Van der Burg et al., 2007a). Various
permutations of the term “behavioural intervention” have been used in the literature
including behavioural modification, behaviour therapy, behavioural treatment and

behaviour training (Van der Burg et al., 2007b).

Traditional behavioural treatment procedures can include but are not limited to the
following: instruction, for example, ‘please wipe your chin’ (Van der Burg et al.,
2007a); prompting, for example, a person being given a verbal reminder to swallow
(Garber, 1971); positive reinforcement, for example, praise (Barton & Madsen, 1980)
and/or self-management, for example, the person independently wiping the chin and
taking a swallow (Kay et al., 2006; Thorbecke & Jackson, 1982) (see Figure 2.2
below of definitions). In a methodological critique of behavioural treatment studies

for children with neurodisability who drool, Van der Burg et al (2007a) outlined
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positive effects on drooling behaviour in all of the available nineteen studies but
concluded that the findings were limited due to methodological issues. In appraising
these studies, key methodological issues related to: a lack of demonstration of
sufficient experimental control within studies; variations in the definitions of
drooling; absence of robust outcome measures; a lack of systematic visual data
analysis in studies where a single subject research design was used; and the absence
of interobserver agreement ratings which compromised the reliability of the findings
(Van der Burg, 2007a). The presence of these methodological issues affected the
internal and external validity of the reported studies, and therefore greatly limited the
authors’ interpretation of results from those studies. The collective research evidence
therefore to support behavioural interventions in the treatment of drooling in children
with CP is both dated and inadequate. A synthesis of updated research evidence is

needed to inform current clinical practice.
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Figure 2.1

Behavioural interventions in the treatment of drooling

Prompt: A prompt is used to increase the probability that a person will demonstrate
the right behaviour at the right time. A prompt may involve the behaviour of
the trainer (response prompt) or supplemental environmental stimuli (stimulus
prompts). Response prompt types include: verbal, gestural, modeling and
physical prompt. Stimulus prompt types: within-stimulus i.e., changing the
salience of discriminative stimulus in some way and extrastimulus i.e., adding
a stimulus to help the person make a correct discrimination.

Instruction: Verbal descriptions of the behaviour to be performed. Often used in
conjunction with modelling.

Reinforcement: The process in which the occurrence of a behaviour is followed by a
consequence that results in an increase in the future probability of that
behaviour.

Positive reinforcement: A type of reinforcement in which, contingent on the
behaviour, a stimulus or event is presented and the probability of the
behaviour increases in the future.

Token Economy Reinforcement: A reinforcement system in which conditioned
reinforcers called tokens are delivered to people for desirable behaviours; the
tokens are later exchanged for backup reinforcers.

Contingent Reinforcement:The consequence (reinforcer) is presented if and only
when the response occurs. When such a relationhsip exists, the consequence is
said to be contingent on the response.

Fading: The gradual removal of prompts as the behaviour continues to occur in the
presence of the discriminitive stimulus.

Over-correction: A positive punishment procedure in which, contingent on the
problem behavior, a person is required to engage in effortful activity for a
brief period. Positive practice and restitution are two types of overcorrection.

Self-management: Behavioural modification procedures are used by a person to
change his or her own behaviour. As part of self-management, the person
engages in a behviour that alters the antecedent or consequence of the target
behaviour or alternative behaviour.

Note. The contents of this table are based on contents from Miltenberger (2012).



Behavioural intervention for drooling is often recommended first, before other more
intrusive treatments such as medication and surgery (Meningaud et al., 2006; Nunn,
2000; Van der Burg et al., 2007a). Many children with CP who drool will need several
surgeries and/or medical procedures throughout childhood and adolescence for
secondary musculo-skeletal impairments (Freeman et al., 2014; Palisano et al., 2007;
Turk, 2009). While surgical interventions improve physiological function and
minimise secondary musculoskeletal deformities, for example, in the hips and spine,
they have a high physical impact on a child with CP (Difazio et al., 2016).
Additionally, children with CP who undergo such surgeries, often require extensive
post-operative care and experience serious post-operative complications, compared to
children without CP who have had similar surgeries (Difazio et al., 2016; Murphy et
al., 2006). There are also known impacts from surgical procedures for drooling on
children with CP including a higher risk of dental caries (Hallett et al., 1995) and
increased viscosity of saliva (Dias et al., 2016; Reddihough & Johnson, 1999). While
procedures such as injection of botulinum toxin-A (BoNT-A) into the parotid and
submandibular glands can help reduce drooling and improve quality of life in children
with CP (Banerjee et al., 2006), BONT-A has also been shown to have adverse side
effects (Reddihough et al., 2010), including soreness at the site of injection (Becmeur
et al., 2013). With the BoNT-A treatment option, there is also the need for further
injections as the effectiveness is short-lived. Due to the potential adverse effects from
these procedures, behavioural interventions are preferable as they are non-invasive

with no reported harmful effects (Walshe et al., 2012).
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2.4 Theoretical underpinning of behavioural interventions

The probability of behavioural interventions being successful in improving any
behavioural target of interest, for example, reducing drooling frequency, is markedly
increased when a theoretical basis underpins the development of that intervention
(Gitlin, 2016; Michie et al., 2011). Theories from fields of psychology, sociology and
organizational theory are useful as they describe the mechanisms as to how
behavioural change occurs (Nilsen, 2015). Theories can be viewed as a group of
analytical statements or principles that help to structure our observations,
understanding and explanation of the world (Nilsen, 2015; Wacker, 1998). The
theoretical or foundational roots of contemporary behavioural therapy lie in
behaviourism or behaviourist perspectives, and cognitive-social theories of learning
(Burton et al., 2015; Corey, 2012, 2015). In learning theory, three assumptions are
shared (i) experience shapes behaviour and the underlying premise is that the vast
majority of human behaviour is learned as opposed to being instinctual or innate; (ii)
learning is adaptive, and behaviours that are useful to the person will be reproduced
because of their consequences; and (iii) careful experimentation is needed by the
organism or individual person, to uncover the laws of learning (Burton et al., 2015).
Principles of association are critical to most accounts of learning, and the key
behaviourist theories of learning are described as classical conditioning and operant
conditioning. The cognitive-social perspective incorporates concepts of conditioning
from the behaviourist perspective but also embodies two other important features - a

focus on cognition and social learning (Burton et al., 2015).
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2.4.1 Classical conditioning

Classical conditioning is defined as new learning through association and describes the
basic process of respondent or Pavlovian conditioning (Burton et al., 2015; Corey,
2012; Miltenberger, 2012). This type of learning was the first approach to be studied
systematically (Burton et al., 2015). From a neurological perspective, learning from
classical conditioning occurs through changes at a synaptic level by linking sensory
neurons to neurons that trigger a motor reflex (Kandel, 1999). Classical conditioning is
hypothesised to facilitate long term learning due to the tendency of neuron groups to
fire more readily after consistent stimulation from other neurons (Burton et al., 2015;
Teyler et al., 2005; Teyler & DiScenna, 1987). According to classical conditioning
theory, learning occurs when two stimuli, an unconditioned stimulus (something in the
environment that elicits a response) and a previously neutral conditioned stimulus, are
repeatedly paired together to elicit a specific desired outcome or response, or when a
reflex can be conditioned as a neutral stimulus (Burton et al., 2015; Miltenberger,
2012). Pavlov’s experiment is one famous example of classical conditioning in which a
dog is trained to salivate to the sound of a bell. The three stages of learning in classical
conditioning can be illustrated using the example of Pavlov’s experiment. The first
stage occurs before conditioning when the unconditioned stimulus (food) produces a
natural reflex response (salivation). In this first stage, no new behaviour has been
learned (Burton et al., 2015). During conditioning, a neutral stimulus (bell ringing) is
paired with the unconditioned stimulus (food) until the sound of the bell produces a
conditioned response (salivation). The conditioned stimulus (bell ringing) should occur
before the unconditioned stimulus (food) therefore acting as a trigger or cue for the
unconditioned response (salivation) and in turn, optimising the learning process. It is

hypothesised that several trials of pairing may be needed before the association is
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learned (Burton et al., 2015; Corey, 2012). However, if the bell is rung repeatedly and
no food is presented, the salivary response will eventually diminish and become extinct
(Burton et al., 2015). Extinction is an important principle of behavioural learning
whereby the conditioned response is weakened by the presentation of the conditioned
stimulus without the unconditioned stimulus (for example, dogs stop salivating if the

bell is rung enough times without the presentation of the food).

An example of classical conditioning in the treatment of drooling is where a child is
conditioned to take a swallow to the sound of an auditory stimulus, for example, a beep
sound. In the first stage, a hand-writing task (an unconditioned stimulus) may cause the
individual to have a reduced ability to manage their saliva, as they do not take the same
number of swallows when completing this activity (diminished natural reflex or
swallowing response) and as a result, they drool. During conditioning, a neutral
stimulus (auditory sound or beep) is paired with the natural reflex response
(swallowing) during the handwriting task until the beep sound (alone) produces a
conditioned response (swallowing). In this example, the clinician would need to
complete a previous observational analysis of the child’s swallowing during the
handwriting task to know how frequently they swallow, for example, twice per minute,
to determine the intervals in which the auditory stimulus is presented. In this example,
several opportunities for consistent pairing between the auditory sound and taking a
swallow are likely to be needed for the child to learn to swallow (on command) to the

specific auditory sound or beep.
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2.4.2 Operant conditioning

Operants are behaviours that represent the most significant learning responses that we
make in our lifetime, for example, reading or driving (Corey, 2012, 2015). In the early
twentieth century, Edward Thorndike conducted experimental research that lead to the
creation of a ‘law of effect’ (Burton et al., 2015), which outlines that a behaviour that
produces a favourable effect on the environment is more likely to be repeated in future
(Miltenberger, 2012). In 1913, John Watson progressed the behaviourism movement
by proposing that all observable behaviours are controlled by environmental events or
stimuli (Burton et al., 2015; Miltenberger, 2012). Burrhus F. Skinner further expanded
the field of behaviourism in the later 1930s by explaining the distinction between
respondent and another type of conditioning called operant conditioning, in which he
asserted that the consequences of behaviour control the future occurrences of the
behaviour (Miltenberger, 2012). Skinner believed that unlike the previous assumptions
related to the learning theories of ‘law of effect’ (Thorndike, 1911) and classical
conditioning (Pavlov & Anrep, 1927) as cited by Burton et al. (2015), people were not
passive but active in engaging with their environments. If the environmental change
brought about by the person’s behaviour is rewarding, there is an increased chance that
the behaviour will occur again (Burton et al., 2015), however if the environmental
change produces aversive or negative stimuli, the chances are lessened that the

behaviour will recur (Corey, 2012; Miltenberger, 2012).

The key principles that underpinned Skinner’s operant conditioning theory were
reinforcement, punishment, extinction, and shaping (Burton et al., 2015; Corey, 2012,
Miltenberger, 2012). These were later described as applied operant behavioural

techniques and are frequently used by clinicians in a treatment context to change
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behaviour (McSweeney & Murphy, 2014). The principle of reinforcement is
foundational to operant conditioning theory and was one of the first to be investigated
systematically by behavioural scientists (Miltenberger, 2012). A positive reinforcement
is the process in which the behaviour is strengthened by the immediate consequence
that reliably follows its occurrence (Miltenberger, 2012). Positive reinforcement occurs
when a consequence strengthens a behaviour, for example, a child who studies for an
exam achieves a high grade and is given a tangible reward (pleasant stimulus) by her
parents. In this example, the child’s studying behaviour is likely to be strengthened
(reinforced) and repeated in the future. Negative reinforcement occurs when behaviour
is strengthened due to the removal of something unpleasant (Burton et al., 2015;
Miltenberger, 2012). An example in this case would a parent’s management of their
two-year old’s tantrum in a shop when he is denied his request for chocolate. The next
day that the parent enters the same shop, they buy chocolate immediately for the child
(response strengthened) when he demands it to prevent the occurrence of a tantrum

(removal of unpleasant stimulus).

Extinction occurs when a behaviour that has been reinforced for a period of time, is no
longer reinforced, with the result that the behaviour stops occurring (Miltenberger,
2012). Williams (1959) was one of the first scientists to demonstrate the effectiveness
of extinction in decreasing a child’s tantrums at night-time. Williams had determined
that the child’s tantrums were being reinforced by the parents’ attention, and when they
refrained from giving attention when the child engaged in the tantrum, the night-time
tantrums reduced (Williams, 1959). The principle of punishment is applied when a
consequence weakens a behaviour and decreases the probability that a response will

recur (Burton et al., 2015; Miltenberger, 2012). For example, a child reaches out her
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hand (behaviour) to pet a dog on the head and the dog immediately bites her
(punishment), leading the child to never pet dogs again (consequence). The concept of
stimulus control refers to the situation in which a person behaves in a one way when a
specific stimulus is present and behaves differently when that stimulus is absent
(Burton et al., 2015; Miltenberger, 2012). For example, a child may swallow saliva
more frequently in the presence of their parent (specific stimulus), resulting in reduced
drooling (consequence) as the parent has previously trained the child to take more

independent swallows.

Fading is frequently used as a behavioural technique to modify behaviour and also
when training a person to acquire a new skill (Burton et al., 2015; Miltenberger, 2012).
Initial prompts are provided to facilitate the person to attain the desired behaviour, and
these are removed once the target behaviour is established (Miltenberger, 2012). The
long-term goal is for the person to no longer need these prompts to demonstrate the
desired behaviour. For example, a child might be verbally reminded by a therapist to
wipe their mouth using their wrist band and the therapist gradually reduces down
(fades) the level of prompting as the child demonstrates increased competence in

wiping independently.
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2.4.3 Shaping: Antecedent and consequent behaviours

Shaping differentially reinforces successive approximations of a target behaviour until
the person engages in the target behaviour, a behaviour that they don’t yet demonstrate
(Miltenberger, 2012). Previous research has highlighted that the behavioural technique
of shaping can generate target behaviours in a variety of populations including those
with intellectual disabilities (Slifer et al., 2007) and high-level athletes (Scott et al.,
1997). With a shaping technique, the target behaviour that is reinforced increases and
the behaviours that are not reinforced decrease through extinction (Miltenberger,
2012). Shaping is a useful technique when teaching complex behaviours (Burton et al.,
2015) and is therefore frequently used in allied health-based behavioural interventions.

The typical steps in shaping behaviour are outlined in Figure 2.2. below.
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Figure 2.2

Successful steps in shaping a target behaviour

Define target behaviour

v

Determine whether shaping is the most appropriate procedure

|

Identify the starting behaviour

v

Choose the shaping steps: successive approximations

v
Choose the reinforcer to use in the shaping procedure

|

Differentially reinforce each successive approximation

Move at a proper pace through the shaping steps

Note. Steps based on content in Burton et al. (2015).

In Skinner’s theory of operant conditioning he discussed a three-term contingency to
shape behaviour based on ‘stimulus, response and reinforcement’ which was modified
and is now commonly referred to as the ‘antecedent, behaviour, consequence’, or ABC
method (Burton et al., 2015). Antecedent procedures involve manipulating some aspect
of the physical or social environment to evoke a desired response or make a

competing, undesirable behaviour less likely. Events that arise before the target
behaviour can be manipulated or controlled to evoke desirable target behaviours so that
they can be differentially reinforced, or decrease undesirable behaviours that interfere

with the desirable behaviour (Miltenberger, 2012, p. 315). Instruction and prompting
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are both examples of antecedent techniques (Van der Burg et al., 2007b). For example,
a child with CP who drools may be given a verbal prompt (antecedent technique) to
encourage mouth closure (target behaviour), as an open mouth posture may be
identified as an antecedent event to their drooling. Consequent behavioural strategies
incorporate reinforcement. Once the target behaviour is realised, the target behaviour is
reinforced each time it occurs. For example, a child’s swallowing may be reinforced by
the parent praising each of their swallowing attempts, leading to better clearance of
saliva from the oral cavity and reduced anterior spillage of saliva (see Table 2.2 for
examples). By applying a combination of antecedent and consequent behavioural
techniques, the desirable target behaviour increases. To accurately identify the
antecedent or consequent events (events following target behaviour) that cause or
maintain drooling and set specific treatment targets, a functional assessment is needed

(Corey, 2012).
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Table 2.2

Examples of antecedent and consequent behavioural interventions in drooling management

Antecedent | Desirable Behavioural intervention strategies Behaviour Example of consequent behavioural intervention strategy
events/ target Achieved:
behaviours | behaviour Yes/ No
Open mouth | Closed Stimulus prompt = symbol or picture of a Yes Differential positive reinforcement types:
posture mouth ‘closed mouth’ - Praise the mouth closure
(person has Instruction (response prompt) =Verbal - Non-verbal response: thumbs up to child/ smile
ability to instruction or non-verbal cue - Tangible reinforcer e.g. sticker
close mouth) Negative reinforcement:
- Chin is wiped by another person
No Reintroduce the physical (response) prompt or verbal instruction
(stimulus prompt) until target behaviour is achieved
Unable to Closed lips | Stimulus prompt: (symbol or picture of Yes - Praise the mouth closure
close lips or closed lips) or - Non-verbal response: thumbs up to child/ smile
form physical assistance in closing mouth - Tangible reinforcer e.g. sticker
adequate lip Response prompt Verbal instruction or
seal non-verbal cue No Reintroduce the physical (response) prompt or verbal instruction
(stimulus prompt) until target behaviour is achieved
Loss of head | Stable Stimulus prompt: Yes - Praise the head control
control neutral -symbol or picture of good head position or - Non-verbal response: thumbs up to child/ smile
position picture of individual with correct head - Tangible reinforcer e.g. sticker
(with position No Reintroduce the prompt or instruction until target behaviour is
minimal -mirror provided in the immediate achieved
cervical environment to provide visual feedback Try an alternative strategy if the initial prompt does not work after a
flexion) Response prompt Verbal instruction or few attempts
head non-verbal cue
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2.5 Principles of behavioural intervention applied to drooling

Behavioural principles describe how behaviour is influenced by, or occurs as a function of,
environmental events and once these are understood, events in the environment can be
changed to alter behaviour (Miltenberger, 2012). The intricate relationship between
environment and behaviour is directly applicable to children with CP who drool as
environmental conditions do influence drooling severity, for example, a child’s seating
positioning, and/or access to strategies that help the child to self-manage drooling. Drooling
can be construed as a behavioural excess as it is an undesirable target behaviour that the
person wants to decrease in frequency, duration or intensity (Miltenberger, 2012).
Fundamentally, drooling is an overt, observable behaviour with measurable dimensions of

frequency, severity and intensity (Miltenberger, 2012).

Several key principles of behavioural interventions can be applied when trying to decrease
drooling behaviour, indicating that behavioural intervention should be a good theoretical fit
to reduce drooling in children with CP. Drooling in children with CP is a complex behaviour
(Reilly, 2008) and therefore a focus on the behaviour and its determinants, is warranted to
optimise treatment planning and success. A functional assessment is a key pre-requisite to a
behavioural intervention in which a behaviour is being modified (Corey, 2012; Miltenberger,
2012). Behaviour must first be analysed in the environment in which it occurs (Corey, 2015;
Gitlin, 2016; Miltenberger, 2012) and as a first step, the antecedent and consequent
behaviours that maintain the desirable and undesirable target behaviours need to be identified
(Miltenberger, 2012), to help understand how environmental events influence or change
behaviours (Corey, 2015; Gitlin, 2016; Miltenberger, 2012). The assessment therefore helps

to identify the relationship between the environmental events and a behaviour, as this can
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assist in understanding the reasons for the behaviour (Miltenberger, 2012). Following
assessment, intervention encompassing tailored salient learning experiences that promote
change in learning, or the target behaviour of interest, are implemented (Corey, 2012, 2015;

Miltenberger, 2012).

2.5.1 Limitations of traditional behavioural theory

Principally, traditional behavioural modification involves assessing the environment in which
the behaviour is occurring and modifying the current environmental events that are
functionally related to the behaviour (Miltenberger, 2012). While it is necessary to conduct a
functional assessment that helps to identify the potential causes and contributing factors to
drooling, this view is limiting when applied to drooling in children with CP. Drooling does
not occur solely as a function of environmental events but also occurs due to causative and
contributory factors that are intrinsic to the individual, for example, oral motor dysfunction or
reduced success in independently closing the mouth. In addition, drooling is also covert in
nature, having many purported non-visible influences or contributory influences, for
example, a lack of awareness of drooling, reduced oral sensation in facial muscles (Royal
Children's Hospital Melbourne, 2020; Weiss-Lambrou et al., 1989). Other hypothesised
contributing covert factors that are less well understood include the child’s spatial orientation
of oral structures (knowing how open the mouth is), memory and psychomotor skills. All the
precipitating and perpetuating factors that serve to maintain drooling, not just overt
contributing or causative factors, need to be identified in assessment to inform intervention
planning. Behaviour is influenced by environmental events but equally has an impact on the
environment, thereby having a triadic reciprocal relationship, with the person at its centre

(Corey, 2012; Miltenberger, 2012). Interventions must therefore also draw on additional
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theories of learning to successfully address drooling behaviour in children with CP and other

neurodisabilities.

2.5.2 Cognitive-social learning theory

Cognitive-social theories share the behaviourist view that people’s non-instinctual learning is
shaped by experiences but also asserts that the person’s beliefs, expectations and information
processing play a big part in how they learn (Burton et al., 2015). The concept of self-
efficacy is central to Bandura’s theory of social cognitive theory, which identifies that the
constructs of the person, environment and behaviour should not be seen as distinct entities
influencing behaviour but rather a complex reciprocal interaction among the client,
environmental and behavioural factors (Corey, 2012, 2015). Building the client’s self-
efficacy is often an important secondary goal of many behavioural-based treatments in allied

health.

Drooling typically occurs early in development as the child learns to control the management
of saliva in the mouth, however drooling beyond four years is considered atypical (Reid et
al., 2012). It is evident that many children with CP do not learn to manage their saliva by four
years, with a high incidence of drooling reported well into adolescence (Reid et al., 2010),
which suggests that rather than being an innate learning process, it is an active process to
learn how to manage saliva in the mouth. Reasons for a lack of control of salivary contents
within the oral cavity are varied and might relate to the motor impairment including
spasticity, low tone or dyskinesia and/or may also be due to motor planning deficits. Some
children may need increased structured opportunities to enable them to learn new, or modify
existing, behaviours in the hope of increasing the desired behaviour, a reduction in drooling,

for example, learning to wipe the mouth or dab the chin area. Children with CP who drool
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may also need to learn cognitive strategies or behaviours such as increasing their awareness
of drooling, memorising strategies to implement, for example, checking their chin for saliva
at set intervals and applying their wiping strategy. Teaching cognitive strategies is also
important to optimise skill retention and generalisation. For a behavioural intervention to be
maximally effective, the intervention therefore has to be multi-faceted, targeting as many

behavioural determinants as possible (Gitlin, 2016; Michie et al., 2011).

2.6 Summary and next steps

Traditional behavioural interventions in the treatment of drooling are largely based on
classical behaviourists theories of classical and operant conditioning. The last review of the
literature that included relevant behaviourally-focused interventions was completed over ten
years ago (Van der Burg et al., 2007b). It is important to review recent research to obtain
insights on whether the nature of behavioural interventions has changed when treating
children with CP who drool; and to determine whether recent research on intervention
implementation aligns with principles of effective behavioural interventions. By completing a
synthesis of the available research, the level of evidence can also be determined, which will

help to inform current treatment practice and provide future directions for research.
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Chapter 3 A systematic review of the literature

3.1 Paper 1: A systematic review of behavioural interventions to treat drooling in

children with neurodisability.

Mclnerney, M., Reddihough, D., Carding, P. N., Swanton, R., Walton, C. M., & Imms, C.
(2019). Behavioural interventions to treat drooling in children with neurodisability: a
systematic review. Developmental Medicine & Child Neurology, 61(1), 39-48.

https://doi.org/10.1111/dmcn.14048.

This systematic review aimed to identify and synthesise the evidence for behavioural
interventions to reduce drooling in children with neurodisability and to examine the
intervention effectiveness at the level of body functions and structures level. A secondary
purpose of this systematic review was to investigate whether these treatments had an effect

on activity, participation, and quality of life.

NOTE: Permission to reproduce this publication for this thesis from the journal has been
granted and included; together with a statement of contribution from co-authors, and are
included in Appendices B1-B2. A copy of the published manuscript can be found in

Appendix B3 and additional supplementary material are provided in Appendices B4-B8.

“This is the authors accepted manuscript of an article published as the version of record ©

2019 Wiley-https://doi.org/10.1111/dmcn.14048.
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Abstract

Aim: To review the evidence for behavioral interventions to reduce drooling in children with
neurodisability.

Method: A detailed search in eight databases sought studies that (1) included participants O -
18 years with neurodisability and drooling; (2) provided behavioral interventions targeting
drooling or a drooling-related behavior; and (3) used experimental designs. Two reviewers
extracted data from full-text papers independently. Results were tabulated for comparison.
The Risk of Bias assessment in N of 1 Trials (RoBiNT) scale for single case experimental
designs (SCEDs) and the Cochrane risk of bias assessment tool for randomized controlled
trials (RCTs) were applied.

Results: Of an initial yield of 763, seven SCEDs and one RCT were included. Behavioral
interventions included the use of reinforcement, prompting, cueing, self-management,
overcorrection and fading. Each assessed body functions or structures’ outcomes (drooling
frequency and severity); three included activity outcomes (mouth drying, head control, eye
contact and vocalizations) and none assessed participation or quality of life. While each study
reported positive effects of intervention, risk of bias was high.

Interpretation: Low-level evidence suggests behavioral interventions may be useful for
treatment of drooling in children with neurodisability. Well-designed intervention studies are

urgently needed to determine effectiveness.

Corresponding Author: Michelle Mclnerney (Michelle Mclnerney@acu.edu.au)
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What this paper adds:

1. Behavioral interventions used to treat drooling included reinforcement,

prompting, overcorrection, instruction and fading

‘activity-level’ outcomes (n=3)

2. Interventions targeted ‘Body structures and function- level’ outcomes (n=8) and

3. Low-level evidence supports the use of behavioral intervention to treat drooling.

39




3.1 Introduction

Anterior drooling is defined as spillage of saliva out of the mouth that is clearly visible while
posterior drooling is saliva that spills through the oropharynx into the hypopharynx (Delsing
et al., 2018). Anterior drooling, the focus of this systematic review, is common and disabling
for many children with neurodisability (Blasco & Allaire, 1992). It is estimated that 40% of
children between the ages of 7 and 14 years with cerebral palsy (CP) will experience drooling
(Reid et al., 2012). In children with neurodisability the reasons for drooling include reduced
awareness of drooling (Little et al., 2009), less frequent and inefficient swallowing (Senner et
al., 2004) and oral sensory issues (Reilly, 2008), which can be further compounded by
postural problems or reflux (Leung & Kao, 1999). The presence of contributing factors, such
as the use of medications that exacerbate drooling, which is often a necessity in the life of a
child with neurodisability, adds to this complexity. The health consequences of drooling can
be serious and potentially life-threatening and include: skin irritation and maceration (Blasco,
2002), and social rejection from peers (Van der Burg, Jongerius, et al., 2006a). Importantly,
poor saliva control can also lead to reduced self-esteem and can affect the individual’s
successful integration into the community (Reddihough & Johnson, 1999). Additionally,
there are secondary impacts in caring for the child who drools, such as greater daily care
demands and increased stress levels (Bella et al., 2011). The presence of problematic
drooling therefore has the potential to reduce the quality of life of both the child and the

wider family unit.

Drooling is a multi-dimensional behavior with multiple potential causes or contributing
factors that necessitates the expertise of a multi-disciplinary team (Reilly, 2008). Many
interventions are available to a multi-disciplinary team to treat drooling in children with

neurodisability, however, there is no consensus about their effectiveness (Walshe et al.,
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2012). Botulinum toxin- A (BoNT-A), surgery, and the use of medications are considered
invasive treatments; whilst less invasive-treatments include behavioral, oral motor therapies

and the use of appliances (Bavikatte et al., 2012)

Behavioral interventions are widely recommended for drooling and it is frequently suggested
that they are used before invasive treatments are considered (Meningaud et al., 2006). These
interventions are based on behavioral modification principles and are underpinned by the
premise that all behavior is influenced by learning principles of classical and operant
conditioning (Burton et al., 2015). The aim of these interventions is to increase target
behaviors (Corey, 2015) such as swallowing saliva, wiping lips and chin, improving head
control, and teaching ways to manage drooling independently. Treatment techniques can
include instruction, for example, please wipe your chin; prompting, for example, giving a
verbal prompt to swallow, positive reinforcement, for example, praise and/or self-
management, for example, instructions to swallow and wipe the chin) (Van der Burg et al.,

2007b) (See Table S1 in Appendix B4 for behavioral intervention definitions).

There is limited evidence to support the use of behavioral interventions. Although a prior
descriptive review of 19 studies reported on the effectiveness of behavioral interventions for
drooling (Van der Burg et al., 2007b), no conclusion could be drawn regarding efficacy due
to a number of methodological issues including: non-experimental design; drooling

measurement issues and poor inter-observer reliability.

3.2 Why should a behavioral intervention work to reduce drooling?

Behavioral interventions are concerned with analyzing and modifying human behavior, in the

context in which the behaviors take place. These interventions are developed to change
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socially significant behaviors with the goal of improving some aspect of the person’s life
(Miltenberger, 2012). Behavioral interventions have their foundations in learning theory and
build on the premise that human behavior is learned through an interaction between an
individual and their environment. Contemporary behavioral therapy also assumes that the
individual is capable of self-directed change and that the person is the agent of that change.
The focus of behavioral intervention is on observable behavior, current determinants of
behavior, learning experiences that promote change, tailoring treatment strategies to

individual clients, and rigorous assessment and evaluation (Corey, 2009).

Drooling behavior is a suitable target for behavioral intervention because the principles of
behavioral intervention can be readily applied to treat drooling. First, drooling is a socially
significant human behavior that has the potential to seriously affect the child’s physical and
psychosocial health (Chang et al., 2012) and has an impact on the physical and social context
(Tahmassebi & Curzon, 2003). Second, drooling is an overt observable behavior, which has
dimensions of frequency and intensity that can be described, recorded and measured. In
delivering a behavioral intervention, a stimulus is provided either before, during or after the
unwanted drooling behavior occurs, to facilitate a change in the individual’s responses or
behavior that will reduce or eliminate the drooling (Kazdin, 2001), for example, praising a
person for not drooling for a specified period. Third, the occurrence of drooling can be
influenced by contextual events, e.g., the person is in a poor sitting position, which results in
increased head flexion, which can exacerbate drooling. By describing the functional
relationship between drooling and context, hypotheses can be formulated about the reasons
for the behavior and corresponding procedures can be put in place, e.g., prompting carers to
always place the person in the correct position. Finally, many treatments for drooling aim to

increase the occurrence of desirable motor behaviors, for example, swallowing and decrease
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the occurrence of undesirable behaviors, that is, drooling; and therefore, involve
opportunities to support motor learning. Behavioral intervention can facilitate motor learning

through practice, stimulus selection, rehearsal and feedback (Valvano, 2004).

The International Classification of Functioning, Disability and Health (ICF) (World Health
Organization, 2001) was used as the conceptual framework for this study. The ICF
conceptualizes a person’s level of “functioning’ as a dynamic interaction between his or her
health conditions, environmental factors and personal factors. Functioning includes two parts
related to body functions and structures which describes the anatomy, physiology and
psychology of the human body; and activity and participation, that describe the individuals’

current functional level related to skills like mobility, self-care communication and learning.

The purpose of this review was to identify and synthesize the evidence for behavioral
interventions to reduce drooling in children with neurodisability and to examine intervention
effectiveness at the level of body functions and structures. The secondary purpose was to
investigate whether these treatments had an effect on activity, participation and quality of
life. The findings of this review may provide evidence to guide practice and future research

in the treatment of drooling in children with neurodisability.

3.3 Method

This systematic review was designed in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) protocols (Hutton et al., 2015). The
review protocol was registered online with the International Prospective Register of
Systematic Reviews Protocols (National Institute for Health Research (NHS)) and can be

accessed at:
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http://www.crd.york.ac.uk/PROSPERO/display_record.php?ID=CRD42017060963. The

American Academy of Cerebral Palsy and Developmental Medicine Methodology to
Develop Systematic Reviews of Treatment Interventions (Darrah et al., 2008) was used to

determine the level of evidence of studies found.

3.3.1 Search strategy

A comprehensive search strategy was created using medical subject terms: ‘child’,
‘neurodisability’, “drooling’, ‘behavioral’, ‘intervention” and associated relevant subject
headings. The search was modified for the following eight electronic databases: MEDLINE,
CINAHL, AMED, CENTRAL, Embase, PsycINFO, Scopus, and Web of Science (see Table
Sl for MEDLINE search strategy in Appendix B5). The number and type of databases were
chosen to minimize selection bias and increase the generalizability of this systematic review
(\Vassar, 2017). Preliminary searching began in February 2017 and the final search was
completed on June 2", 2017. All of the retrieved articles were imported into the
bibliographic database, EndNote X8 (Thomas Reuters [Scientific] LLC, Philadelphia, PA,
USA) and then exported into the Covidence database for screening and management. One
reviewer (MM) also completed a manual hand search of reference lists of full text articles in

English.

A limited search of unpublished sources in the grey literature was also conducted. The search
terms were adapted, and the following sources were searched: Trove, The Agency for
Healthcare Research and Quality, Australian Institute of Health & Welfare, National Health

Medical Research Council, and Registry of Open Access Repositories.
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3.3.2 Selection criteria

Studies were eligible if they (i) included participants between the ages of 0 and 18 years with
a diagnosis of neurodisability and drooling; (ii) provided behavioral interventions that
targeted drooling or a drooling-related behavior; and (iii) used experimental study designs
including randomized controlled trials (RCTs), Clinical Controlled Trials (CCTs), and single

case experimental design (SCED) studies.

3.3.3 Study selection

Through initial screening of articles by the primary reviewer (MM), duplicates, review
articles, conference proceedings, editorials, poster presentations, and articles in languages
other than English were removed. Following this, two reviewers (MM and CW)
independently applied selection criteria to title, abstract and full text articles. Most
differences were resolved through consensus. A third party (CI) was consulted if differences

were unresolved until a final decision was reached.

3.3.4 Data extraction

A data extraction form was first created, customized and trialed. Two reviewers (MM and
CW) then independently used this form to extract data on the following variables: study
design, participant number and diagnostic information, behavioral intervention, target
behavior definition, outcomes of interest, outcome measure used, main findings and level of

evidence.
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3.3.5 Data synthesis

It was not possible to complete a meta-analysis as heterogeneity was found in (i) population
diagnoses; (ii) data collection methods and measures used in the included studies; and iii)
study outcomes reported. A narrative approach was therefore used to synthesize the data on

key study variables, study quality and risk of bias.

3.3.6 Risk of Bias in Assessment

Risk of bias assessment was performed at a study level. The Risk of Bias in N-of-1 Trials
(RoBINT) Scale (Tate, 2015) was used to assess the risk of bias in studies where single case
experimental methodology was used. In RCTs, we used The Cochrane Collaboration Tool
(Higgins, 2008) to assess risk of bias. Two independent reviewers (MM and CW) completed
risk of bias assessment on RCTs. SCED studies were examined using the RoBiNT Scale
(Tate, 2015) by two reviewers (MM and RS). Cases where there were different ratings were

resolved by consensus.

3.4 Results

3.4.1 Study design

The search identified 763 papers. There were 93 studies that were assessed for full text
eligibility against selection criteria and a final total of eight papers were included (see Figure
S1in Appendix B6 for PRISMA flow diagram). Seven studies used a SCED approach and
one was an RCT (see Table I). Four of the eight articles were published between 1977 and
1989, with the remaining four published between 2006 and 2011. All included studies used
an experimental design with control. Four of the SCED studies used a withdrawal/reversal

(ABAB) design and three used a concurrent multiple baseline design.
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3.4.2 Participants
The eight included studies involved a total of 35 participants who received behavioral
interventions (see Table I). Of these, 25 were included in the single RCT. The age range of

the participants was 5 to 17 years.

3.4.3 Behavioral interventions

In all studies, a combination of behavioral intervention methods was used, for example,
prompting and reinforcement, rather than only a single method. Reinforcement was used in
all eight studies (Drabman et al., 1979; Dunn et al., 1987; Kay et al., 2006; Lancioni et al.,
1989; Lancioni, Singh, O'Reilly, Sigafoos, Didden, et al., 2009; Richman & Kozlowski,
1977; Sethy et al., 2011); with positive reinforcement in seven studies (Drabman et al., 1979;
Dunn et al., 1987; Kay et al., 2006; Lancioni et al., 1989; Lancioni, Singh, O'Reilly,
Sigafoos, Didden, et al., 2009; Sethy et al., 2011); and token economy reinforcement in two
studies.(Dunn et al., 1987; Sethy et al., 2011). Prompting was used in six studies (Dunn et al.,
1987; Kay et al., 2006; Lancioni et al., 1989; Lancioni, Singh, O'Reilly, Sigafoos, Didden, et
al., 2009; Lancioni, Singh, O'Reilly, Sigafoos, Oliva, et al., 2009; Richman & Kozlowski,
1977). Three of the studies used the term “cueing’ instead of ‘prompt’, in which a visual,
auditory or vibratory stimulus prompt was provided by an assistive technology device to
make the correct response more likely, for example, swallowing, wiping the mouth (Lancioni
et al., 1989; Lancioni, Singh, O'Reilly, Sigafoos, Didden, et al., 2009; Lancioni, Singh,
O'Reilly, Sigafoos, Oliva, et al., 2009) (see Appendix B for Table Sl for behavioral
intervention definitions). The other strategies included self-management (Dunn et al., 1987),
overcorrection (positive punishment) (Drabman et al., 1979), instruction (Kay et al., 2006),

and fading (Lancioni, Singh, O'Reilly, Sigafoos, Oliva, et al., 2009) (See Table I).
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Table I.
Characteristics of Included Studies

Study Aim Level of Participants Total | Target Behavioral Outcomes of | Measure Main Findings
Author Evidence* | Diagnosis & n Behaviour Intervention Interest
Design Age Definition

Effect of a token Level Il CP +mildID; |25 Saliva that 1.Token BFS: Drooling | Continuous Significant decrease in
economy behaviour problematic spilled over the | Economy frequency recording= drooling frequency in
on drooling (Sethy et | RCT drooling; lower lip and Reinforcement | A: N/A Frequency of | experimental group
al., 2011) 5-12 yrs fell out of the P: N/A drooling (n=12) compared to non-

mouth 2.Positive episodes for | experimental group

Reinforcement 20 mins (n=13)
(p< 0.01). Reduction not
maintained

Technology-assisted | Level IV Multiple DD; |1 Chin wetness- 1. Prompting BFS: Drooling | 5-second Increase in mouth drying
promotion of mouth persistent saliva appearing | 2. Fading severity (chin | interval
drying to reduce SCED- drooling below the lower | 3. Positive wetness) recording of | Decrease in chin wetness
effects of drooling Withdrawal/ | problem; 16 lip Reinforcement | A: Mouth chin wetness
(Lancioni et al., Reversal yrs Mouth drying drying Improvements not
2009a) ABAB response: response Electronic maintained

passing mouth P: N/A recording of

and chin over mouth-drying

spongy surface response

to activate two

touch/ pressure

micro-switches
Self-control and Level Il Spastic 1 1. Self- BFS: Drooling | Continuous Self-control was the most
reinforcement in the quadriplegia The number of | management frequency recording= effective treatment
management of SCED- CP; ID and drops falling (self-control) A: N/A Frequency of | component.
drooling in one MBD; 3 non-verbal, from the lip or 2. Prompting P: N/A drooling
adolescent with CP | situations long history of chin 3. Positive episodes Drooling eliminated in
(Dunn et al., 1987) (“social’, drooling; reinforcement all three situations
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‘cognitive” | 16 yrs 4. Token
and ‘no’ Economy
demand) Reinforcement
Two persons with Level IV Down Chin wetness- 1. Prompting BFS: Drooling | Electronic Significant differences in
multiple disabilities Syndrome, saliva appearing | 2. Positive severity (chin | recording of | mouth-drying
use a mouth drying | SCED: visual below the lower | reinforcement | wetness) mouth-drying | frequencies and chin
response to reduce Withdrawal/ | impairment + lip A: Mouth response wetness (p < 0.01)
the effects of their reversal non-verbal; drying
drooling (Lancioni et | ABAB long history of Mouth drying response Interval
al., 2009b) Design drooling; response- P: N/A recording of
12 yrs 2 mths bringing/ chin wetness
pushing the using 5
napkin to mouth second
(to activate two intervals
Sensors)
Use of automatic Level IV Student 1: Wet- saliva 1. Prompting BFS: Drooling | Interval Percentage of time
cueing to reduce Deafness; appearing 2. Positive severity recording- samples in which
drooling in SCED: motor outside the reinforcement | (percentage of | judged if dry | students were wet
two students with Withdrawal/ | impairment, lower lip 3. Extinction wet time or wet at the | reduced during treatment
multiple disabilities | reversal ID; drooled (of positive samples) end of 20
(Lancioni et al., design consistently; Dry- No saliva | reinforcement) | A: N/A second
1989) 16 yrs 10 mths. appearing P: N/A intervals
Student 2: outside the
Deafness and lower lip
ID; 11 yrs 2
mths
Operant training of | Level IV Multiple DD; The presence of | 1. Prompting BFS: Drooling | Interval
head control and quadriplegic saliva on the lips | 2. Contingent | severity (dry or | recording=Al
beginning language | SCED- spastic CP; or mouth reinforcement | wet) | measures EVE, .HEA.‘D' VOCAL.
for a child with Withdrawal/ | baseline of all A:1)EYE taken over behaviors increased with
severe reversal drooling status behaviours (initiation + 10-minute treatment and mean
developmental design not reported,; maintenance of
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disability (Richman 9 yrs 8 mths eye contact) periods (20 decreases in behavior
etal., 1977) 2) HEAD sec intervals) | during reversal periods.
gg?ﬁ&ir;iigt) Mean Ieve!s of drooling
3) VOCAL dec_reased in treatment
(imitation of period.
vocalisation)
P: N/A
Suppression of Level 11 'Profound Wet: any 1.Positive BFS: Drooling | Interval Baseline “dry’ rates of
chronic drooling in mental moisture reinforcement | severity (dry, recording 10% improved to 50-
children and SCED- retardation’ (besides (praise if dry) | wet or very every 30- 60% following treatment.
adolescents with Multiple and chronic perspiration) 2. Over- wet) mins
intellectual baseline drooling. present on the correction (if | A: N/A Overcorrection
disability: design Pcpt 1 - 7 yrs; finger wet) P: N/A for wetness + positive
effectiveness of a across 3 Pcpt 2 had left Very Wet: reinforcement for
behavioral treatment | participants | hemiparesis presence of dryness lead to 'durable +
package (Drabman, 15 yrs; drool dripping stable reductions in
etal., 1979) Pcpt 3 - cleft from the child's drooling'
palate & chin
orofacial
anomaly; Dry: if saliva
12 yrs was not wiped
off by the finger
nor was dripping
below the chin
Elimination of Level Il ASD+ 'mental ‘Saliva pool'- 1- | 1. Instruction- | BFS: Drooling | Interval Steady reduction and
drooling by an retardation’; inch or greater 'swallow' and | severity (pools | recording: 5 | eventual elimination of
adolescent student SCED- 'rudimentary in diameter 'wipe your of saliva on mins initially; | drooling in the 3 settings
with autism (Kay et | Multiple speech’; mouth' surfaces) increased to
al., 2006) Baseline chronic 2. Prompting A: N/A every 15
Design- drooling; (physical P: N/A mins in each
17 yrs prompt) setting
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across 3 3. Positive
settings. reinforcement
(praise)

Note. RCT, randomized controlled trial; CP, cerebral palsy; ID, intellectual disability; Y, years; BFS, body functions and structures level
outcome; A, activity level outcome; N/A, not applicable; P, participation level outcome; SCED, single case experimental design; MBD, multiple

baseline design.
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3.4.4 Outcomes assessed

Each study aimed to reduce a target behavior related to either drooling frequency and/or
severity. Frequency-related outcomes in two studies included measures of drooling frequency
(Sethy et al., 2011) and drooling drops per minute (Dunn et al., 1987). Four studies assessed
drooling-severity related outcomes defined as percentage of chin wetness, (Lancioni, Singh,
O'Reilly, Sigafoos, Didden, et al., 2009) percentage of wet time samples (Lancioni et al.,
1989), pools of saliva (Kay et al., 2006), and drooling status.(Drabman et al., 1979). Activity-
level outcomes were measured in three studies and included mouth drying as a response
(Lancioni, Singh, O'Reilly, Sigafoos, Didden, et al., 2009; Lancioni, Singh, O'Reilly,
Sigafoos, Oliva, et al., 2009); and improved head control, eye contact and imitative
vocalization (Richman & Kozlowski, 1977). None of the studies assessed outcomes related to

participation or quality of life.

