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Abstract
Objective
The primary objectives of this study were to evaluate the Cued Up! programme, a six month,
standardised, but individually prescribed, home based, progressive cueing exercise programme
developed to address freezing of gait (FOG) and reduce falls in Parkinson’s disease (PD), and to
determine the feasibility of the programme for future use in a randomised controlled trial (RCT).
Secondary objectives of the research were to evaluate the utility and patient acceptability of the
programme.

Background
Falls are common in PD and FOG increases this risk. Cueing training improves gait parameters
associated with FOG and may reduce falls in persons with PD. Improvements with cueing are shortlived and wear off when treatment stops. Other studies suggest cueing programmes should be
prolonged to sustain improvement.

Methods
A parallel group, with randomised delayed treatment, design compared falls between an immediate
start group (IS) and a delayed start group (DS). Each group received a period of falls monitoring
before treatment, followed by the six month Cued Up! exercise programme. The baseline rate of falls
was determined by weekly falls diaries one month from study entry. Falls diary recording continued
for the one year study duration for all subjects and baseline fall rates were compared for mid and
end of active intervention periods. Subjective severity of FOG was measured with the New Freezing
of Gait Questionnaire (NFOGQ) before and after intervention. Compliance with and participant rated
value and utility of the exercise programme were evaluated by a satisfaction survey at treatment
end.

Results
Consistent with previous research, the Cued Up! study confirms that people with PD and FOG fall
frequently with mean (SD) baseline weekly fall rate for all participants of 3.45 (6.5). The range in
individual mean baseline fall rates was wide (0 to 40) even with an outlier removed. The estimate of
falls rate comparison between IS and DS, calculated using a negative binomial model, was 1.22 (95%
CI 0.45 to 3.26, P=0.70). The point estimate is consistent with IS having a higher rate of falls, but the
confidence intervals are wide with no evidence of statistical significance. Whilst mean fall rates for all
participants appeared to decline during the intervention period, this was not statistically significant.
NFOGQ scores were high for participants in general and this is consistent with the participants’
moderate to high disease severity rating and long disease duration. There was no difference in the
point estimate of the NFOGQ between the randomised groups (IS and DS), with an estimated
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difference of -0.95 (95% CI, -7.87 to 5.97), P=0.78. Change from baseline differences in NFOGQ scores
were 0.8 (5.0) in the IS group and 1.9 (5.4) in the DS group. The ratio of the change in mean score to
its SD for the IS group was 0.8/5.0 = 0.16; and for the DS group 1.9/5.4 = 1.9/5.4 = 0.35. The Cued
Up! satisfaction survey indicated the format and content of the programme was acceptable to
participants and of value in managing their FOG. Compliance with the programme was high, with
83% of participants indicating they were still doing the exercises at least two to three times per week
at the end of the programme. Participants also reported an overall benefit from the programme
(89%), improvements in their walking (78%), a reduction in their perceived rate of falling (73%), and
improved self-management of their FOG (61%).