3.4.5 Effectiveness of interventions

Each study reported a positive result related to drooling and drooling-related behaviors (see
Table 1). No adverse effects were reported. Two studies described reduced drooling
frequency. In the RCT (Sethy et al., 2011), drooling frequency decreased significantly in the
experimental group following token economy and positive reinforcement compared to the
non-experimental group (p < 0.01). In this study, the participants received a token, for
example, star sticker, and verbal reinforcement following cessation of drooling for a specified
length of time. Opportunity was provided to collect more star stickers (by not drooling) and
once four were collected, these could be exchanged for a reward. In a second study, drooling
was reportedly eliminated in one individual in all task situations, following a combination of
behavioral intervention methods including prompting, positive and token reinforcement and

self-management (Dunn et al., 1987).
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In the remaining studies, a drooling-severity related behavior was the outcome of interest,
with visual inspection of the data suggesting that drooling severity dropped below baseline
levels in five out of six studies (Drabman et al., 1979; Kay et al., 2006; Lancioni et al., 1989;
Lancioni, Singh, O'Reilly, Sigafoos, Didden, et al., 2009; Lancioni, Singh, O'Reilly,
Sigafoos, Oliva, et al., 2009). Statistical testing was used in only one SCED study (Lancioni,
Singh, O'Reilly, Sigafoos, Didden, et al., 2009) with a significant difference in drooling
severity demonstrated (p < 0.01) following a period of positive reinforcement and cueing
using assistive technology. None of the SCED studies completed a structured visual analysis
whereby the data within and between phase patterns was systematically evaluated in terms of
level, slope or trend, variability, immediacy of effect and consistency of data patterns across
similar phases (Tate, 2015). No robust conclusions could therefore be drawn about the size of

effect or the clinical impact that behavioral intervention could have on drooling.

3.4.6 Risk of Bias: SCED studies

Total internal validity scores of the RoBINT Scale (Tate, 2015) across the studies ranged
from two to five (out of a possible score of 14). All seven studies met the criterion for
experimental design (see Table I1) but none used randomization. No blinding of either
assessors or people involved in the intervention took place, however, it is acknowledged that
blinding of participants and interventionists is not possible when implementing behavioral
interventions. External validity scores ranged from three to eight out of a possible score of 16
(see Table I1). The lowest scoring categories pertained to those of baseline characteristics,
generalization, data analysis and replication. Apart from “design with control’ category, there

were fundamental issues across all other categories related to internal and external validity
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(see Table I1). Total RoBINT scale scores ranged between six and twelve (out of a score of

30), with four of the seven SCEDs obtaining a score below 10 (See Table 11).
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Table Il.

Risk of Bias for SCED Studies using the RoBINT Scale

Internal Validity (1V)
Subscale

Study and Internal Validity Scoring

Study and External Validity Scoring

External = = = 2
I~ Validity (EV) ~ 2 2
. oS . . . . © . c0 . . ©
= 2 = = - = S Subscale = ® s s = = S
g |z |8 |8 |8 |B | 8|3 R =
S | = | E |E S S | = = = = = S I
Sl 2 | SS9 8l E |E | B S | o Sao | Qo E £ D
O o & D QI S| QO S O O® = O o O | £ o -
S8l 5 S8 88| 85 S5 & S8 | 5 88 | 8§88 & o T
4 & O A A | x| 04| X J & ()] J & 4N X ()] X
Design 2 |2 2 |2 2 2 2 | Baseline 0 0 0 0 0 0 0
Characteristics
Randomization 0 0 |0 0 0 | Setting 1 1 1 1 1
Sampling of 0 (0 1 2 | Dependent 2 0 2 2 2 0 0
Behaviour Variable
Blinding of Assessor 0 (0 0 |0 0 0 0 | Independent 1 1 1 1 2 0 0
Variable
Blinding of people 0 (0 0 |0 0 0 0 | Raw Data 1 2 1 1 2 1 1
involved in Record
intervention
IR Agreement 2 |0 0 |2 1 1 0 | Data Analysis |0 0 1 0 1 0 0
Treatment Adherence 0 (0 0 |0 0 0 0 | Replication 0 0 1 1 0 1 1
Generalization |0 0 0 0 0 0 0
Total IV Score 4 12 3 |5 4 3 4 | Total EV Score |5 4 7 6 8 3 3

The RoBINT Scale (Tate et al,2015) uses a 3-point scoring (2=items meet stringent criteria; 1=standards met with reservations; O=failure to

meet minimum standards).
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Table 11

Risk of bias for SCED studies using ROBINT Scale
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3.4.7 Risk of Bias: RCTs

One single blind, two-group RCT was included in this review (see Table I1). The process of
allocation concealment lacked sufficient detail. Blinding of participants and interventionists
was not possible, and any measures to blind outcome assessors were not described. Outcome
data on pre- and post-measures were provided but no information on dropout rates, indicating
an unclear risk of attrition bias. Plausible bias associated with items related to performance,

detection and attrition, weakens confidence in results presented.

3.5 Discussion

Positive outcomes were reported in all eight studies in this systematic review that included a
total of 35 participants with different clinical presentations. Despite the prevalence of
drooling in children with neurodisability and the likely common use of behavioral
interventions, very few experimental studies have been undertaken to determine whether
these interventions work. All eight studies targeted outcomes at a body functions and
structures level with only three studies targeting activity outcomes. A reduction in drooling
behavior related to frequency or severity in neurodisability populations was reported in each
study. An increase in an activity related to drooling was also reported, for example, mouth
drying. No study used outcome measures related to participation or quality of life and no
validated measures were used to assess outcomes of interest in included studies. Significant
quality issues related to recruitment, risk of bias and external validity, were present in all
eight studies, greatly limiting the interpretation as to how effective behavioral interventions

are, in reducing drooling in children with neurodisability.

All the included SCED studies met the criteria for experimental study design, however none

used randomization of phase order or onset. The application of randomisation is a critical
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component of SCEDs where threats to internal validity can be experimentally controlled and
opportunities for statistical testing can be facilitated (Smith et al., 2012). The use of
randomization further enables the researcher to determine whether there is a causal or
functional relationship between the manipulated independent variable (behavioral

intervention) and dependent variable (drooling behavior) (Kratochwill & Levin, 2014).

Visual analysis is the predominant method used to analyze data in SCED research. Data were
displayed graphically, and a visual inspection of the data occurred in the included studies, but
a comprehensive visual analysis was not completed in any study. Though visual analysis
remains the SCED standard, experts strongly advocate the use of both visual and statistical
analysis methods (Kratochwill & Levin, 2014; Smith et al., 2012). This includes the
requirement to provide information on changes to the level of the score from the measure of
the dependent variable (target behavior) following manipulation of the independent variable
(treatment); emerging trends or slopes in the data, and commenting on variability in the data
(Smith et al., 2012; Tate, 2015). Only three of the seven SCED studies discussed trends in the
data and only one study used statistical analysis methods. The premise of SCED research is
to investigate if there is a change in the person’s targeted behavior of interest following a
period of intervention. We cannot know what the effect of any clinical intervention is without

sufficient analysis of the data.

3.5.1 What are the important elements of a behavioral intervention?

This review highlighted many fundamental issues about implementing behavioral
interventions to treat drooling in children with neurodisability. First, a functional analysis of
the baseline condition i.e., drooling, that includes identifying factors that are maintaining the

drooling behavior is needed (Corey, 2015), for example, positioning, any variability in
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frequency. As part of this analysis, adequate information must be provided about the baseline
characteristics of the individual, including diagnosis and severity of condition. This will
enable the development of effective function-based treatment (Roscoe et al., 2015). Second, a
clear definition of the target behavior (drooling) is needed to know what the person does that
signifies a drooling event and to facilitate accurate recording of that event. Third, treatment
procedures need to be specified, outlining what needs to be said or done in treatment to
signify that active ingredients are being delivered (Hart, 2009). In specifying the content and
procedures involved in delivering a treatment, the intervention ‘fidelity” is partly ensured.
Fidelity is an important part of best practice (Krasny-Pacini & Evans, 2017), as higher levels
of treatment fidelity are associated with higher gains attributable to intervention (Hinckley &
Douglas, 2013). Finally, a multi-faceted intervention approach is warranted as drooling is a
complex behavior to treat and a single intervention alone is unlikely to be effective in

eliminating or reducing drooling significantly.

3.5.2 How should drooling be measured?

One of the hallmarks of behavioral intervention is its emphasis on measuring the behavior
before, during and after the intervention so that any change resulting from that intervention is
captured (Miltenberger, 2012). To provide an accurate measure of drooling, an operational
definition of the target behavior, that is easily observable and measurable, needs to be
provided. This infers that the drooling behavior of interest is identified and defined in precise
terms using action verbs; e.g. any saliva that spills from the mouth that is clearly visible. In
addition the method of measurement must be described in terms of how data are recorded,
what instruments were used and what constitutes a correct or incorrect response (Tate, 2015).
Ongoing assessment of the behavior should also be done well beyond the point of

intervention to truly measure change (Miltenberger, 2012).
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Since the publication of four of the included studies, two validated measures of drooling, the
Drooling Quotient (Van Hulst et al., 2012), and Drooling Impact Scale (Reid et al., 2010),
have become available. The Drooling Impact Scale is a subjective scale completed by
parents, which has good test-retest reliability and has been shown to be responsive to change
in children who have undergone saliva control interventions. The Drooling Quotient is a
reliable and objective measure of drooling severity. It is recommended that the available

validated measures be used to reduce the potential error in measuring drooling.

3.5.3 Implications for research

First, it is recommended that a distinction be made between anterior and posterior drooling
and used consistently in conducting research to facilitate transparency, collaboration and
direction in future research. For example, the anterior drooling definition provided by the
AACPDM (Glader et al., 2018) refers to the anterior spillage of saliva from the mouth that is
clearly visible. A distinction between anterior and posterior drooling was not made in any of
the included studies (see Table I). Furthermore, providing an operational definition of the
drooling behavior targeted in the study describes the dependent variable, which is an

important external validity construct.

Second, experimental, as opposed to non- or quasi-experimental studies, are needed to better
demonstrate a causal relationship between the intervention and the effects on drooling
(Kratochwill & Levin, 2014). When proof of concept is present, robust RCTs are warranted.
SCED studies are well suited to investigating preliminary effects of interventions (Smith et
al., 2012; World Health Organization, 2007) but better-quality studies that address important
internal and external validity constructs are needed. Randomizing the interventions phase

order or onset helps to reduce the threats to internal validity and this is recommended so
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researchers can improve the credibility of study findings (Kratochwill & Levin, 2014). Future
SCED studies should include a randomization component to minimize the risk of bias and to
better detect any intervention effects. The RoBINT scale (Tate, 2015) was designed as an
appraisal tool, it does however, also provide a very useful guide to researchers designing
future SCEDs. Completion of high quality SCEDs will improve the evidence base about the

role of behavioral interventions in the treatment of drooling.

Third, it is recommended that researchers use the available validated measures of drooling
severity and impact. None of the included studies used a validated measure of drooling,
instead using terms such ‘problematic drooling” and “chronic drooling, and it was therefore
difficult to gauge the baseline drooling status prior to commencement of intervention. In
addition, research that focuses on drooling outcomes at an activity, participation and quality
of life level, in addition to a body functions and structures level, is needed. Through
investigating the effects of behavioral interventions on these outcomes relevant to the child’s
life stage, the potential of these treatments to improve health and development can be
evaluated. To fully investigate the potential effect of behavioral interventions, an objective,
reliable and valid means of assessing and describing all relevant clinical characteristics of
drooling and its contributing factors is needed, which currently does not exist. The
development of a validated tool that assesses all aspects of the drooling behavior, beyond

severity and its impact, is warranted.

Finally, a descriptive analysis of drooling is an important part of the functional assessment,
which is a necessary component prior to implementing a behavioral intervention. The
International Classification of Functioning Disability & Health-Children & Youth Version

(ICF-CY) (World Health Organization, 2007) is an extension of the original ICF framework,
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which can be used to describe and organize information about drooling using a coding
classification system. Through using this, the complexity of drooling behavior can be
highlighted (see Table SllII, online supporting information in Appendix B7). This descriptive
outcome is the functional profile of the individual, not a diagnosis, and may facilitate the
planning of comprehensive assessment and intervention. The identification of all components
of this complex behavior is critical for best practice to improve health outcomes for children

with neurodisability who drool.

3.5.4 Strengths and limitations of the review

This systematic review aimed to answer a specific and focused clinical intervention question.
The finding of only eight small experimental studies, despite a search of published and grey
literature to locate relevant research, suggests that this area is under-researched. Four of the
included studies were published over 30 years ago (1977-1989). This left four contemporary
studies in this area from which to draw evidence. The treatment of children experiencing
drooling has advanced significantly since completion of the older studies. It is possible that

studies published in languages other than English may have yielded additional information.

3.6 Conclusion

The few experimental studies identified that were designed to reduce drooling in children
with neurodisability demonstrated positive outcomes, although findings are tempered with
high risk of bias. By designing studies that use experimental methods and addressing
fundamental quality issues related to internal and external validity, researchers would be in a
better position to test the efficacy of such interventions. This will inform us as to how
effective and potentially valuable behavioral intervention could be. Activity and participation

level outcomes need to be targeted in this clinical intervention research, in addition to quality
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of life. Given the reported prevalence of drooling in this population, priority research is
warranted to advance the evidence base related to behavioral interventions for drooling in

current practice.
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3.2 Update to systematic review

An update to the systematic review was completed in August 2020. The original search
strategy was re-run in all eight databases (see section 3.1), with the additional limiter of years
applied (2018- 2020). No new research studies on behavioural interventions to treat children
with CP or other neurodisabilities were identified in this time period. The practice
recommendations following this review included: consistency in terminology use to describe
drooling, that is anterior versus posterior drooling; using the available validated measures to
determine severity and impact; and completion of experimental studies that have rigorous

internal and external validity.

Evidence-based practice demands that clinicians access the best available research evidence
when making decisions regarding interventions to improve the individual’s overall health
outcomes (Dollaghan, 2004; Hoffman, 2010; Sackett, 1997). Practice evidence is largely
absent in the literature on clinicians’ use of behavioural interventions in the treatment of
drooling in children with CP and other neurodisabilities. In light of low-level evidence to
support behavioural interventions in the treatment of drooling, it is important to ask what
treatment techniques are being used by clinicians in practice, and to what extent.
Additionally, gaining knowledge on the rationale guiding clinicians’ treatment selection can
help to yield new knowledge on current practice evidence (McCurtin & Healy, 2017) and
provide information regarding potential evidence-based practice barriers. Therefore, as a next
step, a survey of speech-language pathologists’ practice was undertaken; and the published

paper is in the next Chapter.
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Chapter 4 Speech-language pathologists’ (SLPs) practice treating

children with neurodisability who drool

This chapter represents a published manuscript on the results from the second study of the

doctoral project.

Mclnerney, M., Reddihough, D. S., Carding, P. N., & Imms, C. (2020). Drooling in children
with neurodisability: A survey of Australian speech—language pathologists’ practice.
International Journal of Speech-Language Pathology, 1-9.

https://doi.org/10.1080/17549507.2020.1729860.

This research aimed to gain insight into the current assessment and treatment practice of
Australian SLPs’ when treating children with CP and other neurodisabilities who drool. A
secondary purpose of this survey research was to identify SLPs’ perspectives on barriers to

evidence-based practice when working in this area of practice.

NOTE: Permission to reproduce this publication for this thesis from the journal has been
granted (see Appendix C1). The ethics aprovals, statement of the authors’ contribution to the
survey paper; and publication can be found in Appendices C2-C4; and other supporting

documentation for the study are located in Appendices C5-C6).

“This is the authors accepted manuscript of an article published as the version of record ©

2019 Taylor & Francis- https://doi.org/10.1080/17549507.2020.1729860.
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Abstract

Purpose: In the absence of evidence-based guidelines, this study sought to understand
current speech-language pathologists’ (SLPs) practice when treating drooling in children with
a neurodisability.

Method: Descriptive research using cross-sectional survey methodology. Online survey
methods were used to obtain specific information on Australian SLPs’ self-reported
assessment and treatment practices relative to working with children with neurodisability
who drool. Questions focused on level of expertise, treatment approaches and barriers to
evidence-based practice (EBP) in this area. Participants were sourced through three targeted
associations/ organisations. Data were analysed using descriptive and non-parametric
statistics.

Result: Participants were Australian SLPs who had recent experience working with children
with neurodisability who drool (n= 68). They favoured informal rather than formal methods
for assessment. Preferred treatment techniques included behavioural intervention methods
(46-53%) and modifying positioning (43.3%). Client suitability dominated reasoning
regarding treatment selection (60%) with 57% of SLPs reporting EBP barriers.

Conclusion: Drooling was perceived to be a complex practice area for which SLPs desire
additional education. Despite availability, valid and reliable assessments of drooling were not
commonly used. Clinicians have limited evidence to support their practice: further research is
needed to establish evidence-based treatments for drooling.

Keyword: Drooling, children, neurodisability, practice, Australian SLPs.
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4.1 Introduction

The term neurodisability refers to a group of congenital or acquired long-term conditions
resulting from impairment of the brain and/or neuromuscular system that may create
functional limitations (Morris et al., 2013). Drooling is very common in children with
neurodisability including children with intellectual disability (Reddihough, 2017) with a
reported incidence of 40% of children with cerebral palsy (CP) aged between seven and 14
years (Reid et al., 2010). The effects of drooling on the physical health of the child are
significant and include skin maceration and infection (Silvestre-Rangil et al., 2011), oral
hygiene issues, bad odour from saliva and frequent changes of clothes (Zeller et al., 2012).
Importantly, social-emotional effects can be debilitating and may include reduced self-esteem
and quality of social interactions, and potential peer rejection (Van der Burg, Jongerius, Van
Hulst, et al., 2006), resulting in reduced participation in home, school and community life
(Reddihough, 2017). Speech-language pathologists (SLPs) commonly have a role in treating
children with neurodisability who drool; however, little is known about what SLPs actually

do in practice.

Good clinical practice requires the integration of a number of forms of evidence including
research-evidence, practice-evidence, and patient-evidence (McCurtin & Healy, 2017).
Despite the significant impact that drooling has on the child’s health, there is a paucity of
research describing how it should be addressed. This includes a lack of high quality research
evidence to support the use of interventions that have been reported to be commonly used by
SLPs to treat drooling, for example, oro-sensory motor therapies (Walshe et al., 2012).
Clinical expertise refers to the proficiency in skills and ability to judge and decide that
individual SLPs acquire through education and practice (Sackett et al., 1996) and is

subsumed within the domain of practice evidence. This construct of clinical expertise also
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includes colleagues’ experience and each discipline’s professional culture (Mackenzie et al.,
2010). In using an evidence-based practice (EBP) approach, the premise is that clinical
expertise is of equal importance to ‘research’ and “patient or client’ evidence - which,
incorporates the wishes and values of the individual patient in making decisions that will
optimise client care and maximise health outcomes. It is therefore important to know what
SLPs are doing in practice; to evaluate whether care delivered to children with
neurodisability who drool is optimal; and, to provide directions for targeted improvement in
clinical practice, which can be seen as an evolving and fluid process of life-long, self-directed

learning (Sackett, 1998).

It is each SLP’s ethical responsibility to ensure that they engage in professional development
to stay informed about practices and interventions that are relevant, and evidence based. This
includes using the most psychometrically-robust measures when completing assessments
(Haynes & Pindzola, 2012). In the case of drooling, a detailed initial case history should be
followed by assessments of drooling severity or impact of drooling, depending on the target
outcome with different outcome targets requiring different approaches to treatment. The
selection of the measure according to the question asked is imperative to provide accurate
baseline data against which progress can be monitored. The Drooling Quotient (Van Hulst et
al., 2012) and the Drooling Impact Scale (Reid et al., 2010) are two freely-available validated
measures that can be used to obtain baseline data and measure progress during or following
treatment for children with developmental disabilities aged 0 to 18 years. The Drooling
Quotient (Van Hulst et al., 2012) provides a measure of drooling frequency and severity of
drooling. The Drooling Impact Scale (Reid et al., 2010) provides a measure of the impact of
drooling on the child’s and family’s life, together with other activity-level outcomes such as
the frequency of mouth-wiping needed to manage drooling, and is designed to be used

following a saliva control intervention.
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The purpose of this study was to gain knowledge about SLPs’ practices with children with a
neurodisability who drool to: (1) determine what clinical decisions are being made, in the
absence of published clinical guidelines; and (2) to determine whether research, practice or
client-related factors influence decision-making. Through determining gaps in current
practice, knowledge may be generated that can support direction in training and education of
SLPs, as well as future research directions, which may facilitate improved care to children
with neurodisability who drool. The specific research questions were: a) what are the
predominant service settings that SLPs work in with children with neurodisability who
drool?; b) what are the predominant clinical populations and age-groups who receive
intervention for drooling?; ¢) what are SLPs’ self-perceived expertise level when working in
this area of practice?; d) what tools and resources are used to assess drooling in the paediatric
neurodisability population?; e) what treatment methods are SLPs using in practice and what
is their rationale for use?; And, f) what are the perceived EBP barriers when working in this

area of practice?

4.2 Method

This research project was reviewed and approved by the Australian Catholic University
Health Research Ethics Committee (ACU HREC) and the Cerebral Palsy Alliance (CPA).
Participants provided informed consent prior to completing the survey. Cross-sectional
survey research methods were chosen to collect descriptive data as it was deemed the most
efficient and cost-effective method of obtaining data from a large number of geographically

dispersed SLPs (Portney & Watkins, 2015).
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4.2.1 Participants and recruitment

The participants of the study were Australian SLPs with recent experience working with
children with neurodisability who drool. The survey was advertised through the Speech
Pathology Association of Australia (SPA), Australasian Academy of Cerebral Palsy and
Developmental Medicine (AusACPDM) and the Cerebral Palsy Alliance (CPA), a large
employer of SLP working in childhood disability in New South Wales (NSW). Interested
participants could access the survey by clicking on a link which was embedded in the
advertisement. Pre-study sample size was difficult to calculate due to inadequate data on
numbers of SLP working in the area of interest. There are approximately 9,660 SLPs in
Australia, according to data sourced from the SPA website and research literature (Hines &
Lincoln, 2016). However, as we did not have knowledge of where SLP work, we aimed to
recruit up to 100 SLPs to provide sufficient data to describe patterns of responses. This is
consistent with responses achieved in prior Australian survey studies with SLP (Hersh et al.,
2015; Verna et al., 2009). A convenience sample was recruited based on those who
responded to the advertisement which was circulated twice to optimise response rates. The
participant information letter and consent forms were embedded at the start of the survey and
each participant had to confirm they had read the letter and had given their informed consent

before proceeding with the survey.

4.2.2 Survey development and piloting

Best practice guidelines were followed in the design of a short survey (Neutens, 2010;
Portney & Watkins, 2015), which took approximately 15-minutes to complete. This was an
important consideration to maintain respondents’ attention and motivation to increase the
likelihood of valid and reliable responses (Portney & Watkins, 2015) and maximise the

response rate of busy SLPs. The 25-item survey included both closed- and open-ended
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questions and was delivered electronically via Qualtrics Software (see Appendix C5 for
survey). The content of survey questions was informed by a literature review of speech
pathology practice in the context of children with neurodisability who drool and a published
systematic review of behavioural interventions to treat drooling in this population (Glader et
al., 2018). A glossary of terms was provided to assist respondents to understand each
question. Definitions of key terminology also “popped-up” throughout the survey as each
term was introduced (see Appendix C6 for glossary of terms used within the survey). Seven
SLPs with relevant clinical and research expertise, were invited to pilot-test the survey and
provided suggestions for wording to improve quality. The survey was deemed to have good

face validity by the research team and those who provided feedback.

4.2.3 Data collection, management and analysis

The survey remained open for eight weeks between June and August 2018. Once completed,
all survey responses were reviewed for any identifying information and where provided,
these data were removed prior to further analysis. Data were exported to the Statistical
Package for the Social Sciences (IBM SPSS, version 25.0) for analysis. Consistency checks
and review of missing responses were performed (Liamputtong, 2013). The number of
participants who responded to each question is reported for each analysis. No attempt was
made to infer or impute missing data. Responses to closed-ended questions were coded and
frequency counts and percentages for each question were obtained. The content of open-
ended question responses was analysed to identify common themes and sets of responses
were grouped when a common theme emerged to create a number of coded responses

(Pallant, 2016).
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Descriptive statistics were performed to summarize the quantitative data and the results were

tabulated. The data were also explored to describe the relationships between years of practice,
expertise level, service-setting and interventions used. A chi-square test of independence was
performed to ascertain whether there was a significant relationship between two categorical

variables, for example, intervention preference in public versus private service setting.

4.3 Results

4.3.1 Participant characteristics

Sixty-eight SLPs responded to the survey and all responses were analysed. The majority of
SLPs worked in a capital city and there was at least one respondent from each state/territory
of Australia except the Northern Territory. The majority of the participants (80%) had
between five and 15+ years of experience with the highest portion of the sample perceiving
themselves to have novice-level expertise (36.8%) when treating drooling in children with a
neurodisability. A chi square test of independence found no evidence of an association
between years of experience and SLPs self-perceived level of expertise (X? (2, N = 55) =
0.38, p = .15). Fifty-nine percent of the participants worked with a mixed clinical or disability

caseload with 76% reporting that they worked with children aged 0-6 years (see Table I).
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Table |

SLP Characteristics

Note: tLarge rural setting= 25000-99999; 2Small rural setting= 10000-24999; *Remote

Years working as SLP n % Geographical n %
setting

< 4 years 7 11.7 Capital city 34 61.8

5-14 years 28 46.7 Large rural setting* 18 32.7

> 15 years 20 33.3 Small rural setting? 2 3.6
Remote setting® 1 1.8

Level of expertise n % State/ Territory n %

Novice 25 45,5 NSW 19 34.5

Intermediate 21 38.2 Queensland 15 27.3

Expert 9 16.4 Victoria 12 21.8
Western Australia 4 7.3
South Australia 2 3.6
ACT 2 3.6
Tasmania 1 1.8

Primary population n %

Cerebral palsy (CP)

Autism Spectrum Disorder 7 12.7 Service setting n %
Public service 16 29.1

Intellectual disability 5 9.1 Private service 17 30.9

Mixed clinical caseload 3 55 Both public + private 13 23.6

Mixed disability caseload 19 34.5 Alternative settings 9 16.4

Age-range of clients 21 38.2

< 3 years old n % Model of team- n %
working*

3-4 years old 6 10.9 Multi-disciplinary 28 51.9
team

5-6 years old 22 40 Inter-disciplinary 8 14.8
team

7-8 years old 14 25.5 Trans-disciplinary 9 16.7
Single discipline 9 16.7

setting*= <10000; *= 54 participants responded to this question.



4.3.2 Approaches and resources used to assess drooling

A greater number of respondents reported that they typically used informal methods to assess

drooling compared to formal measures (see Table 11). Other resources that were used to

support assessment included: the Talk Tools® programme (2%) (Rosenfeld-Johnson, 2012)

and the Royal Children’s Hospital (Melbourne) saliva control booklet (2%) (Royal Children's

Hospital Melbourne, 2020). The American Academy of Cerebral Palsy and Developmental

Medicine (AACPDM) Sialorrhea Care Pathway (Glader et al., 2018) was not accessed by any

of the SLPs as a potential resource.

Table 11

Assessment and resources used to support drooling intervention (n=60)

Assessment Tool N %
Formal Methods

Drooling Impact Scale? 14 23.3
Schedule for Oral-Motor 6 10
Assessment”

Drooling Quotient® 3 5
Drooling Frequency and 3 5
Severity Scale®

Dysphagia Disorders Survey® 1 1.7
Informal Methods

Informal assessments/ 20 33.3
checklists

Consultation with a colleague 20 33.3
Supervision with a colleague 9 15
with more experience in

drooling

Research literature 11 18.3
Informal questions and 5 8.3
discussion with parents/

parental report

Observation 3 5
Oral-motor and cranial nerve 2 3.3

assessment

Note: 2 Drooling Impact Scale (Reid et al., 2010); ® Schedule for Oral-Motor Assessment

(Reilly, 1995); ¢ Drooling Quotient (Van Hulst et al., 2012); ¢ Drooling Frequency and
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Severity Scale (Thomas-Stonell & Greenberg, 1988); ¢ Dysphagia Disorders Survey

(Sheppard et al, 2014).

4.3.3 Identified intervention target

The goals of intervention that were most frequently identified were: (a) increasing orofacial

and intra-oral awareness (51.7%); (b) training the individual to wipe chin or mouth, and lips

(51.7%); (c) reducing the functional impact of drooling on the child’s health (25%); and (d)

improving head control (25%). Other reported targets of intervention included improving the

child’s quality of life (7.2%) and awareness of articulators (6.7%).

4.3.4 Intervention method and therapy technique

The most common types of interventions used are outlined in Table I11. Intervention choice
was not related to service setting (X? (1, N = 33) = 0.83, p =.36). There was evidence of an
association between being a novice-level SLP and not using oral motor interventions (X? (2
N =55) = 0.11, p =.003)) indicating that more experienced SLP used oral motor therapy

more commonly than ‘novice-level” SLPs when treating children.
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Table 111

Preferred Intervention and frequency of use (n=68)

Intervention Type n (%) of Frequency of Use

SLPs using
Oro-sensory motor therapies Frequently Sometimes  Seldom
Increasing oro-facial + intra-oral 29 (42.6%) 11 (44%) 13 (52%) 1 (4%)
awareness
Stimulation of oro-facial 11 (16.2%) 4(36.4%) 7 (63.6%) 0
muscles
Vibration/ Tapping of muscles 13 (19.1%) 2(18.2%) 7 (63.6%) 2 (18.2%)
OME? to strengthen jaw, lipand 12 (17.6%) 4(33.3%) 7 (58.3%) 1 (8.3%)
tongue
TalkTools® 4 (5.9%) 4 (100%) 0 0
PROMPT 3 (5%) 2(66.7%) O 1 (33.3%)
Behavioural Interventions
Prompting* 28 (41.2%) 15 (60%) 9 (36%) 1 (4%)
Cueing 31 (45.6%) 15 (25%) 12 (20%) 2 (3.3%)
Instruction 21 (30.9%) 9 (47.4%) 9 (47.4%) 1 (5.3%)
Positive Reinforcement 33 (48.5%) 18 (62.1%) 9 (31%) 2 (6.9%)
Self-management/ self- 32 (47.1%) 17 (60.7%) 11(39.3%) O
monitoring
Negative Reinforcement 0
Swallowing-related interventions
Development and improvement 24 (35.3%) 13 (65%) 7 (35%) 0
of eating and drinking skills
Chin tuck 7 (10.3%) 1 (20%) 2 (40%) 2 (40%)
Effortful swallow 5 (7.4%) 1 (25%) 1 (25%) 2 (50%)
Double swallowing 4 (5.9%) 0 1 (33.3%) 2 (66.7%)
Trained wiping 25(36.8%) 9(39.1%) 13(56.5% 1 (4.3%)
Trained swallowing 18 (26.5%) 5 (31.3%) 11 (68.8%) 0
Onward referral to physicianto 20 (29.4%) 8 (44.4%) 8 (44.4%) 2 (11.1%)
assess suitability for medication,
Botox and/or surgery
Modifying positioning 26 (38.2%) 14 (60.9%) 8 (34.8%) 1 (4.3%)

Intra-oral appliances
ISMAR* appliance

0

Note. OME=2Oral motor exercises; ISMAR= Innsbruck Sensorimotor Activator Regulator
(ISMAR) Appliance(Johnson et al., 2004); ® PROMPT= Prompts for Restructuring Oral
Muscular Phonetic Targets (Dale & Hayden, 2013); **n=1-4 respondents did not respond to

‘frequency of use’ question for this intervention-type.
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4.3.5 Reason for treatment use and non-use

Client suitability (60%) and theoretical soundness (30%) were the most commonly reported
rationales provided for treatment selection. Participants also reported “expert’
recommendation (21%) and research-evidence (13%) as the main reasons for treatment use.
Client suitability was also the predominant reason for not choosing an intervention (47%)

following by reasoning related to lack of SLP training in the intervention method (30%).

4.3.6 Barriers to evidence-based practice

EBP barriers in relation to working with a child with neurodisability who drools were
reported by 57%. Specific barriers identified included: a lack of access to team members wi
expertise (19%) with 83% of SLPs reporting they need more training or supervision when
providing intervention. From open-ended questions, the key EBP barriers when working in
this clinical area of practice related to themes of time, expertise, research, resources and

funding (see Table V).

th
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Table IV

Major themes related to EBP barriers (n=28)

Key Theme Sub-theme n

Time Lack of time 12
Lack of time to access research 3
evidence
Lack of time due to NDIS 2
funding restrictions
Lack of time to carry out 1
research

Expertise Lack of access to clinicians with 11
expertise

Previous approach did not work/ 2
failed and not used again

Don’t know who experts are 1
Lack of expertise in colleagues 1

Research Access to research 7

Lack of high-quality research 6
evidence to support treatment

practice
Lack of research literature in this 2
field
Resources Lack of access to resources 5
Funding No funds 1
No access to funds 1

4.4 Discussion

The key findings of this study suggest that for Australian SLPs working with children with
neurodisability who drool, informal rather than formal assessment methods were favoured,;
and preferred types of treatment included behavioural interventions, increasing oro-facial and
intra-oral awareness, development of functional eating, drinking, and swallowing skills
together with modifying positioning. The key rationale for SLPs’ treatment selection was
related to client suitability and theoretical support, and a high proportion of the participants

reported EBP barriers. More commonly highlighted, however, was a lack of access to
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expertise rather than to research evidence. The findings point to a preference among
Australian SLPs for practice evidence and patient evidence as opposed to research evidence
when making clinical decisions about intervention. The findings also suggest that there is a
reduced uptake of evidence as the validated assessments that are available are not being

utilised.

4.4.1 SLP experience and team context

Although 80% of participants had several years’ experience, with 33% having more than 15
years, only 16.4% (n=9) considered themselves experts, and 83% reported that more training
was needed when treating drooling in children with neurodisability. These findings
collectively suggest that SLPs perceive drooling as a complex clinical area. Team-based
expertise is recommended when treating drooling (Reilly, 2008; Silvestre-Rangil et al.,
2011). It appears that this is occurring to a certain extent, given that 75% collectively
reported working in a team-based model and 36% reported that they worked with another
team member when treating drooling. However, a lack of access to team members with
clinical expertise was also reported as one of the main barriers to effective practice for 58%
of SLPs. While access to clinical expertise may provide direction and reassurance regarding
clinical decision-making, there is still only low-level evidence to support current intervention
practice when working in the area of paediatric neurodisability and drooling and therefore no
solid evidence on which to base ‘further education’. Further high-quality research is therefore
urgently needed to determine whether treatments work and to inform professional

development training for clinicians working in this complex area of practice.
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4.4.2 Assessment practice

Many potential reasons exist as to why informal methods are still the preferred assessment
option despite the availability of valid and reliable measures. Reasons for limited update of
evidence-based assessments reported previously include: available tools not applicable to
population of interest (O’Connor et al., 2017); time associated with administration (O'Connor
& Pettigrew, 2009) and lack of knowledge around the purpose of the outcome measure (Skeat
& Perry, 2008). The limited use of validated tools may result from their inability to measure
the outcome of interest (Skeat & Perry, 2008). For example, the Drooling Quotient (Van
Hulst et al., 2012) will measure severity but not the number of bib changes. SLPs may not
know that validated measures and other relevant resources for assessment exist, for example,
the AACPDM Sialorrhea Care Pathway (Van Hulst et al., 2017). This possibly relates to a
lack of access to peer-reviewed resources and research, which was identified by the
respondents as a key barrier to EBP. Furthermore, a lack of awareness around available
assessments reflects a limitation in the translation of available knowledge into practice, a

common issue in allied health research (Nilsen, 2015).

4.4.3 Who is receiving intervention?

The majority of the respondents (80%) worked with children up to ages of 7-8 years. Only
three participants reported treating adults with disability (>19 years). This begs the question
as to which health professionals, if any, are intervening and how families are managing the
issue of drooling beyond 7-8 years. The reasons as to why there is a greater focus on drooling
in the earlier years warrants further exploration given the often-chronic nature of drooling
across the lifespan and the documented functional impacts of drooling, for example, reduced
participation in community life. Potential reasons as to why interventions were less likely to

be offered to children over 7-8 years were provided in qualitative comments and related to
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EBP. A “lack of high-quality research evidence” to support interventions and previous
“failure” of recommended interventions may result in SLPs being less likely to intervene
again with the same intervention that “didn’t work”. It is also possible that SLPs may
prioritise focusing on functional skill areas which are better supported by research evidence,
for example, developing communicative competence. The overarching inference from this
study is that children over the ages of 7-8 years are less likely to receive treatment for chronic

drooling which poses serious secondary threats to their physical and psychosocial health.

4.4.4 Interventions used to treat drooling and rationale

A range of therapies was favoured when targeting drooling in children with neurodisability,
which echoes findings in other related areas of practice, such as dysphagia (Krisciunas et al.,
2012). The lower preference for using oral sensory motor interventions from novice-level
SLPs may be due to their exposure to research highlighting low-level evidence to support the
effectiveness of oral motor interventions in other parallel areas of practice such as feeding
and swallowing in preterm infants (Arvedson et al., 2010). The preference for behavioural
interventions suggests that SLPs perceive this as an intervention that is suited to targeting
drooling, despite low-level evidence to support the effectiveness of behavioural intervention
in this context (Mclnerney et al., 2019). Behavioural interventions are concerned with
analysing and modifying behaviour in contexts in which the behaviour takes place (Michie et
al., 2011). Drooling behaviour is a suitable target for behavioural intervention as the
principles of behavioural theory can be readily applied (Mclnerney et al., 2019), for example,
having dimensions of frequency and intensity that can be measured (Miltenberger, 2012). In
the context of evidence-based practice however, a theoretical basis for a treatment alone is
not enough and further high-quality research is needed to determine whether oro-sensory

motor and behavioural interventions are viable, economically justifiable and effective.
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The primary reason influencing participants’ decision-making regarding treatment selection
was client suitability, which can be described as the fit of the individual client’s
characteristics with a particular therapy or technique and infers that matching a client to a
technique is integral to treatment selection (McCurtin & Healy, 2017). There are many
reasons as to why client suitability might dominate treatment selection. First, treatments such
as behavioural interventions and altering positioning may be preferred because they can be
easily modified and adapted to different clients, an important consideration given the
complexity of presentation of those with a neurodisability. Adapting elements of commonly
used treatment approaches designed for other purposes has been reported in related areas of
practice, for example, dysphagia (Krisciunas et al., 2012). Second, because of the limited and
low-level evidence available, SLPs may need to rely more on what they perceive to be
suitable for their client (practice evidence). Third, it has been suggested that treatments that
are easy to communicate to others, and that engage clients well, may influence SLPs’
treatment choice (Kamhi, 2006). If a treatment is more comprehensible to a client and
optimises engagement which results in better outcomes, this may be perceived as more
suitable. This may be an important consideration in this population, especially for clients with
intellectual disability who need treatments explained and delivered in clear and concrete
ways to facilitate engagement and carryover of treatment techniques. Lastly, the client-
suitability rationale may reflect the use of patient evidence in the clinical decision-making
process; for example, choosing to deliver a behavioural intervention over pharmacological
interventions when families do not wish to use medication for which there may be a stronger

evidence base.
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Although a theoretical basis for an intervention alone is insufficient to support EBP, having
neither evidence nor theory to support practice is problematic. The theoretical underpinning
of treatments was identified as being an important consideration for only 30% of participants.
This finding is similar to other studies where low-engagement by SLPs with the theoretical
constructs of an intervention is reported (Law et al., 2008). Theory can help our
understanding of the factors that might influence target behaviours and assist in selecting
techniques that could be used to change clinical behaviour (Michie et al., 2011). Theory can

also guide future research.

4.4.5 Limitations of the study

A total of 68 respondents completed the survey, thus the data pool was limited. The number
of respondents may suggest that there are fewer SLPs working in this area of practice
compared to other areas (e.g. aphasia) but may also relate to the EBP barriers outlined by the
SLPs themselves, for example, a “lack of time”. This is particularly relevant in the current
economic climate in Australia, with the introduction of National Disability Insurance
Scheme, with its focus on billable hours (Hines & Lincoln, 2016). There were no responses
from SLPs in the Northern Territory and it is not known if the proportion of respondents from

other states is reflective of the population of SLPs working in childhood neurodisability.

4.4.6 Implications for practice

Clinicians need to be clear about what they aim to assess and treat so they can decide whether
the available validated tools would be of use. The reduced uptake of available valid and
reliable assessments points to a gap in professional development opportunities and/or
effectiveness of knowledge translation strategies in Australia. This could be addressed by

advertising in key professional sites to disseminate knowledge and/or provision of
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professional development activities by SLPs with expertise. It is important to work towards
the development of clinical guidelines, but this cannot be done without further research on
intervention effectiveness. Establishing a special interest group in this clinical area may help
to progress practice and identify research priorities by sharing knowledge related to research

evidence and beginning to address the needs of the needs of the children and families.

4.4.7 Implications for future research

This survey was conducted in Australia and therefore may not reflect SLP practice in other
countries. Further studies on patterns of practice internationally would be beneficial to
identify if there is a similar reduced uptake of assessments and/or similar preferences for
treatment choices across cultural contexts. Further practice-evidence is also needed to explore

the complexity of how decisions are made by SLPs in team-based contexts.

Drooling is a complex multi-dimensional behaviour that warrants comprehensive evaluation
before delivering targeted intervention. Because there is evidence that drooling may impact
on health, activity performance, participation and quality of life, a validated comprehensive
measure of drooling impact is needed. This would facilitate obtaining objective data on
activity and participation-level outcomes in addition to body functions and structures, quality
of life and health outcomes. Such a measure would increase the utility of outcome data,
thereby also facilitating a more accurate description of the individual’s function, health status
and /or quality of life (Skeat & Perry, 2008) before, during or after an intervention. The
creation of a validated tool with strong psychometric properties would also enable SLPs,
researchers and families to better determine and understand potential treatment effects and
contribute evidence about intervention effectiveness. Lastly, to support the creation of

clinical guidelines, high quality methodologically rigorous research is needed to evaluate the
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effectiveness of interventions identified in this study. These steps may help to optimise the

care received by children with neurodisability who drool.

4.5 Conclusion

There is no compelling evidence that any intervention reduces drooling in children with
neurodisability and not surprisingly, clinicians are limited in the research evidence they can
draw on to support their practice. Despite availability, valid and reliable assessments of
drooling are not in common use in Australia. Drooling is perceived to be a specialist practice
area for which SLPs desire further education. Patient and practice evidence rather than
research evidence appear to drive intervention-related decisions. Further research is needed to
advance the evidence base for the treatment of drooling to progress knowledge, evidence and

current practice.
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4.7 Variable SLP practice in the context of low-level research evidence: what
next?

Behavioural interventions are preferred by Australian SLPs, largely due to factors related to
client-related evidence, as opposed to research evidence. While it is important that client and
practice-related factors are considered when making decisions about treatment choice, those
considerations, on their own, are not enough. Clinical decisions regarding what treatments to
choose must also be driven by research that has evaluated the effectiveness of those preferred
and ‘suitable’ treatments. In the past, research on the behavioural interventions in the
treatment of drooling and speech in the population of children with CP has been criticised for
omission of important treatment-related data (Mclnerney et al., 2019; Van der Burg et al.,
2007b), Van der Burg et al, 2007). If important information related to the content or
procedure is not included in study details, researchers cannot accurately hypothesise the
active ingredients or mechanisms that lead to an effect, in cases where positive outcomes are
reported. Intervention-based research on treatments for drooling in children with CP who
drool are urgently needed. In conducting such studies, it is important that researchers
therefore provide sufficient detail on treatment dosage and procedures to increase the quality
of phase I clinical outcome research and to also help progress to other phases of research in

the field (Hart, 2009; Robey, 2005).

In Study 3 of this doctoral program, the effects of an intensive behavioural intervention, the
Lee Silverman Voice Treatment LOUD (LSVT LOUD®) and the online version of the
treatment (LSVT e-LOUD® on drooling, speech and swallowing in a group of children with
CP, were investigated. LSVT LOUD® has shown significant positive effects on oromotor
functioning (McCabe, 2013), speech (Dromey et al., 1995; Sapir et al., 2007), and

swallowing outcomes (EI Sharkawi et al., 2002) in adults with neurological conditions; and
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previous research has also shown similar positive effects on speech outcomes in children with
CP. It was hypothesised that LSVT LOUD® could demonstrate similar effects on oromotor
and swallowing functioning in children with CP, thereby potentially reduce drooling. In
Chapter 5, details are outlined on the LSVT LOUD® treatment content and procedures that

were implemented in conducting the intervention-based study that is reported in Chapter 6.
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Chapter 5 Planning and implementing LSVT LOUD® and LSVT

e-LOUD®

The purpose of this chapter is to provide details on the: (i) rationale for both behavioural
intervention-based research in the treatment of drooling, and reporting details regarding the
implementation of Study 3; (ii) background information on the Lee Silverman Voice
Treatment LOUD® (LSVT LOUD®) approach, the behavioural intervention of interest in this
PhD project.; (iii) theoretical underpinnings of LSVT LOUD®); (iv) relevant information
regarding the planning and implementation of the intervention study (Study 3) investigating
the effectiveness of LSVT LOUD® and LSVT e-LOUD® in reducing drooling and its impact
in children with CP. An extended methods chapter (Chapter 7) provides the rationale for the
research design used in Study 3 together with a discussion on the strategies that were used to

optimise the study’s validity to optimise the experimental rigour of the research.

5.1 Introduction and rationale for intervention-based research

High numbers of children with CP have impairments in functioning that impact their ability
to control their saliva (Reddihough, 2017; Reddihough et al., 1990); and treatments for
drooling are substantially under-researched (Mclnerney et al., 2019; Walshe et al., 2012).
Although clinicians have a stronger preference for behavioural interventions to treat drooling
in children with neurodisability (Mclnerney et al., 2020), a recent systematic review
highlighted low level evidence to support their effectiveness (Mclnerney et al., 2019). Few
experimental studies have been conducted on investigating the effectiveness of behavioural
interventions; which is problematic given the prevalence of drooling, and the need to provide

high quality evidence-based interventions, to optimise the outcomes of children with CP who
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drool. The absence of high-quality intervention-based research in the population of children
with CP means that clinicians do not know how best to treat drooling effectively to optimise
functional outcomes and/or increase the quality of life of the child. The absence of treatment
details in published studies also means that clinicians involved in the treatment of drooling
have little guidance to follow treatments that have yielded positive results. We need
therapists such as SLPs to trial treatments that have shown positive effects to help advance
clinical practice. Therefore, when sufficient detail is not reported in research studies,

expertise and practice evidence cannot progress.

LSVT LOUD® is founded on principles of behavioural theories of learning, motor learning
and neuroplasticity (Duffy, 2020; Ramig, Sapir, Fox, et al., 2001). This intensive voice
treatment has already been developed, piloted, reported and implemented, and has
demonstrated level I evidence in facilitating positive long-term effects on loudness of speech
in adult patients with Parkinson’s disease (Levy, 2014; Ramig & Fox, 2009; Ramig et al.,
2015; Ramig, Sapir, Countryman, et al., 2001); and early clinical outcome research has
highlighted similar speech outcomes in children with CP (Boliek & Fox, 2017; Fox & Boliek,
2012, 2015; Levy et al., 2012). Importantly, cross-generalised effects of LSVT LOUD® to
non-targeted skills such as oral motor movements and swallowing have also been reported in
adults with Parkinson’s disease (EI Sharkawi et al., 2002; McCabe, 2013; Sapir et al., 2006).
As reduced swallowing function is a key contributing factor to anterior drooling in children
with CP, behavioural interventions such as LSVT LOUD®that optimise swallowing, may
also facilitate the individual’s better management of saliva within the oral cavity, thereby
potentially reducing the anterior spillage of salivary contents, or drooling, in children with

CP.

89



5.2 The need for detailed intervention description

The critical contents of interventions need to be well defined, and the hypothesised processes
by which they exert the effects specified, when implementing intervention-based research to
optimise the study’s validity (Hart, 2009; Tate, 2015). The rationale for providing details
regarding the implementation of Study 3 related to a direct gap in the evidence highlighted by
the systematic review in Study 1. In this review, only one of the available eight studies
(Richman & Kozlowski, 1977) provided a description of the treatment-contents and
procedural details when implementing the intervention treatment, thereby compromising the
external validity of the study(Mclnerney et al., 2019). The degree to which results could be
generalised to other children with the same diagnoses, or to different settings outside of what

was reported in the available studies, was therefore limited (Portney & Watkins, 2015).

In the context of research investigating the effectiveness of interventions, failure to report the
details of treatment is problematic for several reasons. If a treatment yields a positive effect,
researchers need information on the active ingredients including content, frequency, and
duration or dosage (Carroll et al., 2007; Tate, 2015) to hypothesise the active processes or
underlying mechanisms that resulted in that change or effect (Hart, 2009). For example, if
doubling the number of exercise trials (treatment-dosage modification) results in significantly
improved motor performance (targeted area of functioning) in a child with CP, the researcher
may hypothesise that the treatment needs to be delivered at the newly increased intensity to
produce similar motor performances in children who have similar physical and cognitive
abilities. In addition to explicitly naming all of the relevant components of treatment,
researchers are better able to define the experience of the individual client, which is an
important step in both developing and evaluating complex interventions (Hart, 2009). When

detailed information is not provided on how the treatment was performed, this also presents
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significant challenges to researchers who wish to replicate research and slows the progression
in the research field (Levy, 2014; Mclinerney et al., 2019). Replication of research is needed

to further progress the evidence on intervention effectiveness for children with CP.

5.3 Planning

5.3.1 Validity of the research topic

The creation of robust research questions must take place before any research commences
and should be a systematic process (Ratan et al., 2019). As a first step to formulating the
research questions, the validity of the research topic was verified. First, the systematic review
(Study 1) confirmed that there is a research-practice gap and highlighted the need for high
quality experimental research investigating the effectiveness of behavioural interventions to
treat drooling (Mclnerney et al., 2019). Second, the lead researcher was a speech pathologist
who had previously used LSVT LOUD®with five children with physical disability to
investigate its effects on the intended target of the treatment, loudness of speech. The earlier
study was an exploratory study using a pre-, post-AB design. Each of the five participants
had significant changes to loudness, speech intelligibility at phrase and sentence-level
following the treatment. Though drooling was not the intended target of LSVT LOUD®,
parents also reported a significant decrease in drooling severity during the treatment period.
The impact of the treatment on drooling was of significant interest to the researcher and other
clinicians, in view of the lack of evidence to support interventions to reduce drooling in
children with CP (Walshe et al., 2012). The concept for Study 3 therefore represented a
trench to bench idea, in which the research question was borne from clinical practice (Bowen
et al., 2009). Third, the hypotheses as to how LSVT LOUD® could exert effects on drooling
in children with CP were formulated and highlighted that LSVT LOUD® may be a potentially
viable intervention. Children with CP drool because they do not swallow their saliva or have

not learned how to manage saliva in the same way as their typically developing peers
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(Erasmus et al., 2009; Senner et al., 2004). LSVT LOUD® can significantly improve
swallowing ability in adults with Parkinson’s disease through improving oral motor
behaviours such as tongue base retraction (El Sharkawi et al., 2002). As LSVT LOUD®
results in similar speech-related changes in children with a paediatric neurological condition
(CP) as it does in an adult neurological context (Parkinson’s disease), it was hypothesised
that similar changes in swallowing-related performance might also be seen, which could
reduce the amount of saliva in the oral cavity and anterior spillage of salivary contents. Due
to the overlap in muscles that are involved in saliva control and speech production, it was
also hypothesised that LSVT LOUD® may improve the movement of these muscles leading
to better containment of saliva within the oral cavity, thereby leading to a reduction in
drooling. We posed the following research questions in Study 3 to test these hypotheses (i)
Can LSVT LOUD®reduce drooling severity and impact in children with CP?; (ii) Does
LSVT LOUD® improve swallowing skills in children with CP?; (iii) What are the effects of
LSVT LOUD® on single word, sentence and conversational intelligibility in children with

CP?

Lastly, consumers also contributed to verifying the validity of the research topic and
questions by confirming that these were worthwhile research questions to have answered. A
Victorian-based consumer representative (JG) was contacted in the Murdoch Children’s
Research Institute (MCRI) to obtain the views of adults with CP on the topic of an
intervention-based research study to reduce drooling in children with CP (see Appendix D1).
The group consensus was that drooling was a frequent problem for individuals with CP and
was difficult to eliminate completely, further validating that it was a research study worth

pursuing. After the validity of the topic was confirmed, ethical approval was sought, and
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obtained from the Australian Catholic University (ref. 2018-142H) in July 2018 and the

Cerebral Palsy Alliance in September 2018 (see Appendix D2).

5.3.2 Collaborative team-based approach

A collaborative approach among a number of individuals was needed to implement this
intervention study successfully. MM was the lead researcher and interventionist who was a
speech pathologist certified in both LSVT LOUD® and LSVT e-LOUD® (see Appendix D3),
and who had over sixteen years of clinical experience. The supervision team of the lead
researcher included three experienced researchers with significant clinical experience and
expertise in implementing intervention-based research studies; and who provided invaluable
mentorship from the initial conception to the final completion of the intervention study. The
parents are valued members of the team (Novak et al., 2009) and played a major part in often
motivating children during sessions, a factor that was most important in the online
environment, as the interventionist was not physically present. An independent data collector
was a diligent under-graduate speech-language pathology student who had experience
working with children with CP. The independent outcome assessors, who were blinded to
phase of study, were experienced clinicians who had significant clinical, and/or research
experience in the field of neurodisability. Consumer representatives were also involved in
reviewing the initial advertisement for the study (see Appendix D4), which resulted in a
number of changes to the wording making it more consumer friendly (see Appendix D5).
This contribution was important to optimise the chances of recruitment in the timeframe
available for the study. The same consumer group later reviewed the home program materials
that were sent to families following recruitment, which resulted in wording and minor content

changes.
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5.4 Recruitment process

The population of interest was children with a diagnosis of cerebral palsy who drooled, and
who also had impairments of speech (dysarthria) and swallowing impairment (dysphagia). To
be eligible, participants needed (i) a confirmed diagnosis of CP and drooling; (ii) aged
between 7 and 18 years; (iii) intellectual ability between the average range and moderate
range of disability; (iv) level I to 111 on Communication Function Classification System
(CFCS) (Hidecker et al., 2011); (v) verbal communicators that could express at least 3-4
worded utterances and produce an “ah’ vocalisation; (vi) overall speech intelligibility greater
than 30% and/ or no greater than ‘moderate to severe’ dysarthria; (vi) ability to maintain head
control; and (vii) demonstrated high compliance with previous speech pathology
interventions. Information regarding the study was sent to multiple agencies, disability-
related and community-based organisations, and hospitals to optimise recruitment of
participants. The advertisements and posters were sent to the Cerebral Palsy Alliance in New
South Wales (NSW), the NSW Australian Capital Territory CP Register and Sydney
Children’s Hospital in addition to schools for children with developmental disability in the
Sydney metropolitan region following the relevant ethics approvals. In Victoria,
advertisements were also sent to a consumer-based research representative (JG) based in the
MCRI in Victoria, the Centre of Research Excellence in Cerebral Palsy (CRE CP) and also
the Victorian Cerebral Palsy Register (VCPR) and the Cerebral Palsy Support Network
(CPSN). Interested parties were invited to contact the lead researcher who then emailed or
mailed the participant information letters and consent forms to participants and their
parent(s)/ caregiver(s) (see Appendices D6-D7). Verbal assent was obtained from the
participant and documented, and_informed written consent was obtained from the

parent/guardian.
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To ascertain the participants’ eligibility, parents of interested participants were telephoned to
answer questions addressing each of the eligibility criteria (see Appendix D8 for eligibility
screener). If deemed potentially eligible, a video-conference call was scheduled and
conducted using Zoom technology (Barbu, 2013) with both the child and parent. This
meeting was to further ascertain the child’s suitability, including observing the child’s
posture and establishing a good internet connection for the online delivery of treatment.
Participants who were not eligible were informed by the lead researcher by telephone.

Recruitment took place from August to November 2018.

5.5 Specifics of participant characteristics

After participants were enrolled in the study, a case history form was sent to each parent to
complete and they were asked to return it to the lead researcher. The case history
questionnaire was created by the lead researcher and included questions about the child’s
relevant medical history and demographic details (see Appendix D9). The questionnaire
content was also based on the following relevant measures: The Saliva Control Assessment
form(Johnson & Scott, 1993); The Drooling Frequency and Severity Scale (Thomas-Stonell
& Greenberg, 1988); Communication Function Classification System (Hidecker et al., 2011)
(see Appendix D10 for baseline characteristic measures); and The Australian Therapy
Outcome Measures (AusTOMs) (Perry & Skeat, 2004). A follow up phone call was held with
each parent to verify responses on the case history form and facilitate accuracy in the

recording of baseline data.

5.6 Specifics of outcome measurement and data collection
The primary outcomes of interest were the drooling and its impact, while the secondary

outcomes of interest were swallowing and speech intelligibility. Repeated measures of
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drooling, swallowing and speech were taken in each of the three phases of the study. Good
measurement properties are needed to determine what the best ones are for sampling
behaviours of interest (Terwee et al., 2012), and pertain to the: validity of the measure for the
population; reliability and responsiveness of the measure, and the clinical utility of the tool
(Law, 2004; Terwee et al., 2007). The measurement properties of the primary outcomes, the
Five-minute Drooling Quotient (an activity measure) (DQ5*) (Van Hulst et al., 2012), and the
Drooling Impact Scale (Reid et al., 2010), were evaluated in the design phase of the study
and were deemed to have good measurement properties (see Table 5.1). Clinical utility refers
to the extent to which diagnostic testing can improve the individual’s health outcomes
(Bossuyt et al., 2012) and key characteristics of importance for Study 3 related to the time
involved in administration; the opportunity to repeat the measures on multiple occasions in
each phase of the study, and; the cost and the availability of measures. The clinical utility of
each of the primary outcome measures was assessed using the CanChild Outcome Measures
Rating Form Guidelines (Law, 1987; Law, 2004) and was found to be of good quality
overall. Information on the clinical utility of the primary outcome measures is found in Table

5.2.

5.6.1 Measures of drooling

The primary outcome of interest in the study was drooling, specifically drooling severity and
drooling impact. The DQ5” is an objective, valid and sensitive measure of drooling severity
for children with CP and other developmental disabilities with intraclass correlation
coefficient (ICC) reported as .95. In validating the DQ5” (Van Hulst et al., 2012), 124 of the
138 children who participated had a diagnosis of CP. A trained observer recorded the number
of times the individual drooled in a five-minute period whilst they undertook a preferred

activity in a sitting position (e.g. building a block tower, reading out loud). Drooling episodes
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within the five-minute period were counted as present when saliva was visualised beyond the
lip margin. A score of 1’ was given for episodes where drooling occurs and ‘0’ for no
drooling. A drooling ‘quotient’ score is expressed as a percentage of observed drooling
episodes (intervals with new saliva) and the total number of intervals (0O = no new saliva, 100
= 100% of the intervals new saliva) (Van Hulst et al., 2012). The Drooling Quotient has good
test-retest reliability in children who have stable drooling with the intra-rater intraclass
correlation coefficient (ICC) reported to be >.86 (Van Hulst et al., 2012) (see Appendix D11

for primary outcome measures).

The impact of drooling was measured using the Drooling Impact Scale (Reid et al., 2010).
For the validation of the Drooling Impact Scale (Reid et al., 2010) thirty-one of the 49
children had CP. It is a parent-completed questionnaire consisting of 10 items, used to rate
the degree to which drooling has affected the child’s, or the parent’s life over the previous
week on a 10-point scale (1= not at all, 10= constantly). Examples of questions include ‘How
much skin irritation has your child had due to drooling?’’ (see Appendix D11). The scale
takes approximately five minutes to complete and is a valid, reliable measure, responsive to
change in children with developmental disabilities who have undergone saliva control
interventions. The Drooling Impact Scale (Reid et al, 2010) has demonstrated good face,
content and construct validity, with significant correlations between scores and carer’s global
ratings of change (0.69, p<0.001). This scale has good test-retest reliability in children who
have stable drooling with the ICC reported to be 0.95 (Reid et al, 2010) (see Appendix D11

for primary outcome measures).

5.6.2 Measures of swallowing and feeding competency
Swallowing and feeding competency was a secondary outcome of interest and was measured

using the Dysphagia Disorders Survey (Sheppard et al., 2014). A certified clinician observes
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an individual during eating and drinking items that are typical of his/her daily diet and rates
eight sensory-motor components of swallowing; this comprises part two of the assessment
(Sheppard et al., 2014). Together, these ratings from part 2 are used to generate a
‘Swallowing and Feeding Competency’ score which indicates the probability of a swallowing
and feeding disorder in individuals with a developmental disability (Sheppard et al., 2014).
For each item, the clinician rates 0 for “‘good function’ or 1’ for deficient function
(definitions of what constitutes ‘good’ and “deficient” are provided in the manual). A
numerical score ranging from 0 to 38 and the percentile rank for swallowing and feeding is
calculated. The Dysphagia Disorders Survey (Sheppard et al., 2014) has strong internal
consistency, with a Cronbach alpha score of .89 for part 2. Part 2 demonstrates the highest
sensitivity, specificity, positive and negative predictive values (Sheppard et al., 2014). The
Dysphagia Disorders Survey (Sheppard et al., 2014) met the criteria for face, content,
convergent and construct validity. Inter-rater reliability was considered to be good with an

average ICC of .97 (Sheppard et al., 2014).

5.6.3 Measures of speech intelligibility

The intelligibility subtests from the Frenchay Dysarthria Assessment (FDA-2) (Enderby,
2008) were used to assess intelligibility at a single word, sentence-level and conversational
level. These subtests were chosen as a) no validated measure was available for both age range
and diagnosis of participants b) stimulus items in the subtests are phonetically balanced
which aims to provide a more reliable sample of speech intelligibility and ¢) previous
research completed with children with CP has shown the subtest to be a feasible measure to
administer. The clinician assesses intelligibility by listening to 10 single words, sentences and
a conversational sample and assigns an intelligibility rating using a 5-point Likert scale for
each. The validity and reliability of the FDA-2 (Enderby, 2008) has been established by

several studies with adult populations with differing neurological conditions, for example
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patients who have dysarthria secondary to stroke (Mahler & Ramig, 2012). Inter-rater
reliability agreement was good with an average ICC of 91% (.91). Single word, sentence and

conversational intelligibility ratings for each participant across phases were reported.

The measurement properties of each of the tools were assessed using Terwee et al’s (2012)
standardised rating scale (Terwee et al., 2012) and overall, were found to be of good quality
for use with children with CP. Table 5.1 displays a summary of properties for the two

primary outcomes.
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Table 5.1

Evaluation of measurement properties for measures of drooling

Property Definition Quality criteria DQ5* Drl SCALE
Content Extent to which  +A clear description: +Discriminative tool, target  +Evaluative tool, population=
validity the domain of Measurement aim, target population children with children with neurological disorders,
interest is population, the concepts that developmental disabilities concept measured impact
comprehensively are being measure, and the who drool, concept being
sampled by the  item selection AND target measures of drooling
items in population and (investigators severity, item selection (not
questionnaire or experts) applicable) BUT does not
comment on floor and
ceiling effects which can
affect content validity
Internal The extent to +Factor analyses performed on  + Each item is the exact Did not complete

consistency

which the items
in a (sub) scale
are
intercorrelated,
thus measuring
the same
construct

adequate sample size AND
Cronbach alpha calculate per
dimension (0.7-.95)

same= measuring same
construct (0.95)
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Criterion Extent to which ~ +Convincing arguments that +Parent filled out DFSS + Compared to parent’s perceived
validity scores on a gold standard is gold and (80%) (but we don’t know change (carer’s global rating) (0.69,
particular correlation with gold standard  that this is gold standard p<0.001)
measure relate to  is =270% method)
the gold
standard
Construct Extent to which  +Specific hypotheses were + Related to VAS measures  Compared to noticeable and relevant
validity scores on a formulated AND at least 75%  completed by parents on reduction according to the carer’s
particular portion of results are in drooling severity (average of Hypothesis: good correlation

questionnaire
relate to other
measures in a
manner that is
consistent with
theoretically
derived
hypotheses
concerning the
concepts that are
being measured

accordance with these
hypotheses

.45 using VAS)

between the carer’s global rating of
change in drooling and the change in
total Drl scores (>.69).

Construct = perceived decrease in
drooling (after tx) will lessen the
impact on carers and this change will
be reflected in lower scores in the
scale

Reproducibility
5.1 Agreement

Extent to which
scores on
repeated
measures are
close to each
other (absolute
measurement
error)

+MIC<SDC OR MIC outside
the LOA or convincing
arguments that agreement is
acceptable

+ ICC or weighted kappa = .70

ICC=>.86
Good reliability

Concordance correlation coefficient-
0.85 (standard error 0.05)

Good test-retest

reliability




5.2 Reliability

Extent to which
patients can be
distinguished
from each other,
despite
measurement
errors (relative
measurement
errors)

Responsiveness

Ability of a
questionnaire to
detect important
changes over
time

+SDC or SDC<MIC outside
the LOA or RR >1.96 OR
AUC =70

AUC=0.80

Guyatt’s responsiveness statistic= 1.4

Floor and
ceiling effects

The number of
respondents who
achieved the
lowest or highest
possible score

+< 15 respondents achieved
the highest or lowest possible
scores; query doubtful design
or method

Did not comment
Total scores for each
participant not provided

Did not comment
Total scores for each participant
provided

Interpretability

The degree to
which one can
assign
qualitative
meaning to
quantitative
scores

+ Mean and SD scores
presented of at least four
subgroups of patients and MIC
defined

Not reported

+ means, SD

Note. DQ5”= The five-minute drooling quotient (Van Hulst et al., 2012); Drl Scale= The Drooling Impact Scale (Reid et al., 2010).

Tool definitions: Discriminative= distinguishes between individuals on an underlying dimension when no gold standard is available for

validating these measures; Predictive= classifies individuals into a pre-defined set of categories; Evaluative; measures the magnitude of
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longitudinal change in an individual on a dimension of interest (Law, 2004); VAS= visual analogue scale; DFSS= Drooling Frequency &
Severity Scale; SD= Standard deviation; MIC=minimal important change ; SDC=smallest detectable change; RR= Guyatt’s responsiveness
ratio; AUC= area under the curve; LOA= Limits of agreement; ICC= Intra-class coefficient; +=positive rating; ?=indeterminate rating. Contents

extracted from Table 1. Quality criteria for measurement properties of health status questionnaires (Terwee et al., 2007, p.3 9).
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Table 5.2

Clinical utility of drooling measures

Construct Definition Ratings DQ5” Drl Scale
Clarity of Instructions Comprehensive/ | Adequate Adequate
Adequate/
Poor
Format of data collection | Naturalistic Naturalistic Observation Questionnaire
observation:
Interview:
Questionnaire:
Physically invasive: Does | Yes/ No No No
the administration require
procedures that may be
perceived as invasive to
the client?
Active participation of Yes/ No Yes No
client:
Completion of the
measure requires the
client to participate
verbally or physically
Special equipment Yes/ No Yes- stopwatch or No
required: Does the videorecorder to record
measurement process assessment
require objects that are
not part of the test kit e.g.
stopwatches, a balance
board etc.?
Time to complete: Total | Record 5 minutes during an 2-10 minutes (depends
time for administration, in minutes activity but recording may | on how aware parent is
scoring and need to be viewed on a few | of impact prior to
interpretation. occasions to facilitate completion of
Level of training required accuracy of measurement | questionnaire)
Examiner qualifications: | Yes/ No No training necessary No training
Formal training required (however training was
provided to raters in
validation of the tool)
Cost Free Free

Note. DQ5”= The five-minute drooling quotient (Van Hulst et al., 2012); Drl Scale= The

Drooling Impact Scale (Reid et al., 2010)
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5.6.4 Data collection procedures

The lead researcher organised the data collection appointment for the independent data
collector and families. This coordination was logistically challenging; and adequate time
needed to be allocated, due to the number of repeated measures required and potential
conflicts in calendars between the participant families, data collector and lead researcher,

who needed to be available in the event there were any queries or technological issues.

The data collector received training by the lead researcher (MM) in which the rationale
and the administration detail of the outcome measures were clearly outlined. An
information leaflet, developed by the lead researcher, detailing the environmental set-up
and considerations was created and sent to parents in advance to facilitate consistency in
the online environment for each session (see Appendix D12). This information sheet also
served as a data collection protocol and was checked by the data collector as she went
through every step during each session. Parents were asked to seat their child 50cm in
front of the laptop screen, in a brightly lit area to facilitate clear sight of the head, mouth
and oral structures placing water a safe distance away from the laptop in case of spillage
and having easy access to tissues in case of drooling. In addition, participants and families
were asked to close any other browser windows on the computer to minimise background
distraction or interfering noise that might compromise sound recordings, and/or slow
internet connections. Treatment sessions were set up to record automatically on the Zoom
telehealth platform (Barbu, 2013). All video-recordings of both face-to-face and online
treatment sessions were uploaded to the secure Cloudstor database in the Australian
Catholic University. The process of uploading each data collection session to ACU
Cloudstor was also shown to the data collector by the lead researcher. Data collection

sessions were requested to be uploaded as soon as possible after they took place.
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5.7 Background on LSVT LOUD®

LSVT LOUD® was the intervention of focus in Study 3 of the PhD program. This
intensive voice treatment was originally created for individuals with Parkinson’s disease
due to an absence of evidence-based effective treatments to target the frequently occurring,
and underlying motor speech deficits (Fox et al., 2012; Ramig, Sapir, Fox, et al., 2001,
Sapir et al., 2006). LSVT LOUD®has level 1V efficacy in improving the speech of
individuals with Parkinson’s disease (Ramig et al., 2015; Ramig, Sapir, Fox, et al., 2001),
and has shown similar speech effects in children with CP (Boliek & Fox, 2014; Levy,

2014)

5.7.1 LSVT LOUD®and Parkinson’s Disease

Patients with Parkinson’s disease frequently present with hypokinetic dysarthria
characterised by reduced loudness (hypophonia), reduced pitch inflection (hypoprosodia),
reduced range of articulatory motions (hypokinetic articulation), and short rushes of
speech Aronson, 2009; Baumgartner, 2001; Halpern et al., 2015; Ramig, Sapir,
Countryman, et al., 2001; Ramig, Sapir, Fox, et al., 2001). LSVT LOUD®improves
loudness of speech by targeting the underlying physiological deficits that lead to impaired
volume, for example, hypoadduction of the vocal folds due to bowing

(Baumgartner, 2001), which facilitates healthy louder voice production (Mathieson, 2010;
Ramig, Sapir, Fox, et al., 2001). Essentially, LSVT LOUD® aims to overcome or
compensate for some of these disordered perceptual characteristics of motor speech by
helping the adult with Parkinson’s disease re-learn how to produce and use a healthy
louder voice. This treatment program places emphasis on using high-effort loud phonation
(voicing) to improve respiratory, laryngeal and articulatory functions during speech

(Ramig, Sapir, Countryman, et al., 2001). Research focusing on acoustic, physiological
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and perceptual outcomes has shown significant improvements in a number of body
functions and structures level outcomes following LSVT LOUD® including: sound
pressure level (SPL), pitch inflection, vocal fold adduction, voice quality and loudness,
and speech intelligibility (Baumgartner, 2001; Dromey, 1998; Dromey et al., 1995; Ramig

et al., 1995).

5.7.2 Dysarthria in children with CP and LSVT LOUD®

Between 35% (Parkes et al., 2010) and 50% of children with a diagnosis of CP will
experience dysarthria resulting in significant impacts on their education and social
outcomes (Pennington et al., 2013). No effective treatments exist that can facilitate long-
term sustainable improvements in speech intelligibility (Levy, 2014). Dysarthria in CP
typically involves many or all of the speech sub-systems including respiration, resonance,
phonation, articulation and prosody (Watson & Pennington, 2015). The nature and severity
of the presenting dysarthria differs across participants and impairments can include
reduced loudness; shallow irregular breathing and reduced loudness; low pitched harsh
phonation; reduced pitch range and poor articulation (Pennington et al., 2013; Watson &
Pennington, 2015). There is preliminary behavioural and neurological evidence that LSVT
LOUD® can result in sustainable improvements in speech loudness and intelligibility in
children with CP. Phase I clinical outcome research has shown that LSVT LOUD® can
increase speech intelligibility and vocal loudness in children with CP and dysarthria
(Boliek & Fox, 2017; Fox & Boliek, 2012; Levy, 2014). In an initial pilot study, five
children with spastic CP (aged 5-7 years) showed a similar and significant increase on
acoustic measures in their performance on maximum phonation tasks (Fox & Boliek,
2012). These improvements had not translated to functional speech tasks following LSVT

LOUD® treatment. In a second Phase Il outcome study, (Boliek & Fox, 2014) showed a
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significant increase in maximum dB sound pressure level (SPL) in sustained phonation
tasks post treatment and in the follow up period twelve weeks later (p=<0.05). Levy
(2014) also completed experimental research on LSVT LOUD® with three children with
CP and dysarthria and found an increase in articulatory accuracy in single words and in
conversational speech. Similar to the previous research findings by Fox et al. (2012, 2015)
there were mean increases in speech sound pressure level following LSVT LOUD®.
Preliminary neurologically focused research has also demonstrated significant changes to
brain structure which provides evidence that LSVT LOUD® can result in neuroplastic
changes in children with CP (Bakhtiari et al., 2017). This study investigated the impact of
LSVT LOUD® in eight children with CP and dysarthria (aged 8-16 years) and found that
the long-term practice of skills learnt during treatment enhanced white matter tract
integrity in speech production networks while increasing maximum duration, and loudness
during phrases and intelligibility post-treatment (Bakhtiari et al., 2017; Dromey et al.,

1995).

Collectively, previous research suggests that at the very least, LSVT LOUD® has shown
promise in increasing loudness and intelligibility for children with CP, but also has the
potential to result in longer term sustainable changes in speech. As there is no consensus
on how best to treat dysarthria in children with CP (Pennington et al., 2016; Pennington et
al., 2013), and an absence of effective treatments (Novak et al., 2012; Novak et al., 2020),
it was considered important to complete additional research on LSVT LOUD® in children
with CP. Such intervention-based research must outline not only information on the active
ingredients, including treatment dosage, but also explicitly hypothesise the critical

components as to how the intervention should work (Coster, 2013; Hart, 2009).
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5.8 Specifics of LSVT LOUD®

5.8.1 Setting

The lead researcher was certified in LSVT LOUD®or LSVT e-LOUD® and implemented
the treatment with each of the participants. The intervention was offered using one of two
modes, face-to-face or via telehealth. Treatment provided via telehealth (LSVT e-LOUD®)
was delivered online to children in their home setting. The face-to-face delivery treatment
mode took place in a community-based clinical service for children with CP in a standard
clinical room. Setting-specific information for both treatment modalities included: a)
child/parents to have access to a sink and/or antibacterial gel for hand hygiene; b) a chair
for the parent to sit; c), a wall-mounted or hand-held mirror for visual reinforcement of
mouth shape; d) tissues, stickers or other desired reinforcers; €) a notepad and pen to write
down the words for the child in bigger print or font; f) a glass of water for the participant
to maintain hydration of the vocal folds; g) ‘Sit upright” and *Think LOUD’ prompts that
were placed on a wall or surface that was easily visible to the child (see Appendix D13 for
prompts). The face-to-face LSVT LOUD® treatment sessions were video recorded using a

camcorder (Canon LEGRIA HF R26).

5.8.2 LSVT LOUD®: Active ingredients

LSVT LOUD® is classified as a complex intervention due to having many interacting
components that address behaviours (Craig et al., 2013); including the frequency and
timing parameters of behaviours, and the methods of organising and delivering those
behaviours including the type of practitioner, location and setting (Campbell et al., 2000).
As recommended by LSVT LOUD®was delivered intensively with a clear treatment
protocol (see Figure 5.1 below and Appendix D14). There were four one-hour sessions per

week for four weeks, and the individual was encouraged to exert *high-effort’ throughout
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every session (Ramig, Sapir, Countryman, et al., 2001). The behavioural target of LSVT
LOUD® was healthy vocal loudness (Boliek & Fox, 2014). Targeted practice occurred in

different contexts, for example, in the clinical context and home environment.

It is understood that LSVT LOUD® achieves the ‘new’ healthy louder voice by improving
vocal fold adduction and overall laryngeal muscle activation control through the use of
repeated high-effort loud phonation (Ramig et al., 1996; Ramig et al., 1995). Maximum
prolongation of “ah’ and maximum pitch range (both high and low pitch exercises on
production of *ah’) tasks are taught (Ramig, Sapir, Fox, et al., 2001). These exercises also
need to be practised as homework to achieve a maximum number of trials but also to
facilitate generalisation of the newly acquired loudness to contexts in which it is
meaningful and relevant, for example, speaking with a family member on the phone (see
Figure 5.1 below). A key component of the intervention is that it encourages the
participants to ‘think LOUD’ in each treatment session. The respiratory system is
indirectly stimulated during all the “think loud’ speech tasks, with a focus on deep
abdominal, as opposed to clavicular, breathing when speaking to create the loud voice

(Ramig, Sapir, Countryman, et al., 2001).
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Figure 5.1

Daily LSVT LOUD® treatment protocol in a 60-minute session

Each 60-minute treatment session

Initial 30 minutes

15 x Loud “ah (12-15 minutes)

15 x High “ah’ (5-8 minutes)

15 x Low “ah’ (5-8 minutes)

5 x 10 Functional phrases (5-10 minutes)

Last 30 minutes

“Think LOUD’ targeted in structured activities at different steps on the speech hierarchy (single
words/ sentences/ conversation):
Reading:

- Week 1: 20 minutes

- Week 2: 20 minutes

- Week 3: 15 minutes

- Week 4: 5 minutes
Conversational speech:

- Week 1: 5 minutes

- Week 2: 5 minutes

- Week 3: 10 minutes

- Week 4: 20 minutes

Homework component:

- Daily homework practice:
- 6 x‘loudahs’, 6 x “high “ahs’, 6 x low ‘ahs’, and functional phrases (10-15 minutes)

- One carryover assignment
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5.8 Theories underpinning LSVT LOUD®
Principles of behavioural learning, neuroplasticity and motor learning provide the
theoretical underpinning to LSVT LOUD® (Ramig et al., 1996; Ramig, Sapir,

Countryman, et al., 2001).

5.8.1 Behavioural learning theory

LSVT LOUD® is a theory-informed evidence-based treatment that focuses on one
behavioural target, increasing vocal loudness or volume of speech. The treatment is
focused on the current determinants of reduced speech volume including reduced
amplitude of voice, shorter duration of maximal phonation and the ability of the person to
self-monitor their own loudness. LSVT LOUD® uses the behavioural techniques of
instruction, shaping and differential positive reinforcement (see Chapter 2). In LSVT
LOUD®, the emphasis is on active practice of exercises with minimal speaking by the
therapist to optimise time for practice opportunities. Verbal instructions are simple, used
frequently and modelled in a consistent fashion: Look at me, do what | do —say ‘ah’’. In
the latter example, the clinician is also manipulating what the individual does and says to
obtain the desired response. For example, the clinician asks the individual to open their
mouth wide to produce a loud “‘ah’ (stimulus), the individual responds with a healthy loud
‘ah’ (response) and the clinician then say ‘I could really hear the power and loudness that
time’ (differential reinforcement). Once the desired target behaviour is achieved, the
attempt may also be positively reinforced by using verbal, visual or other reinforcers. For
example, verbal reinforcement is commonly used such as praise, commenting on how

great their “healthy and loud’ voice sounds.
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In LSVT LOUD®, the starting behaviour is vocalising an approximation of an ‘ah’ sound.
The approximation is shaped and positively reinforced over the course of the treatment
until the person is able to produce a loud healthy *ah’ sound for as long as possible. The
types of positive reinforcement strategies used can be variable and are ultimately be
dictated by the needs of the client. Examples include positive verbal reinforcement (‘great
loudness’, ‘what a powerful voice’); or token reinforcement, whereby the child is given a
tangible token on demonstration of the target behaviour. Feedback from the clinician may
also involve other types of behavioural interventions, for example, instruction (‘increase
your loudness on that loud “ah’) or prompting (pointing to the THINK LOUD prompt on
the wall). The clinician may also show the person the changes in sound pressure level
using the LSVT LOUD® clinician software or a voice application. Successive
approximations of increased loudness and pitch are completed throughout the 16 sessions
of treatment. The rate at which the clinician moves through these approximations will

depend on the individual’s performance.

Once the target behaviour has been established, it is important to fade any prompts as soon
as possible so the person does not depend on these to bring about the target behaviour.
This enables a transfer of control from the stimulus (prompt) to the individual or natural
cue in the environment. An example of fading in LSVT LOUD®, is the clinician not
providing repeated prompts for healthy loudness on “ah’ after the individual has

demonstrated five successive healthy loud ‘ah’ productions.

In addition to incorporating fundamental behavioural learning principles to effect a change
in vocal loudness, LSVT LOUD® focuses on the person’s self-efficacy or their belief or
expectation that they can produce louder speech (Bandura & Davidson, 2003; Corey,

2012, 2015). LSVT LOUD® incorporates the client’s perspective and is tailored to the
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individual by targeting salient functional exercises in relevant contexts. A further
fundamental principle of the social cognitive learning theory is that the person is capable
of self-directed behavioural change and the client needs to be the agent of that change
(Corey, 2012, 2015; Nilsen, 2015). The clinician needs to ensure that there is active
engagement from the person during the treatment sessions. In addition, the underlying
active physical and cognitive mechanisms of the client’s softer speech and reduced
loudness must be targeted to optimise their volume of speech. Due to the underlying
sensory impairment of their motor speech disorder, adults with Parkinson’s Disease are
frequently unable to detect that their voice is becoming softer over time (Sapir et al., 2006)
and this can be disempowering for the individual, leading to lost confidence in speaking
situations. In LSVT LOUD® feedback is given to the client when they make positive
changes to loudness, successively moving through approximations to the target behaviour
while reinforcing that they are independently responsible for the change. LSVT LOUD®
therefore is a multi-modal treatment that demonstrates many qualities known to be

characteristic of effective behavioural intervention approaches (Gitlin, 2016).

5.8.2 Neuroplasticity

A growing body of research supports the use of physical exercise to drive activity or
experience-dependent neural plasticity (Duff & Gordon, 2003; Lundy-Ekman, 2013;
Schindl et al., 2000). Neural plasticity refers to the ability of neurons and neuronal circuits
to change in form and function in response to alterations in their environment (Kaas, 2012,
p. 1). Physical exercise that uses principles of motor learning and neural plasticity can
improve activity-level outcomes in children with CP (Dewar et al., 2015). Exercises that
incorporate principles of neural plasticity have been shown to increase muscle size,

strength and associated motor function in children with CP (Lee et al., 2014). Positively,
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structural neuroplastic changes have also been demonstrated following constraint induced
movement therapy which involves systematic and intensive use of exercise to improve
upper limb function (Sterling et al., 2014). Specific neural changes have been outlined in
both adults with Parkinson’s Disease, (Narayana et al., 2010), and children with CP
following LSVT LOUD® (Bakhtiari et al., 2017). This activity-based rehabilitation
intervention research evidence highlights the potential of such treatments to impact
functioning in a tangible way; thereby having the potential to maximize health outcomes
for children with CP. Neuroplasticity facilitates learning in the intact brain, and re-learning
in the damaged brain in a rehabilitation context (Kleim & Jones, 2008).The key principles
that have relevance and application to are ‘use it and improve it’, ‘specificity’, ‘repetition
matters’, ‘intensity matters’, ‘transference or generalisation’. Training that drives a
specific brain function can lead to enhancement of that function (Kleim & Jones, 2008).
The LSVT LOUD® treatment targets the sensory and motor impairments of speech in
Parkinson’s disease directly, improving the person’s ability to internally cue themselves to
be louder and to independently produce a louder voice in daily speaking situations (use it
and improve it). The nature of the plasticity will be dictated by the nature of the training.
This infers that treatment needs to be focused on a target behaviour (specificity) and
tailored to the individual to facilitate the person’s capacity to adapt or change specific
circuitry in the brain (Kleim & Jones, 2008). LSVT LOUD® has a single behavioural
target, a loud ‘ah’ which is the primary focus of the intervention. Functional exercises are
salient to the individual, created by the individual and brought to the treatment sessions for
daily practice. It is hypothesised that a high number of repetitions of certain activities
(repetition matters) is needed to result in neuroplastic changes and maintenance of skills
(Kleim & Jones, 2008). Adequate intensity of exercises is required (intensity matters) for

neuroplastic changes in the brain to occur (Kleim & Jones, 2008). The concept of intensity
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in this context refers to the treatment dosage, including its active ingredients. LSVT
LLOUD® has also been shown to have cross-generalisation effects to other non-targeted
speech sub systems such as resonance and articulation (Ramig et al., 2008). In addition,
LSVT LOUD® has been shown to have significant simultaneous positive effects in a host
of other skill areas such as the oral stage of swallowing, for example, in improving tongue
base retraction and to reduce oral transit time, vocal fold adduction (EI Sharkawi et al.,
2002), facial expression (McCabe, 2013), articulatory acoustics (Sapir, 2007), and

respiratory kinematics (Darling & Huber, 2011).

5.8.3 Motor learning in LSVT LOUD®

Motor learning is a set of processes associated with practice or experience leading to a
relatively permanent changes in the capability for movement (Schmidt, 2011, p. 325).
Practice and feedback conditions that can optimise learning or the retention and transfer of
motor skills are collectively referred to as principles of motor learning (Bislick et al., 2012;
Maas et al., 2008; Schmidt, 2011). Over the past fifteen years, the application of motor
learning principles to speech movements has received increasing attention (Bislick et al.,
2012; Maas et al., 2008). These principles offer a means of optimising function-based
treatments within speech pathology as well as in other health care disciplines (Morgan et
al., 2013; Novak et al., 2009; Wallen et al., 2011). The variables that relate to the construct
of practice include (i) the amount (of practice), (ii) schedule, (iii) the nature of how
exercises are carried out or practised, and (iv) variability (Schmidt, 2011); whilst feedback

conditions encompass feedback type, frequency and timing (Bislick et al., 2012).

The key motor learning principles that pertain to LSVT LOUD® include large amounts of

distributed practice, 15 trials of isolated exercises daily across four consecutive sessions
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per week for four weeks. Targeted practice occurs in different contexts, for example, in the
clinic or treatment session and in the home environment, inferring a variable practice
component. Blocked practice takes place in separate successive blocks, for example, loud
‘ah’, high *ah’, low “ah’, and random practice occurs in different contexts, for example,

using a loud voice in functional phrases in targeted daily scenarios.