Conclusions
This study provides support for the evidence based Cued Up! exercise programme as a useful and
acceptable therapy for the management FOG in PD. Although this study lacked statistical power to
detect important changes that may have been a result of the programme, it does provide some
useful insights for future research. A larger randomised control trial comparing the Cued Up!
programme with another validated falls prevention programme would contribute to the current
findings.
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Chapter 1: Parkinson’s Disease
Definition and Pathophysiology
Parkinson’s disease (PD) is a neurological disorder causing a variety of motor and non-motor
impairments. It is progressive but the natural course of progression varies between patients. The
cause of PD is unknown, however both genetic and environmental factors are considered to play a
role in the development of disease (Caglar, Gurses et al. 2005). Diagnosis of PD is made by the
presence of bradykinesia (slowness of movement) and at least one other of the following clinical
symptoms: rigidity, resting tremor, or balance impairments. As the disease progresses, the severity of
impairments also increases. This leads to a gradual reduction in activity levels and increased
participation restrictions. On average, balance and gait impairments develop within the first three
years of diagnosis and falls become increasingly likely as these impairments progress. Paradoxically,
fall rates drop in very late disease stages as patients become immobile (Morris 2000; Lees, Hardy et
al. 2009). The Hoehn and Yahr scale classifies the disease stages of PD based on motor impairment
severity and is frequently used to categorise disease stages (Hoehn and Yahr 1967; National
Collaborating Centre for Chronic Conditions 2006) (see Figure 1). PD can also be classified into
distinct subtypes, firstly a tremor dominant subtype and secondly a postural instability and gait
disorder (PIGD) subtype in which gait and balance problems predominate. The PIGD subtype has a
poorer outcome and is a more rapidly progressing version of the disease which is more likely to
result in gait disturbances such as freezing of gait (FOG) and falls (Royal Dutch Society for Physical
Therapy 2006).
Loss of dopamine production in the brain is the primary cause of the motor symptoms associated
with PD. In particular the degeneration of the dopaminergic neurons of the substantia nigra cause
deficiencies in the nigrostriatal pathways and are thought to be responsible for the more classical
clinical features associated with PD. However, the extensive neurochemical pathways affected in PD
means the disease can culminate in a wide variety of motor and non-motor symptoms (Donaldson,
Marsden et al. 2012).

Prevalence of PD
PD affects both men and women and is found in all ethnic groups (Caglar, Gurses et al. 2005; Royal
Dutch Society for Physical Therapy 2006; Donaldson, Marsden et al. 2012). Older European studies of
large population samples of those over the age of 65 years using door to door and survey design
have estimated the prevalence as 1∙6 (per 100 population )(de Rijk, Tzourio et al. 1997). The most
recent systematic survey of prevalence in New Zealand, found an overall prevalence of 1% in those
aged over 65 (Caradoc-Davies, Weatherall et al. 1992). It is rare before the age of 40 years and risk of
developing PD increases with age (Donaldson, Marsden et al. 2012). Rates of PD are predicted to
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increase substantially with a conservative estimated rate of approximately 9 million people
diagnosed with PD in the world’s most populous nations by 2030 (Dorsey, Constantinescu et al.
2007).
Figure 1 Hoehn and Yahr Scale of Disease Progression in Parkinson's Disease
Reproduced with permission (2013) (Jones, Rochester et al.. 2005)

The triangle represents the progressive nature of PD. The slope of
decline indicates an increasing occurrence of gait and balance
problems.

I

Unilateral disease;

II

Bilateral disease, without impairment of balance;

III

Mild to moderate bilateral disease, some postural
instability, physically independent;

IV

Severe disability; still able to walk or stand unassisted;

V

Wheelchair bound or bedridden unless aided.

3

Management of PD
The medical management of the motor impairments of PD is by medication. Levodopa, in
conjunction with peripheral decarboxylase inhibitors, is generally considered the first choice for
symptom management in PD, followed by dopamine agonists. Both medications aim to supplement
for lost dopamine or enhance for deficient dopamine production (National Collaborating Centre for
Chronic Conditions 2006). Whilst levodopa initially offers sustained and significant benefits in
symptom management, as the disease progresses patients begin to experience fluctuations in their
response to the drug. In general, medication efficacy declines and patients require higher doses to
achieve control of symptoms. This is accompanied by motor fluctuation which can be described as a
‘wearing off effect’ of medication more quickly than expected and, in general, less adequate
symptom control. A period of optimal symptom control from levodopa is described as an ‘on’ period.
A period of poor symptom control (or no symptom control) in which medication is at a low level (or
medication effects are not perceptible) is called an ‘off’ period. In general, patients experience
optimal mobility and function during ‘on’ periods. Later disease stages are characterised by poor
motor control despite optimal medication, shortened ‘on periods’ and more motor fluctuations in
general (Donaldson, Marsden et al. 2012).
Exercise therapy and physiotherapy are used in conjunction with medication for the management of
motor symptoms in PD (Donaldson, Marsden et al. 2012). Strong evidence is emerging that various
types of exercise are effective in managing some particular motor symptoms of PD. However, this
evidence only supports short-term improvements and the evidence on the long-term effects of
exercise-based therapies in PD is lacking. (Keus, Hendriks et al. 2004; Royal Dutch Society for
Physical Therapy 2006; Keus, Bloem et al. 2007; Goodwin, Richards et al. 2008; Keus, Munneke et al.
2009; Tomlinson, Patel et al. 2012).