The principles of motor learning need to be strictly adhered to when delivering any speech
treatment (Bislick et al., 2012; Levy, 2014, Strand 1995) and feedback is an important
principle to improve motor outcomes for children with CP. A key component of the
implementation of LSVT LOUD® involves the provision of specific feedback to the client
on their performance regarding the behavioural target, vocal loudness or volume of speech.
High frequency feedback after every trial is typical at the start of treatment but the aim is
to move to low-frequency feedback as soon as possible in which performance information
is given only after some, and not every, attempt. Making this transition from high to low
frequency feedback is important to increase the person’s independence in performing the
exercises. Consideration needs to also be given to providing the feedback in an immediate
versus delayed way (Bislick et al., 2012) when trying to shape behaviour and reduce the

dependence on the clinician.

5.9 LSVT LOUD® implementation in the current study

As part of the LSVT LOUD® protocol, participants and their parents were asked in
advance to generate a list of functional phrases, for example, “‘What’s for dinner?” as
opposed to less functional, for example, ‘“Mars is a planet’. These phrases formed the daily
functional phrases practice list that is an important component of LSVT LOUD®. Parents

were asked to sit beside the child during LSVT LOUD® treatment sessions initially and
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asked to stay in the immediate environment (near the child), once the child got used to the
routine of treatment. At the start of every treatment session, distractions were minimised to

optimise engagement and facilitate concentration on the part of the individual participant.

Brief explanations regarding the importance of upright posture and deep abdominal
breathing to facilitate clear loud speech took place at the start of LSVT LOUD®.
Prompting was used thereafter in treatment sessions as needed, for example, if the child’s
posture became slouched during treatment. In addition, a brief outline of the daily
treatment plan was presented in the form of a visual timetable for participants who lost

attention intermittently and was referred to as necessary.

5.9.1 Motivating children for motor learning

Previous intervention-based research conducted with children that has been adapted from
adult studies, has been criticised for insufficient emphasis on motivation for motor
learning optimisation (Levy, 2014). The motivation levels of an individual can drive and
affect behaviour in different ways. To take purposeful action, for example, completing a
set of exercises, an individual must be motivated to initiate or activate executive
functioning skills. When an individual’s behaviour is driven by external rewards
(motivation comes from outside the person), they are said to be extrinsically motivated;
whereas a person who finds an activity personally rewarding is said to be intrinsically
motivated (motivation comes from within the person). (Burton et al., 2015). Children with
CP may be more motivated extrinsically or there may be a greater need to use extrinsic
rewards to motivate them during treatment compared to adults. It is important therefore to

provide sufficient details about strategies to optimise motivation for motor learning.
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In preparation for the treatment, parents were asked in advance about items that the child
preferred or were motivated by including toys, games, books and iPad applications. These
additional motivating items were also made available to optimise engagement during
treatment. Distractions were minimised to facilitate maximal participant concentration and
focus, for example, toys or pets were removed from the view of the participant and
background noise was reduced. Participants who wore reading glasses were also advised to

wear them at each data collection or treatment session.

The type and nature of feedback is important to optimise motivation for learning during
the treatment process (Schmidt, 2011). Due to the intensive nature of LSVT LOUD® in
which a large number of trials are performed in a relatively short period of time, keeping
children motivated can be challenging (Levy, 2014). A clinician’s knowledge of the
child’s activity preferences is also critical for intervention planning (Imms et al., 2009).
Parents are often more motivated for the child to complete treatments as they better
understand the potential outcomes in improving an aspect of the child’s functioning and
outcomes. Both children and parents need to be asked about items that motivate the child
before the treatment starts to inform planning. The materials, for example, games that the
clinician uses, therefore take on added importance when working with children as they are
instrumental to extrinsically motivate the child. In the context of paediatric intervention-
based treatment, clinical researchers also need to also be mindful that items that motivate
the child at the start of the treatment may not necessarily motivate them towards the end.
Positive reinforcement is helpful and effective when trying to shape, establish or

strengthen behaviour (Burton et al., 2015; Corey, 2012; Miltenberger, 2012).
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To optimise motor learning, varied and multisensory feedback was given immediately
using a range of visual, verbal, and tactile prompts. Verbal prompts and visual stimuli
were initially used to encourage the child to use good posture and sitting but also to
optimise listening, attention and engagement. These visual stimuli served as both a
stimulus prompt (at the very start of the treatment session) and response prompts in the
way of feedback, for example, if the child’s posture changed and was sub-optimal. Verbal
prompts included *sit up’ or “sit upright” and were also used consistently throughout the
treatment period to optimise posture when needed. Visual feedback was similarly varied to
facilitate increased performance and depended on the needs of the individual child, for
example, a visual image of a ball rolling down a hill (low pitch *ah’) or the use of a mobile
application, such as the voice analyst application (Speechtools Ltd., 2020) to provide

immediate visual feedback on sound pressure level (loudness), pitch and pitch range.

Verbal instruction was used throughout LSVT LOUD® for a number of different activities
including abdominal breathing, completing the target number of trials and to encourage the
child to “think loud’. For example, deep abdominal breathing was important and instructed
in a step-like fashion: a) sit upright (upright posture with shoulders back); b) take a deep
breath in through your nose and feel your belly get bigger and chest rise up and out (deep
inhalation with abdominal and chest expansion); c) let the breath flow out through your
mouth, feel your belly go back in and your chest go down and in (exhalation with
abdominal contraction and falling of the chest wall). Deep abdominal breathing, as
opposed to clavicular breathing, is necessary to optimise vocal functioning (Mathieson,
2010). The need to provide a prompt on abdominal breathing was important in this context
as children with CP find deep abdominal breathing challenging. In the initial stages (and

later if needed), a parent was asked to provide additional cueing if necessary, for example,
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gentle tapping of the abdomen (as physical or tactile stimulus prompt) to remind the child
to breathe deep into the abdomen to facilitate adequate abdominal breath support for

speech.

Throughout each session, the clinician provided both prompts (stimulus and response
prompts) to monitor truncal posture, sitting position, head and neck posture and jaw
posture (degree of mouth opening) as these were important pre-requisites for producing a
healthy loud “ah’, the primary behavioural focus of LSVT LOUD®. Different types of
positive reinforcement were used throughout the study to establish, shape behaviour and
reinforce desired behaviours including: verbal reinforcement, “Well done - nice loudness!”,
‘What a powerful voice!’, ‘Fabulous loud ah’, “‘Did you hear that loudness? Amazing!’;
visual reinforcement, thumbs up, smiling, and token reinforcement, stickers or some other

tangible reinforcer.

In Chapter 6, specific details regarding the conduct of Study 3 are provided. The effects of
LSVT LOUD® on drooling severity and its impact, swallowing and speech in a group of
children with CP are reported. The implications of the findings and future research

directions are also discussed.
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Chapter 6 Effects of LSVT LOUD® on children with CP

This chapter has been written in preparation for submission to the journal Behavior
Therapy and therefore aims to meet the manuscript guidelines of that journal. The chapter
comprises a rationale for why research on behavioural intervention effectiveness is needed
for children with cerebral palsy (CP) and reports on a novel intervention-based study
examining the effects of the Lee Silverman Voice Treatment LOUD® (LSVT LOUD®) and

LSVT e-LOUD® on the outcomes of drooling, speech and swallowing.

6.1 Introduction

Anterior drooling is a complex behaviour that is common in children with CP and has a
negative impact on their physical and psychosocial health (Chang et al., 2012). Key causes
of drooling in children with CP include inefficient swallowing (Erasmus et al., 2009;
Senner et al., 2004) and oral motor dysfunction (O'Dwyer & Conlon, 1997). Drooling can
adversely affect functioning in a myriad of ways such as interrupting social interaction
with others due to having to wipe saliva or manage the drooling behaviour; and/or causing
potential damage to augmentative and alternative communication (AAC) devices resulting
in temporary loss of communication mode for those who are non-verbal (Reddihough et
al., 2011). Drooling has impact on the family. For example, there is an increased need for
mouth wiping and cleaning of surfaces, and this is an additional burden for parents and
caregivers (Van der Burg, Jongerius, et al., 2006a). Drooling therefore can have pervasive
effects both on the individual and the wider family due to the increased daily care needs

associated with managing the drooling behaviour (Hay & Penn, 2011).
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Several non-invasive behavioural treatments are available and commonly used by
clinicians to treat drooling (Mclnerney et al., 2020). Although theoretically sound,
traditional behavioural interventions such as reinforcement and prompting frequently
implemented by clinicians (Mclnerney et al., 2020) are supported by low-level evidence
(Mclnerney et al., 2019; Van der Burg et al., 2007a). The lack of robust research to
support the use of behavioural interventions in practice presents a challenge to clinicians
and is a barrier to evidence-based practice. High-quality research on intervention
effectiveness is therefore a research priority to inform best practice and to optimise the
health of children with CP and other neurodisabilities who drool. Rigorous experimental
studies are needed to determine whether traditional behavioural interventions can reduce
drooling and other outcomes such as the individual’s self-management of drooling. In
designing and implementing such interventions, the methodological shortcomings of
previous research need to be addressed. Robust pilot studies on novel behavioural

interventions are also required.

The Lee Silverman Voice Treatment LOUD approach (LSVT LOUD®) is an intensive
voice treatment that has demonstrated level 1V efficacy in improving speech volume
(loudness) with a generalised effect to speech intelligibility (Ramig, Sapir, Countryman, et
al., 2001; Sapir et al., 2006) in people with Parkinson’s Disease. LSVT LOUD® has
demonstrated significant effects on other related functional skill areas in adults with
Parkinson’s Disease such as swallowing (El Sharkawi et al., 2002; Miles et al., 2017),
articulation (Dromey, 1998; Dromey et al., 1995), oral motor skills and facial expression
(McCabe, 2013). The latter findings support the notion that the treatment has the potential
to increase other speech- related non-target behaviours. The generalised effect of LSVT

LOUD® to non-targeted behaviours such as oral motor movements involved in articulation
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(Darling & Huber, 2011) and swallowing in patients with Parkinson’s disease (El
Sharkawi et al., 2002) is of particular interest as causative factors for drooling in children
with CP include oral motor dysfunction and inefficient swallowing (Erasmus et al., 2009;
Senner et al., 2004). Over the past eight years, phase | and Il clinical outcome studies have
demonstrated that LSVT LOUD® can effect similar outcomes in speech volume and
intelligibility in children with CP (Boliek & Fox, 2017; Fox & Boliek, 2012). Because
LSVT LOUD® has demonstrated significant potential for a cross-generalisable effect to
oral movements involved in swallowing in adults with neurological conditions, it is
reasonable to hypothesise that LSVT LOUD® may also result in changes to oral motor
movements and swallowing in children with neurological conditions, which may in turn

reduce drooling.

The primary aim of this study was to explore the therapeutic effects of LSVT LOUD® on
drooling behaviour in children with CP and to investigate whether LSVT LOUD® could
reduce the impact of drooling as perceived by their parents. The secondary aims were to
investigate the effects of LSVT LOUD® on swallowing and feeding competency; and to
explore the effects of LSVT LOUD® on speech intelligibility at a single word, sentence
and conversational level. Specific research questions were: (1) Can LSVT LOUD® reduce
drooling severity in children with CP?; (2) Does LSVT LOUD® improve swallowing skills
in children with CP?; (3) What are the effects of LSVT LOUD® on single word, sentence

and conversational intelligibility in children with CP?
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6.2 Methods

6.2.1 Study Design

A concurrent multiple baseline single case experimental design (SCED) was used. A
SCED involves the repeated measurement of an individual’s behaviour in the presence and
absence of the intervention, thereby enabling the individual to serve as their own control
(Krasny-Pacini & Evans, 2017). Randomisation of phase onset was employed to minimise
threats to internal validity (Kazdin, 2016; Kratochwill & Levin, 2014; Smith et al., 2012).
Concealed randomisation was used to allocate each participant to one of three treatment
baseline conditions: a baseline length of 10 days, 14 days or 18 days, which meant the
starting point of intervention was staggered, and different for each participant. This
sequential introduction of intervention establishes control within and across participants

(Belfiore et al., 2008). The schedule of planned phases is shown in Figure 6.1. below.

Figure 6.1
Concurrent multiple baseline SCED displaying three Phases A, B, A and staggering of

treatment-onset at the start of phase B

Treatment Condition 1
Baseline phase
Intervention phase
Follow up phase |
1234567891011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
Days ->

Treatment Condition 2
Baseline phase
Intervention phase
Follow up phase
1234567891011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
Days ->

Treatment Condition 3
Baseline phase
Intervention phase

Follow up phase I

1234567891011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44
Days ->
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6.2.2 Recruitment Process and Informed Consent

Ethical approval was gained from the Australian Catholic University (ref. 2018-142H) and

the Cerebral Palsy Alliance. Advertisements for the study were sent to local disability

organisations, the New South Wales (NSW) CP register and schools for children with

childhood disability in Sydney. Interested parties were invited to contact the lead

researcher who then emailed or mailed the participant information letters. Consent was

obtained from all participants and at least one of their parents prior to commencement of

the study.

6.2.3 Participant eligibility screening and consent

Children with a diagnosis of CP who had problematic and chronic drooling were eligible if

they met the following criteria for inclusion:

()

(i)
(iii)
(iv)

(v)

(vi)

(vii)

(viii)

(ix)

confirmed diagnosis of CP;

aged 7 to 18 years;

intelligence Quotient (1Q) at or above the moderate range of disability;
evidence of frequent and severe drooling, with a stable presentation over the
previous 3 months;

level I to 111 communicators on the Communication Function Classification
System (CFCS) (Hidecker et al., 2011);

verbal communicators who were able to produce an ‘ah’ vocalisation;
sufficient language skills to produce at least 3-4 worded utterances;

overall speech intelligibility greater than 30% and/or no greater than ‘moderate
to severe’ dysarthria;

demonstrated high compliance with previous speech pathology interventions

(as pre-determined by parent and/or speech pathologist);
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(x)  ability to maintain independent head control; and

(xi)  hearing within normal limits/ no dual diagnosis of hearing impairment.

The participants’ eligibility was screened initially via a phone call with parents, and later
using a video-conference call using the Zoom technology platform (Barbu, 2013), a
telecommunications interface which enables live-recording of sessions. Participants who
were not eligible were informed by the lead researcher over the phone. Recruitment took
place from August to November 2018. Verbal assent was obtained from the participant and

documented, and informed written consent was obtained from the parent.

The baseline data collected to describe the sample comprised of: a detailed case history
form, adapted from the Saliva Control Assessment (Johnson & Scott, 1993) in which
parents were asked questions related to gross motor function classification system
(GMFCS) level (Palisano et al., 2008), type of motor impairment and dysarthria; and an
observation of the child’s communication and speech motor skills by the lead researcher.
Three additional measures were used to summarise the baseline characteristics for each
participant and included: a) the Drooling Frequency and Severity Scale (DFSS) (Thomas-
Stonell & Greenberg, 1988); b) speech and swallowing ratings using the Australian
Therapy Outcome Measures Tool (AusTOMS) (Perry & Skeat, 2004); and ¢) completion
of the child’s communication ability using the Communication Function Classification
System (CFCS) (Hidecker et al., 2011). The DFSS (Thomas-Stonell & Greenberg, 1988) is
a non-standardised self-report measure of drooling frequency and severity, commonly used
in both clinical and research settings (Royal Children's Hospital Melbourne, 2020; Walshe
et al., 2012). This was preferred as a measure for a parental description of baseline

drooling behaviour as it is used frequently in clinics, and therefore parents were likely to
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be familiar with the measure. The DFSS (Thomas-Stonell & Greenberg, 1988) is also very
quick to administer and has good clinical utility (Rashnoo & Daniel, 2015), but was not

chosen as an outcome measure in this study as it is a non-validated, subjective measure of
drooling severity; and a validated measure of drooling severity is available (see Appendix

E6).

6.2.3 Dependent variables

There were three dependent variables of interest in this study. The primary dependent
variables in this study were anterior drooling, or the anterior spillage of saliva beyond the
lip margin; and drooling impact, or the influence of drooling on the individual’s life as
perceived by a parent. Secondary dependent variables related to speech intelligibility and
swallowing. Single word speech intelligibility was defined as the perceived clarity of
speech at a single word level; sentence intelligibility, clarity of speech at sentence level,
and conversational speech intelligibility referred to clarity of speech at a conversational
level. Swallowing and feeding competency was defined as the task components of oral

preparatory, oral and pharyngeal phases of swallowing (Sheppard et al., 2014, p. 14).

6.2.4 Outcome Measures

6.2.5 Primary outcomes and measures

Drooling: The Five Minute Drooling Quotient Assessment (an activity measure) (DQ5%)
(Van Hulst et al., 2012) represents a semi-quantitative direct observational method that
provides a valid and reliable measure of severity for anterior drooling (Van Hulst et al.,
2012) and is a modified version of the original 10-minute Drooling Quotient assessment
(Van Hulst et al., 2012). The total quotient scores (range 0-100) for each individual are

reported. The impact of drooling was measured using the Drooling Impact Scale (Reid et
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al., 2008), which is a valid and reliable subjective parent-report measure of the impact of
drooling in children with neurological conditions. Total (0-100) and sub-scale scores (0-

10) from the Drooling Impact Scale are reported (Reid et al., 2010).

6.2.6 Secondary outcomes and measures

Swallowing and feeding competency: The Dysphagia Disorders Survey (Sheppard et al.,
2014) is a standardised observational screening tool of swallowing and feeding disorders
for assessing children with developmental disability. The numerical scores from part two

(score range 0-8) are reported in this study.

Speech intelligibility: The intelligibility subtests from the Frenchay Dysarthria Assessment
(FDA-2) (Enderby, 2008) were used to assess intelligibility at a single word, sentence-
level and conversational level. These subtests were chosen as: a) no validated measure was
available for both age range and diagnosis of participants; b) stimulus items in the subtests
are phonetically balanced which aims to provide a more reliable sample of speech
intelligibility; and c) previous research completed with children with CP has shown the
subtest to be a feasible measure to administer (Watson & Pennington, 2015). The clinician
assesses intelligibility by listening to ten single words, sentences and a conversational
sample and assigns an intelligibility rating using a 5-point Likert scale for each. The
validity and reliability of the FDA-2 (Enderby, 2008) has been established in research with
different adult neurological populations, for example, patients with Parkinson’s disease
and stroke (Mahler & Ramig, 2012). A good degree of reliability was reported for the
FDA-2 with an average ICC measure of .91 (Enderby, 2008). Single word, sentence and
conversational intelligibility ratings for each participant across phases are reported in this

study.
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6.2.7 Data collection and blinding

Repeated measures can be burdensome, and therefore, the primary outcome data
(drooling) were collected on five occasions, and secondary outcomes on three occasions in
each study phase (A, B, A). All data were collected online by videorecording, except for
the Drooling Impact Scale (Reid et al., 2010) which was completed by parents, and
returned to the lead researcher via mail or email. Measures were administered by an
independent data collector who was an under-graduate speech pathology student. The data
collector received training by the lead researcher (MM) on test rationale and
administration of the outcome measures together with data management. An online
environmental assessment protocol was also developed and checked at each data collection
session. All sessions were audio-visually recorded using Zoom (Barbu, 2013). Three
independent experienced speech pathologists, who were blinded to study-phase, rated each
of the drooling, swallowing and speech measures (one measure per rater). To establish
intra-rater reliability for the primary outcome, 20% of the data was re- rated by the
independent outcome assessor for drooling severity, which equated to rating one session
out of five for each participant in each phase. The relevant data were randomised and sent
to the independent assessor after all of the data were collected to ensure blinding to phase.

The interventionist and participants could not be blinded to treatment purpose.

6.3 Intervention

LSVT LOUD® is an intensive voice treatment which is delivered for four 60-minute
sessions per week for four weeks (n=16 sessions). LSVT LOUD® has been shown to be
equally effective in face-to-face or online telehealth (e-LSVT LOUD®) modalities when

used with adults with Parkinson’s disease (Theodoros et al., 2016). In the first half of each
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session, three sets of physical exercises are practiced, 15 trials of sustained vowel
phonation of “‘ah’, 15 trials of high to low maximal pitch range and five trials of 10
functional phrases (Boliek & Fox, 2017; Fox & Boliek, 2012). The last half-hour is
dedicated to hierarchical speech tasks across single word, sentence, and conversational
level (speech treatment hierarchy). To systematically improve daily vocal function,
structured reading and *off the cuff’ exercises, whereby the individual is asked to

spontaneously answer a random question, are practised (Fox & Boliek, 2012; Levy, 2014).

Previous research investigating the effects of LSVT LOUD® on speech in children with CP
highlighted that some alterations to the adult LSVT LOUD® treatment protocol were
necessary in their research (Fox & Boliek, 2015; Levy, 2014; Levy et al., 2012) due to
several reasons. Children may not be speaking at sentence level (Levy, 2014). For
example, a child who mainly speaks in short phrases will be less able to complete the
number of required practice trials targeting longer sentences and conversations. Many
children with CP have visual impairments that affect relevant areas of functioning, for
example, reading (Deramore Denver et al., 2017), and this may therefore necessitate
modification of the structured reading tasks in LSVT LOUD®. Furthermore, children have
different attention levels to adults and may experiences fluctuations in motivation levels
when compared to adults (Boliek & Fox, 2014). If a child is losing interest in the task, a
change in activity is sometimes needed, which may necessitate targeting a different
hierarchical level (Levy, 2014). For example, going from sentence-level back to single
word level to re-establish the child’s interest in the treatment to maximise the active
ingredients of the session being delivered. The first week focuses on words or phrases, the

second week on sentences, the third week on reading when appropriate and the last week
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on conversational speech (Levy, 2014), thereby having a similar but modified hierarchical

speech-linguistic structure to the adult protocol.

Throughout LSVT LOUD®, in addition to the physiological focus, cognitive behavioural
techniques are employed to target the participant’s reflection on self-assessed loudness and
effort-level they are using to increase their loudness. For example, how much effort did
you put into that “ah’ sound? Each participant is encouraged to ‘think loud’ consistently
across all treatment tasks. Ten minutes of homework practice is assigned in addition to one
daily carryover assignment over the course of the month in which the treatment was
delivered (Levy et al., 2012). In our study, in keeping with LSVT LOUD® protocol, the
target behaviour was vocal loudness, however we were interested in the potential

generalisable effects to drooling and swallowing.

6.3.1 Assessment of treatment fidelity

Each treatment session was video recorded for later fidelity checks. Treatment or
procedural fidelity is the degree to which a treatment is implemented as it was originally
intended (Hinckley & Douglas, 2013), which allows data-based decision making about
intervention effectiveness (Plavnick et al., 2010). The interventionist was a speech
pathologist who was trained in both LSVT LOUD® and LSVT e- LOUD®. A daily
treatment protocol sheet from the LSVT LOUD® treatment manual was used as a guide in
each treatment session, whereby each ingredient was checked off against the protocol to

capture data on what was implemented.
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6.4 Data Analyses

In a SCED, data are evaluated by comparing an individual’s performance during the
baseline with performance during the experimental phase (Kazdin, 2019). A systematic
visual analysis is the traditional method of interpreting the effects of the intervention
studies using SCEDs (Lobo et al., 2017; Tate, 2015), and is considered the gold standard
for assessing quantitative procedures (Manolov & Onghena, 2018; Michiels & Onghena,
2019). Outcome data were entered into Excel and the data sets were prepared and imported
to STATA (StataCorp., 2015). Line graphs were used to display repeated measures (Lane
& Gast, 2014), with scores for each measure at each time point plotted as a single data
point and connected to subsequent data points within each phase (Parker et al., 2009). The
graph of data points was then analysed within and between phases to determine whether
the intervention had altered the participant’s preintervention scores (Engel & Schutt, 2013;
Portney & Watkins, 2015). To complete a systematic visual analysis, five visual inspection
criteria were followed to guide the data interpretation and help decide whether behaviour
changes observed in graphical displays constituted an effect (Kazdin, 2019) (see Table 6.1.
below). The Lane & Gast (2014) method was used to calculate stability. An indication of
behavioural change due to the intervention was not made based on a change in mean
scores alone but rather was based on collective evidence of an intervention effect

considering documented change in other visual inspection criteria outlined in Table 6.1.
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Table 6.1

Visual inspection criteria for SCEDs

Criterion

Definition

Stability

Baseline data for each behaviour describe the current level of performance
and predict future performance, and it is important that baseline data are
relatively stable. A stable rate of performance means the absence of trend
and relatively little variability. The stability envelope was calculated for each
outcome in each phase using the Lane & Gast (2014) method, whereby 80%

data is within 25% of median value for that phase (Lane & Gast, 2014).

Changes in means

across phases

Mean rate of the behaviour shows a change from phase to phase in the

expected direction (Kazdin, 2019).

Change in trend

Direction of slope changes from phase to phase, for example, no slope

(slope) (horizontal line) in baseline and an accelerating/ increasing slope during
intervention phase indicates a change in behaviour with introduction of the
intervention. Trend also refers to rate of change/ progress (Kazdin, 2019).

Shift in level A level refers to the change in behaviour (dependent variable value) from the

last day of one phase, e.g. baseline, and the first day of the next phase, e.g.
intervention. An abrupt shift facilitates interpretation of an effect from

treatment (Kazdin, 2019).

Latency of change

Period of time between the onset or end of one phase and changes in
performance (e.g. from baseline to intervention). The closer in time that
behaviour change occurs after the conditions have been altered, the easier it

is to attribute the change to the intervention (Kazdin, 2019).
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6.4.1 Further data analysis methods

Two non-overlap indices methods, the Two Standard Deviation Band Method and the
Nonoverlap of all pairs (NAP) (for phases A + B), were additional data analysis methods
chosen to support and facilitate an accurate interpretation of findings (Parker et al, 2011).
These indices were used when a change in behaviour was determined from an initial visual
analysis as being potentially significant. The two standard deviation band method was
used when there was baseline stability, a difference in means, and either a change in level
or trend between the baseline and intervention phases. To complete a two-standard
deviation band, the mean and standard deviation from the baseline phase data was
computed, the “band” representing two standard deviations (2 SDs) was drawn around the
baseline mean onto the graph, and the intervention phase data points that fell outside the
“pband” were determined. A rule of thumb offered is that if at least two consecutive
intervention phase data points fall outside the band; a statistically significant change is
observed, as the probability of this happening by chance is less than the criterion of p<.05

(Nourbakhsh & Ottenbacher, 1994).

NAP is a nonparametric technique for measuring nonoverlap or dominance for two phases.
There were a number of reasons why the NAP was chosen as the additional data analysis
method. NAP is included in robust standards for evaluating single case research
(Kratochwill et al., 2013) and is a strong indicator of performance change between phases
(Moore, 1990; Parker & Vannest, 2009). Importantly, the NAP index was also chosen as it
requires neither well-conforming data, for example, baseline stability, nor large data sets,
rather it is based on the relative standing of individual data points (Parker et al., 2011). As
drooling can be highly variable in nature (Reid et al., 2010), the researcher was aware of

the possibility that baseline instability may occur for some of the participants. Specifically,
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NAP is deemed a better indicator of performance change compared to other non-
overlapping indices such as percentage of non-overlapping data, as it is a ‘complete’
nonoverlap index due to individually comparing all baseline with intervention data points
(nA x nB points) (Parker et al., 2011). In addition, NAP is relatively easy to calculate by
hand and is known to be less prone to human error compared to other hand-calculated

indices such as percentage of data points exceeding the median (Parker & Vannest, 2009).

NAP was calculated for all outcomes for all participants. NAP was particularly useful
where there was a potential effect in the absence of baseline stability or uncertainty about
an effect, and to calculate the size of the effect detected. NAP is score of probability,
whereby ‘a score drawn at random from the treatment phase will exceed (overlap) that of a
score drawn at random from the baseline phase’ (Parker & Vannest, 2009, p. 359), with
scores typically ranging from .5 to 1. If datapoints from the baseline and treatment phases
cannot be easily differentiated, there is a 50% chance that scores from one phase will
exceed those of the other, and it is recommended in this case, that NAP scores be re-scaled
from 0-100 (Parker et al., 2005). NAP scores range from 0 to 1 and can be interpreted as
small (<.65), medium (.66 to .92) or large (>.93) (Parker & Vannest, 2009) (see

supplementary appendix for worked example of NAP calculation).
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6.5 Results

Of the twelve participants screened for eligibility, five children with CP aged 7-12 years
met the study inclusion criteria. Reasons for excluding potential participants related to age
(n=1), consistency of drooling (n=1), verbal ability (n=2), level of attention (n=2) and
being able to commit to all 16 treatment sessions (n=1). Three participants were recruited
to the first iteration of treatment and two participants to the second iteration. The five
participants were aware of their drooling and speech unintelligibility and wanted to change
their drooling behaviour. Four participants (P) used mobility aids (P1, P2, P4, P5) and one
participant was ambulatory (P3). Randomisation of phase onset resulted in P1 having a 10-
day baseline, P2 a 14-day baseline and P3 an 18-day baseline period. In the second
iteration of treatment, P4 was randomised to a 14-day period and P5 a 10-day period. The
starting day of treatment was therefore different for each of the five participants. Four
participants received the treatment via telehealth while one participant (P2) received
treatment face-to-face (see Table 6.2 for participant characteristics). A summary of
findings across participants for drooling severity, drooling impact, swallowing and feeding
competency, and speech intelligibility are reported. In addition, individual participant

summaries and effect sizes of outcomes for all participants are provided.
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Table 6.2

Participant Characteristics

P Age Sex GMFCS Mot-S 1A DS DF CM CFCS DYSA
10 yrs 4 Spastic  Mild-  Severe- I
P1 mths M v mod ID Profuse Frequently Speech Moderate
Dystonic - I
P2 10yrs 1 F " Y Mild ID Severe Frequently Speech Moderate-Severe
mth Profuse
Spastic I
P3 12m3,:;556 F | P Average Moderate  Frequently Speech Moderate
7 yrs 8 Dystonic I .
P4 mths F I Average  Severe Frequently Speech Mild-Moderate
Spastic Il
P5 12yrs 5 M v P Mod ID  Profuse Constantly Speech N AAC Moderate- Severe
mths device

Note. P= participant; GMFCS=Gross Motor Function Classification Level; Mot-S: Motor- subtype; IA= intellectual ability; ID= intellectual

disability; DS= drooling severity; DF= drooling frequency; CM= Communication mode; CFCS= Communication function classification system;

DYSA-= dysarthria- rating completed using Australian Therapy Outcome Measures (AusTOMS) (Perry & Skeat, 2004); DY SP= dysphagia;

Drooling Severity and Drooling Frequency measure (Thomas-Stonell & Greenberg, 1988); Drooling Severity= Moderate= wet on lips and chin;

severe= drools to extent that clothing becomes damp; Profuse= clothing, hands, try and objects become wet. Dysphagia Severity= indicates

severity of drooling using Dysphagia Disorders Survey (Sheppard et al., 2014).
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6.5.1 Data collection completeness and quality

For three participants (P2, P3, P4), 100% of the primary outcome data were collected,
and for two participants (P1, P5), 93% of the drooling severity data were collected
(see Table 6.3). An independent assessor rerated 20% of the drooling severity data
from each participant in each phase, and the data for each participant in each phase is
displayed in Table 6.4 together with the average percentage agreement for each
participant for all phases. Intra-rater agreement ranged between 77% and 82% for P1,
P2, P3 and P4. Ratings for P5 were lower, averaging 57%, mainly due to poor
visualisation of the oral structures (see Table 6.4). The overall average intra-rater

percentage agreement was 75%.

Drooling severity was the most challenging outcome to rate out of all the three
outcomes in the online context as a clear view of the mouth and lip area is needed to
facilitate accurate observation and measurement of drooling. Saliva is colourless and
this also affects visualisation. When rating drooling in an online environment, some
interval data could not be rated for two reasons, the participant moving suddenly at
the time of interval rating which obstructed an adequate visualisation of mouth, chin
or lip area; or a blurred view of the mouth, chin or lip margin resulting in uncertainty
regarding ‘new’ saliva episodes (see Table 6.4). The ratings of drooling severity for
three participants (P1, P3, and P5) were affected and it was hypothesised that this was
due to all three participants living in rural or regional locations with intermittent

reduced broadband connectivity (see Table 6.4).
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Table 6.3

Data collection completeness and quality

Data collection completeness and quality

Tx DS DIS SFC SWsI SI Ci
P1 16/16 14/15 213 9/9 9/9 9/9 9/9
P2 16/16 15/15 313 9/9 9/9 9/9 9
P3 16/16* 15/15 0/3 6/9 9/9 9/9 309
P4 16/16 15/15 213 8/9 9/9 9/9 8/9
P5 16/16* 14/15 0/3 5/9 8/9 8/9 8/9

Note. Tx= treatment; DC= data collection; DS = drooling severity; DIS = Drooling Impact Scale; SFC= Swallowing & Feeding Competency;

SWSI: Single Word Intelligibility; SI: Sentence Intelligibility; CI: Conversational Intelligibility; *P3:could not visualise participant in one

treatment session; *P5:could not visualise participant in two treatment sessions. Treatment delivered in audio-format only for both P3 and P5 in

these instances.
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Table 6.4

Intra-rater agreement for drooling severity data

P IR_Base Intervals IR_TX Intervals IR_Fup Data IR agreement_
rated rated rated all phases
PL 71% 85% 75% 55% 95% 2.5%* 80%
P2  78% 90% 83% 65% 85% 72% 82%
P3  85% 7% 80% 99% 65% 82% 77%
P4  70% 87% 80% 80% 70% 100% 77%
P5  80% 10% 55% 5% 35% 38% 57%

P= participant; IR= intra-rater agreement; Base= baseline; Tx= treatment; Fup= follow up phase; * Visual for most

of follow up data intervals were blurry and therefore could not be assigned a rating.
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6.5.2 Treatment fidelity

All exercises were attempted and targeted at the planned speech hierarchical levels as
outlined in the daily treatment protocol. The number of exercise trials in the first half
of the treatment sessions, including the loud-, high-, low- ahs and functional phrases
were generally completed with higher fidelity together with the off the cuff exercises
and carryover assignments. The structured reading tasks and homework were
completed with less fidelity. The time taken to shape a healthy vocal production of the
loud-, hi- and low-ahs was variable across participants. P1, P2 and P4 took longer to
attain the optimal dosage for the exercise trials in the first half of the session,
especially in week 1 while they were getting used to the tasks, reducing the available
time being spent on structured reading tasks towards the end of the treatment sessions.
The homework component of LSVT LOUD® was generally always attempted but the
optimal dosage could not be attained (see supplementary appendix E for fidelity
information for all participants). Key reasons for not implementing home program
components related to lack of time and juggling the total care demands of the child
with that of the other routine family demands. Examples of competing demands
reported by families included: having to complete physiotherapy or other ‘therapy’
with the child; preparing dinner and/or doing other household chores; trying to
complete homework tasks with siblings and/or trying to catch up on their own work in

the evenings.
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Table 6.5

Drooling severity scores using the DQ5*

P P1 P2 P3 P4 P5
Phase A B A A B A A B A A B A A B A
Mean 20 15 20 5 8 8 11 10 3 69 58 49 63 64 46
Median 20 15 25 5 5 5 0 5 10 70 60 45 65 65 45

Value range 0-45 0-30 10-30 0-25 0-25 0-5 0-15 0-25 0-15 60-75 35-80 45-65 45-80 45-75 35-55

SIV \ \ S \Y vV V 'V \Y \Y S \Y S S S S

Note. The five-minute Drooling Quotient (Van Hulst, 2011) potential score range from 0 to 100, lower scores indicate an

Improvement or reduced severity; P=participant; A= baseline; B=treatment; A=follow-up; S/\V= stable data/ variable data.
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Table 6.6

Drooling Impact Scale data

Total
P* Phase Drooling Impact Scale Sub-items Score
1 FREQ SEV BC (ON Sl FMW EMB WI QOL-I QOL-FAM
Baseline 8 5 2 2 1 5 0 3 4 6 36
Treatment 7 4 2 2 1 3 0 2 2 2 25
FuP DNC DNC DNC DNC DNC DNC DNC DNC DNC DNC
2 FREQ SEV BC (ON Sl FMW EMB WI QOL-I QOL-FAM
Baseline 9 7 3 1 1 8 2 8 2 4 45
Treatment 8 7 4 1 1 7 1 6 2 5 42
FuP 9 7 3 1 2 9 2 4 5 7 49
FREQ SEV BC (ON SI FMW EMB WI QOL-I QOL-FAM
4 Baseline 8 8 9 3 2 9 3 9 7 7 65
Treatment 8 8 7 4 2 9 6 8 8 8 68
FuP DNC DNC DNC DNC DNC DNC DNC DNC DNC DNC

Note. * Drooling Impact Scale (Reid et al., 2010) sub-scale score range is 0-10. Total scores range from 0 to 100. Scores of 9-10 range= very
good to excellent improvement; 7-8 = good improvement; 5-6= little improvement; 4= slight deterioration. P= participant (P3 and P5 did not
complete this measure in any phase).FREQ= frequency; SEV= severity; BC= number of bib changes; OS= odour from saliva; SI= skin irritation
; FMW= frequency of mouth wiping; EMB= embarrassment; WI= wiping items; QOL-I= quality of life of individual; QOL-FAM= quality of

life of family; FuP= follow up phase.
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Table 6.7

Swallowing and feeding competency data

Swallowing & Feeding Competency

P P1 P2 P3 P4 P5
Phase A B A A B A A B A A B A A B A
Mean 4 6 4.7 12 14 12 2 23 2.7 6 5.3 4.3 9.5 6.5 6.5
Median 5 6 3 11 14 12 - 2 3 6 3 - - - -
Values range 2-5 6-6 3-8 10-14 11-16 10-13 - 23 23 48 3-10 - 8-11 - -
SIV S S S S S S - S S \Y S - - - -

Note. The Dysphagia Disorders Survey (Sheppard, 2014) scores ranged from 0 to 38; P= participant; A= baseline; B=treatment; A=follow-up;

S/V= stable data/ variable data; ‘-‘= could not be calculated.
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Table 6.8

Speech intelligibility data

Single Word Speech Intelligibility

P1 P2 P3 P4 P5
Condition A B A A B A A B A A B A A B A
Mean level 67 67 60 53 53 53 60 60 67 60 60 60 33 47 50
Median 80 60 60 60 60 60 60 60 60 60 60 60 40 40 -
Range of Values 40-80 60-80 60-60 40-60 40-60 40-60 60-60 60-60 60-80 60-60 60-60 60-60 20-40 40-60 40-60
SIV S S S S S S S S S S S S S S S
Sentence Speech Intelligibility
Condition A B A A B A A B A A B A A B A
Mean level 73 67 80 40 53 40 73 80 73 67 60 67 27 33 50
Median 80 60 80 40 60 40 80 80 80 60 60 60 20 20 -
Range of Values 60-80 60-80 80-80 40-40 40-60 20-60 60-80 80-80 60-80 60-80 60-60 60-60 20-40 20-40 40-60
SIV S S V S S V S S S S S S S S S
Conversational Speech Intelligibility

Condition A B A A B A A B A A B A A B C
Mean level 80 80 80 46 53 60 80 80 80 80 80 80 40 47 50
Median 80 80 80 40 60 60 80 80 80 80 80 80 40 40 -
Range of Values 80-80 80-80 80-80 40-60 40-60 40-80 80-80 80-80 80-80 80-80 80-80 80-80 40-40 40-60 40-60
SIV S S S S S S S S S S S S S S S

Note. The FDA-2 (Enderby, 2008) score range was 0-100. P=participant; A= baseline; B=treatment; A=follow-up; S/V= stable data/ variable

data.
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Table 6.9

Effect sizes for all outcomes using NAP

DS SFC SWSI Sl Csli
NAP ES PR NAP ES PR NAP ES PR NAP ES PR NAP ES PR
10th- 10th-
P1 0.16 Small <25th 1.00 Large 90th 0.32 Small 25th 0.34 Small 25th .00. Small 10"
25- 25- 25-
P2 0.28 Small <25th 0.34 Small 50th  0.00 Small 10th 0.67 Med 50th 0.34 Small 50th
Small/ <25t 25-
P3 0.04 none <25th 0.34 Small h 0.00 Small 10th 0.67 Med 50th .00. Small 10"
<25t 10th- 10th-
P4 052 Small 25-50th  0.34 Small _h 0.32  Small 25th 0.34 Small 25th .00. Small 10"
25- 10th- 10th-
P5 044 Small <25th 0.75 Med 50th  0.22  Small 25th 0.00 Small 10th 0.12 Small 25th

Note. NAP= Non overlap of all pairs; P=participant; DS= drooling severity; PR=percentile rank; SFC= swallowing and feeding competency;

SWSI=single word speech intelligibility; SI=sentence intelligibility; CSI= conversational speech intelligibility. ES= effect size; Small effect=

<.65; Medium effect= .66 to .92; Large effect= .93 to 1.0. See Appendix E2 for worked example of NAP hand calculation for drooling severity.
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6.5.3 Individual participant results summaries

Participant 1

P1 was a 10-year old boy who had a diagnosis of spastic quadriplegia (GMFCS Level V),
mild to moderate intellectual disability and had severe to profuse drooling (see Table 6.2). He
also had moderately unintelligible speech, and mostly spoke using single words and short
phrases when verbally communicating. He was enthusiastic, compliant and was motivated to
complete activities inside and outside of the treatment sessions. P1 wore reading glasses in
the treatment sessions. P1 found it challenging to maintain attention at times but could be re-
directed to tasks in all instances. He was especially motivated to use the functional phrases in
his daily environment, for example, using his new louder voice to call his dog. Following
treatment, P1’s mother reported an increase in loudness and increased confidence when

speaking, which was also reported by his integration aide in the classroom.

Drooling severity and impact: Visual inspection of the data showed variability in the
baseline with an increasing upward trend indicating drooling severity was getting worse (see
Figure 6.2). There were clear changes in means across phases (represented by dashed lines),
from 21 in the baseline phase to 15 in the treatment phase, and a corresponding shift in level.
The change in drooling severity occurred soon after the introduction of treatment, with a level
shift from 45 in baseline to 5 in the treatment phase. Collectively, these changes pointed to a
decrease in drooling severity following LSVT LOUD®, however must be interpreted with
caution given baseline variability. A NAP value was calculated given the baseline instability,
indicating an overall small treatment effect (0.16). Mean level of drooling severity had
increased to 20 in the follow up phase indicating that the small reduction in drooling severity
following treatment was not maintained 12 weeks later. The observed clinical change in

drooling severity was also reflected in the perceived ratings of drooling severity by the
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parents on the Drooling Impact Scale (Reid et al, 2010) (see Table 6.6). In total, there were
positive changes on six of the ten sub-scale items of the Drooling Impact Scale (Reid et al.,
2010), related to drooling frequency, severity, wiping items and frequency of mouth wiping,
and quality of life of both the individual and family. Overall, there was a ‘very good to

excellent” improvement in the impact of drooling after intervention (see Table 6.6).

Figure 6.2
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Swallowing & Feeding Competency: Baseline data were stable across each of the phases
with no identified trends in either baseline or treatment phase. P1 had a mean increase in
swallowing and feeding competency from 4 in the baseline phase to 6 in the intervention
phase. A corresponding shift in level was observed in the treatment phase, further suggesting
an improvement in swallowing and feeding competency. NAP value was 1 (100%) indicating
a large effect on swallowing and feeding competency after LSVT LOUD®. A two standard
deviation band method was applied and highlighted a non-significant change in performance

that was not-statistically significant (SD= 1.73 with 2SD band of .54 to 7.73; see Figure 6.3).