Freezing of Gait
Gait disorders are typically associated with disease progression in PD. A particular gait disorder of PD
is freezing of gait (FOG). It is common in PD and eventually affects about half of those with the
disease. The prevalence of FOG increases with disease severity and in association with levodopa
exposure (Vernooij-Dassen, Leatherman et al. 2011). A colloquial description of FOG is “a feeling of
feet being glued to the floor” (Jones, Rochester et al. 2005; Giladi and Nieuwboer 2008; Jones,
Rochester et al. 2008). However in 2008, Giladi and Nieuwbower proposed the following more
specific definition of FOG.
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An episodic inability (lasting seconds) to generate effective stepping in the absence of any
known cause other than parkinsonism or high-level gait disorders. It is most commonly
experienced during turning and step initiation but also when faced with spatial
constraint, stress, and distraction. Focused attention and external stimuli (cues) can
overcome the episode. (p. S424)

Emerging evidence suggests FOG is related to specific impairments of gait, cognitive deficits, and
impairments of perception. It is more prominent in the later disease stages where symptom severity
increases and drug efficacy is reduced. FOG is also strongly associated with risk of falling (Giladi,
McDermott et al. 2001; Iansek, Huxham et al. 2006; Plotnik, Giladi et al. 2008; Almeida and Lebold
2010; Naismith, Shine et al. 2010; Spildooren, Vercruysse et al. 2010; Vandenbossche, Deroost et al.
2011; Vercruysse, Devos et al. 2012; Vercruysse, Spildooren et al. 2012).
Development of FOG and Relationship to Levodopa
Early accounts of PD do not specifically describe FOG, although frequency of stepping or ‘festination’
is mentioned. However over the last 50 years, increasing attention on FOG by clinicians and
researchers has led to a better understanding of this complex phenomenon. As indicated above,
initial observations of FOG symptoms noted increased prevalence and severity with disease duration
and, in turn, prolonged levodopa exposure. This association lead some authors and clinicians to
suggest that FOG was a side effect, or consequence, of long term levodopa therapy (Giladi,
McDermott et al. 2001).
An important body of work about FOG is by Giladi and colleagues (e.g. Giladi, McDermott et al.
2001). These researchers attempted to ‘characterise the natural course of FOG in the early stages of
PD’ (p. 1713) using data from the DATATOP trial, a large multi-centre, randomized, double-blind
placebo-controlled clinical drug trial with prolonged follow up. Participants with PD and with only
mild parkinsonian symptoms who had not had (or had only minimal) levodopa exposure were
observed. The study examined variables associated with FOG at study entry and with the
development of FOG during the course of the study. Using a Cox proportional hazards model, the
authors evaluated the risk of developing FOG with time, described in terms of a hazard ratio.
At baseline, 7.1% of participants had FOG. A further 26% of the remaining participants developed
FOG by the end of the follow up period, a variable time frame that was two months after withdrawal
of experimental medication. FOG was present in some untreated (levodopa naïve) patients and
development of FOG was associated with disease progression and a general worsening of specific
impairments (in particular gait, balance and speech impairments) rather than levodopa use. Gait
impairments, in particular, were highly associated with the development of FOG (hazards ratio >3).
Balance was a less important association, and the authors suggest the pathophysiology for those
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with abnormal postural reflexes and postural instability may be different from those with early gait
impairments. The authors found no association between FOG and bradykinesia/hypokinesia as
measured by the Unified Parkinson’s Disease Rating Scale (UPDRS). This lack of an association
between bradykinesia/hypokinesia and the strong correlation with early gait disturbances suggests
that FOG may indicate an independent ‘phenotype’ of PD (Bloem, Hausdorff et al. 2004; Morris,