Figure 6.3
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Speech Intelligibility: For P1, evaluation of each phase indicated data were stable in each of

the single word, sentence and conversational intelligibility, except for follow up sentence
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intelligibility data. There was a negative shift in level in single word intelligibility after the
introduction of treatment (see Figure 6.4) but performance began to return to pre-treatment
levels halfway through treatment. For sentence intelligibility, there was a mean decrease from
73 in the baseline to 67 (see Table 6.8), suggesting a slight decrease in sentence intelligibility
after the intervention, with a corresponding level shift (see Figure 6.5), however this effect
was negligible when NAP was calculated (.00). There was a mean increase to 80, and
corresponding level shift in sentence intelligibility in the follow up phase, indicating P1’s
performance reverted to pre-treatment level (in the context of variability in the follow up
data). There were no changes to means or level between the baseline and intervention phases

for conversational speech intelligibility (See Table 6.8, Figure 6.6), and no trends identified.

Figure 6.4
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Figure 6.5
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Participant 2

P2 was a 10-year old girl who had a diagnosis of dystonic CP (GMFCS Level V), mild
intellectual disability, moderate dysarthria and severe to profuse drooling (see Table 6.2). She
was enthusiastic, compliant and was very motivated to complete activities in the clinic but
also in home and school environments. P2’s ability to communicate her message was
generally effective with family members in most environments, but not with unfamiliar
communication partners. She had been assessed for an AAC device and was due to obtain her
new device soon after completion of the study. P2 could attend well during sessions and
could be re-directed to tasks if she lost attention. Techniques used to optimise her attention
included use of a visual timetable and minimising distractions in the environment (e.g.
removal of non-essential equipment from clinic room). P2 was very motivated by toys and
play activities within the sessions. Anecdotal reports from family following treatment

included improved mouth opening, and increased loudness of speech.

Drooling severity and impact: Visual inspection of the data indicated variable (non-stable)
baseline and intervention periods, making it difficult to interpret the data. There was a mean
increase in drooling severity score from 5 in the baseline phase to 8 in the intervention phase
with a corresponding level shift indicating drooling severity worsened after treatment (see
Figure 6.7). NAP confirmed a small negative effect (.28). This increase in drooling severity
was maintained into the follow up phase. Following treatment, there was a ‘slight
deterioration’ (score change 42 to 45) in drooling impact (see Table 6.6), with a further

‘slight” deterioration noted in the follow up phase (from 45 to 49).
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Figure 6.7

P2 Drooling severity

S84 A B A
=
o |
(]
>
=
-
[}
>
()]
n O |
o ©
£
©
(o]
py
0O o |
<
o Start of intervention
U /
/
.z/\ ; s
O Level;wiﬁV V

0 50 Days 100 150

Swallowing & Feeding Competency: For P2, baseline data were stable across each of the
phases. P2 had a change in means from 12 in the baseline to 14 in the intervention phase,
with a corresponding level shift, indicating improved swallowing and feeding competency
(see Figure 6.8). An increasing trend was noted in the intervention phase, however the mean
change between baseline and intervention phases was not statistically significant when a two

standard deviation method was applied (2 SD band= 7.5 to 15.82, see Figure 6.8).
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Figure 6.8
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Speech Intelligibility: All speech intelligibility data were stable for P2 except for follow up
data for the sentence intelligibility outcome. Visual inspection revealed no trend or changes
to level in single word intelligibility in either baseline or treatment phases (see Figure 6.9).
For sentence intelligibility, there was a mean increase from 40 in the baseline phase to 60 in
the intervention phase indicating an improvement in the clarity of spoken sentences (see
Figure 6.10). The change was statistically significant when subjected to a two standard
deviation band method as two consecutive data points were greater than 40 (SD= 0, 2 SD
band range 40-40). NAP calculation indicated a medium effect (0.67, see Table 6.9). For
conversational intelligibility, there was a mean increase from 46 in the baseline phase to 53 in
the intervention phase (see Figure 6.11). In the absence of a level shift, an increasing trend

was identified later in the intervention phase, indicating an incremental change in
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conversational speech after the introduction of treatment. This change in conversational
intelligibility was statistically significant when a two standard deviation band method was
applied (SD=11.55, 2SD band range= 35.57 to 58.20). NAP was calculated as 0.34

indicating a small positive effect.

Figure 6.9
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Figure 6.10
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Participant 3

P3 was a bright 12-year-old girl in a mainstream school who had mild CP related to a
diagnosis of Worster Syndrome, in which the muscles of her face and neck were
predominantly affected. She was a verbal communicator, but the conversational pace was
slower which made communicative interactions more difficult at times. P3 was due to start
high school the following year and was motivated to reduce or eliminate drooling prior to

commencing in her new school.

Drooling severity and impact: Baseline data were variable across phases which made it
difficult to interpret the results. The mean drooling severity score decreased from 11 in the
baseline phase to 10 in the treatment phase, which decreased further in the follow up phase to
3. Visual inspection revealed an upward trend indicating an increase in severity in the
baseline phase with a change in trend in a therapeutic direction indicating drooling severity
started to decrease after the introduction of intervention (See Figure 6.12). NAP was
calculated to be .04 indicating a negligible effect overall (see Table 6.9). The Drooling

Impact Scale (Reid et al., 2008) was not completed by the participant in any phase.
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Figure 6.12

P3 Drooling severity

P3

100
1
I=
o

=

80
| |

60

Drooling Severi
40 o ty

JStart of inteqvention

Swallowing & Feeding Competency: Data were stable for treatment and follow up phases
however baseline stability could not be calculated as P3 had fewer than three data points (see
Table 6.7). Evaluation of mean scores of the Dysphagia Disorders survey (Sheppard et al.,
2014) indicated a slight increase from 2 in the baseline phase to 2.3 following treatment with
a further increase to 2.7 in the follow up phase. There were no significant shifts in level
between phases, or any identified trends in the data across phases (See Figure 6.13). NAP

calculations confirmed a small positive effect (0.34) of LSVT LOUD® on swallowing and

feeding competency.
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Figure 6.13
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Speech Intelligibility: Data were stable for P3 across phases for single word, sentence and
conversational intelligibility (see Table 6.8). For single word intelligibility, there was no
difference in means between the baseline and intervention phases, with no identified trends
or level shifts in any phase. For sentence intelligibility, there was a mean increase from 73 in
baseline to 80 in the treatment phase, with no corresponding shift in level or trend identified
(see Figure 6.15). This positive change in sentence intelligibility following treatment was not
statistically significant when a two standard deviation band method was used (SD= 11.547, 2
SD band range= 50.24 to 96.43). NAP confirmed that LSVT LOUD® had a medium effect
(0.67) on sentence intelligibility for P3. Sentence intelligibility scores returned to the pre-
intervention mean of 73 in the follow up phase, indicating improvements were not
maintained twelve weeks later. For speech intelligibility at a conversational level, P3 had no
change in means, level or evidence of trend in any of the three phases, indicating no

behavioural change occurred at any stage in the study.
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Figure 6.14
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Figure 6.15
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Figure 6.16
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Participant 4

P4 was the youngest participant (7:08 yrs) who had asymmetric diplegia, average intellectual
ability, and mild to moderate dysarthria. She attended a mainstream school and experienced
chronic problems with drooling. She was described as a sociable little girl who had a
supportive peer group and engaged in many school-based activities. P4 and her family were
extremely motivated to optimise functioning in all aspects of her life, including to improve
her clarity of speech in conversation. Anecdotal report from P4’s family following treatment
was that she had increased her loudness when speaking, which was also reportedly noticed by

extended family members who did not see her regularly.

Drooling severity and impact: Baseline data were stable. There was a mean decrease from 69
in the baseline phase to 58 in the intervention phase and a corresponding change in level

from 75 to 60, indicating an abrupt shift in level upon the introduction of treatment and a
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reduction in drooling severity (see Figure 6.17). A decreasing trend in a therapeutic direction
was observed in the intervention phase, indicating that drooling severity was decreasing
incrementally during treatment with LSVT LOUD®. A two standard deviation band method
was applied and found the change in drooling behaviour to be statistically significant (2 SD
range= 55.97 to 82.03). On the Drooling Impact Scale (Reid et al, 2010), P4 had a slight
deterioration from 65 in the baseline to 68 following intervention. There was a 3-point
change to the “‘embarrassment’ sub-scale from baseline to intervention conditions, which was
in the context of a significant reduction in drooling severity following intervention (see Table

6.6).

Figure 6.17
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Swallowing & Feeding Competency: Baseline data were variable, while intervention data
were stable (see Table 6.7). P4 had a mean decrease from 6 in the baseline phase to 5.3 in the
intervention phase, which continued to decrease to 4.3 in the follow up phase. The mean
decrease in swallowing and feeding competency was in the context of a downward trend in
the baseline phase, which began to increase in a therapeutic direction once the treatment was
introduced, which suggested an improvement in swallowing and feeding competency (see
Figure 6.18). Overall, a NAP calculation indicated a small negative effect (0.34) of LSVT

LOUD® on swallowing and feeding competency for P4.

Figure 6.18
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Speech Intelligibility: Data were stable across each of the three phases (see Table 6.7).
Evaluation of level between baseline and intervention phases revealed no change to single
word, sentence or conversational speech intelligibility across phases for P4 (see Table 6.8,

see Figures 6.19, 6.20, 6.21).

Figure 6.19
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Figure 6.20
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Participant 5

P5 had a diagnosis of spastic quadriplegia, moderate intellectual disability and severe to
profuse drooling. He had moderate to severe dysarthria and could communicate his message
effectively for the most part with his family, but not with unfamiliar partners in most
environments, He attended a unit for children with disability within a mainstream school
setting and had a full-time aide in the classroom. He was motivated to change both his speech
clarity and drooling to improve the quality of his verbal interactions with friends; however,
he did have some behavioural problems which meant his engagement in treatment was less
than optimal at times. Following treatment, P5’s mother reported a ‘definite’ increase in
loudness and increased confidence when speaking, which was also reported by support staff

in his home and school environments.

Drooling severity and impact: Drooling severity data were stable for P5 across each of the
three phases (see Table 6.5). There was a level shift from 75 in the baseline phase to 65 in the
treatment phase indicating an abrupt reduction in drooling severity after the introduction of
LSVT LOUD®. There was a downward trend in drooling severity after the introduction of
treatment, however this changed to an increasing trend half-way through the treatment phase
indicating drooling severity was increasing. Overall, there was a mean increase in drooling
severity from 63 in baseline to 64 in intervention phase. NAP confirmed a small negative
effect of LSVT LOUD® on drooling severity for P5 (.44). It was noted that there was a later
reduction from 75 in the intervention phase to 55 in the follow up phase (55), with a
corresponding mean decrease from 64 in the intervention to 46 in the follow up phase,
indicating a later reduction in drooling severity (see Figure 6.22). The Drooling Impact Scale

was not completed by P5 in any phase.
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Figure 6.22
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Swallowing & Feeding Competency: P5 had fewer than three data points in each phase for
swallowing and feeding competency (see Table 6.7) and it was therefore not possible to
calculate stability or trend. Mean level of swallowing and feeding competency decreased
from 9.5 in the baseline phase to 6.5 in the intervention phase suggesting a deterioration, but
this is difficult to interpret in the context of insufficient repeated measures of swallowing and

feeding competency (see Figure 6.23).
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Figure 6.23
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Speech Intelligibility: Speech intelligibility data were stable for each phase, but medians
could not be calculated in the follow up phases due to missing data (see Table 6.8). An initial
upward trend was identified after the introduction of treatment for both single word and
sentence intelligibility, indicating an immediate effect however this tapered off as the
treatment continued. For single word intelligibility, there was a mean increase from 33 in
baseline phase to 47 in the treatment phase, with a corresponding shift in level between both
phases, indicating improved clarity of spoken single words. A two standard deviation band
method was applied and indicated a non-significant result (SD=11.54, 2 SD band range=
10.08-56.08, see Figure 6.24). NAP calculations yielded a small effect of LSVT LOUD® on
single word intelligibility (0.22). There was a mean increase in sentence intelligibility from
27 in the baseline to a score of 33 in the treatment phase, with a corresponding level shift (see

Figure 6.25). A two standard deviation band method was applied and indicated a non-
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significant result (2 SD band= 7.81 to 45.52, see Figure 6.25). Overall, NAP calculation
revealed no effect (0.00) of LSVT LOUD® on sentence intelligibility. For conversational
speech intelligibility, there a mean increase from 40 in the baseline phase to 47 in the
treatment phase, with no corresponding shift in level or trend. NAP indicated a small positive

effect on conversational speech intelligibility (0.12) (see Table 6.9 and Figure 6.26).

Figure 6.24
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Figure 6.25
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6.5.4 Main results summary

This concurrent multiple baseline SCED demonstrated that LSVT LOUD® had mixed
effects on the outcomes of drooling, speech and swallowing for five children with CP.
Each of the five participants showed improvements in at least one outcome. Small but
positive effects on drooling severity occurred for three participants (P1, P3, P4) with P4
having a statistically significant reduction after treatment. The remaining two participants
(P2 and P5) had a slight deterioration in drooling severity after LSVT LOUD®, however
P5 demonstrated a significant improvement in the follow up phase suggesting the
treatment may have had a delayed effect. For the three participants who completed the
drooling impact measure (P1, P2, P4), the effects of LSVT LOUD®were similarly
inconsistent across participants. There were positive effects on swallowing and feeding
competency in three participants (P1, P2, P3), but LSVT LOUD® also demonstrated small
negative effects in P4 and P5. Statistically significant changes in both sentence and
conversational intelligibility were noted for P2, while P3 also showed medium positive
effects on sentence intelligibility following LSVT LOUD®. There were small effects on
both single word and conversational speech intelligibility for P5 after treatment.
Collectively, the findings from our study indicate that LSVT LOUD® can induce
behavioural change related to drooling, swallowing and speech, to varying degrees, in

children with CP.
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6.6 Discussion

6.6.1 Why did we get the results we got?

Motor ability, or the capacity of the child to perform movement, is influenced by a
number of factors in children with CP (Bartlett & Palisano, 2000) related to impairments
in sensation, cognition behaviour; and secondary musculoskeletal problems (Rosenbaum,
Livingston, et al., 2007) in addition to the primary motor impairment. Bartlett & Palisano
(2000) outline several determinants to motor behaviour in children with CP including the
type of motor disorder (primary motor impairment); impaired muscle force production
and endurance (secondary musculoskeletal impairment); motivation (inherent child
characteristics); and familial environment (family ecology) and the quality of health
services. There were differences in types and levels of impairment across participants in:
GMEFCS levels, motor disorder type (spastic versus dystonic); motor speech and
impairment (varying levels of motor impairment and communicative ability); and
drooling severity, which collectively influence each child’s motor ability and may have
resulted in varying motor learning performances across the participants. Understanding
this variability in movement performance is helped by a deeper knowledge of motor
learning. A fast phase of motor learning can occur within the first few days of training
and is thought to correlate with behavioural learning of new skills, while a slow phase is
thought to correlate with underlying neurobiological changes (Boliek &Fox, 2014; Kleim
et al., 2004). Immediate changes in motor performance after LSVT LOUD® were
reflected in measures of drooling severity (P1, P3, and P4); swallowing feeding and
competency (P1 and P2), sentence intelligibility (P2) and single word and conversational
speech intelligibility (P5), indicating a faster phase of motor learning for some children
in some outcomes. P3 and P5 did not demonstrate any change to drooling behaviour until
the follow up phase, suggesting a delayed treatment effect or slower phase of motor
learning and supports the
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argument that the motor learning phase may take longer for children with CP (Boliek &
Fox, 2014). The speech-related outcomes are similar to what has been reported in
previous speech-related research with variable improvements in loudness and speech
intelligibility following LSVT LOUD® in children with CP (Boliek & Fox, 2014; Boliek
& Fox, 2017; Fox & Boliek, 2012; Levy, 2014; Levy et al., 2012). This continuum of
response suggests that for some children with CP, more time may have been needed to
facilitate motor learning and the necessary underlying biological changes in synaptic
organisation that represents neuroplasticity; and also supports the arguments that children
with CP respond to, and learn from treatments in different ways and at different rates

(Boliek & Fox, 2014).

Motor performance behaviour is influenced by environmental events (Miltenberger,
2012) and other context- related factors (Bartlett & Palisano, 2000; Imms et al., 2017).
For example, the people in the familial context have an important role in facilitating
motor-based learning associated with maintenance and retention of benefits from
treatment (Morgan et al., 2013). Importantly, the successful implementation of home
programs rests on the engagement of the child and parent with the treatment program; and
is needed to optimise the fidelity of interventions, to reach the optimal dosage, and
provide sufficient practice and feedback conditions which are integral to motor learning
(Bislick et al., 2012; Boliek & Fox, 2014; Maas et al., 2008; Schmidt, 2011). The parents
reported that LSVT LOUD® could not be implemented with high fidelity as homework
trials could not be fully practised; and suggests that the relevant participants had reduced
opportunities for motor learning and generalisation. The reasons for poor carryover were
valid and related to juggling homework with the other needs and demands of the child,

and their siblings. Future research should specifically examine the feasibility of the
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implementation of LSVT LOUD® from the perspective of the participant and parent or
family, to facilitate better understanding about how families can carry over exercises to

reach optimal treatment dosage-attainment, in the home environment.

Context-specificity is an essential variable when designing and implementing
interventions to optimise motor outcomes for children with CP (Morgan et al., 2013;
Novak et al., 2020). The results highlighted that changes in drooling severity post-
intervention with LSVT LOUD® did not necessarily correlate with changes in the
perceived impact of drooling from the perspective of the parents. The positive effects of
LSVT LOUD® on drooling therefore may not have generalised to the contexts in which
drooling is problematic for the child, as the treatment was not targeted in those
environments. There was a positive observed change in P1’s drooling severity after LSVT
LOUD® which was reflected in the parental rating of drooling severity on the Drooling
Impact Scale (Reid et al., 2010). P1’s parents perceived changes in activity-level
outcomes such as cleaning or wiping household items following LSVT LOUD® and it is
therefore possible that these collective changes contributed to the perception of reduced
overall impact for his family. P4’s significant improvements in drooling severity were not
reflected in her parent’s perceived rating of drooling severity on the Drooling Impact
Scale (Reid et al., 2010). The improvement in P4’s drooling severity may have been
confined to the context in which it was assessed and treated (in her living room with her
Mum), and did not generalise to contexts in which drooling is problematic for her, for
example, having dinner with her family in a restaurant. Even when a significant reduction
has been demonstrated in the primary intervention context, a downstream generalised
effect on drooling in other relevant and meaningful contexts cannot be assumed. To

optimise the effects of LSVT LOUD®, it is likely that drooling needs to be targeted
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directly to increase the generalisability of results to real-world and meaningful contexts

for the child.

LSVT LOUD® may have influenced changes in other skills that were not measured in our
study, but which are purported contributing factors to drooling. Even though P4
experienced a significant reduction in drooling severity following LSVT LOUD®, her
parent perceived the overall impact of the drooling to be slightly worse following LSVT
LOUD®, especially the ‘embarrassment’ level. A potential explanation is that LSVT
LOUD® may have heightened her self-awareness in different contexts, leading her to be
more self-conscious and at times, embarrassed by her drooling. While an increase in
embarrassment level is not desirable, improvements in self-awareness can be associated
with improved functional outcomes such as improved participation or involvement, and
compliance in therapy (Lucas & Fleming, 2005). We know motivation and compliance in
children with CP can fluctuate during treatment periods (Boliek & Fox, 2014; Fox &
Boliek, 2012; Levy, 2014). LSVT LOUD® may therefore hold potential in optimising
self- engagement levels in therapy that may further facilitate motor learning through task
repetition, leading to better motor outcomes. Additional anecdotal evidence regarding the
effects of LSVT LOUD® on general loudness of speech and other non-targeted outcomes
such as degree of mouth opening and confidence in speaking were reported by parents.
Previous research has shown other cross-generalised improvements in articulation
following LSVT LOUD® with changes in jaw biomechanics and displacement (Dromey
et al., 1995), which may explain the changes in mouth opening reported by P2 in our
study. It is possible therefore that LSVT LOUD® had other treatment effects on body
functions and structures level outcomes in our study that were not identified or measured,

as these were not outcomes of interest. Future research should aim to measure additional
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skills related to covert contributing factors to anterior drooling such as self-awareness, to

help inform how LSVT LOUD® may work to optimise functioning in children with CP.

6.6.2 Implications for practice and future research

The mixed response of participants to LSVT LOUD® and the reduced fidelity of LSVT
LOUD® carryover in the home environment, highlights some important points regarding
the optimisation of effective behavioural interventions in the treatment of drooling. There
are multiple sources of aetiological variability including overt causes, for example, open
mouth posture; and less obvious, covert factors, for example, reduced awareness of
drooling. Drooling is also variable, influenced by factors such as fatigue-level, muscle
tone, medications and oral health (Erasmus et al., 2009; Mclnerney et al., 2019; Senner et
al., 2004). In addition, the clinical characteristics of CP change over the life of the
individual due to changes in longitudinal muscle growth, motor, muscle and central

nervous development (Boyd et al., 2013), further influencing the presentation of drooling.

Further high-quality experimental research is warranted in which the LSVT LOUD®
protocol is modified to obtain the intended dosage with increased attention given to
contextual factors to optimise carryover, to further establish whether LSVT LOUD® can
be effective in improving speech outcomes in children with CP. If the intended dosage is
not attainable, other research may focus on what is an optimal and feasible treatment
dosage to improve outcomes. Importantly, drooling and swallowing are complex
behaviours that need to be targeted directly using context-specific intervention that are
designed collaboratively with families. Research on hybrid treatment approaches, in
which treatments that have been previously used in isolation and compared against each

other are implemented as one combined approach, may yield promising results for
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treating drooling in children with neurodisability. Previous intervention-based research on
hybrid behavioural approaches have shown increased health benefits in other areas of
care, for example, motor control exercises and psychologically- informed treatment in the
management of low back pain (Hodges, 2019). Future experimental research should focus
on hybrid approaches to treatment, for example, LSVT LOUD® and traditional
behavioural intervention, to investigate their effectiveness in reducing drooling and

improving other health-related outcomes for children with CP who drool.

6.6.3 Strengths and limitations of the study

During the planning phase of the study emphasis was placed on choosing an experimental
design that was appropriate to the research aim. A concurrent multiple baseline SCED
was deemed an appropriate research design as it is recommended when testing the effects
of a novel intervention (Krasny-Pacini & Evans, 2017). Previous research that has
evaluated the effects of behavioural interventions on drooling had frequent
methodological weaknesses which limited the interpretation of those findings (Mclnerney
et al., 2019; Van der Burg et al., 2007b). Strengths of this study included incorporating a
randomisation element (phase onset), having an independent data collector and blinded
rater for all outcomes of interest, and collecting three to five data sets in each phase of the
study from participants. Detailed information on the baseline characteristics of the
individual participants reported in this study, has been largely absent in previous research
investigating behavioural interventions for children with CP who drool (Mclnerney et al.,
2019; Van der Burg et al., 2007a). Additionally, evidence-based practices require
definition of where, when, and with whom practices are, and are not effective (Flay et al.,
2005; Horner & Kratochwill, 2012). In the past, SCED research has been criticised for
not providing information on the negative effects of interventions in comparison to RCTs

(Kratochwill et al., 2000). We reported all positive and negative effects from treatment,
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which is important at this early research stage when trying to develop evidence-based

practices (Kratochwill et al., 2018).

The lead researcher was not the usual therapist of these children and may not have had an
all-round understanding of their family, school and other relevant contexts. It is possible
that knowing the participants better may have influenced the capacity of the lead
researcher to design and implement the treatment. We were interested in whether the
treatment had any effects on speech intelligibility. However, we acknowledge that the
mechanism of change, or the way in which the intervention was expected to achieve the
result, was through a targeted increase in volume of speech using LSVT LOUD®. It is
likely the changes in loudness or volume reported by the participants and their families
were reflected in actual changes in volume or decibel level. Using additional acoustic
analysis to measure intensity and other relevant vocal parameters was beyond the scope
and resources of this study yet may yield fruitful information on additional treatment
effects when included in future studies. Swallowing and feeding competency was a
secondary outcome of interest, and an instrumental, as opposed to an observational,
assessment such as video-fluoroscopy may have been more sensitive and yielded more
salient information about oral phase changes, for example, transit time and tongue base
retraction. Video-fluoroscopy, however, is invasive and expensive to perform. Due to the
intensity of LSVT LOUD® and number of scheduled appointments, it was not possible to
arrange additional appointments in the event that data were missing or unrated. Intra-rater
reliability was only calculated for the primary outcome measure due to resource
constraints. Further inter/intra- rater reliability testing would have yielded information as

to whether the Dysphagia Disorders Survey (Sheppard et al., 2014) and the Frenchay
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Dysarthria Assessment (Enderby, 2008) were stable and consistent measures when

administered in an online environment.

6.6.4 Conclusion

For some children with CP, LSVT LOUD® continues to show promise in improving
speech and other related non-targeted motor behaviours. Implementing LSVT LOUD®
with high fidelity in the population of children with CP however is challenging. Further
high-quality experimental research in which the LSVT LOUD® protocol is modified to
attain the optimum dosage is needed to verify the treatment’s potential in improving
drooling, speech and swallowing outcomes. Drooling and swallowing need to be targeted

directly to increase the chances of behavioural intervention being maximally effective.
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Chapter 7 Extended discussion of the methods used in the

implementation of the SCED

This chapter discusses the use of single case experimental design (SCED) methods to
investigate the effects of the Lee Silverman Voice Treatment LOUD (LSVT LOUD®) on
drooling in children with cerebral palsy (CP). Important considerations are discussed
relating to single case methodology, and validity, that optimise rigour and increase the
likelihood of yielding high-quality reliable findings regarding the effectiveness of an
intervention. Along with an evaluation of strengths and weaknesses of the completed
SCED, this chapter provides the insights of the researcher, gained in the context of
designing and implementing LSVT LOUD® in children with CP who drool. It is
anticipated that this overview will support other researchers in the allied health field who
are considering using a SCED to test an intervention’s effectiveness and that the insights
provided will facilitate the replication of further robust SCED studies to build high-level

reliable evidence on the effectiveness of interventions for children with CP.

7.1 Introduction

A SCED method is a type of single subject research design (Tate, 2015) in which the
focus is on single participants, not groups (Krasny-Pacini & Evans, 2017; Portney &
Watkins, 2015; Smith et al., 2012). SCEDs are very useful for evaluating the
effectiveness of behavioural interventions or treatment. Their usefulness has been
highlighted in several behavioural fields such as education (Horner & Kratochwill, 2012),
clinical psychology and neuropsychological rehabilitative settings (Tate, 2015; Tate et al.,
2014). The SCED is particularly valuable when determining the effects of novel

interventions; when little is known about an intervention’s effects (Bowen et al., 2009;
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Krasny-Pacini & Evans, 2017; Kratochwill & Levin, 2014) or when the research is at an

early stage of development (Kazdin, 2016; Krasny-Pacini & Evans, 2017).

7.2 The advantages of using a SCED method in clinical research

Interventions for the treatment of drooling in children with CP are significantly under-
researched despite there being a high prevalence of drooling (Reid et al., 2010). As the
low level research evidence is based on few experimental studies of reduced
methodological quality, (Mclnerney et al., 2019), research is still in its infancy or at a
clinical phase 1 outcome research stage (Robey, 2004). In our study, the effects of LSVT
LOUD® were examined with a population of children with CP in a novel way, by
investigating its effects on a primary outcome of drooling. SCED methodology was

therefore suitable.

The SCED is a natural fit with clinical practice and is well-reputed as a suitable design
when combining research and clinical practice (Krasny-Pacini & Evans, 2017; Portney &
Watkins, 2015). The clinical processes of assessment, identifying treatment goals and
evaluating a client’s outcomes mirrors the process of delivering a SCED, for example,
identifying the behavioural focus of intervention, taking baseline measures and making
decisions about the effectiveness of the intervention (Engel & Schutt, 2013). Because of
similarities to clinical practice, a SCED is often considered to be a very suitable research
methodology in answering research questions which originate in clinical practice. The
research questions that were explored in the intervention study of this doctoral project
were derived from observations in clinical practice (see Chapter 6). Our research
questions in the current intervention study therefore represented a trench-to-bench
treatment idea as the original practice-derived research hypothesis was tested (Bowen et

al., 2009).
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SCEDs allow for more accurate inferences about the nature of behavioural change
specific to the individual compared to group level designs such as randomised controlled
trials (RCTs) (Harrington & Velicer, 2015; Velicer & Molenaar, 2013), thereby providing
a more accurate assessment of the impact of intervention for each individual (Harrington
& Velicer, 2015; Velicer & Molenaar, 2013). The SCED therefore has advantages over
group designs in which averages and generalisations across individuals are made and
therefore do not easily allow the researcher to differentiate characteristics of individuals
who respond favourably to those who do not (Portney & Watkins, 2015, p. 247). This was
important in our study, as while we were interested in the effects of LSVT LOUD® on
speech (individual response), our main interest was in its potential to generalise to related

but distal behaviours (drooling and swallowing).

A SCED is particularly useful when large numbers of participants are not available or
accessible to allow for a group-level design (Harrington & Velicer, 2015; Kazdin, 2016;
Portney & Watkins, 2015). Large participant numbers were not available to us. The
incidence of CP is low in the wider population compared to other conditions such as
cardiovascular disease and the eligibility criteria for LSVT LOUD® is restrictive; thus, it
is likely to only be suitable for a small number of children. Recruitment for large

intervention studies can therefore be challenging.

SCEDs offer a robust alternative to the group design in systematically investigating an
intervention’s effectiveness with a single participant and subsequently, with other
participants (Engel & Schutt, 2013). Clinical trials that use group designs, such as a

RCTs, have long been reported as the gold standard research method of establishing
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evidence for an intervention’s effectiveness (Kratochwill & Levin, 2014; Kratochwill et
al., 2000; Smith et al., 2012). SCEDs however are now gaining increasing attention as a
robust research design for evaluating the effectiveness of interventions, offering some
advantages over the “gold standard’ RCT method. The credibility of study designs
involving single participants, or n-of-1 trials has been enhanced due to a number of
parallel developments in the research arena, such as, the creation of standards for single
case research designs (Kratochwill et al., 2010). In addition, the Oxford Centre of
Evidence-Based Medicine (CEBM) recognition of n-of-1 trials as having potential to
provide level 1 evidence (Howick et al., 2011), if designed and implemented correctly,
was an important consideration in this early clinical Phase | outcome-research stage.
Three replications of a SCED that is rigorously implemented and results in strong effects
on outcomes of interest could yield level 1 evidence (Howick et al., 2011), which equates
with a ‘green light” intervention (Alonso-Coello et al., 2016). The length of time it
typically takes for evidence regarding treatment effectiveness to be translated into a
public clinical domain, is too great (Novak et al., 2013). Small-scale experimental studies
such as the intervention study that was carried out as part of this doctoral project can help
generate high-quality results in a relatively short period of time (Bowen et al., 2009),
which may lead to quicker knowledge transfer of results into practice to optimise uptake

of evidence-based practices (Nilsen, 2015).

SCEDs can be implemented at relatively low-cost when compared to group designs
(Bowen et al., 2009; Krasny-Pacini & Evans, 2017). The PhD research budget was
$5,000 and this was also an important consideration in addition to those outlined above

when choosing a SCED. Care and consideration were given to balancing foundational
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design requirements and methods that would optimise validity in the study, with funding

and resources available.

7.3 Key foundational methodological design elements

A SCED can potentially yield high-quality results that may contribute to the evidence
regarding an intervention’s effectiveness when replicated with a sufficient number of
participants (Tate, 2015), and implemented rigorously (Tate et al., 2014). Evidence-based
guidelines in relation to intervention effectiveness can also be established by collating
data from multiple SCEDs (Kratochwill et al., 2010; Manolov & Onghena, 2018).
Because SCED studies are suitable when combining research and clinical practice, there
can be a misguided inference that SCEDs can be easy to implement. Akin to other
experimental research designs, the SCED must fulfil key methodological criteria to be
considered a robust evaluation of an intervention’s effectiveness, and to place the
researcher in a position to attribute the results to the intervention, and the intervention
alone (Kazdin, 2016, 2019). The design of the study controls best for threats to internal
validity, therefore reducing the risk of bias, and leading to more valid conclusions about
the intervention’s results (Brossart et al., 2018). Therefore, the process of designing and
implementing a SCED must be a methodical one, in which attention is given to key
design elements that are important in optimising validity to maximise the study’s integrity
(Tate, 2015). Important design and methodological factors relevant to our intervention

study are discussed below.

7.3.1 Experimental design with control
A primary goal of our study was to demonstrate a cause-effect functional relationship
between the independent variable (LSVT LOUD®) and changes in the dependent variable

(drooling severity) (Krasny-Pacini & Evans, 2017). Experimental control is demonstrated
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if behavioural change occurs when the intervention is directed at the behaviour (Tate,
2015; Tate et al., 2016) and has been adequately established when the study design
provides at least three opportunities to demonstrate the experimental effect (Horner et al.,
2012; Tate, 2015). Experimental effect occurs when the target behaviour varies in the
predicted manner at the point when the intervention is introduced or withdrawn (Tate,
2015, p. 9). We chose a concurrent multiple baseline design as it was a strong
experimental design-choice for our clinical research question, but also because it allowed
for a detailed inspection of both the acquisition and response generalisation of the
intervention (Wambaugh et al., 2014). This concurrent multiple baseline SCED design is
also reputed to have the highest internal validity due to controlling for the potential
confounding variable of maturation (Kazdin, 2019). Non-current multiple baseline
designs do not control for threats to internal validity posed by maturation as much as a
concurrent design (Tate, 2015). The primary elements in the structure of this design
typically need to include the duration and sequencing of phases (Tate, 2015). In our
study, each of the five participants had three discrete phases, a baseline (A), treatment (B)
and follow up phase (A) (see Chapter 6). The duration of the treatment phase was dictated

by the standard sixteen sessions in length of LSVT LOUD® (See Chapter 6).

7.3.2 Importance of repeated measurement and sampling of the targeted behaviour

A key foundational principle of any single subject research design is that if an
intervention with a client is effective, one should be able to see a change in the target
behaviour or dependent variable from pre-intervention or baseline phase, to the period
during and after the intervention (Engel & Schutt, 2013). It is important to explicitly
define the dependent variable(s) of interest in the study as the sole purpose of a SCED is

often to establish whether an intervention has caused a change in a target behaviour of
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interest, or dependent variable. When the target behaviour is poorly defined, it is difficult

to accurately measure change.

The purpose of repeated measurement is to demonstrate a cause and effect functional
relationship between an intervention (independent variable) and target behaviour or
dependent variable (Kratochwill & Levin, 2014; Lobo et al., 2017; Smith et al., 2012,
Tate, 2015), and to limit internal validity threats (Engel & Schutt, 2013). By repeatedly
measuring the dependent variable or target behaviour, one can understand an individual’s
normal variability and use this understanding to determine the effects of a treatment
(Wambaugh et al., 2014). Measures of the dependent variable are plotted on the y-axis
with the x- axis representing the ‘across time’ scale. (Follette, 2001). At least three, but
ideally five repeated measures are needed in each phase (Kazdin, 2016, 2019; Krasny-

Pacini & Evans, 2017; Smith et al., 2012).

Insights from our study: In the design phase of the study, the number of repeated
measures for each outcome was decided by the research team. As the participants and
families had committed to four LSVT LOUD® treatment sessions per week for four
weeks, researchers were mindful of the potential burden on families when determining
the number of repeated measures needed in each phase. To balance design requirements
with reducing potential burden, the researchers decided to take five measures of drooling
severity (primary outcome) and three measures of each of the secondary outcomes
(swallowing and feeding competency, single word, sentence and conversational speech
intelligibility). This meant that each participant (and parent) needed to physically
undertake five data collection sessions in each phase in addition to the 16 treatment

sessions over the course of a month during the intervention period. One parent reported
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that facilitating and attending the data collection sessions was challenging with their
child’s busy treatment schedule coupled with caring for another child (participant’s
brother). While repeated measurement is an important component of a SCED, the burden
of repeated measurement for families in the context of implementing intensive
interventions needs to be considered in the design phase. The lead researcher (MM)
coordinated and organised the appointments on behalf of the data collector and
participant family. Logistically organising the appointments was time-consuming due to
potential conflicting schedules between the participant or family, practitioner and data

collector.

7.3.3 Baseline phase

The baseline period is the initial discrete phase (A), when data are collected on the
outcomes of interest (dependent variable), but no intervention is delivered (Engel &
Schutt, 2013; Portney & Watkins, 2015). This initial observation period serves as the
control period and reflects the natural state of the target behaviour over time in the
absence of the independent variable (Portney & Watkins, 2015). Ideally, stability is
needed in the baseline before the intervention is introduced (Kazdin, 2019; Smith et al.,
2012) as any effects observed during or after intervention can then be more confidently

attributed to a treatment effect alone (Portney & Watkins, 2015).

Insights from our study: Baseline stability across outcomes for each participant were
largely stable but there were some occasions where variable data were present (see
Chapter 6). In the earlier design-stage of the study, the research team had discussed the
possibility of not achieving stable baseline data for drooling is by its very nature, variable

(Reid et al., 2010). Some management options discussed by the team at this time
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included: a) excluding the participants who did not have stable baseline data; b) extending
the length of baseline until stability was attained, or; c) continuing if there was variability
in the data and using appropriate statistical methods when analysing variable data. The
team agreed that recruiting participants was likely to be challenging and time-consuming
given the participant inclusion criteria and the heterogenous nature of children with CP.
Excluding participants would result in longer recruitment periods and this was not
possible given the timeline for the study, due to the researcher’s PhD candidature
timeline. We therefore could not extend the length of the baseline phase for any
participant. It was also recognised that extending the timeline may not have necessarily
increased the likelihood of drooling behaviour stabilising, due to its variable nature. The
resultant variability in the baseline for certain measures made it difficult to interpret data.
In balancing all factors, the non-overlap of all pairs index (NAP) was used as an
additional analytical technique as it controls for baseline instability. The NAP technique
encompasses all data points and is a reportedly more reliable method than other non-

overlap indices in determining effects from treatment (Parker et al., 2009).

7.3.4 Data records and analysis

A SCED is the prospective and intensive study of an individual who serves as his/her own
control (Tate et al., 2014) and the data collected from the individual must be displayed to
demonstrate any evidence of a treatment effect. By plotting each data point and
connecting these data points across phases, the individual’s performance can be tracked
over time, and if present, an experimental effect can be delineated. A clear graphical
presentation of the time series data can facilitate a visual inspection and analysis of the

data (Kazdin, 2016; Kratochwill & Levin, 2014; Smith et al., 2012; Tate, 2015; Tate et
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al., 2016). Clinicians and researchers can thereafter decide more readily whether the

results are applicable to the individuals with whom they work and/or their settings.

The systematic visual analysis, and to a lesser extent, additional statistical analysis of the
data facilitates interpretation of the findings and ultimately helps determine the true effect
from an intervention (Kazdin, 2016; Krasny-Pacini & Evans, 2017; Kratochwill & Levin,
2014; Lobo et al., 2017; Smith et al., 2012; Tate, 2015; Tate et al., 2016). There are four
generally agreed criteria to consider when completing a visual inspection or analysis
including: determining mean, level, trend and latency of change (Kazdin, 2019).
Additional non-overlap indices techniques such as percentage of non-overlapping data

and two standard deviation band method can help to make sense of the data.

Insights from our study: Raw data records for all outcomes were provided for each
participant which was important for replication of future studies and generalisability
(Tate, 2015). Missing data were also reported for results integrity and to highlight the
potential for technological issues when collecting data and implementing treatment in an

online context.

There is no consensus in the literature regarding what constitutes best practice when it
comes to analysing data in SCED studies (Manolov & Onghena, 2018). The lead
researcher therefore decided to choose techniques based on a collective interpretation
from a range of relevant readings but also based on what the collected data revealed.
From preliminary analysis, it was clear that certain techniques or methods were not
appropriate or would render a futile result, for example, determining split-level trend

estimation when there were only two data points within phase and median therefore could
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not be calculated. Some practical issues also needed to be considered when implementing
a SCED. Access to mentors with expertise in single case methodology is really important
to optimise the implementation of high-quality experimental research. In the context of
our study, a member of the supervision team had expertise in single case methodology
(CI), which enhanced all stages of the research process; from the initial conceptualisation
to completion of intervention-implementation, and data collection. The lead researcher
(MM) also attended a workshop with experts in the field (Professor Robyn Tate) in the
earlier stages of the PhD which also facilitated the design and planning of the intervention

study (Study 3).

7.4 Internal validity

Validity is important to evaluate when assessing the quality of the study (Jini et al.,
2001). Internal validity refers to the extent an experiment can rule out alternative reasons
or explanations for the findings (Kazdin, 2016; Smith et al., 2012; Tate, 2015), while
external validity refers to the ability of the study’s findings to be applied beyond the
experimental condition (Engel & Schutt, 2013; Jini et al., 2001; Kazdin, 2016). In
addition to addressing key foundational criteria, there are several other factors that need
to be planned for, and thereafter implemented in a SCED study to optimise internal and
external validity. The Risk of bias in N-of-1-Trials Scale (RoBiNT) was used as a critical
tool in both the planning and implementation of our intervention study to optimise
validity (Tate, 2015, p. 6). Practical details regarding the implementation of the

intervention study can be found in Table 7.1).
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Table 7.1

Optimising validity in SCEDs using RoBINT Scale

independent variable
(intervention) is systematically
manipulated.

Experimental effect occurs when
dependent variable (target
behaviour) varies in a predicted
manner at the point when the
independent variable
(intervention) is introduced/
withdrawn.

Design examples: concurrent
multiple baseline design with 6
phases; ABAB with four phases.

participants).

e Dependent variables: (1) drooling
severity, (2) swallowing and
feeding competency and (3) speech
intelligibility across single word,
sentence and conversational
intelligibility.

e Independent variable: LSVT
LOUD®.

Internal Detail What was implemented Practical/ other considerations
Validity

Subscales

Design with Experimental control is = Concurrent multiple baseline Planning all relevant phases (for type of
control demonstrated when the SCED (15 phases: 3 phases x 5 SCED). For example, baseline and

intervention phase (A + B) for three
participants= 6 phases.

Three opportunities for demonstration of
experimental effect needed to meet SCED
design requirements.

Scheduling repeated measures and
intervention takes time when coordinating
appointments between individual
participant, practitioner and independent
raters.

Clear communication with participants and
families re. number of appointments so
they have a realistic expectation regarding
study commitments.

Randomisation

Phase onset or order.

e Each participant was randomised to
a 10-day, 14-day or 18-day baseline
periods and the start of their

Randomisation of phase order is not
possible in certain SCED designs e.g.
multiple baseline design.
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intervention period was staggered
accordingly.

Sampling of Five data sets in each phase for Five data sets in each phase= Consider intensity of intervention and
Behaviour primary outcomes (drooling drooling severity. potential burden of appointments (for both
severity). data collection and treatment sessions) on
Three data sets in each phase= families.
swallowing + feeding competency;
single word, sentence and Need to make sure participants can commit
conversational speech to data collection appointments
intelligibility. immediately after the introduction of the
intervention (to help determine whether
there is an immediate effect).
Consider mode of data collection e.g.
online vs. face-to-face- as this will
necessitate different protocols.
Blinding of Independent assessor blinded to Three separate independent In multiple baseline designs, if blinding
Assessor all phases. assessors rated each of the rater to all phases- need to wait until all the
outcomes and were blinded to data is collected (end of the study) (as
phase. sequence is baseline period followed by
the intervention period).
Rater Data sampled from =220% 20% of primary outcome data The more outcomes one has, the more data
Agreement analysed and reported per (drooling severity) was rated and will need to be sampled and rated (and

condition/ phase, with 80%
agreement.

then re-rated by the independent
assessor. This equated to one data
session (20 intervals) in each phase
for each participant being rated
twice (120 intervals) To ensure the
assessor remained blind to phase-
the video-recorded data sessions
were randomised and sent after the

potentially funded). For reporting
requirements, >20% data for primary
outcome only is sufficient.
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follow up phase had finished for
participants.