Iansek et al. 2008). The most important finding of this study was that disease severity, and perhaps
disease ‘phenotype’, rather than disease duration, is the primary influence on the development of
FOG.
In a non-experimental study of 19 participants with PD, Schaafsma et al.. (2003) showed that
levodopa significantly reduced FOG episodes and severity (length of freeze) in participants who
experienced off-state FOG. However they noted that the nature and triggers of a freezing episode for
each participant, such as turn hesitations, start hesitations, hesitations when passing through
doorway, and hesitation associated with reaching a destination, were not influenced by levodopa.
They hypothesised that levodopa therefore merely mediates the threshold in which FOG occurs and
that this threshold is highly variable and unique for each individual.
Pathogenesis of FOG - Theories
FOG is not fully understood. A number of evolving, complementary and, in some cases, competing
theories on the pathogenesis of FOG exist and are discussed in the sections below (Iansek, Huxham
et al. 2006; Almeida and Lebold 2010; Naismith, Shine et al. 2010; Spildooren, Vercruysse et al. 2010;
Vandenbossche, Deroost et al. 2011; Plotnik, Giladi et al. 2012; Vercruysse, Devos et al. 2012;
Vercruysse, Spildooren et al. 2012).
The Sequence Effect – the relationship of step amplitude and stepping frequency
The ‘sequence effect’ is a popular theory that emphasises the influence of specific gait impairments.
This theory considers that FOG is a consequence of the interaction between two specific gait
impairments: step amplitude (size) and stepping frequency (rate). Iansek et al. (2006) suggests the
possible patho-physiological framework for the ‘sequence effect’ is a ‘mismatch between cortically
selected step size and that maintained by the basal ganglia’ (p. 1420). The result of this mismatch is
festination, an involuntary shortening and hastening of stepping, which precedes a freezing episode
(Iansek, Huxham et al. 2006; Morris, Iansek et al. 2008; Snijders, Bakker et al. 2008). Iansek and his
colleagues investigated the ‘sequence effect’ in a non-experimental study of ten participants with
clinically observed FOG or festination in four conditions: (1) off levodopa, (2) off levodopa with
attentional strategies, (3) off levodopa with visual cues and (4) on levodopa. They found that all
interventions (attentional strategies, visual cues and levodopa) improved step amplitude and general
gait hypokinesia, but only visual cues effectively eliminated the ‘sequence effect’ of gait hypokinesia
progressing to festination and freezing. These results suggest that FOG is an inevitable consequence
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of the ‘sequence effect’ when a background of gait hypokinesia exists. The authors hypothesise that
FOG should not occur if festination is absent and that therapies aiming to address FOG should target
stride length impairment, a modifiable contributor to the ‘sequence effect’. This therapeutic
approach, they argue, would reduce the frequency of FOG by increasing the threshold at which
festination, and inevitably FOG, occurs.
To test the ‘sequence effect’ hypothesis, Chee et al. (2007) superimposed a forced walking condition
of reduced step length in people with PD and FOG (N=16), others with PD but without FOG (N=10)
and healthy controls (N=10). Only participants with FOG, and not the other two groups, had an
increase in freezing episodes when step length was reduced by 50% and by 75% of normalised step
length. Additionally, freezing, in the FOG group, was reduced when step length was augmented from
their preferred stride length. The findings provide supportive evidence that, in a laboratory setting,
FOG is related to a ‘sequence effect’ that occurs with reducing step length and increasing step
frequency. It also demonstrates that FOG and the ‘sequence effect’ cannot be provoked by altering
gait parameters in those who do not already experience FOG.
One study found FOG was not strongly associated with gait scores or bradykinesia/hypokinesia, as
measured by the UPDRS (Bartels, Balash et al. 2003). Although the authors found that FOG improved
with levodopa in the on state, this improvement was not strongly correlated to the UPDRS scores for