Treatment 0] Monitoring of tx e The interventionist (lead The level of detail and length of the
Adherence adherence: researcher) was independent to treatment fidelity protocol needs to be
independence each of the outcome assessors. considered when deciding on the type of
between rater and fidelity-checking approach (e.g. self-
interventionist is « A new intervention protocol sheet | monitoring, external rater) to be
reported. was used daily for each participant | considered. A self-monitoring approach is
(i) use of a clear rating to mark the active ingredients potentially more challenging to complete
system e.g. delivered. when delivering an intensive intervention
Treatment/ to a participant with complex needs and
intervention protocol « Self-monitoring of treatment increases demands on the interventionist
reported. adherence completed- assessor was | during the session.
(i) % of data used to not independent of interventionist.
evaluate adherence.
External Details & Scoring What was implemented Practical/ other consideration
Validity
Subscales
Setting Description of general location e Face-to-face treatment was If treatment is being delivered through
and specific environment in delivered in standard clinic room in | different modes (e.g. face-to-face vs.
which the intervention is centre-based service for children online- information for both environments
delivered. with CP and other disabilities (P2). | need to be specified).
e Online: bedroom (P1) and living/
dining area for all others (P3, P4,
P5).
Dependent Define all target behaviours e Anterior drooling was defined as In defining target behaviour, use active
Variable using operational terms and the the anterior spillage of saliva verbs to identify how the behaviour can be

measurement methods for each.

beyond the lip margin Drooling
impact was defined as the influence

clearly observed.

194




of drooling on the individual’s life
as perceived by a parent.

Single word speech intelligibility
was defined as clarity of speech at
a single word level; sentence
intelligibility, clarity of speech at
sentence level, and conversational
speech intelligibility referred to
clarity of speech as conversational
level.

Use standardised/validated measurement
where possible and review that the
measure:
- Is adequately measuring the
construct of interest.
- Has good assessment fidelity, for
example, clear instructions.

Independent
Variable

Describe the active ingredient
used in the treatment (i) duration
(i) dosage (iii) frequency, and
(iv) any equipment that was
used.

LSVT LOUD®/ LSVT- e LOUD®:

Four 60-minute sessions per week
for four weeks (16 sessions in
total).

First half of session (30 minutes)-
15 loud ahs’ 15 high ahs/ 15 low
ahs/ 5 x 10 functional phrases.

Second half of session (last 30
minutes): targeted loudness across
speech hierarchy (Single words,
phrases/ sentences/ conversation).
Off the cuff questions and reading
materials used as stimuli.

Include a protocol sheet/ reference manual
in reporting of the studies. This needs to be
reflected in treatment adherence/ fidelity
protocol or checklist and these may need to
be modified, if delivering an intervention
with a different population for which the
treatment was intended.

Raw Data
Record

Provision of raw data record
with a data point for every
session/ observation period in
studies with less than 10 cases.
If =10 individual trials, complete
raw data record for =3 cases.

A line graph showing a data point
for every observation/ session for
each of the dependent variables
across participants (n=5). STATA
statistical software package used
(StataCorp., 2015).

Data is usually graphed but can also be
provided in tabular format.

Raw data record should comprise all data
collected for a main/ primary target
behaviour.
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Data Analysis | Systematic visual analysis with e A systematic visual analysis was Plot each data point on a line graph.
specified protocol and/or visual completed in which baseline . L
analysis aided by quasi- stability, mean level of dependent Access to a mentor_ with expertise in single
statistical techniques, or variable, trend and latency of case methodology is needed.
statistical analysis with rationale. change was identified. Additional

statistical non-overlap indices were
used (two standard deviation band
method and non-overlap of all
pairs).
Replication Replication can be direct inter- | Direct inter-subject replication with five Need to consider in advance how to

subject or systematic including
settings, behaviours,
interventionist, intervention).

1 original replication requires 3
participants + 3 replications (3 x
3 =9 participants).

participants.

manage drop out of participants
withdrawing from a study.

Extended timelines may be needed to
recruit sufficient participants to allow for
replication.

Generalisation

Generalisation measure is
specified and probed in every
phase and reported. The
generalisation measure needs to
be defined a priori.

Anterior drooling behaviour was the
generalised measure probed (but the
primary outcome of interest).

Generalisation measures can be closely or
distally related to the target behaviour.

Note: Material from table content extracted from RoBIiNT Scale (Tate, 2015)
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7.4.1 Threats to internal validity

Threats to internal validity constitute factors or influences other than the treatment that are
present when the treatment is being delivered, that could explain the results of an experiment.
Common threats to internal validity threats include: history, or any event occurring at the
same time that could influence the results (Christ, 2007; Kazdin, 2016); maturation, or
changes over time that may result from natural processes within the person (Christ, 2007;
Kazdin, 2016; Portney & Watkins, 2015); testing, the influence of observation, testing or
measurement on the dependent variable (Kazdin, 2016) or bias in the assessment of outcome
(Juni et al., 2001); and instrumentation, or changes or inconsistencies in the assessment

procedure over time, for example, a change in observers (Christ, 2007; Kazdin, 2016).

7.4.2 Randomisation

The term *gold standard’ is frequently used to describe research that employs randomisation
when inferring causal relationships between treatments and their outcomes (Hitchcock et al.,
2014; Kratochwill et al., 2013; Tate et al., 2016). This is the key reason why study designs
such as RCTs are highly valued and often still viewed as the best design for evaluating
treatment effects (Kratochwill & Levin, 2014). Randomisation enhances the scientific
credibility of the study because it creates a defence against history and maturation internal-
validity threats (Kratochwill & Levin, 2014; Smith et al., 2012), by exerting better control
over potential confounding variables such as setting, time or participants. When they apply a
randomisation element, researchers are in a stronger position to attribute any results to the
intervention and not some other reason or variable (Engel & Schutt, 2013). There are two
types of randomisation that can be applied when using a SCED method: randomisation of
phase onset, in which the baseline length is altered across participants with a resultant

different starting point in treatment; or randomisation of phase order, in which the sequence
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of phases is altered (Lobo et al., 2017; Smith et al., 2012; Tate, 2015). For our study,
randomisation of phase onset was used (See Figure 7.1 below). Participants were randomised
to a different phase-onset time, inferring that the baseline periods differed in length and the
treatment starting point was staggered for each participant, for example, if a participant had a
10-day baseline- they would start treatment on the 11" day. For the first three participants,
LSVT LOUD® commenced on days 11, 15 and 19 respectively, and commenced on days 11
and 15 for the two later participants. A random number was assigned to each participant (1-5)
and sealed in separate opaque envelopes. Each of the potential treatment conditions (n=3) for
each participant were written on separate cards, for example, baseline length = 14 days,
treatment commences on day 15. A person external to the study, randomly placed each sealed
envelope with a corresponding treatment condition.

Figure 7.1

Randomisation of participants

First iteration of LSVT LOUD®

P1= Baseline length was 10 days, LSVT LOUD® commenced on day 11

P2= Baseline length was 14 days, LSVT LOUD® commenced on day 15

P3= Baseline length was 18 days, LSVT LOUD® commenced on day 19
i

Second iteration of LSVT LOUD®

P1= Baseline length was 14 days, LSVT LOUD® commenced on day 15

P5= Baseline length was 10 days, LSVT LOUD® commenced on day 11

Insights from our study: The process of randomisation was easy to perform. The length of
the baseline period was largely defined by the PhD timeline, to allow adequate time to recruit

participants, implement the study and write up the results. It is possible that with an extended
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period of time in the baseline period, additional repeated measures could have been taken
which may have resulted in more stable data for outcomes. Researchers also need to consider
that the option of randomisation of phase order will not be appropriate for certain SCEDs.
For example, you cannot randomise phase order in the case of a concurrent multiple baseline

design, whereas this is possible in an alternating treatment design (Tate, 2015).

7.4.3 Blinding of data collector and independent assessor

There is always potential for observation or testing bias in experimental studies (Portney &
Watkins, 2015), and a SCED is no exception. Behavioural change may occur due to positive
expectations of staff involved in delivering the treatment and not the treatment itself, (Engel
& Schutt, 2013), and/or the participants’ awareness of the treatment may consciously or
unconsciously influence their performance and documentation of outcomes (Portney &
Watkins, 2015). Blinding of the participant and/or interventionist can help minimise these
internal biases (Juni et al., 2001; Tate, 2015). It is generally accepted that blinding of both is
almost impossible to do in the behavioural sciences, being more suited to evaluation of
medical and pharmacological treatments (Tate et al., 2014). Neither the participant nor the

interventionist could be blinded to the intervention in our study.

Insights from our study: The blinding of the participants could not occur for two reasons.
First, to generate interest and recruit suitable participants in a reasonable time frame, the
purpose and details of the intervention needed to be explicitly advertised in the information
materials such as the participation information leaflet, and therefore the participant could not
be blinded to the intervention. Second, blinding of the participant was not possible given the
nature and focus of treatment. The behavioural focus of LSVT LOUD®: is specifically on

improved loudness and the participant needs to be aware of, and focus on, their loudness at
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all times during the treatment period (see Chapter 5). The blinding of the interventionist was
not possible for similar reasons as the interventionist needs to have complete focus on the
behavioural target (loudness), to facilitate the individual participant’s attention and focus on

the desirable behaviour (increased loudness).

7.4.4 Independent data collector

To minimise instrumentation bias and optimise internal validity, an independent person
collected all of the data for each participant, and an independent assessor thereafter rated the
performances of the participants on the outcomes of interest. Funding was secured to pay an
independent data collector, a third-year under-graduate speech pathology student, to collect
all data online via the Zoom platform (Barbu, 2013). The student was informed of the study’s
purpose, outcomes of interest and data collection procedures together with the timeline for
data collection. She was thereafter invited to independently collect the data and accepted the
task and completed data collection online via her laptop in her own home. There was limited
funding available to reimburse the student, and in lieu of her work and time, the lead
researcher (MM) offered to mentor the student on activities related to the under-graduate
speech-language pathology professional practice curriculum, therefore offering a mutually
beneficial exchange of in-kind support. The student also was given a certificate from the lead
researcher at the end of the project, which she could log as an competency-based
occupational skills (CBOS 5.4) (The Speech Pathology Association of Australia, 2013),
which she could add to in her professional practice portfolio. The student had limited
knowledge and previous exposure of the outcome measures used in the study. Five training
sessions covering content related to the purpose of each outcome measure and scoring
guidelines. Trial administrations were completed with sample videos of children with CP. A

protocol regarding data collection in an online environment was created (see Chapter 5) and
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the lead researcher contacted with the data collector each week and requested that all data for

that week be inputted to the Excel spreadsheet on Cloudstor by the end of each week.

Insights from our study: The student was diligent and conscientious and had volunteered her
time willingly to be involved in this project. It was not always possible for her to input the
data by the end of each week, as she also worked in paid employment while juggling the
academic and professional practice demands of her speech-language pathology course. As
part-time funding was available to pay this student, the lead researcher could only reinforce
deadlines regarding the procedural aspects of data collection to a certain extent, for example,
uploading data by fixed dates. This had some implications for the lead researcher, for
example, being able to view baseline data to evaluate stability and begin data analysis. For
future research, the cost of delivering high quality research including payment of independent

data collectors needs to be considered.

7.4.5 Independent assessors

The appointment of outcome assessors independent to the interventionist helps to minimise
any experimenter or instrumentation bias that could influence the results so that they differ
systematically from the true values (Juni et al., 2001). Each of the independent raters in our
study were experienced speech pathologists who had extensive experience working with
children with CP and other neurodisabilities, including experience with the management of
drooling, swallowing and feeding competency. They also had experience in using the DQ5%
(Van Hulst et al., 2012) and the Dysphagia Disorders Survey (Sheppard et al., 2014)
respectively. The independent rater of speech intelligibility had experience working in

paediatric neurodisability but had not used the FDA-2 (Enderby, 2008) for some time.
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Insights from our study: It was important that experienced clinicians with some research
experience be employed for the independent assessment of outcome data due to the likely
familiarity with the complexity of the participant-group; and best-practice when assessing the
participants’ speech, swallowing and drooling behaviours. Because of this, a one-hour
training session was given by the lead researcher and involved a review of the assessment
purpose, administration and scoring of the FDA-2 (Enderby, 2008) and practice

administering the FDA-2 using de-identified audio clips of two children with CP.

7.4.6 Rater agreement

Reliability is an important attribute when evaluating behaviours. Intra-rater reliability is
assessed by having a single individual rate a participant’s performance at two or more points
in time, to check agreement in scores (Engel & Schutt, 2013). Higher intra-rater reliability
minimises instrumentation bias as it represents the consistency in how the behaviour of
interest was measured by the rater. In our study, one independent experienced clinician and
researcher rated the primary outcome of drooling severity across all participants and
occasions. Rating of the primary outcome data (drooling severity) was prioritised. In our
study, the independent assessor rated >20% of the drooling severity data in each phase for
each participant on two occasions using the DQ5” measure (Van Hulst et al., 2012). For each
data collection session in which the DQ5” (Van Hulst et al., 2012) was administered, 20
consecutive intervals are scored. This meant that the assessor rated 120 intervals in total for
each participant (20 intervals in each phase that were rated twice) to meet the same standard
for inter-rater agreement criteria (Tate, 2015). As we were conducting a concurrent multiple
baseline design study and wanted the rater to stay blind to phase, the percentage rater
agreement was calculated after all the data were collected, at the end of the study. The video-

recordings of data to be rated were randomly selected and coded by the lead researcher. The
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entire data set (600 intervals) was prepared, coded and randomised to two folders, each

containing 300 intervals, and subsequently sent to the independent assessor (at two separate
intervals) to be rated. Preparation of the video-files involved capturing a clear screenshot of
each interval from the original video-recording, to ensure the correct time interval was being

rated on each occasion; and labelling each video-file with a unique identifier code.

7.4.7 Treatment Fidelity

Reduced treatment or intervention fidelity may provide an alternative explanation for non-
significant results, thereby compromising the internal validity of the study (Horner, 2006).
Treatment fidelity refers to whether an intervention has been delivered or implemented in the
way it was originally intended (Hinckley & Douglas, 2013), and can help researchers to
formulate conclusions about associations between treatments and outcomes(Horner et al.,
2006). To optimise fidelity in Study 3, the interventionist followed the procedure in the daily
LSVT LOUD® protocol sheet (see Chapters 5 and 6), checking off exercises that were
covered at each level of the speech hierarchy, therefore specifying the active ingredients of

the treatment delivered.

Insights from our study: It was the original intention of the researcher, to have fidelity rated
by an independent practitioner, however this was not possible. Tate (2015) recommend that at
least 20% data are sampled, which would infer that 17 additional hours would need to be
reviewed by the independent rater. Ideally, this person would also need to have been LSVT
LOUD® trained to rate each of the components of the treatment accurately. Fidelity was rated
by the lead researcher in this study, which has some potential for bias. The reduced fidelity in
the homework component of LSVT LOUD®was due to a number of valid reasons reported

by the families (see Chapter 6). The monitoring of the carryover of motor-based interventions
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in the home in a paediatric population has been documented in the literature as being
challenging. It is important that a collaborative approach is taken with families to increase the
likelihood of optimising carryover and attaining the recommended number or trials or dosage
in implementing LSVT LOUD®. The acceptability, satisfaction or perceived appropriateness
of LSVT LOUD® to families was not investigated, as it was beyond the scope of the research
project. The practicality of an intervention implementation refers to the extent to which a
treatment can be carried out with the intended participants using existing means, resources
and circumstances; and can provide important information on any factors that influenced the
ease, or difficulty, with which the intervention was delivered as intended (Bowen et al., 2009,
p. 8). Future participants and their families should be asked about the factors that both

facilitate and hinder carryover of LSVT LOUD® in the home environment.

7.5 External Validity

External validity, or generalisability refers to whether the results of an experiment can be
generalised to the broader population beyond the conditions of the experiment in various
settings (Kazdin, 2016, p. 32; Melnyk & Morrison-Beedy, 2019). An assessment of external
validity must be completed in the case of a SCED (Kazdin, 2016; Tate, 2015) Evidence of an
effect for one individual does not necessarily mean that the treatment effect will be similar
for others within the same population, across different times or settings. If a relationship is
identified between treatment (independent variable) and outcome (dependent variable), it
does suggest that the relationship has external validity (Engel & Schutt, 2013). Threats to
external validity include any factors within the study that reduce the applicability of the
findings in a real world context (Bowen et al., 2009) and may include: participant selection
bias, whereby the sample selected is not truly representative of the population, experimenter

effect, where the characteristics or the behaviours of the experimenter influences the outcome
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of the study; and situation effect, in which variables such as time of day, setting, or location,

limit the generalisability of findings (Juni et al., 2001).

7.5.1 Baseline characteristics of participants: issues related to selection bias

The provision of participant details can give information on whether there is a sampling bias.
The five participants and their families ‘self-selected’ to take part in the study as they had
specific characteristics (CP, dysarthria and droolers). Other children within the population of
children with CP who drool were not adequately represented, including those with greater

than moderate intellectual impairment.

If a treatment is effective for one participant and not the other, it could be due to biological
(for example, degree of motor or intellectual impairment), or other factors relevant to their
condition (for example, whether the person is taking medications). Analysing and reporting
participant characteristics can therefore help identify variables that may influence the
behaviour being targeted by the intervention, and also identify participants who will most
likely benefit from the intervention, thereby optimising the generalisability of the study. By
providing detailed information on the participant characteristics, transparency is created
regarding who the treatment worked for, enabling people to readily consider whether a
similar effect may be generalisable to the individuals with whom they work. Tate (2015)
outline the need to include four biographic variables relevant to the condition (i) age; (ii) sex;
(iii) specific aetiology of the condition, and (iv) severity of the condition together with

specifying the measurement details of the target behaviour.

Insights from our study: The participant group were a heterogeneous group with different

clinical presentations and to that end, is reflective of clinical caseloads of children with CP,
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whereby different degrees of motor, cognitive and sensory impairments are seen. Gathering
baseline data enabled us to formulate hypotheses regarding the findings from our study in
relation to real-world contexts. For example, P5 had moderate-severe dysarthria and routinely
used both speech and an AAC device as his preferred modes of communication. It is possible
that LSVT LOUD® afforded him more speaking practice opportunities, during the treatment
period leading to improved motor learning and speech intelligibility. Another case example
was P4, whose carryover of the home program component was the best out of all the
participants (see Chapter 6); and one could hypothesise that LSVT LOUD® may have had a
more significant effect on drooling for the other participants if an optimal dosage was
reached. LSVT LOUD® is typically delivered to adults with neurological impairment who
have average intellectual ability. Interestingly, our study highlighted that children with
moderate intellectual disability (< 50 1Q) may benefit from LSVT LOUD®. P4 and P5 had
mild-moderate intellectual disability, and LSVT LOUD® demonstrated positive effects on
drooling, speech, and swallowing outcomes (see Chapter 6). This is important as many
children with intellectual disabilities have chronic drooling (Reddihough, 2017; Reddihough
& Johnson, 1999). Our research study was exploratory and showed LSVT LOUD® can have
generalisable effects to drooling for some children with CP. The intervention study represents
a very early stage of research, in which the use of LSVT LOUD® was investigated in a novel
way; additional research is needed to build on the evidence generated from this preliminary
study to determine the extent to which it can work in the population of children with CP.
Within this body of future research, it is recommended that additional baseline measures be
taken related to functioning, to facilitate the creation of hypotheses regarding the potential
treatment effects. For example, P4’s family reported increased levels of embarrassment after

LSVT LOUD®, which are hypothesised to be related to increases in self- awareness. In future
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research, baseline measure of self-awareness may be useful to further explain the

mechanisms by which LSVT LOUD® exerts its effects.

7.5.2 Setting: issues related to situation effects

It is important to provide both general, for example, hospital/ community-based, and specific
information, for example, standard clinic rooms with toys or gym equipment, to facilitate
replication of studies. Additionally, it may help to evaluate potential contextual factors as to
why an intervention may have worked (Tate, 2015), thereby minimising threats of situation
effect. To optimise external validity, but also to maximise treatment fidelity and facilitate
timely implementation of treatment sessions, environmental protocols for both online and
face-to-face modes of treatment delivery were systematically used by the interventionist (see
Chapter 5). Further, research has highlighted that enriching environments leads to better
outcomes for children with CP (Morgan et al., 2013). It is important therefore that the details
regarding those contexts are provided to help generate hypotheses as to how an intervention
may have worked. This is particularly important in early stages of treatment implementation

research (Bowen et al., 2009; Robey, 2004).

Insights from our study: The online environment has the advantage that the individual is
seen in their home environment and reduces the demands on the family as they do need to
travel to the clinic or organise babysitting arrangements for other children who may be in the
house. In addition, there are many meaningful sources to motivate the child close to hand, for
example, siblings, toys or pets. The disadvantages potentially include the therapist not being
close to the child to further facilitate carryover of techniques and exercises, such as the use of
additional tactile cues or prompts to stimulate behaviours of interest. For example, allowing

the child to place a hand on the clinician’s throat whilst producing “ah’ is a common voice
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technique when reinforcing to the client where voice comes from” and when it is present
(Mathieson, 2010). The online environment may put additional pressure on parents to ‘think
on their feet” due to the therapist not being there, for example, placing a cushion behind the
child’s lower back to promote better posture. Future research on implementation of intensive
treatments in an online environment must incorporate the views of parents, caregivers, and

where possible young people, to further inform knowledge on their feasibility.

7.5.3 Intervention: the independent variable

External validity is established when a relationship between the intervention (independent
variable) and outcome (dependent variable) is determined. Details therefore need to be
provided about the active ingredients and procedural aspects of the treatment (Levy, 2014;
Tate, 2015), when trying to establish whether there is a causal relationship between an
intervention and outcome (Lobo et al., 2017; Smith et al., 2012). LSVT LOUD® uses
strategies to optimise effectiveness including intensely targeting the behaviour of vocal
loudness and recalibrating sensory feedback so people recognize their new, louder voices
(See Chapter 5). There were 16 LSVT LOUD® treatment sessions delivered in total, four
sessions per week for four weeks and details regarding the active ingredients are provided in

Chapters 5 and 6.

Insights from our study: The LSVT LOUD®treatment is intensive with the interventionist
and participant needing to complete several exercises within each of the sixty-minute
sessions. It took the full hour to implement all of the necessary core exercises in the treatment
protocol, which did not leave any time for discussion with the participants and/or the parents.
The treatment sessions were frequently longer than the planned length (closer to 70-75

minutes) to allow the participant or family time to ask questions, which was important to
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maintain good relationships and to optimise the fidelity of the treatment. It is recommended
that future research obtain participant and familial insights on the feasibility of LSVT
LOUD®, and also the optimal treatment dosage. One previous study has suggested trialling
three (instead of four treatment sessions a week) over a longer period (Boliek & Fox, 2014).
This may allow more time for motor learning to occur and result in better effects from LSVT

LLOUD®than what was found in our study.

7.5.4 Replication and generalisability

Replication is an essential feature of a SCED and is necessary to provide a solid basis for
causal inference (Horner et al., 2012; Tate, 2015), and can potentially yield level 1 evidence
(Howick et al., 2011). There are different types of replication methods that can be used
including: direct inter-subject, refers to repeating the study using more than one participant;
intra-subject, where the experimental effect is replicated on the same participant within the
same study; or systematic replication across participants, settings, behaviours, practitioners as
well as components of the intervention (Tate, 2015, p. 86). Attention must also be given to
the context in which treatment will take place to optimise the generalisability of findings but

also to optimise replication of future research studies.

Insights from our study: We used direct inter-subject replication with five participants, three
of whom were seen in the first iteration and two in the second, which adds to the
generalisability of the findings. Our experience of recruitment suggests that the intensity of
LSVT LOUD®was a potential barrier to recruitment, due to the time involved in committing
to all 16 sessions. In future research on implementation feasibility, parents and families could

be asked what treatment number and length is reasonable for them to attend. It is also
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possible that scheduling treatments at different times of the year might work better for some

families.

7.6 Summary and conclusion

SCEDs are a useful alternative experimental design choice when evaluating intervention
effectiveness (Kratochwill & Levin, 2014; Lobo et al., 2017; Smith et al., 2012). SCEDs are
advantageous when compared to group-level designs for numerous reasons. This
experimental research design is very suitable when there is little known about an
intervention’s effects and can provide a more accurate assessment of the impact of an
intervention for each individual (Harrington & Velicer, 2015; Velicer & Molenaar, 2013).
SCED:s are useful when conducting research with low-incidence heterogeneous populations
and can be delivered at relatively low-cost. Importantly, when implemented rigorously,
SCEDS can also provide level 1 evidence regarding an intervention’s effectiveness (Howick
et al., 2011). Collectively, these reasons highlight the SCED to be a worthwhile and valid
method of testing the effectiveness of interventions. However, many factors need to be taken
into account to ensure a SCED is carried out rigorously to increase its chance of success
including: allocation of ample time to recruit participants, separation of roles for
interventionist, data collector(s) and independent raters of outcomes and fidelity; and

allowing adequate time to complete all phases of the study.
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Chapter 8 Extended Discussion

This chapter provides a collective summary of the findings from the three studies of the PhD
project on the effectiveness of behavioural interventions in the treatment of drooling for
children with CP. The implications of the research findings for both clinical and research
practice are discussed. The strengths and limitations of this program of research are also

outlined and inform the discussion on future directions in research.

8.1 Summary of findings

This doctoral research program aimed to further the evidence about effective interventions to
reduce drooling and the impact of drooling in children with CP, to inform current clinical
practice but also suggest areas for future research. To collectively achieve this aim, three

separate studies were completed.

The published systematic review (published online in 2018) and associated update (August
2020) highlighted that low-level evidence supports the use of behavioural interventions in the
treatment of drooling for children with neurodisabilities including CP (see Chapter 3).
Although behavioural interventions are theoretically sound, few high-quality experimental
studies (n=8) have been conducted on behavioural interventions in the treatment of drooling
in children with CP over the past fifty years. Only four contemporary studies were found
(2006-2011) from which to draw evidence. This confirms the pool of experimental studies is
small and strongly suggests that there is an absence of research being conducted on
behavioural interventions for children with CP and other neurodisabilities. Validated
measures were not used in the included research studies, and there was a preference for using

a combined behavioural intervention approach in treatment. Although the outcomes from the
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included studies were relevant for children with neurodisabilities who drool, they were
largely focused at a body functions and structures level. The interpretation of those studies’
intervention effects was significantly compromised by the presenting methodological quality
issues and high risk of bias (Mclnerney et al., 2019). Overall, the strength of the evidence
was weak with limited opportunity to draw conclusions regarding treatment effect sizes or the

clinical impact of behavioural interventions.

A cross-sectional survey utilising online methodology was developed and distributed to
explore current assessment and intervention practices of Australian SLPs when treating
drooling behaviour in children with neurodisability (Mclnerney et al., 2020). Study 2
identified a relatively smaller professional group of Australian SLPs who treat children with
neurodisability who drool, in comparison to other practice areas such as acquired language
disorders with adults (Hersh et al., 2015). While some therapists perceived themselves to
have the necessary skills to treat children with neurodisability who drool (16%), many of the
therapists indicated they were novices in this area (46%) despite many years of working in
the field. Assessment practice varied with a reduced uptake of validated tools, which is
similar to what was found in a research context in the systematic review (Mclnerney et al.,
2019). There was also a preference for providing intervention to those under eight years of
age. Overall, the findings indicated Australian SLPs favoured client- and practice-related
evidence when selecting treatments for children with neurodisability who drool, with 60%
choosing client-suitability related reasons when make treatment-related decisions, while just

13% of participants used ‘research evidence’.

A concurrent multiple baseline single experimental case design was undertaken to investigate
the effects of a novel intensive behavioural voice treatment approach, LSVT-LOUD®, in the

treatment of drooling for children with CP. The primary outcome investigated in this
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intervention-based study was drooling, and the secondary outcomes of interest related to
swallowing and speech. LSVT-LOUD® demonstrated mixed and small positive effects on the
outcomes of drooling, speech and swallowing across participants. The variability in both the
treatment responses of the participants and their outcomes highlighted a number of important
points regarding the implementation of LSVT LOUD®with children who have CP: the
feasibility of delivering LSVT LOUD® with high fidelity was challenging; drooling needs to
be the behavioural target of treatment to increase the chances of reducing drooling severity
and its impact; and a collaborative approach with families to tailor the home program
component of intervention is needed to optimise treatment dosage. Future research is needed
once modifications to the treatment protocol are made and should also include a focus on the

acceptability of LSVT LOUD®to both participants and their parents.

In summary, the findings contribute to the evidence base, but indicate that there remains only
low level evidence to support the effectiveness of behavioural interventions in the treatment
of drooling for children with CP. Behavioural interventions are a preferred treatment choice
of Australian SLPs but there is variability in practice, and evidence-based decision-making
regarding treatment selection is heavily dependent on its suitability to the client or client-
related evidence. While novel intensive interventions such as LSVT-LOUD® hold promise
for reducing drooling, additional robust experimental research is needed to determine how
behavioural interventions may improve the health outcomes and quality of life of children
with CP. The discussion that follows considers the thesis findings in relation to the state of
current SLP practice in Australia; and the sources of variability in CP. The implications for
these findings for clinical and research practice are discussed, and directions for future

research considered.
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8.2 Why did we get the results we got?

8.2.1 Small pool of experimental research

The reduced strength of the evidence for behavioural interventions exists, in part, due to there
being only a small number of experimental intervention-based research studies conducted
with children with neurodisabilities including CP. Over the past twenty years, there had been
an increased research focus on non-behavioural interventions in the treatment of drooling
such as the use of botulinum toxin A (Alrefai et al., 2009; Jongerius et al., 2004; Lin et al.,
2008; Reid et al., 2008) and other pharmacological options (Mier et al., 2000; Walshe et al.,
2012), which may have accounted for the parallel reduced interest in researching behavioural
options. In their review, Walshe and colleague’s (2012) highlighted the relative absence of
high-quality research studies on behavioural interventions, but also a reduced number of
studies on all intervention-types (n=6) indicating the topic of “interventions to treat drooling

in CP and other neurodisabilities” is under-explored.

8.2.2 Quality of experimental research

The available research on behavioural interventions in the treatment of drooling has not been
methodologically robust, which was another contributing factor that diminished the overall
strength of the evidence. The compromised methodological quality within the small pool of
experimental research inferred that the interpretation of those interventions’ effects was
limited. There were many internal and external validity threats across all eight studies
included in the systematic review, most of which were single case experimental design
studies (SCEDs) (n=7). The single RCT had a high risk of bias due to insufficient reporting
on allocation concealment, blinding and potential drop-out rates. Key internal validity threats
found in the SCEDs related to the absence of randomisation, blinding, and treatment fidelity,

while external validity issues were a lack of systematic data analysis and generalisation-
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measure use (see Chapter 3). A lack of available robust guidelines to guide researchers in
designing and implementing SCEDs (Horner & Kratochwill, 2012; Krasny-Pacini & Evans,
2017) at the time of study-inception can help to explain, in part, the extent and nature of
methodological quality issues that were present in the available seven SCEDs. Though a
suitable design, implementing a SCED is not straightforward and specific guidance is needed
on ways researchers can optimise internal and external validity, to increase the chances of

attributing any result to the intervention (Tate, 2015; Tate et al., 2014).

Only two of the eight studies included in the review used statistical testing and there were no
measures of effects completed in the included SCED studies, indicating a pooled measure of
effect from studies was not therefore possible. Statistical analysis is important to determine
whether the effect of the treatment is real, rather than due to chance (National Health and
Medical Research Council, 2000b) and informs us as to how the new treatment compares
with doing nothing at all (National Health and Medical Research Council, 2000a). The “size
of effect’ is a useful dimension for assessing the clinical importance of the study’s findings
(National Health and Medical Research Council, 2000b). A general lack of statistical testing
greatly limited our ability to determine any true effects from intervention, while the absence

of size-effect measures precluded any estimation of the magnitude of such effects.

8.2.3 State of practice evidence in speech language pathology

The small professional body of SLPs treating children with neurodisabilities, including those
with CP who drool in Australia (Mclnerney et al., 2020) is problematic. Drooling is often a
life-long complex problem for many with CP (Reddihough, 2017), and warrants a skilled
multi-disciplinary team including SLPs to optimise the chances of reducing its occurrence to

facilitate improvements in their overall health (Little et al., 2009; Reilly, 2008). The absence
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of robust research evidence may, in part, explain why lower numbers of Australian SLPs are
treating children with neurodisability who drool, and also why client suitability was their
main rationale for treatment selection (Mclnerney et al, 2020). Clinicians are strongly
encouraged to use treatments with the best available research evidence (Dollaghan, 2004,
2007; Hoffman, 2010). In the field of CP, mixed levels of evidence support many SLP- led
interventions for children with CP (Novak et al, 2020) and there is higher quality research
evidence to support some interventions, for example, literacy for children with CP who use
aided augmentative and alternative communication methods (Barker et al., 2012; Mandak et
al., 2018) or parent-mediated interventions to improve communication skills (Pennington et
al., 2018). When a high grade of research evidence is not available, SLPs may
understandably focus their efforts on those interventions that are supported by better research
evidence. However, a possible negative consequence of this evidence-based decision-making
may be that drooling is not targeted in treatment and continues to have persistent effects on

the health of many children with CP and other neurodisabilities.

A lack of expertise was reported by Australian SLPs which may explain the variability in
practice and reduced provision of intervention to those over eight years (Mclnerney et al.,
2020; Reddihough, 2017; Reilly, 2008; Walshe et al., 2012). A health professional’s clinical
expertise develops from cumulative experience, built up over time through clinical
experience, skill acquisition and education (Hoffman, 2010) resulting in a deep understanding
of the total situation (Benner, 1984; Petty, 2015). The extent to which a clinician’s expertise
develops relates to a number of variables including: hours spent in that area of practice or
deliberate practice (Ericsson et al., 1993); and the extent to which experiential learning
opportunities are explored and reflected upon (Petty, 2015). It has been proposed that 10,000

hours or ten years is needed to develop expertise in an area of practice (Ericsson et al., 2018).
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High proficiency in motor skills for routinised behaviours, for example, collecting a relevant
case history or conducting an oral motor assessment; and advanced cognitive abilities are also
needed to facilitate conscious experimentation and problem-solving to find solutions to
indeterminate and complex problems such as drooling (Petty, 2015). SLPs who are not
treating children with CP and other neurodisabilities who drool often will not have the
necessary clinical exposure to build on their deliberate practice and are therefore not afforded

the experiential learning opportunities to foster the development of clinical expertise.

The reduced uptake of validated measures in the drooling assessment has been similarly
reported in the assessment practice of other disciplines in the context of children with CP
(O'Connor et al., 2019). The variability in intervention methods used by Australian SLPs may
reflect the nature of the underlying assessment process completed. A key goal of an
assessment of any range of practice area, including saliva control and drooling, is to
accurately identify the key behavioural determinants to inform valid intervention planning
(Shipley, 2016; Shipley & McAfee, 2009). The treatment focus may be inaccurate or variable
if the assessment process is not informed by a comprehensive and systematic assessment that
includes validated tools. The range of behavioural methods used by Australian SLPs may
also be reflective of the heterogeneity seen in CP and the therapist needing to tailor their

intervention to the individual child.

8.2.4 Sources of variability in CP

There are a number of sources of variability which could influence learning in children with
CP, including the degree of motor impairment together with the degree and extent of
comorbid conditions (Bartlett & Palisano, 2000; Krageloh-Mann, 2004). The range of
participant responses observed following LSVT-LOUD® could relate to individual

differences in both the participants’ motor learning capability and oral muscle profiles. Motor
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learning can occur in different phases and at different speeds (Kaas, 2012). Children with CP
typically have changes in tone, speed and the strength of the oral muscles, which leads to
difficulty with functional coordination of oral motor movements such as a reduction in
mandibular mobility amplitude, and achieving a lip seal (Santos et al., 2012). While there is
no robust way of measuring the orofacial muscle movement in individuals with CP, it is
likely that there were differences across participants in muscle size, tone, speed and strength
which influenced the movement, as participants were different ages and had varying degrees
of gross motor, speech and saliva control impairments. Differences in muscle size alone is
known to reduce the capacity of the individual to generate muscle force, reduced range of
motion and/or diminished maximum velocity of muscle contraction (Lieber et al., 2017). In
LSVT LOUD®, to help the individual achieve a healthy loud controlled production of ‘ah’, a
high degree of neuromuscular integrity is needed in the respiratory, laryngeal and orofacial
muscles to facilitate the smooth proficient and coordinated ‘ah’ movement (Baumgartner,
2001; Ramig et al., 1996; Ramig, Sapir, Fox, et al., 2001). Increased respiratory drive and
amplitude of movement across the entire vocal tract is necessary in addition to a quick
controlled opening and closing of the mouth to achieve the correct mouth shape for “ah’ (Fox,
2002; Ramig, Sapir, Countryman, et al., 2001; Ramig, Sapir, Fox, et al., 2001). Potential
differences therefore in oral muscle size, speed and strength may therefore influence a
number of muscle movements that are necessary to produce the fluid coordinated and

controlled “ah’ movement which is a foundational exercise in LSVT LOUD®.

For many individuals with CP, the symptoms of CP go beyond motor impairment, with
associated impairments in cognition, behaviour and sensory processing (Krégeloh-Mann,
2004; Rosenbaum, Paneth, et al., 2007). It is possible that there were differences in the

cognitive or mental functions across the participants related to attention, memory or

218



sequencing complex movements (see Chapter 1). Previous research on the cognitive skill of
executive functioning highlighted poorer functioning in every domain in children with
differing classifications of CP than typically developing children (Weierink et al., 2013). The
daily exercises of LSVT LOUD® necessitate the child to use a number of executive functions
including: initiating and self-monitoring of loudness; sustaining and shifting their attention
and behaviour in progressing through the speech hierarchy of exercises, and using feedback
to improve their production of “ah’ or loudness in some way (Lezak et al., 2005;
Whittingham et al., 2014). One example of a potential difficulty is a participant who was
initially slow to carry over the full 15 loud “‘ah’ trials who may have had difficulty initiating
the motor plan for movement, which necessitates more time and trials to achieve an
approximate ‘ah’. The five participants in our study had different classifications of CP and
intellectual abilities and were all therefore likely to have different executive functioning
abilities, which could help to further explain the variations in treatment response to LSVT-

LOUD®.

8.3 Drooling measures: what can be learned from them?

For some participants, the overall drooling severity level using the DQ5” (Van Hulst et al.,
2012) in each phase did not necessarily reflect the parental rating of their child’s drooling
severity. The DQ5” (Van Hulst et al., 2012) assesses the child’s drooling severity in a
preferred activity of their choice, but it is possible that the child’s drooling severity observed
during the chosen activity may not represent the child’s worst possible drooling performance.
This reduced severity was clearly evident in the case of two participants who achieved a
number of ‘0’ scores (indicating no drooling) on the DQ5” (Van Hulst et al., 2012) despite
having a ‘severe’ rating of drooling assigned by the parents in the baseline phase (see

drooling severity figures in Chapter 6). Drooling severity is likely to be increased in activities
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that are more challenging for the child. For example, using an app on an iPad they have
accessed competently several times may not be as challenging as a handwriting activity in
which they are writing three new words for the first time. Measurement of drooling severity
therefore must be completed in activities and contexts in which drooling is reportedly
problematic for the child, as well in as activities they enjoy, to obtain as accurate an
assessment as possible. This infers an assessment of drooling in a number of relevant
contexts may be needed to establish an accurate baseline, for example, in home, classroom

and/or recreational leisure activities.

There were a number of intervals in the video data capture that could not be rated using the
DQA’ (Van Hulst et al., 2012) due to a sudden movement of the child or compromised
visualisation of the oral structures (see Chapter 6). This resulted in mildly reduced intra-rater
reliability (0.75) of the instrument when used in an online environment compared to a
standard environment (average ICC of .86) (Van Hulst et al., 2012). If there are a reduced
number of intervals that can be rated, the reliability of the measure is affected but validity
may also be reduced as drooling severity cannot be comprehensively sampled (Terwee et al.,
2007). Optimising the validity and reliability the DQ5” (Van Hulst et al., 2012) for use in an
online environment is important for future research but also for clinical practice due to its
relevance in the assessment of drooling, and the likely increased demand for online telehealth

services in the current climate of the COVID-19 pandemic.

Drooling is a multi-dimensional complex problem that is likely to vary due to environmental
and contextual factors. Both of the available validated assessments of drooling, the DQA®
(Van Hulst et al., 2012) and the Drooling Impact Scale (Reid et al., 2010) measure

impairment-focused aspects of drooling only. A comprehensive assessment of drooling must

220



also include information on the covert contributing factors to drooling, for example, the
child’s awareness of drooling or attitude to drooling, in addition to measuring impairment-
related dimensions of behaviour such as frequency and severity. Additional information on
drooling-specific management techniques that the child uses or could use, for example,
wiping or swallowing, is also required as drooling is challenging to treat and intervention

must have a focus on optimising function, as well as reducing the impairment.

The World Health Organisation’s declaration of Alma-Ata posits that individuals have the
right to participate individually and collectively in the planning and implementation of their
own health care (World Health Organization, 1978). Neither of the two available validated
measures allow for the child’s opinion or view of their drooling severity or its impact, which
means the potential for the child’s involvement in intervention planning is limited. Wherever
possible, involving children and individuals with CP who drool in decisions about their own
health is therefore recommended as direct consumer involvement has been shown to be
empowering, leads to increased engagement with treatment programs and improved health

outcomes (Payne et al., 2011)

8.4 What place do SCEDs have in the allied health field?

A SCED is a potentially powerful means of demonstrating an intervention’s effectiveness
(Kratochwill & Levin, 2014; Kratochwill et al., 2013) and therefore can have an important
place in the field of experimental research in the allied health field. Due to the presenting
heterogeneity within the CP population, the SCED is a very suitable design as each
participant “serves as their own control’ within the experiment and allows researchers to
better differentiate the characteristics of those patients who responded favourably to those

who do not (Portney & Watkins, 2015). Over the past fifteen years, there has been a
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resurgence of interest in SCEDs, in part because of a revived and significant expert-
discussion on single case methodology. This theoretical and research-informed discussion has
led to the creation of more robust guidelines, including standards for reducing bias for
researchers who are planning to implement a SCED (see Chapter 7). A study with a
decreased risk of bias and improved methodological quality leads to more valid and reliable
findings and can therefore better inform clinicians and researchers as to whether a treatment

is successful in changing a behaviour or performance.

There is sometimes a misguided inference in the literature that SCEDs are simple or
straightforward to implement due to their association with other non-experimental types of
single subject research designs such as case studies (Kazdin, 2016) or simple pre-post or AB
design (Walshe et al., 2012). A SCED is a clinically viable controlled experimental approach
that requires the same attention to logical design and control as other experimental designs
(Portney & Watkins, 2015). The rigour of a SCED is in direct contrast to a case study which
typically involves a narrative description of the research process with no manipulation of the
independent variable (Kratochwill & Levin, 2014). While case studies have value in
complementing and contributing to the theory, research and practice, for example, generating
hypotheses for research, they cannot allow the researcher to make affirmative claims about an
interventions’ effects as they are non-experimental in nature (Kazdin, 2016). Equally, AB
designs have been reported in the literature whereby authors mistakenly conclude that a
treatment is effective. An AB design meets the criteria for single case methodology, an
intervention phase in which the treatment is systematically manipulated and repeated
measurement of a target behaviour takes place, but does not fulfil the experimental criterion
because there is no second phase to provide added opportunity to demonstrate the

experimental effect (Tate, 2015).
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In the context of experimental research using SCED methods, there are no agreed-upon
guidelines for interpreting the effect sizes based on methods used for a systematic visual
analysis (Harrington & Velicer, 2015). In the literature, the information about when to
progress to statistical analysis from visual analysis is unclear, and mostly assumes stability in
the baseline (Kazdin, 2019; Krasny-Pacini & Evans, 2017; Kratochwill et al., 2010). Lobo
and colleagues (2017) recommend proceeding with quantitative analysis if there are three
demonstrations of an experimental effect from the intervention, or functional relationship,
whereas other authors asserts that visual analysis is aided by quasi experimental techniques
(Tate, 2015, p. 83). In the intervention study (Study 3), the effect sizes calculated did not
always correlate well with findings from the two standard deviation band method, for
example P4 had a significant decrease in drooling using the two standard deviation band
method but this equated with only a ‘small’ effect using the NAP method (see Chapter 6). A
consensus in the literature on when statistical analysis should be used, what methods are best
to determine the effects from interventions will provide enhanced guidance to researchers

planning to complete SCED studies.

8.5 Implications for practice

A child with a physical disability should receive special care, support and good quality health
care so that they can live a full and independent life (UNICEF, 2018). The potential
repercussions of clinicians not treating drooling or using ineffective interventions infers
children with CP (or other neurodisability condition) are likely to continue to drool with
persistent effects on their health and quality of life. The key implications for practice

proposed by this research program relate to building SLP clinical expertise and using a
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collaborative team-based approach in the development of tailored context-specific complex

interventions for children with CP who drool.

8.5.1 Building clinical expertise

Novice-level Australian SLPs are encouraged to obtain exposure to children with CP and
other neurodisabilities to gain opportunities for experiential learning and reflective practice to
advance their expertise and contribute to practice knowledge in the field. As a first step,
therapists need clinical opportunities to treat children with CP who drool, in which they can
attain hours of practice or “deliberate practice’ (Ericsson et al., 1993; Petty, 2015). Obtaining
a sufficient amount of exposure to this complex area of practice is necessary to facilitate
competency in the necessary motor skills and skilled behaviours (Johns & Freshwater, 2005),
such as implementing a tailored case history interview and oral motor assessment. With
increased exposure and repetition of these skills, clinical skills can become more fluent and
the cognitive attention required to perform such routine tasks may lead to better application
of practice knowledge and enhanced time management (Jarvis, 2000; Saunders, 1995). Hours
of deliberate practice however is not enough to build expertise (Petty et al., 2011). Clinicians
need to additionally critically reflect on their experiences they gain in deliberate practice to
help modify their practice knowledge. Reflection is a method of learning from experience
and is widely accepted as being integral to professional practice (Plack et al., 2005) and is
also thought to be critical and fundamental to building expertise (Petty et al., 2011). The
capability of a clinician to develop and test their practice knowledge depends on their ability
to question and reflect upon their clinical experience, and also the degree of openness they
possess to changing their practice knowledge (Petty, 2015). It is recommended that structured
models or frameworks of reflection be used (Cook et al., 2019; Plack et al., 2005) to further
develop written reflective practice skills; to optimise experiential learning, thereby building

clinical expertise. By increasing the number of hours spent treating children with CP and
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other neurodisabilities who drool, and critically evaluating those experiential learning

experiences, expertise is gained, and practice knowledge is enhanced (Eraut, 2000).

A clinician who has access to a skilled mentor in the area of practice is also important to
develop clinical expertise (Daloz, 1999; Jensen & Givens, 1999). An experienced mentor
who gives guidance, challenges, and provides support to less experienced clinicians can help
them to gain a critical understanding of practice knowledge by consolidating applied theory
and exposing new opportunities for learning (Petty et al., 2011). The mentorship therefore
can directly facilitate changes in the mentee’s capability to learn from their experience (Petty,
2015), enabling an evaluation of their current knowledge and/or generating new practice
knowledge (Boud et al., 1993). Advising less experienced clinicians regarding the importance
of mentorship is important to help advance practice knowledge in the area of drooling
interventions for children with CP and other neurodisabilities. Utilising conceptual
frameworks such as *Critical Companionship’ can help to guide the development of the
‘helping’ relationship between the experienced mentor and less experienced clinician
(Titchen, 2003). By organisations and service providers adopting such frameworks,
experiential learnings can be optimised, and clinical expertise fostered. Professional
associations such as Speech Pathology Australia may also contribute to building expertise by
extending existing mentorship programs to graduates who wish to upskill in this area of
practice and therefore could be a valuable resource to less experienced and novice-level
clinicians. It is possible that building clinical expertise in a larger group of clinicians may
lead to growth in professional interest and completion of further research on the topic thereby

advancing progress in the field.
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Currently, information is available on overarching pathways of care in the treatment of
drooling for children with CP (Glader et al., 2018), but robust clinical guidelines in which
clinicians have clear direction regarding the assessment and treatment of drooling, are not yet
available. Skilled clinicians are therefore needed in the relevant disciplines of speech
language pathology, occupational therapy and physiotherapy, to provide guidance to those
more novice level clinicians, but also to drive research on behavioural intervention-
effectiveness, to provide evidence-based solutions to reduce drooling in children with
neurodisability. Clinical experts are also needed to input to the eventual creation of published

clinical guidelines for the treatment of drooling.

8.5.2 Evidence-based comprehensive assessment

In order to solve a problem, we first need to identify that there is a problem and the nature of
that problem (Gitlin, 2016; Huckabee, 1999). A comprehensive assessment of drooling must
take place in the context of an inter-disciplinary team which helps to identify the need for
referral to other professionals, decide on the focus of treatment, and determine the frequency,
length and structure of treatment (Shipley & McAfee, 2009). Evidence-based intervention is
informed by a measure of drooling and its impact, and therefore, the use of the available
validated assessments is needed to provide accurate information on severity and impact (see
Chapter 5). Validated measures can also help to quantify, and determine the scope of the
problem, which are important factors in the later conceptualisation and development of
complex interventions (Gitlin, 2016). Collecting information on both severity and impact
represent impairment-related knowledge; and it is also recommended that data be gathered on
other areas of functioning (Rosenbaum & Gorter, 2012) related to body functions and
structures level outcomes, as saliva control is influenced by other factors such as the child’s
mood, and motivation level (Bartlett & Palisano, 2000). The activities that the person is doing

to prevent or manage drooling, such as independently wiping their mouth or taking a swallow
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before they speak are important to assess in addition to impairment-related factors such as
drooling severity. Gathering new information in a case history on how drooling affects the
child’s participation, is also necessary to identify how drooling might act as a barrier to their
participation or involvement in recreational, academic or social activities. Information
therefore needs to be gathered on outcomes beyond a body functions and structures level, to
create a tailored meaningful intervention that is likely to be implemented by the child. To
facilitate such comprehensive assessment, drooling needs to be analysed in the contexts
where it is causing problems. For example, if the child’s drooling is persistently interrupting
their use of the iPad in the classroom due to saliva falling on the screen, and this is a source
of frustration to the child, then drooling needs to be assessed in that environment, as there are
potentially different contributing factors to drooling across contexts. In the latter example,
interrupted iPad-use could potentially limit the child’s reading of relevant academic content
on the screen and thereby affect their learning (activity limitation). The child’s involvement
may also be restricted, as they may miss their opportunity to take their turn, read out loud

and/or provide an answer to the class or teacher (participation restriction).

8.5.3 Development of tailored interventions

Collectively, the multiple sources of variability with regard to factors related to causation,
learning profiles and the individual’s context, emphasises the need for a collaborative
intervention approach to treat the child with CP who drools. A multi-disciplinary team-based
approach to treating drooling is necessary to optimise the individual’s health outcomes
(Reilly, 2008). The expertise of many disciplines including speech pathology, occupational
therapy, physiotherapy, dentist, rehabilitation physician and surgeon are needed as the
antecedent events to drooling are varied and relate to many biological functions and systems

of the body (Little et al., 2009; Reilly, 2008). Research has demonstrated a number of
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positive benefits when families are involved in the design and implementation of
interventions including: empowerment of those individuals (Payne et al., 2011); increased
compliance with program guidelines (Hart, 2009); better satisfaction with treatments (Bowen
et al., 2009); and improved motor outcomes (Novak et al., 2020). In addition, research has
shown that a home program that is family-centred and directed by parents, is in line with best
practice principles (Brewer et al., 1989). Families therefore have an important role in the

development of a salient and tailored intervention program for their child.

In the comprehensive assessment, data collected on impairment-based measures, such as
drooling frequency and severity across contexts can help to design a tailored intervention
program that may better meet the individual’s needs. For example, an antecedent event of
reduced swallowing may be identified. If it has been noted that the child swallows
independently, and more frequently in the presence of his parent in the home environment but
does not demonstrate independent swallowing as frequently in a school classroom
environment, different treatment approaches should be considered. For the home
environment, as the child is demonstrating independent swallowing, the parents may be
advised to praise or reinforce the behaviour positively through other means (Miltenberger,
2012). In the classroom, it may be recommended that verbal direct instruction be used (‘take
a swallow’) to increase this target behaviour, which then may also be positively reinforced.
Evaluating interventions is also important to determine their success in achieving the target
behaviour and is also necessary to ensure the program is optimal; and to review the ongoing
need for such an intervention. For example, if specific strategies such as instruction (to
swallow) are known to be implemented more by certain staff in certain environments and the
child has reduced drooling severity when in the presence of those staff, one may hypothesise

that the staff member is an important factor (stimulus) in helping the child to reduce their
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drooling severity. The clinician may hypothesise in this instance that the child is swallowing
more with less anterior spillage of saliva from the mouth, due to the higher fidelity with

which the treatment is being implemented (at the recommended dosage).

Intervention should be dual-purposed, incorporating, where possible, the child’s view of their
functioning in addition to the impairment, and should be context-specific to facilitate the
development of effective salient interventions. At a BFS level, intervention should ideally
target both overt and covert causes of drooling, when covert contributing factors are known.
Reducing drooling might be the target behaviour (impairment focused), while increasing
range of jaw movement to improve mouth closure may represent a function-focused goal. In
CP, drooling is multi-dimensional, complex and as a result, there may be a host of causes and
contributing factors, which may necessitate prioritisation of target behaviours. The decision
as of which behaviours to prioritise should be done in the context of team-based collaborative
practice with families. For example, the child may highlight that chatting to their friends on
the school bus is their favourite activity. From a comprehensive assessment of drooling in
that context, it is apparent that the morning is an important time in the day for them to
interact with their friends. However, drooling necessitates frequent interruptions in the
conversation to wipe saliva which, in turn, results in reduced verbal interaction with their
peers. In comparing drooling severity to other contexts, it is also evident that the child drools
more (increased severity) on the school bus than when in the classroom due to their slouched
position in the wheelchair (with feet not stabilised). In the latter example, an intervention
may be aimed at improving the child’s positioning to facilitate an increase in the child’s
independent wiping of saliva with the secondary aim of reducing the number of interruptions

to conversation in this context. Through gathering information about meaningful contexts in
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which drooling is problematic for the child, intervention therefore may be more salient and

effective in reducing drooling and its impacts.

Even with optimal intervention, drooling is not likely to be eliminated, and strategies that
help the child manage their drooling should also be part of the intervention’s focus. Involving
individuals by asking them what strategies work best, and in what environments, is important
to increase their likelihood of using these techniques. For example, adolescents may
volunteer that they dislike instructional behavioural techniques (wipe your mouth) as they
don’t like being told what to do; or may discuss specific strategies that are easier to
implement in certain contexts or environments. Tailoring the behavioural intervention in this

way can lead to more effective outcomes (Gitlin, 2016).

8.6 Future research and directions

8.6.1 Consumer-based research on impact

There is a lack of studies that have looked beyond the physiological impairment of drooling
to explore the lived experience of individuals with CP who drool across the life span. As a
result, the key factors that influence and impact the lives of individuals with CP who drool
are not well understood, which is problematic as drooling is known to cause significant social
impacts (Crysdale et al., 2006) and reduced quality of life (Chang et al., 2012). Obtaining an
in-depth understanding of the issues that are faced by the individual with CP could inform
both assessment and treatment practice. For example, information about how drooling affects
their daily participation in activities may provide direction for more salient type of
questioning in the initial case-history, thereby informing the comprehensive assessment of

drooling.
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Factors relating to the impact of drooling are understandably a frequent focus, or target of
intervention. While parental perspectives are very important due to the impact of drooling on
the care needs of the child (\VVan der Burg, Jongerius, et al., 2006a, 2006b), parental
perspectives do not always correlate with those of the child. Perspectives of individuals with
CP who drool may be helpful to generate knowledge about the feasibility of interventions or
strategies they find helpful in managing drooling, which could directly inform treatment
planning. For example, if there are discrepancies in perspectives between the child and adult
regarding the nature and severity of impact on activity-level outcomes such as wiping,
inaccurate goals may be set, or the child may not be motivated to change that behaviour as
they don’t perceive it to be a problem. In the latter clinical example, factors that are critical to
the success of a behavioural intervention, accurate goal-setting and active engagement from
the individual (Corey, 2015; Gitlin, 2016), may be directly affected. The child’s knowledge
and perspective on severity (impairment-focus), is useful as is their self-assessment of
strategies such as mouth wiping that they use to manage the drooling behaviour (activity
focus). By gleaning information on both aspects of functioning, the accuracy of goal setting
may be increased. For some children with concomitant intellectual disability, obtaining their
opinion may not be possible. However, clinicians and researchers are encouraged to check
the child’s capacity to actively contribute to the therapeutic process, to maximise the chances
of the behavioural intervention being successful. Future qualitative research that explores the
lived experience of drooling may therefore yield important information that could help to
validate assessment practice and create salient tailored and holistic treatments leading to
more effective interventions. Building a body of research on the consumer’s perspective of
impact may also result in renewed professional interest in treating drooling, helping to

advance the evidence in this area of practice.
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8.6.2 Experimental research on effective behavioural interventions

It is now recognised that to better serve the individuals with whom we work, we need to
increase the precision in our knowledge about whether treatments work, how and why they
work, how much of the treatment is best and for whom (Hart, 2009). To advance the evidence
for effective behavioural intervention that results in long-term reduction of drooling in
children with CP, further high-quality experimental studies are urgently needed. As a first
step, using the available validated assessment tools for drooling severity and impact in new
research is important to increase the likelihood of results being credible (Sullivan, 2011).
Additional research on the effectiveness of LSVT LOUD®, in which the treatment protocol is
modified, to facilitate attainment of optimal dosage, will build on the evidence from the

current research (Study 3).

Novel behavioural interventions that are founded on principles of motor learning and
neuroplasticity, should be explored that target the underlying oral motor dysfunction and
swallowing impairment directly. For example, incorporating 15 exercise trials targeting the
production of ‘ah’ and ‘m’ may facilitate improved range of jaw movement in a child with
spastic CP, leading to improved mouth and lip closure. Importantly, such interventions also
need to have a dual focus on function as saliva control is influenced by many factors, not just
the impairment of oral motor movements and swallowing. In the latter example, a child might
be asked to swallow the saliva in their mouth after they finish their exercise trials. For other
individuals, incorporating activities such as the person’s independent wiping of saliva may be
more effective in promoting their self-management of drooling, and thereby their self-
efficacy. Involving participants and their families in the decision-making regarding which
strategies to trial is important as the clinical characteristics of CP can change over time, and

strategies that worked previously may not work continue to be effective.
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Interventions for children with disabilities also need to be fun and/ or meaningful to optimise
engagement and motivation for motor learning (Levy, 2014). The family represents the
‘essential environment’ of the child and respectful communication and continuity in how care
is delivered are key elements of services valued by families (Rosenbaum & Gorter, 2012, p.
460). Active involvement of families is crucial in the development of context-specific
interventions for children with CP in optimising health outcomes (Morgan et al., 2013;
Novak et al., 2009; Novak et al., 2020).Individuals and their families, can help identify
structured opportunities for the practice of skills, and communicate realistic timeframes to
clinicians regarding the implementation of home programs. Research in the occupational
therapy field has highlighted that motor-based interventions that are collaboratively created
between parents and clinicians and directed by parents in the home can help to optimise
motor outcomes for children with CP (Novak et al., 2009). Similar research in the speech
pathology field has highlighted that parent-mediated interventions can improve

communication skills of children with CP (Pennington et al., 2018).

8.7 Pace of knowledge generation in the field

The pace of knowledge generation about behavioural intervention effectiveness in the
treatment of drooling has been slow with few experimental studies completed on intervention
effectiveness over the past forty years (Mclnerney et al., 2019). Larger numbers of robust
experimental studies are needed to build the strength of the evidence (National Health and
Medical Research Council, 2009) to support the use of behavioural interventions in the
treatment of drooling. If minimal research is being done on intervention effectiveness,
evidence cannot be built or challenged, which also infers that clinical guidelines cannot be

created to further direct practice (National Health and Medical Research Council, 2009). The
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lack of strong evidence and published clinical guidelines has also direct implications for
building practice evidence as clinicians will have less credible resources to help them modify
and improve upon their practice. Furthermore, evidence takes a long time to translate into
practice (Hoffman, 2010; Nilsen, 2015). Low numbers of experimental research studies being
conducted over time implies that research findings could take even longer to translate into
practice. Professional interest groups are therefore needed to steer research initiatives in this
complex area of practice and optimise creative ways of research dissemination to reduce

future potential research-practice gaps.

8.8 Strengths and limitations of program of research

A key strength of this doctoral project was that high-quality methods were used to answer the
research questions of interest in an under-explored and important area of practice. New
knowledge has been generated about gaps in both research and clinical domains; and the
collective learnings from the research can provide strategic directions for both clinicians and
researchers in practice. The systematic review was implemented rigorously, and three
dimensions of evidence were assessed including: a) the strength of the evidence; the number,
quality and statistical precision; b) the overall size of effects; and c) the relevance of the
evidence (National Health and Medical Research Council, 2000b). The updated synthesis can
help to directly inform decision-making regarding treatment selection as updated knowledge
on the level and quality of the research evidence to support the use of behavioural
interventions, is now available to clinicians. Knowing that low-level evidence supports the
effectiveness of behavioural interventions may also inform the discussion, and decisions,
between the clinician and client regarding intervention-selection, thereby facilitating an
enhanced shared-decision making process. The findings of the review also highlight the
research-practice gaps, identifying a clear problem and where action is warranted to bridge

this gap (Hoffman, 2010; National Health and Medical Research Council, 2009).
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Additionally, a synthesis of the best available scientific evidence, including a statement on
the strength of the evidence, addresses a fundamental requirement when developing clinical
guidelines in an area of practice (National Health and Medical Research Council, 2009).
Although further robust clinical outcome research on the effectiveness of behavioural
intervention in the treatment of drooling are needed, the systematic review findings may
contribute to the future creation of clinical guidelines to help direct clinicians in improving

the quality of care to children with CP and other neurodisabilities who drool.

The findings of the systematic review (Study 1) directly informed the design of the
intervention-based study (study 3). The assessment of methodological quality using the risk
of bias in n-of 1 trials (RoBINT) Scale (Tate, 2015) facilitated a comprehensive and thorough
critique of each of the included experimental studies in the review, which directly informed
the conceptual development and planning of the later intervention study. Specifically, this
critique enabled the researcher to become aware of, and address some of the methodological
pitfalls of previous research, for example, choosing an appropriate research design that

demonstrates experimental control to optimise internal validity.

Importantly, the survey research provided novel practice evidence in an Australian context,
from the perspectives of SLPs, who are important members of the multi-disciplinary team
when treating children with CP and other neurodisabilities who drool. Practice evidence on
the topic of behavioural interventions in the treatment of drooling for children with CP was
largely absent previously and this survey research therefore helps to clarify the state of
current evidence-based practice (Dollaghan, 2004; Hoffman, 2010; Petty, 2015). A relatively
small professional group of Australian SLPs recognised drooling as a complex area of

practice that warrants expertise and identified that significant evidence-based barriers exist
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including lack of training, time, and access to other clinicians with expertise (Mclnerney et
al., 2020). These insights can be used to directly inform knowledge translation initiatives to
help progress evidence-based practice in the field. For example, service providers may
provide professional development to novice-level clinicians, or clinicians with less
experience who are new to the area of practice; or may change organisational policy to
facilitate clinicians’ open access to high-quality databases to access credible research
resources to inform their decision-making. A potential positive repercussion of new practice
knowledge may be that professional interest in this area of practice grows, which may in turn
drive further research initiatives, for example consumer-based research on treatment
implementation, thereby helping to further advance the evidence on behavioural intervention

effectiveness.

Previous research on behavioural interventions to treat drooling in children with CP has been
criticised for several reasons including: not using a suitable experimental research design
(Mclnerney et al., 2019; Van der Burg et al., 2007a, 2007b); lack of randomisation or use of
the available validated assessments (Mclnerney et al., 2019). The experimental rigour with
which the multiple baseline SCED was implemented was a notable strength of the study (see
Chapter 7). Optimising validity helped to increase the robustness of the intervention study
(Kazdin, 2016; Tate, 2015), which facilitated yielding more reliable findings regarding the
effects of LSVT LOUD®. Of note in our experimental study was the use of randomisation;
independent data collectors and outcome assessors, which increased the internal validity of
the study and helped to reduce bias (Tate, 2015). The use of non-validated measures in the
assessment of drooling severity was a past criticism of previous treatment- effectiveness
research (Mclnerney et al., 2019).Validated measures were also used to collect data on

drooling severity and impact in the target population. Utilising measures that are validated for
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the children with CP facilitates a more accurate assessment and the interpretability of
findings (Terwee et al., 2007). Effect sizes were also calculated and reported, which gives an

indication of improvement by each participant (Jenson et al., 2007; Odom, 2009)

The limitations of this doctoral project need to be acknowledged. In the systematic review,
studies only written in English were included, which may have excluded potentially relevant
experimental studies on the effectiveness of behavioural interventions. For the survey
research, we were not able to assess the representativeness of the sample. There were some
limitations pertaining to external validity, specifically the generalisability of the findings of
the intervention study (Study 3). The participants had average intellectual ability to a
moderate range of disability. The findings of the intervention study cannot be generalised to
those children with CP who have greater than a moderate range of intellectual disability. A
sixth participant was recruited but later withdrawn as they could not commit to the intensity
of the sessions (n=16) in the intervention study; and this inability to commit to the treatment
may highlight a potential bias in the sample recruited to those who can do intensive
treatment. Other potential reasons for sample bias relate to technology, children who could
not avail of the treatment, if they did not have a laptop or broadband; and children whose
families could not speak English. A single replication of the study, which would necessitate
two sets of three participants (n=6), could not therefore be completed, which reduced the
generalisability of the study (see Chapter 7). Ideally, the researcher would have preferred to
do an observation of each participant in their home environment to maximise and determine
opportunities in which the child practiced their newer louder voice, as this may have
increased the success of the home program component. Further consumer involvement would
have optimised the study, for example, investigating the participant’s satisfaction with LSVT

LOUD® to further determine its acceptability and feasibility for families (Bowen et al.,
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2009). Another limitation to the robustness of the analysis was that relatively few data points

for each phase were available due to the need to balance assessment with burden.

8.9 Conclusions

This thesis investigated the effectiveness of behavioural interventions in the treatment of
drooling for children with neurodisabilities including those with CP, in both research and
practice contexts. The new knowledge generated contributes to the understanding of how
effective behavioural interventions are in treating drooling, and other drooling-related
behaviours. The doctoral program has also highlighted practice evidence in the field of
speech and language pathology; together with considerations to optimise the quality of SCED
experimental research to yield results that can contribute to the creation of evidence-based
guidelines. Further experimental research on behavioural interventions in the treatment of
drooling is also needed to build on the evidence from this program to work towards building

creation of guidelines to improve the health of those children with CP who drool.

The main conclusions are:

e Behavioural interventions in the treatment of drooling in children with CP are
substantially under-researched

e Low level evidence supports the use of behavioural intervention in the treatment of
drooling for children with CP and other neurodisabilities

e Current Australian SLP assessment and treatment practice is variable with client
suitability predominantly influencing treatment-selection for children with
neurodisability including those with CP and Australian SLPs recognise that:

0 The treatment of drooling in children with neurodisability as a complex area

of practice; for which expertise and training is needed
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0 Evidence-based practice barriers exist who for those who work in this area of
practice. Reported barriers relate to a lack of time and access to resources that
may help to build expertise

For some children with CP, LSVT LOUD® may have a generalised effect to reduce
drooling severity and its impact, but effects were mixed, not consistent and not always
retained across participants.

Treatment fidelity with LSVT LOUD®was generally good for therapist led treatment
sessions but poor when implemented in the home

To increase the likelihood of behavioural intervention being effective in the treatment
of drooling; it is recommended that:

o Drooling be comprehensively assessed to gather detailed information from the
client on the environments and contexts where drooling is affecting their
health across BFS-, activity-, and participation-level outcomes. The
assessment should also identify as many causative and contributory factors as
possible to identify the overt and covert behavioural determinants that could
be targeted in intervention. The available validated measures should be
considered by clinicians in the context of their limitations

0 An activity focus in addition to an impairment focus is used to identify
appropriate techniques to help the person manage drooling on a daily basis

o0 Interventions must be founded on principles of motor learning and
neuroplasticity to allow structured opportunities for practice of behavioural
techniques in optimising functioning. Interventions need to be salient, tailored
to the individual and context specific. Consideration must also be given to

motivating the child to optimise motor learning during intervention
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0 A collaborative unified approach is needed with involvement from all relevant
stakeholders, including the child and their family, to increase the effectiveness
of behavioural interventions in reducing drooling and improving the health

outcomes of children with CP.
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ABBREVIATIONS

RCT Randomized controlled trial

ROBINT Risk of Bias assessment in
N-of-1 Trials

SCED Single case experimental
design

AIM To review the evidence for behavioural interventions to reduce drooling in children with
neurodisability.

METHOD A detailed search in eight databases sought studies that: (1) included participants
aged 0 to 18 years with neurodisability and drooling; (2) provided behavioural interventions
targeting drooling or a drooling-related behaviour; and (3) used experimental designs. Two
reviewers extracted data from full-text papers independently. Results were tabulated for
comparison. The Risk of Bias assessment in N-of-1 Trials scale for single case experimental
designs (SCEDs) and the Cochrane risk of bias assessment tool for randomized controlled
trials (RCTs) were applied.

RESULTS Of an initial yield of 763, seven SCEDs and one RCT were included. Behavioural
interventions included the use of reinforcement, prompting, self-management, instruction,
extinction, overcorrection, and fading. Each assessed body functions or structures’
outcomes (drooling frequency and severity); three included activity outcomes (mouth
drying, head control, eye contact, and vocalizations) and none assessed participation or
quality of life. While each study reported positive effects of intervention, risk of bias was
high.

INTERPRETATION Low-level evidence suggests behavioural interventions may be useful for
treatment of drooling in children with neurodisability. Well-designed intervention studies are

urgently needed to determine effectiveness.

Anterior drooling is defined as spillage of saliva from the
mouth that is clearly visible, while posterior drooling is
defined as saliva that spills through the oropharynx into
the hypopharynx.! Anterior drooling, the focus of this sys-
tematic review, is common and disabling for many children
with neurodisability.? It is estimated that 40 per cent of
children between the ages of 7 years and 14 years with
cerebral palsy (CP) will experience drooling.® In children
with neurodisability the reasons for drooling include
reduced awareness of drooling,* less frequent and ineffi-
cient swallowing,® and oral sensory issues,® which can be
further compounded by postural problems or reflux.” The
presence of contributing factors, such as the use of medica-
tions that exacerbate drooling, which is often a necessity in
the life of a child with neurodisability, adds to this com-
plexity. The health consequences of drooling can be seri-
ous and potentially life-threatening and include skin
irritation and maceration,® and social rejection from peers.®

© 2018 Mac Keith Press

Importantly, poor saliva control can also lead to reduced
self-esteem and can affect the individual’s successful inte-
gration into the community.*® Additionally, there are sec-
ondary impacts in caring for the child who drools, such as
greater daily care demands and increased stress levels.*
The presence of problematic drooling therefore has the
potential to reduce the quality of life of both the child and
the wider family unit.

Drooling is a multi-dimensional behaviour with multiple
potential causes or contributing factors that necessitates
the expertise of a multidisciplinary team.*® Many interven-
tions are available to a multidisciplinary team to treat
drooling in children with neurodisability; however, there is
no consensus about their effectiveness.™® Botulinum neuro-
toxin A, surgery, and the use of medications are considered
invasive  treatments, whilst less invasive-treatments
include behavioural, oral motor therapies, and the use of
appliances.**

DOI: 10.1111/dmen.14048 39
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Behavioural interventions are widely recommended for
drooling and it is frequently suggested that they are
used before invasive treatments are considered.’® These
interventions are based on behavioural modification
principles and are underpinned by the premise that all
behaviour is influenced by learning principles of classi-
cal and operant conditioning.*® The aim of these inter-
ventions is to increase target behaviours,*” such as
swallowing saliva, wiping lips and chin, improving head
control, and teaching ways to manage drooling indepen-
dently. Treatment techniques can include: instruction
(e.g. please wipe your chin), prompting (e.g. giving a
verbal prompt to swallow), positive reinforcement (e.g.
praise), and/or self-management (e.g. instructions to
swallow and wipe the chin)*® (Table SI, online support-
ing information).

There is limited evidence to support the use of beha-
vioural interventions. Although a previous descriptive
review of 19 studies reported on the effectiveness of beha-
vioural interventions for drooling,*® no conclusion could
be drawn regarding efficacy because of a number of
methodological issues including non-experimental design,
drooling measurement issues, and poor interobserver relia-
bility.

Why should a behavioural intervention work to reduce
drooling?

Behavioural interventions are concerned with analysing and
modifying human behaviour, in the context in which the
behaviours take place. These interventions are developed
to change socially significant behaviours with the goal of
improving some aspect of the person’s life.!® Behavioural
interventions have their foundations in learning theory and
build on the premise that human behaviour is learned
through an interaction between an individual and their
environment. Contemporary behavioural therapy also
assumes that the individual is capable of self-directed
change and that the person is the agent of that change.’
The focus of behavioural intervention is on observable
behaviour, current determinants of behaviour, learning
experiences that promote change, tailoring treatment
strategies to individual clients, and rigorous assessment and
evaluation.?

Drooling behaviour is a suitable target for behavioural
intervention because the principles of behavioural interven-
tion can be readily applied to treat drooling. First, drool-
ing is a socially significant human behaviour that has the
potential to seriously affect the child’s physical and psy-
chosocial health,?* and has an impact on the physical and
social context.?? Second, drooling is an overt observable
behaviour, which has dimensions of frequency and inten-
sity that can be described, recorded, and measured. In
delivering a behavioural intervention, a stimulus is pro-
vided either before, during, or after the unwanted drooling
behaviour occurs, to facilitate a change in the individual’'s
responses or behaviour that will reduce or eliminate the
drooling,®® for example, praising a person for not drooling

40 Developmental Medicine & Child Neurology 2019, 61: 39-48

What this paper adds

® Behavioural interventions used to treat drooling included reinforcement, prompt-
ing, self-management, extinction, overcorrection, instruction, and fading.

® |nterventions targeted body structures and function-level outcomes and
activity-level outcomes.

® Low-level evidence supports the use of behavioural intervention to treat
drooling.

for a specified period. Third, the occurrence of drooling
can be influenced by contextual events, for example, the
person is in a poor sitting position, which results in
increased head flexion, which can exacerbate drooling. By
describing the functional relationship between drooling
and context, hypotheses can be formulated about the rea-
sons for the behaviour and corresponding procedures can
be put in place, for example, prompting carers to always
place the person in the correct position. Finally, many
treatments for drooling aim to increase the occurrence of
desirable motor behaviours (e.g. swallowing) and decrease
the occurrence of undesirable behaviours (i.e. drooling)
and therefore involve opportunities to support motor
learning. Behavioural intervention can facilitate motor
learning through practice, stimulus selection, rehearsal,
and feedback.?*

The International Classification of Functioning, Disabil-
ity and Health®® was used as the conceptual framework for
this study. The International Classification of Functioning,
Disability and Health conceptualizes a person’s level of
‘functioning’ as a dynamic interaction between his or her
health conditions, environmental factors, and personal fac-
tors. Functioning includes two parts related to: (1) body
functions and structures which describe the anatomy and
physiology/psychology of the human body; and (2) activity
and participation, that describe the individuals’ current
functional level related to skills like mobility, self-care
communication, and learning.

The purpose of this review was to identify and synthe-
size the evidence for behavioural interventions to reduce
drooling in children with neurodisability and to examine
intervention effectiveness at the level of body functions
and structures. The secondary purpose was to investigate
whether these treatments had an effect on activity, par-
ticipation, and quality of life. The findings of this review
may provide evidence to guide practice and future
research in the treatment of drooling in children with
neurodisability.

METHOD

This systematic review was designed in accordance with
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses protocols (Figure S1, online supporting
information).?® The review protocol was registered online
with the International Prospective Register of Systematic
Reviews Protocols.?” The American Academy of Cerebral
Palsy and Developmental Medicine Methodology to
Develop Systematic Reviews of Treatment Interventions®®
was used to determine the level of evidence of studies
found.
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Search strategy

A comprehensive search strategy was created using medi-
cal subject terms: ‘child’, ‘neurodisability’, ‘drooling’, ‘be-
havioural’, ‘intervention’, and associated relevant subject
headings. The search was modified for the following
eight electronic databases: MEDLINE, CINAHL,
AMED, CENTRAL, Embase, PsycINFO, Scopus, and
Web of Science (see Table SlI, online supporting infor-
mation for MEDLINE search strategy). The number and
type of databases were chosen to minimize selection bias
and increase the generalizability of this systematic
review.”® Preliminary searching began in February 2017
and the final search was completed on June 2nd, 2017.
All of the retrieved articles were imported into the biblio-
graphic database, EndNote X8 (Thomas Reuters [Scien-
tific] LLC, Philadelphia, PA, USA) and then exported
into the Covidence database for screening and manage-
ment. One reviewer (MSM) also completed a manual
hand search of reference lists of full-text articles in
English.

A limited search of unpublished sources in the grey lit-
erature was also conducted. The search terms were
adapted and the following sources were searched: Trove,
The Agency for Healthcare Research and Quality, Aus-
tralian Institute of Health and Welfare, National Health
Medical Research Council, and Registry of Open Access
Repositories.

Selection criteria

Studies were eligible if they: (1) included participants
between the ages of 0 and 18 years with a diagnosis of
neurodisability and drooling; (2) provided behavioural
interventions that targeted drooling or a drooling-related
behaviour; and (3) used experimental study designs includ-
ing randomized controlled trials (RCTs), clinical con-
trolled trials, and single case experimental design (SCED)
studies.

Study selection

Through initial screening of articles by the primary
reviewer (MSM), duplicates, review articles, conference
proceedings, editorials, poster presentations, and articles in
languages other than English were removed. After this,
two reviewers (MSM and CMW) independently applied
selection criteria to title, abstract, and full-text articles.
Most differences were resolved through consensus. A third
party (Cl) was consulted if differences were unresolved
until a final decision was reached.

Data extraction

A data extraction form was first created, customized, and
trialled. Two reviewers (MSM and CMW) then indepen-
dently used this form to extract data on the following vari-
ables: study design, participant number and diagnostic
information, behavioural intervention, target behaviour
definition, outcomes of interest, outcome measure used,
main findings, and level of evidence.

Data synthesis

It was not possible to complete a meta-analysis as
heterogeneity was found in: (1) population diagnoses; (2)
data collection methods and measures used in the
included studies; and (3) study outcomes reported. A
narrative approach was therefore used to synthesize the
data on key study variables, study quality, and risk of
bias.

Risk of bias assessment

Risk of bias assessment was performed at a study level.
The Risk of Bias assessment in N-of-1 Trials (RoBiNT)
Scale® was used to assess the risk of bias in studies where
single case experimental methodology was used. In RCTs,
we used the Cochrane Collaboration Tool®" to assess risk
of bias. Two independent reviewers (MSM and CMW)
completed risk of bias assessment on RCTs. SCED studies
were examined using the RoBiNT Scale by two reviewers
(MSM and RS). Cases where there were different ratings
were resolved by consensus.

RESULTS

Study design

The search identified 763 papers. There were 93 studies
that were assessed for full-text eligibility against selec-
tion criteria and a final total of eight papers were
included. Seven studies used a SCED approach and one
was an RCT (Table I). Four of the eight articles were
published between 1977 and 1989, with the remaining
four published between 2006 and 2011. All included
studies used an experimental design with control. Four
of the SCED studies used a withdrawal/reversal (ABAB)
design and three used a concurrent multiple baseline
design.

Participants

The eight included studies involved a total of 35 partici-
pants who received behavioural interventions (Table 1). Of
these, 25 were included in the single RCT. The age range
of the participants was 5 years to 17 years.

Behavioural interventions

In all studies, a combination of behavioural intervention
methods was used, for example, prompting and reinforce-
ment, rather than only a single method. Reinforcement
was used in all eight studies,®~3° with positive reinforce-
ment in seven studies,>*%3"3° and token economy rein-
forcement in two studies.®*®” Prompting was used in six
studies.®*3"3° Three of the studies used the term ‘cueing’
instead of ‘prompt’, in which a visual, auditory, or vibra-
tory stimulus prompt was provided by an assistive tech-
nology device to make the correct response more likely,
for example, swallowing, wiping the mouth®*3% (see
Table Sl for behavioural intervention definitions). The
other strategies included self-management,®” overcorrec-
tion (positive punishment),® instruction,®® extinction,
and fading® (Table 1).
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Outcomes assessed

Each study aimed to reduce a target behaviour related to
either drooling frequency and/or severity. Frequency-
related outcomes in two studies included measures of
drooling frequency®® and drooling drops per minute.’
Four studies assessed drooling-severity related outcomes
defined as percentage of chin wetness,>* percentage of wet
time samples,®® pools of saliva,®® and drooling status.®
Activity-level outcomes were measured in three studies and
included mouth drying as a response,®*3> improved head
control, eye contact, and imitative vocalization.®® None of
the studies assessed outcomes related to participation or
quality of life.

Effectiveness of interventions

Each study reported a positive result related to drooling
and drooling-related behaviours (Table I). No adverse
effects were reported. Two studies described reduced
drooling frequency. In the RCT,** drooling frequency
decreased significantly in the experimental group after
token economy and positive reinforcement compared to
the non-experimental group (p<0.01). In this study, the
participants received a token (e.g. star sticker) and verbal
reinforcement after cessation of drooling for a specified
length of time. Opportunity was provided to collect more
star stickers (by not drooling) and once four were col-
lected, these could be exchanged for a reward. In a second
study, drooling was reportedly eliminated in one individual
in all task situations, after a combination of behavioural
intervention methods including prompting, positive and
token reinforcement, and self-management.*’

In the remaining studies, a drooling-severity related
behaviour was the outcome of interest, with visual inspec-
tion of the data suggesting that drooling severity dropped
below baseline levels in three out of six studies.>*=® Statis-
tical testing was used in only one SCED study® with a
significant difference in drooling severity demonstrated
(p<0.01) after a period of positive reinforcement and cueing
using assistive technology. None of the SCED studies
completed a structured visual analysis whereby the data
within and between phase patterns were systematically
evaluated in terms of level, slope or trend, variability,
immediacy of effect, and consistency of data patterns across
similar phases.*® No robust conclusions could therefore be
drawn about the size of effect or the clinical impact that
behavioural intervention could have on drooling.

Risk of bias: SCED studies

Total internal validity scores of the RoBiNT Scale® across
the studies ranged from 2 to 5 (out of a possible score of
14). All seven studies met the criterion for experimental
design (Table I1) but none used randomization. No blind-
ing of either assessors or people involved in the interven-
tion took place; however, it is acknowledged that blinding
of participants and interventionists is not possible when
implementing behavioural interventions. External validity
scores ranged from 3 to 8 out of a possible score of 16

44 Developmental Medicine & Child Neurology 2019, 61: 39-48

(Table I1). The lowest scoring categories pertained to
those of baseline characteristics, generalization, data analy-
sis, and replication. Apart from the ‘design with control’
category, there were fundamental issues across all cate-
gories related to internal and external validity (Table II).
Total RoBiNT scale scores ranged between 6 and 12 (out
of a score of 30), with four of the seven SCEDs obtaining
a score below 10 (Table II).

Risk of bias: the RCT

One single blind, two-group RCT was included in this
review (Table I). The process of allocation concealment
lacked sufficient detail. Blinding of participants and inter-
ventionists was not possible, and any measures to blind
outcome assessors were not described. Outcome data on
premeasures and postmeasures were provided but there
was no information on dropout rates, indicating an unclear
risk of attrition bias. Plausible bias associated with items
related to performance, detection, and attrition weakens
confidence in results presented.

DISCUSSION

Positive outcomes were reported in all eight studies in this
systematic review that included a total of 35 participants
with different clinical presentations. Despite the prevalence
of drooling in children with neurodisability and the likely
common use of behavioural interventions, very few experi-
mental studies have been undertaken to determine whether
these interventions work. All eight studies targeted out-
comes at a body functions and structures level with only
three studies targeting activity outcomes. A reduction in
drooling behaviour related to frequency or severity in
neurodisability populations was reported in each study. An
increase in an activity related to drooling was also
reported, for example, mouth drying. No study used out-
come measures related to participation or quality of life
and no validated measures were used to assess outcomes of
interest in included studies. Significant quality issues
related to recruitment, risk of bias, and external validity
were present in all eight studies, greatly limiting the inter-
pretation as to how effective behavioural interventions are,
in reducing drooling in children with neurodisability.

All the included SCED studies met the criteria for
experimental study design, however, none used randomiza-
tion of phase order or onset. The application of random-
ization is a critical component of SCEDs where threats to
internal validity can be experimentally controlled and
opportunities for statistical testing can be facilitated.*® The
use of randomization further enables the researcher to
determine whether there is a causal or functional relation-
ship between the manipulated independent variable (be-
havioural intervention) and dependent variable (drooling
behaviour).**

Visual analysis is the predominant method used to anal-
yse data in SCED research. Data were displayed graphi-
cally and a visual inspection of the data occurred in the
included studies, but a comprehensive visual analysis was
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not completed in any study. Though visual analysis
remains the SCED standard, experts strongly advocate the
use of both visual and statistical analysis methods.*®** This
includes the requirement to provide information on
changes to the level of the score from the measure of the
dependent variable (target behaviour) after manipulation of
the independent variable (treatment); emerging trends or
slopes in the data; and commenting on variability in the
data.>>*° Only three of the seven SCED studies discussed
trends in the data and only one study used statistical analy-
sis methods. The premise of SCED research is to investi-
gate if there is a change in the person’s targeted behaviour
of interest after a period of intervention. We cannot know
what the effect of any clinical intervention is without suffi-
cient analysis of the data.

What are the important elements of a behavioural
intervention?

This review highlighted many fundamental issues about
implementing behavioural interventions to treat drooling
in children with neurodisability. First, a functional analysis
of the baseline condition, that is drooling, that includes
identifying factors that are maintaining the drooling beha-
viour is needed,'” for example, head control or the child’s
positioning. As part of this analysis, adequate information
must be provided about the baseline characteristics of the
individual, including diagnosis and severity of condition.
This will enable the development of effective function-
based treatment.*? Second, a clear definition of the target
behaviour (drooling) is needed to know what the person
does that signifies a drooling event and to facilitate accu-
rate recording of that event. Third, treatment procedures
need to be specified, outlining what needs to be said or
done in treatment to signify that active ingredients are
being delivered.*® In specifying the content and procedures
involved in delivering a treatment, the intervention
‘fidelity’ is partly ensured. Fidelity is an important part of
best practice,** as higher levels of treatment fidelity are
associated with higher gains attributable to intervention.*®
Finally, a multifaceted intervention approach is warranted
as drooling is a complex behaviour to treat and a single
intervention alone is unlikely to be effective in eliminating
or reducing drooling significantly.

How should drooling be measured?

One of the hallmarks of behavioural intervention is its
emphasis on measuring the behaviour before, during, and
after the intervention so that any change resulting from
that intervention is captured.’® To provide an accurate
measure of drooling, an operational definition of the target
behaviour, that is easily observable and measurable, needs
to be provided. This infers that the drooling behaviour of
interest is identified and defined in precise terms using
action verbs; for example, any saliva that spills from the
mouth that is clearly visible. In addition, the method of
measurement must be described in terms of how data are
recorded, what instruments were wused, and what
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constitutes a correct or incorrect response.*® Ongoing
assessment of the behaviour should also be done well
beyond the point of intervention to truly measure
change.*®

Since the publication of four of the included studies,
two validated measures of drooling, the Drooling Quo-
tient*® and Drooling Impact Scale,*” have become avail-
able. The Drooling Impact Scale*” is a subjective scale
completed by parents, which has good test-retest reliability
and has been shown to be responsive to change in children
who have undergone saliva control interventions. The
Drooling Quotient*® is a reliable and objective measure of
drooling severity. It is recommended that the available vali-
dated measures be used to reduce the potential error in
measuring drooling.

Implications for research

First, it is recommended that a distinction be made
between anterior and posterior drooling and used consis-
tently in conducting research to facilitate transparency, col-
laboration, and direction in future research. For example,
the anterior drooling definition provided by the American
Academy of Cerebral Palsy and Developmental Medicine®
refers to the anterior spillage of saliva from the mouth that
is clearly visible. A distinction between anterior and poste-
rior drooling was not made in any of the included studies
(Table I1). Furthermore, providing an operational defini-
tion of the drooling behaviour targeted in the study
describes the dependent variable, which is an important
external validity construct.

Second, experimental, as opposed to non-experimental
or quasi-experimental studies, are needed to better demon-
strate a causal relationship between the intervention and
the effects on drooling.** When proof of concept is pre-
sent, robust RCTs are warranted. SCED studies are well
suited to investigating preliminary effects of interven-
tions,*%4® but better-quality SCED studies that address
important internal and external validity constructs are
needed. Randomizing the interventions phase order or
onset helps to reduce the threats to internal validity and
this is recommended so researchers can improve the credi-
bility of study findings.*" Future SCED studies should
include a randomization component to minimize the risk
of bias and to better detect any intervention effects. The
RoBiINT Scale® was designed as an appraisal tool; it does,
however, also provide a very useful guide to researchers
designing future SCEDs. Completion of high quality
SCEDs will improve the evidence base for the role of
behavioural interventions in the treatment of drooling.

Third, it is recommended that researchers use the avail-
able validated measures of drooling severity and impact.
None of the included studies used a validated measure of
drooling, instead using terms such ‘problematic drooling’
and ‘chronic drooling’, and it was therefore difficult to
gauge the baseline drooling status before commencement
of intervention. In addition, research that focuses on drool-
ing outcomes at an activity, participation, and quality of
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life level, in addition to a body functions and structures level,
is needed. Through investigating the effects of behavioural
interventions on these outcomes relevant to the child’s life
stage, the potential of these treatments to improve health
and development can be evaluated. To fully investigate the
potential effect of behavioural interventions, an objective,
reliable, and valid means of assessing and describing all
relevant clinical characteristics of drooling and its contribut-
ing factors is needed, which currently does not exist. The
development of a validated tool that assesses all aspects of
the drooling behaviour, beyond severity and its impact, is
warranted.

Finally, a descriptive analysis of drooling is an important
part of the functional assessment, which is a necessary com-
ponent before implementing a behavioural intervention. The
International Classification of Functioning Disability and
Health — Children and Youth Version*® is an extension of the
original International Classification of Functioning, Disabil-
ity and Health® framework, and can be used to describe and
organize information about drooling using a coding classifi-
cation system. Through using this, the complexity of drool-
ing behaviour can be highlighted (Table SIII, online
supporting information). This descriptive outcome is the
functional profile of the individual, not a diagnosis, and may
facilitate the planning of comprehensive assessment and
intervention. The identification of all components of this
complex behaviour is critical for best practice to improve
health outcomes for children with neurodisability who drool.

Strengths and limitations of the review

This systematic review aimed to answer a specific and
focused clinical intervention question. The finding of only
eight small experimental studies, despite a search of pub-
lished and grey literature to locate relevant research, sug-
gests that this area is under-researched. Four of the
included studies were published over 30 years ago (1977—-
1989). This left four contemporary studies in this area
from which to draw evidence. Significant advances in areas
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Appendix B4: Table S1: Behavioural intervention definitions

Prompt: used to increase the likelihood that a person will engage in the correct
behaviour at the correct time A prompt may involve the behaviour of the
trainer (response prompt) or supplemental environmental stimuli (stimulus
prompts). Response prompt types include: verbal, gestural, modeling and
physical prompt. Stimulus prompt types: within-stimulus i.e., changing the
salience of discriminative stimulus in some way and extrastimulus i.e., .adding
a stimulus to help the person make a correct discrimination.

Instruction: Verbal descriptions of the behaviour to be performed. Often used in
conjunction with modelling.

Reinforcement: The process in which the occurrence of a behaviour is followed by a
consequence that results in an increase in the future probability of that
behaviour.

Positive reinforcement: A type of reinforcement in which, contingent on the
behaviour, a stimulus or event is presented and the probability of the
behaviour increases in the future.

Token Economy Reinforcement: A reinforcement system in which conditioned
reinforcers called tokens are delivered to people for desirable behaviours; the
tokens are later exchanged for backup reinforcers.

Contingent Reinforcement: The consequence (reinforcer) is presented if and only
when the response occurs. When such a relationhsip exists, the consequence
is said to be contingent on the response.

Fading: The gradual removal of prompts as the behaviour continues to occur in the
presence of the discriminitative stimulus.

Over-correction: A positive punishment procedure in which, contingent on the
problem behaviour, a person is required to engage in effortful activity for a
brief period. Positive practice and restitution are two types of overcorrection.

Self-management: Behavioural modification procedures used by a person to change
his or her own behaviour. In a self-management strategy, the person engages
in a behviour that alters the antecedent or consequence of the target behaviour
or alternative behaviour.
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Appendix B5: Table SlI: Search strategy in MEDLINE

Table SlI. Search Strategy in MEDLINE

Population Intervention
1. “Cerebral palsy” 9. “Early Intervention (Education)”
2. “Developmental Disabilities” 10. “Early Medical Intervention”
3. Combine 1 or 2 using “OR” 11. “Therapeutics”
4. *“Sialorrhea” 12. “Behavior+”
5. *“Child, Preschool” 13. “Behavior Therapy+”
6. “Child+” 14. “Behavior Control+”
7. *“Adolescent” 15. “Treatment Outcome+”
8. Combine 5, 6, or 7 using “OR” 16. Combine 9-15 using “OR”

17. “case reports”

18. “clinical study”

19. “clinical trial”

20. “clinical trial, phase i”

21. “clinical trial, phase ii”

22. “clinical trial, phase iii”

23. “clinical trial, phase iv”

24. “controlled clinical trial”

25. “randomized controlled trial”

26. “comparative study”

27. Combine 17-26 using the term
“OR”

28. Combine 16 and 27 using the term
“OR”

e Combine 3, 4, 8 using the term “AND”
e Combine 3, 4, 8, 16 using the term “AND”
e Combine 3, 4, 8, 16, 27, 28 using the term “AND

Limiter: English Language
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Appendix B6: Figure S1: PRISMA Flow Diagram

Identification

| | eigbiity | | screening

Included

Records after through database

searching through other Grey
(n =1845) Literature
(n =657)

Additional records identified

Records after duplicates removed
(n =1752)

h 4

Records screened

Posters, presentations, review
»| articles, editorial and duplicates

(n = 763)

I

Full-text articles assessed
for eligibility

excluded by one reviewed (n=989)

Full-text articles excluded, with
reasons (n =87)

(n=93)

I

Studies included
(n=6)

Book chapter, editorial, review
(n=29); Wrong intervention, study
design, or outcome (n=45); Full text
unavailable (n=6); Adult population
(n=4); BI not distinct (n=2);
Duplicate (n=1):

Additional

[«
v

Total Studies
(n=8

hand search of full text
references (n =2)

303



Appendix B7: Table SI11: Description of drooling using the ICF-CY coding

Body Structures

ICF CY Area of Functioning

Code

s510 Structure of salivary glands

s110 Structure of brain

s320 Structure of mouth

s330 Structure of pharynx

s340 Structure of larynx

s710 Structure of head and neck (related to movement)

Body Functions
Mental Functions

b1100 State of consciousness functions

b1144 Orientation to space functions (spatial orientation related to mouth
closure)

b1400 Sustaining attention

b1470 Psychomotor control

b1564 Tactile perception

Sensory Functions

b260 Proprioceptive function

b265 Touch function

Digestive Functions

b5105 Swallowing
Neuro-musculoskeletal + Movement Functions

b7601 Control of complex voluntary movement

b7602 Coordination of voluntary movements

Activities & Participation

d429 Changing and maintaining body position, other specified and
unspecified

d250 Managing one's own behaviour

d520 Caring for body parts
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Appendix B8: Certificate for top downloaded paper 2018-2019

TOP DOWNLOADED PAPER 2018-2019

CONGRATULATIONS TO

Michelle.Mclnerney

whose paper has been recognized as
one of the most read in

Developmental Medicine & Child Neurology

WILEY
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Appendix C1: Permission to include publication (survey paper)

Dear Michelle Mclnerney,
Material Requested: ‘Michelle Mclnerney, Dinah S Reddihough, Paul N Carding & Christine Imms (2020)

Drooling in children with neurodisability: A survey of Australian speech—language pathologists’ practice,
International Journal of Speech-Language Pathology, DOI: doi.org/10.1080/17549507.2020.1729860

Thank you for your correspondence requesting permission to post the ‘Authors Original Manuscript’ of the
above-mentioned article from our Journal in your Printed Thesis and to be posted in your university’s
repository - Australian Catholic University.

As you are the author of the above article, we will be pleased to grant entirely free permission on the condition that
you make the following acknowledgement: https://doi.org/10.1080/17549507.2020.1729860

“This is an Authors Original Manuscript of an article published by Taylor & Francis in International Journal
of Speech-Language Pathology on 2020 available online at the Taylor & Francis Ltd web site:

You will also need to obtain permission from any co-authors of this article.
Please note that this licence does not allow you to post our content on any other third-party websites.

This licence does not allow the use of the Publishers version/PDF (this is the version of record that is published on
the publisher’s website) to be posted online.

Thank you for your interest in our Journals.
Yours sincerely,

Academic Journals Permission Team
Tel: +44 (0)20 7017 7617

Taylor & Francis is a trading name of Informa UK Limited, registered in England under no. 1072954
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Appendix C2: Ethics approval for survey research (ACU HREC)

Dear Applicant,

Principal Investigator: Professor Christine Imms, Professor Paul Carding, Prof Dinah Reddihough
Student Researcher: Mclnerney, Michelle (Doctoral) Ethics Register Number: 2018-40E Project Title:
Drooling in children with neurodisability: a survey of Australian Speech Pathologists' practice.

Date Approved: 04/04/2018

Ethics Clearance End Date: 31/12/2018

This is to certify that the above application has been reviewed by the Australian Catholic University
Human Research Ethics Committee (ACU HREC). The application has been approved for the period
given above.

Researchers are responsible for ensuring that all conditions of approval are adhered to, that they
seek prior approval for any modifications and that they notify the HREC of any incidents or
unexpected issues impacting on participants that arise in the course of their research. Researchers
are also responsible for ensuring that they adhere to the requirements of the National Statement on
Ethical Conduct in Human Research, the Australian Code for the Responsible Conduct of Research
and the University's Code of Conduct.

Any queries relating to this application should be directed to the Ethics Secretariat
(res.ethics@acu.edu.au). Itis helpful if quote your ethics approval number in all communications
with us.

If you require a formal approval certificate in addition to this email, please respond via reply email
and one will be issued.

We wish you every success with your research.

Kind regards,

Kylie Pashley

on behalf of ACU HREC Chair, Assoc Prof. Michael Baker

Senior Research Ethics Officer | Office of the Deputy Vice Chancellor (Research) Australian Catholic

University
T:+61 2 9739 2646 E: res.ethics@acu.edu.au

THIS IS AN AUTOMATICALLY GENERATED RESEARCHMASTER EMAIL
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Appendix C2: Ethics approvals for survey research (CPA)

L I
[

!L|'Il"
Cerebral. Pa!&;bv

ALLIANCE
8t June 2018

Ms Michelle Mclnerney

Dear Michelle,

Final Approval — 2018 05 02: entitled Drooling in children with neurodisability: a survey on
Australian Speech Pathologists’ Practice

Thank you for your application for the above study for CPA to be a recruitment site. The research
committee noted that the study has obtained ethics approval from Australian Catholic University (ACU)
HREC — 2018-40E and approve your application for CPA to be a recruitment site.

Details of the approval are as follows:

Project approval number: 2018 05 _02. Please use this number in all subsequent
correspondence to The Committee.
Approval period: June to June 2021
The due date for your Annual Progress Report will be: 8™ June
The due date for your Final Progress Report will be: 8" June 2021
Approved Documentation - Australian Catholic University (ACU) HREC
—2018-40E letter dated 10 April 2014

It is the responsibility of the Chief Investigator/s to:

Provide a summary of your progress on a yearly basis to the Committee, and a final report on
completion including notification of any publications from this project. Failure to submit
required reports will result in a suspension of consent for the project to continue.

Advise the HREC immediately in writing of any serious adverse events occurring during the
course of the research.

Advise the HREC immediately of all unforeseen events that might affect continued ethical
acceptability of the project.

Advise the HREC of any proposed changes to the research protocol, research personnel,
information statement or consent form. All proposed amendments must be addressed in writing
to the HREC, using the Protocol Variation Request Form, and must be approved by the HREC
before continuation of the project.

Advise the HREC immediately, providing reasons, if the research is discontinued prior to its
completion, or has been abandoned.

Address for Correspondence: Human Research Ethics Committee, Cerebral Palsy Alliance, PO Box 6427, Frenchs Forest NSW 2086
Site address: 187 Allambie Road, Allambie Heights NSW 2100
E ethics@cerebralpalsy.org.au | T 02 9975 8000 | W cerebralpalsy.org.au | W research.cerebralpalsy.org.au
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W

« .
Cerebral. Paflsbv

ALLIANCE
Request an extension of ethics approval should the project not be completed within the time

period specified above, by using the Protocol Variation Request Form.
Ensure that copies of all signed consent forms are retained and made available to the HREC on
request.
Provide a copy of this letter to any internal/external granting agencies if requested.
Check our website for updated forms: https://research.cerebralpalsy.org.au/our-work/ethics/

The Research and Ethics Committees and Board of Directors wish you well with this important project.

Yours sincerely,

A/Prof Karen Walker
Ethics Manager

Cerebral Palsy Alliance Ethics Committee is a NHMRC HREC: EC00402

Address for Correspondence: Human Research Ethics Committee, Cerebral Palsy Alliance, PO Box 6427, Frenchs Forest NSW 2086
Site address: 187 Allambie Road, Allambie Heights NSW 2100
E ethics@cerebralpalsy.org.au | T 02 9975 8000 | W cerebralpalsy.org.au | W research.cerebralpalsy.org.au
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Appendix C3: Statement of contribution of others

Statement of Contribution of Others (Survey Paper)

Mclnerney, M., Reddihough, D. S., Carding, P. N., & Imms, C. (2020). Drooling in children
with neurodisability: A survey of Australian speech—language pathologists’ practice.
International Journal of Speech-Language Pathology, 1-9.

https://doi.org/10.1080/17549507.2020.1729860.

I acknowledge that my contribution to the above paper is 80 percent.

Candidate’s name: Michelle Mclnerney

[ - e e M ne iy
Candidate’s signature: M 4

I acknowledge that my contribution to the above paper is 10 percent.

Co-Author’s name: Christine Imms

Co-Author’s signature: %

I acknowledge that my contribution to the above paper is 5 percent.
Co-Author’s name: Dinah Reddihough

i 8. Cedalibueh
Co-Author’s signature: ‘9 & J

I acknowledge that my contribution to the above paper is 5 percent.

Co-Author’s name: Paul Carding

Co-Author’s signature: 2, %z,
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Drooling in children with neurodisability: A survey of Australian
speech-language pathologists’ practice
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Abstract

Purpose: In the absence of evidence-based guidelines, this study sought to understand current speech-language patholo-
gists’ (SLPs) practice when treating drooling in children with a neurodisability.

Method: Descriptive research using cross-sectional survey methodology. Online survey methods were used to obtain spe-
cific information on Australian SLPs’ self-reported assessment and treatment practices relative to working with children
with neurodisability who drool. Questions focussed on level of expertise, treatment approaches and barriers to evidence-
based practice (EBP) in this area. Participants were sourced through three targeted associations/organisations. Data were
analysed using descriptive and non-parametric statistics.

Result: Participants were Australian SLPs who had recent experience working with children with neurodisability who
drool (n%68). They favoured informal rather than formal methods for assessment. Preferred treatment techniques
included behavioural intervention methods (46-53%) and modifying positioning (43.3%). Client suitability dominated
reasoning regarding treatment selection (60%) with 57% of SLPs reporting EBP barriers.

Conclusion: Drooling was perceived to be a complex practice area for which SLPs desire additional education. Despite
availability, valid and reliable assessments of drooling were not commonly used. Clinicians have limited evidence to sup-
port their practice: further research is needed to establish evidence-based treatments for drooling.

Keywords: drooling; children; neurodisability; practice; Australian SLPs

Introduction hygiene issues, bad odour from saliva and frequent

The term neurodisability refers to a group of congeni- changes of clothes (Zeller, Lee, Cavanaugh, &

tal or acquired long-term conditions resulting from
impairment of the brain and/or neuromuscular system
that may create functional limitations (Morris,
Janssens, Tomlinson, Williams, & Logan, 2013).
Drooling is very common in children with neurodis-
ability including children with intellectual disability
(Reddihough, 2017) with a reported incidence of 40%
of children with cerebral palsy (CP) aged between
seven and 14 years (Reid, Johnson, & Reddihough,
2010). The effects of drooling on the physical health of
the child are significant and include skin maceration
and infection (Silvestre-Rangil, Silvestre, Puente-
Sandoval, Requeni-Bernal, & Simo-Ruiz, 2011), oral

Davidson, 2012). Importantly, social-emotional effects
can be debilitating and may include reduced self-
esteem and quality of social interactions, and potential
peer rejection (Van Der Burg, Jongerius, Van
Limbeek, Van Hulst, & Rotteveel, 2006), resulting in
reduced participation in home, school and community
life (Reddihough, 2017). Speech-language patholo-
gists (SLPs) commonly have a role in treating children
with neurodisability who drool; however, little is
known about what SLPs actually do in practice.

Good clinical practice requires the integration of
a number of forms of evidence including research-
evidence, practice-evidence, and patient-evidence
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(McCurtin & Healy, 2017). Despite the significant
impact that drooling has on the child’s health, there
is a paucity of research describing how it should be
addressed. This includes a lack of high-quality
research evidence to support the use of interven-
tions that have been reported to be commonly used
by SLPs to treat drooling, for example, oro-sensory
motor therapies (Walshe, Smith, & Pennington,
2012). Clinical expertise refers to the proficiency in
skills and ability to judge and decide that individual
SLPs acquire through education and practice
(Sackett, Rosenberg, Gray, Haynes, & Richardson,
1996) and is subsumed within the domain of prac-
tice evidence. This construct of clinical expertise
also includes colleagues’ experience and each disci-
pline’s professional culture (Mackenzie, Muir, &
Allen, 2010). In using an evidence-based practice
(EBP) approach, the premise is that clinical expert-
ise is of equal importance to *“research” and
“patient or client” evidence — which, incorporates
the wishes and values of the individual patient in
making decisions that will optimise client care and
maximise health outcomes. It is therefore import-
ant to know what SLPs are doing in practice; to
evaluate whether care delivered to children with
neurodisability who drool is optimal; and, to pro-
vide directions for targeted improvement in clinical
practice, which can be seen as an evolving and fluid
process of life-long, self-directed learning
(Sackett, 1998).

It is each SLP’s ethical responsibility to ensure that
they engage in professional development to stay
informed about practices and interventions that are
relevant and evidence-based. This includes using the
most psychometrically-robust measures when com-
pleting assessments (Haynes & Pindzola, 2012). In
the case of drooling, a detailed initial case history
should be followed by assessments of drooling sever-
ity or impact of drooling, depending on the target
outcome with different outcome targets requiring dif-
ferent approaches to treatment. The selection of the
measure according to the question asked is imperative
to provide accurate baseline data against which pro-
gress can be monitored. The Drooling Quotient (Van
Hulst, Lindeboom, Van der Burg, & Jongerius, 2012)
and the Drooling Impact Scale (Reid et al., 2010) are
two freely-available validated measures that can be
used to obtain baseline data and measure progress
during or following treatment for children with
developmental disabilities aged O to 18 years. The
Drooling Quotient (Van Hulst et al., 2012) provides a
measure of drooling frequency and severity of drool-
ing. The Drooling Impact Scale (Reid et al., 2010)
provides a measure of the impact of drooling on the
child’s and family’s life, together with other
activity-level outcomes such as the frequency of
mouth-wiping needed to manage drooling, and is
designed to be used following a saliva control
intervention.

The purpose of this study was to gain knowledge
about SLPs’ practices with children with a neurodis-
ability who drool to: (1) determine what clinical deci-
sions are being made, in the absence of published
clinical guidelines; and (2) to determine whether
research, practice or client-related factors influence
decision-making. Through determining gaps in cur-
rent practice, knowledge may be generated that can
support direction in training and education of SLPs,
as well as future research directions, which may
facilitate improved care to children with neurodisabil-
ity who drool. The specific research questions were the
following: (a) what are the predominant service
settings that SLPs work in with children with
neurodisability who drool?; (b) what are the predomin-
ant clinical populations and age-groups who
receive intervention for drooling?; (c) what are SLPs’
self-perceived expertise level when working in this area
of practice?; (d) what tools and resources are used to
assess drooling in the paediatric neurodisability popu-
lation?; (e) what treatment methods are SLPs using in
practice and what is their rationale for use?; and (f)
what are the perceived EBP barriers when working in
this area of practice?

Method

This research project was reviewed and approved by
the Australian Catholic University Health Research
Ethics Committee and the Cerebral Palsy Alliance
(CPA). Participants provided informed consent prior
to completing the survey. Cross-sectional survey
research methods were chosen to collect descriptive
data as it was deemed the most efficient and cost-
effective method of obtaining data from a large num-
ber of geographically dispersed SLPs (Portney &
Watkins, 2015).

Participants and recruitment

The participants of the study were Australian SLPs
with recent experience working with children with
neurodisability who drool. The survey was advertised
through the Speech Pathology Association of
Australia (SPA), Australasian Academy of Cerebral
Palsy and Developmental Medicine (AusACPDM)
and the Cerebral Palsy Alliance (CPA), a large
employer of SLPs working in childhood disability in
New South Wales (NSW). Interested participants
could access the survey by clicking on a link which
was embedded in the advertisement. Pre-study sam-
ple size was difficult to calculate due to inadequate
data on numbers of SLPs working in the area of inter-
est. There are approximately 9,660 SLPs in Australia,
according to data sourced from the SPA website and
research literature (Hines & Lincoln, 2016).
However, as we did not have knowledge of where
SLPs work, we aimed to recruit up to 100 SLPs to
provide sufficient data to describe patterns of
responses. This is consistent with responses achieved
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in prior Australian survey studies with SLPs (Hersh,
Armstrong, & Bourke, 2015; Verna, Davidson, &
Rose, 2009). A convenience sample was recruited
based on those who responded to the advertisement
which was circulated twice to optimise response rates.
The participant information letter and consent forms
were embedded at the start of the survey and each
participant had to confirm they had read the letter
and had given their informed consent before proceed-
ing with the survey.

Survey development and piloting

Best practice guidelines were followed in the design of
a short survey (Neutens & Rubinson, 2010; Portney
& Wiatkins, 2015), which took approximately 15
minutes to complete. This was an important consid-
eration to maintain respondents’ attention and motiv-
ation to increase the likelihood of valid and reliable
responses (Portney & Watkins, 2015) and maximise
the response rate of busy SLPs. The 25-item survey
included both closed- and open-ended questions and
was delivered electronically via Qualtrics Software
(Qualtrics, Provo, UT). The content of survey ques-
tions was informed by a literature review of speech
pathology practice in the context of children with
neurodisability who drool and a published systematic
review of behavioural interventions to treat drooling
in this population (Mclnerney et al., 2018). A gloss-
ary of terms was provided to assist respondents to
understand each question. Definitions of key termin-
ology also “popped-up” throughout the survey as
each term was introduced. Seven SLPs with relevant
clinical and research expertise, were invited to pilot
test the survey and provided suggestions for wording
to improve quality. The survey was deemed to have
good face validity by the research team and those who
provided feedback.

Data collection, management and analysis

The survey remained open for eight weeks between
June and August 2018. Once completed, all survey
responses were reviewed for any identifying informa-
tion and where provided, these data were removed
prior to further analysis. Data were exported to the
Statistical Package for the Social Sciences, version
25.0 (IBM SPSS, 2017) for analysis. Consistency
cheques and review of missing responses were per-
formed (Liamputtong, 2013). The number of partici-
pants who responded to each question is reported for
each analysis. No attempt was made to infer or
impute missing data. Responses to closed-ended
questions were coded and frequency counts and per-
centages for each question were obtained. The con-
tent of open-ended question responses was analysed
to identify common themes and sets of responses
were grouped when a common theme emerged to
create a number of coded responses (Pallant, 2016).
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Descriptive statistics were performed to summarise
the quantitative data and the results were tabulated.
The data were also explored to describe the relation-
ships between years of practice, expertise level, ser-
vice-setting and interventions used. A chi-square test
of independence was performed to ascertain whether
there was a significant relationship between two cat-
egorical variables, for example, intervention prefer-
ence in public versus private service setting.

Result
Participant characteristics

Sixty-eight SLPs responded to the survey and all
responses were analysed. The majority of SLPs
worked in a capital city and there was at least one
respondent from each state/territory of Australia
except the Northern Territory. The majority of the
participants (80%) had between five and 15p years
of experience with the highest portion of the sample
perceiving themselves to have novice-level expertise
(36.8%) when treating drooling in children with a
neurodisability. A chi square test of independence
found no evidence of an association between years of
experience and SLPs self-perceived level of expertise
(X? (2, N¥%55) ¥ 0.38, p ¥ 0.15)). Fifty-nine per
cent of the participants worked with a mixed clinical
or disability caseload with 76% reporting that they
worked with children aged 0-6 years (Table I).

Approaches and resources used to
assess drooling

A greater number of respondents reported that they
typically used informal methods to assess drooling
compared to formal measures (Table II). Other
resources that were used to support assessment
included: Talk Tools* programme (2%) and the
Royal Children’s Hospital (Melbourne) saliva control
booklet (2%). The American Academy of Cerebral
Palsy and Developmental Medicine (AACPDM)
Sialorrhea Care Pathway (Glader et al., 2018) was
not accessed by any of the SLPs as a poten-
tial resource.

Identified intervention target

The goals of intervention most frequently identified
were: (a) increasing orofacial and intra-oral awareness
(51.7%); (b) training the individual to wipe chin/
mouth and lips (51.7%); (c) reducing the functional
impact of drooling on the child’s health (25%); and
(d) improving head control (25%). Other reported
targets of intervention included improving the child’s
quality of life (7.2%) and awareness of articula-
tors (6.7%).

Intervention method and therapy technique

The most common types of interventions used are
outlined in Table Ill. Intervention choice was not
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Table I. SLP characteristics.

Years working as SLP n % Geographical setting n %
4 years 7 11.7 Capital city 34 61.8
5-14 years 28 46.7 Large rural setting® 18 32.7
15 years 20 33.3 Small rural setting® 2 3.6
Remote setting® 1 1.8
Level of expertise n % State/Territory n %
Novice 25 45.5 NSW 19 34.5
Intermediate 21 38.2 Queensland 15 27.3
Expert 9 16.4 Victoria 12 21.8
Western Australia 4 7.3
South Australia 2 3.6
ACT 2 3.6
Tasmania 1 1.8
Primary population n % Service setting n %
CP 7 12.7 Public service 16 29.1
ASD 5 9.1 Private service 17 30.9
Intellectual disability 3 5.5 Public p private 13 23.6
Mixed clinical caseload 19 34.5 Alternative settings 9 16.4
Mixed disability caseload 21 38.2
Age-range of clients n % Team model n %
<3 years old 6 10.9 MDT 28 51.9
3-4 years old 22 40 IDT 8 14.8
5-6 years old 14 25.5 TDT 9 16.7
7-8 years old 4 7.3 SD 9 16.7

3Large rural settings 25 000-99 999; PSmall rural setting¥s 10 000-24 999; °Remote setting ¥ <10 000; Y 54
participants responded to this question; ASD: Autism spectrum disorder; CP: cerebral palsy; IDT: inter-disciplin-
ary team; MDT: multidisciplinary team; SD: single discipline; TDT: transdisciplinary team.

Table 1. Assessment and resources used to support drooling
intervention (n¥%.60).

Assessment Tool n %

Formal Methods
Drooling Impact Scale® 14 23.3

Schedule for Oral-Motor Assessment® 6 10
Drooling Quotient® 3 5
Drooling Frequency and Severity Scale® 3 5
Dysphagia Disorders Survey® 1 1.7
Informal Methods
Informal assessments/ checklists 20 33.3
Consultation with a colleague 20 33.3
Supervision with a 9 15
colleague with more experience
in drooling
Research literature 11 18.3
Informal questions and 5 8.3
discussion with
parents/parental report
Observation 3 5
Oral-motor and cranial 2 3.3

nerve assessment

3Drooling Impact Scale (Reid et al., 2010); "Schedule for Oral-
Motor Assessment (Skuse et al. 1995); °Drooling Quotient
(Van Hulst et al., 2012); “Drooling Frequency and Severity
Scale (Thomas-Stonell & Greenberg, 1988); °Dysphagia
Disorders Survey (Sheppard, Hochman, & Baer, 2014).

related to service setting (X® (1, N¥433) % 0.83, p %
0.36). There was evidence of an association between
being a novice-level SLP and not using oral motor
interventions (X? (2, N%55) % 0.11, p % 0.003)
indicating that more experienced SLPs used oral
motor therapy more commonly than novice-level
SLPs when treating children.

Reason for treatment use and non-use

Client suitability (60%) and theoretical soundness
(30%) were the most commonly reported rationales
provided for treatment selection. Participants also
reported “expert” recommendation (21%) and
research-evidence (13%) as the main reasons for
treatment use. Client suitability was also the predom-
inant reason for not choosing an intervention (47%)

following by reasoning related to lack of SLP training
in the intervention method (30%).

Barriers to evidence-based practice

EBP barriers in relation to working with a child with
neurodisability who drools were reported by 57%.
Specific barriers identified included: a lack of access
to team members with expertise (19%) with 83% of
SLPs reporting they need more training or supervi-
sion when providing intervention. From open-ended
guestions, the key EBP barriers when working in this
clinical area of practice related to themes of time,
expertise, research, resources and funding (Table 1V).

Discussion

The key findings of this study suggest that for
Australian SLPs working with children with neurodis-
ability who drool, informal rather than formal assess-
ment methods were favoured; and preferred types of
treatment included behavioural interventions,
increasing oro-facial and intra-oral awareness, devel-
opment of functional eating, drinking, and swallow-
ing skills together with modifying positioning. The
key rationale for SLPs’ treatment selection was
related to client suitability and theoretical support,
and a high proportion of the participants reported
EBP barriers. More commonly highlighted, however,
was a lack of access to expertise rather than to
research evidence. The findings point to a preference
among Australian SLPs for practice evidence and
patient evidence as opposed to research evidence
when making clinical decisions about intervention.
The findings also suggest that there is a reduced
uptake of evidence as the validated assessments that
are available are not being utilised.

316



Australian SLPs’ practice when treating drooling 5

Table I11. Preferred intervention and frequency of use (n%268).

Frequency of Use

Intervention Type n (%) Frequently Sometimes Seldom
Oro-sensory motor therapies
Increasing oro-facial p intra-oral awareness 29 (42.6%) 11 (44%) 13 (52%) 1 (4%)
Stimulation of oro-facial muscles 11 (16.2%) 4 (36.4%) 7 (63.6%) 0
Vibration/ Tapping of muscles 13 (19.1%) 2 (18.2%) 7 (63.6%) 2 (18.2%)
OME to strengthen jaw, lip and tongue 12 (17.6%) 4 (33.3%) 7 (58.3%) 1 (8.3%)
TalkTools” 4 (5.9%) 4 (100%) 0 0
PROMPT 3 (5%) 2 (66.7%) 0 1 (33.3%)
Behavioural Interventions
Prompting 28 (41.2%) 15 (60%) 9 (36%) 1 (4%)
Cueing 31 (45.6%) 15 (25%) 12 (20%) 2 (3.3%)
Instruction 21 (30.9%) 9 (47.4%) 9 (47.4%) 1 (5.3%)
Positive Reinforcement 33 (48.5%) 18 (62.1%) 9 (31%) 2 (6.9%)
Self-management/ self-monitoring 32 (47.1%) 17 (60.7 %) 11 (39.3%) 0
Negative Reinforcement 0
Swallowing-related interventions
Development and improvement 24 (35.3%) 13 (65%) 7 (35%) 0
of eating and drinking skills
Chin tuck 7 (10.3%) 1 (20%) 2 (40%) 2 (40%)
Effortful swallow 5 (7.4%) 1 (25%) 1 (25%) 2 (50%)
Double swallowing 4 (5.9%) 0 1(33.3%) 2 (66.7%)
Trained wiping 25 (36.8%) 9 (39.1%) 13 (56.5% 1 (4.3%)
Trained swallowing 18 (26.5%) 5 (31.3%) 11 (68.8%) 0
Onward referral to physician to assess 20 (29.4%) 8 (44.4%) 8 (44.4%) 2 (11.1%)
suitability for medication, Botox and/or surgery
Modifying positioning 26 (38.2%) 14 (60.9%) 8 (34.8%) 1 (4.3%)

Intra-oral appliances
ISMAR appliance

0

OME % Oral motor exercises; ISMAR ¥ Innsbruck Sensorimotor Activator Regulator (ISMAR) Appliance;

PROMPT % Prompts for Restructuring Oral Muscular Phonetic Targets;

n¥,1-4 respondents did not

respond to “frequency of use” question for this intervention-type.

Table IV. Major themes related to evidence-based practice barriers (n%28).

Key Theme Sub-theme n
Time Lack of time 12
Lack of time to access research evidence 3

Lack of time due to NDIS funding restrictions 2

Lack of time to carry out research 1

Expertise Lack of access to clinicians with expertise 11
Previous approach did not work/ failed and not used again 2

Don’t know who experts are 1

Lack of expertise in colleagues 1

Research Access to research 7
Lack of high-quality research evidence to support treatment practice 6

Lack of research literature in this field 2

Resources Lack of access to resources 5
Funding No funds 1
1

No access to funds

SLP experience and team context

Although 80% of participants had several years’
experience, with 33% having more than 15 years,
only 16.4% (n%9) considered themselves experts,
and 83% reported that more training was needed
when treating drooling in children with neurodisabil-
ity. These findings collectively suggest that SLPs per-
ceive drooling as a complex clinical area. Team-based
expertise is recommended when treating drooling
(Reilly, 2008; Silvestre-Rangil, Silvestre, Puente-
Sandoval, Requeni-Bernal, & Simo-Ruiz, 2011). It
appears that this is occurring to a certain extent, given
that 75% collectively reported working in a team-
based model and 36% reported that they worked
with another team member when treating drooling.
However, a lack of access to team members with clin-
ical expertise was also reported as one of the main
barriers to effective practice for 58% of SLPs. While
access to clinical expertise may provide direction and
reassurance regarding clinical decision-making, there

is still only low-level evidence to support current
intervention practice when working in the area of
paediatric neurodisability and drooling and therefore
no solid evidence on which to base “further educa-
tion”. Further high-quality research is therefore
urgently needed to determine whether treatments
work and to inform professional development training
for clinicians working in this complex area of practice.

Assessment practice

Many potential reasons exist as to why informal meth-
ods are still the preferred assessment option despite
the availability of valid and reliable measures. Reasons
for limited update of evidence-based assessments
reported previously include: available tools not applic-
able to population of interest (O’Connor, Kerr,
Shields, & Imms, 2017); time associated with admin-
istration (O’Connor & Pettigrew, 2009) and lack of
knowledge around the purpose of the outcome meas-
ure (Skeat & Perry, 2008). The limited use of
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validated tools may result from their inability to meas-
ure the outcome of interest (Skeat & Perry, 2008). For
example, the Drooling Quotient (Van Hulst et al.,
2012) will measure severity but not the number of bib
changes. SLPs may not know that validated measures
and other relevant resources for assessment exist, for
example, the AACPDM Sialorrhea Care Pathway
(Glader et al., 2018). This possibly relates to a lack of
access to peer-reviewed resources and research, which
was identified by the respondents as a key barrier to
EBP. Furthermore, a lack of awareness around avail-
able assessments reflects a limitation in the translation
of available knowledge into practice, a common issue
in allied health research (Nilsen, 2015).

Who is receiving intervention?

The majority of the respondents (80%) worked with
children up to ages of 7-8 years. Only three partici-
pants reported treating adults with disability (=19
years). This begs the question as to which health pro-
fessionals, if any, are intervening and how families are
managing the issue of drooling beyond 7-8 years.
The reasons as to why there is a greater focus on
drooling in the earlier years warrants further explor-
ation given the often- chronic nature of drooling
across the lifespan and the documented functional
impacts of drooling, for example, reduced participa-
tion in community life. Potential reasons as to why
interventions were less likely to be offered to children
over 7-8 years were provided in qualitative comments
and related to EBP. A “lack of high-quality research
evidence” to support interventions and previous
“failure” of recommended interventions may result in
SLPs being less likely to intervene again with the
same intervention that “didn’t work™. It is also pos-
sible that SLPs may prioritise focussing on functional
skill areas which are better supported by research evi-
dence, for example, developing communicative com-
petence. The overarching inference from this study is
that children over the ages of 7-8 years are less likely
to receive treatment for chronic drooling which poses
serious secondary threats to their physical and psy-
chosocial health.

Interventions used to treat drooling
and rationale

A range of therapies was favoured when targeting
drooling in children with neurodisability, which ech-
oes findings in other related areas of practice, such as
dysphagia  (Krisciunas, Sokoloff, Stepas, &
Langmore, 2012). The lower preference for using
oral sensory motor interventions from novice-level
SLPs may be due to their exposure to research high-
lighting low-level evidence to support the effective-
ness of oral motor interventions in other parallel areas
of practice such as feeding and swallowing in preterm
infants (Arvedson, Clark, Lazarus, Schooling, &
Frymark, 2010). The preference for behavioural

interventions suggests that SLPs perceive this as an
intervention that is suited to targeting drooling, des-
pite low-level evidence to support the effectiveness of
behavioural intervention in this context (Mclnerney
et al., 2018). Behavioural interventions are concerned
with analysing and modifying behaviour in contexts
in which the behaviour takes place (Michie, van
Stralen, & West, 2011). Drooling behaviour is a suit-
able target for behavioural intervention as the princi-
ples of behavioural theory can be readily applied
(Mclnerney et al., 2018), for example, having dimen-
sions of frequency and intensity that can be measured
(Miltenberger, 2012). In the context of evidence-
based practice, however, a theoretical basis for a treat-
ment alone is not enough and further high-quality
research is needed to determine whether oro-sensory
motor and behavioural interventions are viable, eco-
nomically justifiable and effective.

The primary reason influencing participants’ deci-
sion-making regarding treatment selection was client
suitability, which can be described as the fit of the
individual client’s characteristics with a particular
therapy or technique and infers that matching a client
to a technique is integral to treatment selection
(McCurtin & Healy, 2017). There are many reasons
as to why client suitability might dominate treatment
selection. First, treatments such as behavioural inter-
ventions and altering positioning may be preferred
because they can be easily modified and adapted to
different clients, an important consideration given the
complexity of presentation of those with a neurodis-
ability. Adapting elements of commonly used treat-
ment approaches designed for other purposes has
been reported in related areas of practice, for
example, dysphagia (Krisciunas et al.,, 2012).
Second, because of the limited and low-level evidence
available, SLPs may need to rely more on what they
perceive to be suitable for their client (practice evi-
dence). Third, it has been suggested that treatments
that are easy to communicate to others, and that
engage clients well, may influence SLPs’ treatment
choice (Kamhi, 2006). If a treatment is more compre-
hensible to a client and optimises engagement which
results in better outcomes, this may be perceived as
more suitable. This may be an important consider-
ation in this population, especially for clients with
intellectual disability who need treatments explained
and delivered in clear and concrete ways to facilitate
engagement and carryover of treatment techniques.
Lastly, the client-suitability rationale may reflect the
use of patient evidence in the clinical decision-making
process; for example, choosing to deliver a behav-
ioural intervention over pharmacological interven-
tions when families do not wish to use medication for
which there may be a stronger evidence base.

Although a theoretical basis for an intervention
alone is insufficient to support EBP, having neither
evidence nor theory to support practice is problem-
atic. The theoretical underpinning of treatments was
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identified as being an important consideration for
only 30% of participants. This finding is similar to
other studies where low-engagement by SLPs with
the theoretical constructs of an intervention is
reported (Law, Campbell, Roulstone, Adams, &
Boyle, 2008). Theory can help our understanding of
the factors that might influence target behaviours and
assist in selecting techniques that could be used to
change clinical behaviour (Michie et al., 2011).
Theory can also guide future research.

Limitations of the study

A total of 68 respondents completed the survey, thus
the data pool was limited. The number of respond-
ents may suggest that there are fewer SLPs working
in this area of practice compared to other areas (e.g.
aphasia) but may also relate to the EBP barriers out-
lined by the SLPs themselves, for example, a “lack of
time”. This is particularly relevant in the current
economic climate in Australia, with the introduction
of National Disability Insurance Scheme, with its
focus on billable hours (Hines & Lincoln, 2016).
There were no responses from SLPs in the Northern
Territory and it is not known if the proportion
of respondents from other states is reflective of
the population of SLPs working in childhood
neurodisability.

Implications for practice

Clinicians need to be clear about what they aim to
assess and treat so they can decide whether the avail-
able validated tools would be of use. The reduced
uptake of available valid and reliable assessments
points to a gap in professional development opportu-
nities and/or effectiveness of knowledge translation
strategies in Australia. This could be addressed by
advertising in key professional sites to disseminate
knowledge and/or provision of professional develop-
ment activities by SLPs with expertise. It is important
to work towards the development of clinical guide-
lines, but this cannot be done without further
research on intervention effectiveness. Establishing a
special interest group in this clinical area may help to
progress practice and identify research priorities by
sharing knowledge related to research evidence and
beginning to address the needs of the needs of the
children and families.

Implications for future research

This survey was conducted in Australia and therefore
may not reflect SLP practice in other countries.
Further studies on patterns of practice internationally
would be beneficial to identify if there is a similar
reduced uptake of assessments and/or similar prefer-
ences for treatment choices across cultural contexts.
Further practice-evidence is also needed to explore
the complexity of how decisions are made by SLPs in
team-based contexts.

Australian SLPs’ practice when treating drooling 7

Drooling is a complex multi-dimensional behav-
iour that warrants comprehensive evaluation before
delivering targeted intervention. Because there is evi-
dence that drooling may impact on health, activity
performance, participation and quality of life, a vali-
dated comprehensive measure of drooling impact is
needed. This would facilitate obtaining objective data
on activity and participation-level outcomes in add-
ition to body functions and structures, quality of life
and health outcomes. Such a measure would increase
the utility of outcome data, thereby also facilitating a
more accurate description of the individual’s func-
tion, health status and/or quality of life (Skeat &
Perry, 2008) before, during or after an intervention.
The creation of a validated tool with strong psycho-
metric properties would also enable SLPs, research-
ers and families to better determine and understand
potential treatment effects and contribute evidence
about intervention effectiveness.

Lastly, to support the creation of clinical guide-
lines, high quality methodologically rigorous research
is needed to evaluate the effectiveness of interventions
identified in this study. These steps may help to opti-
mise the care received by children with neurodisabil-
ity who drool.

Conclusion

There is no compelling evidence that any intervention
reduces drooling in children with neurodisability and
not surprisingly, clinicians are limited in the research
evidence they can draw on to support their practice.
Despite availability, valid and reliable assessments of
drooling are not in common use in Australia.
Drooling is perceived to be a specialist practice area
for which SLPs desire further education. Patient and
practice evidence rather than research evidence
appear to drive intervention-related decisions.
Further research is needed to advance the evidence
base for the treatment of drooling to progress know-
ledge, evidence and current practice.
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