bradykinesia/hypokinesia, balance and gait. They did however find strong associations between FOG
and upper body tremor and a moderate correlation with speech, general motor function and
activities of daily living (ADL) performance. A weakness of this study was the use of the terms
bradykinesia and hypokinesia interchangeably, which could explain the apparent conflicting results
from the previous study which did find an association between gait hypokinesia and FOG. In 1998,
van Hilten et al. argued for more precise definitions of bradykinesia and hypokinesia because they
noted that whilst bradykinesia (slowness of movement) is present in less severe PD, hypokinesia
(smallness of movement) is prominent only in the more severely affected. A better distinction
between the two motor impairments, which Bartels et al.’s study did not take account of, may have
allowed for identification of a relationship between gait hypokinesia and FOG, and a potential
relationship to the ‘sequence effect’ (van Hilten, van Eerd et al. 1998).
Vercruysse et al. (2012) explored upper limb freezing and its potential relationship to the effectors of
the ‘sequence effect’, amplitude and frequency. Upper limb freezing, they describe as motor blocks
associated with arm and hand movements activities such as handwriting and finger tapping. In their
small study of PD patients with freezing (n=11) and without freezing (n=12), they found that if small
amplitude upper limb movements were imposed during bilateral upper limb tasks, upper limb
freezing occurred more frequently in those with FOG. They also found that, similar to FOG, freezing
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in upper limb movements was associated with high-frequency movements. Their results, they
suggest, indicate that freezing could be a ‘generic’ motor problem stemming from an impairment of
movement amplitude and frequency control.
Finally, Iansek et al. (2006) offer an explanation for the paradoxical clinical observation that levodopa
can improve FOG in some patients but exacerbate it in others. They describe this as the ‘dualcausation’ hypothesis. They suggest that levodopa can successfully improve background gait
hypokinesia , potentially negating the ‘sequence effect’ in some patients. However levodopa can also
negatively influence cognition and attention span, particularly for those in later disease stages. This
‘dual cause’ reflects the positive effect of medication on gait hypokinesia, but negative effect on
cognition which may make utilisation of attentional strategies to compensate for deficient internally
generated motor control difficult or impossible.
The results of these studies support the concept of a ‘sequence effect’ whereby background gait
hypokinesia (small step length/amplitude) reaches a threshold which initiates an increased frequency
of stepping, festination and eventually freezing. However, the ‘sequence effect’ alone does not fully
explain FOG or how other gait and non-motor impairments may influence its manifestation.
Gait Asymmetry, Stride-to-Stride Variability and Bilateral Coordination of Stepping
FOG may also be related to gait asymmetry. In a study by Hausdorff et al. (2003), gait differences
between PD participants with and without FOG were compared using a standardised gait assessment
tool of shoe sensors worn by participants combined with videotaping of their gait. Thirty-two
participants were assessed over an 80 metre walkway. The walkway course included standing up
from a chair, walking 20 metre straight stretches on level ground, and turns. The two assessment
methods were synchronized for analysis and only stretches of walking without FOG were analysed.
Whilst stride time, stepping pace or rate, was comparable between those with and without FOG, the
researchers observed a significant difference in stride-to-stride variability, indicating that those with
FOG had more difficulty maintaining a stable, symmetrical gait rhythm than those without. This
stride-to-stride variability was even more prominent in un-medicated ‘off’ states. Furthermore a
strong association was found with stride-to-stride variability and the number of freezing episodes
experienced (r=0.50, P=0.004). Similarly, Plotnik et al. (2008) tested the concept that FOG is
associated with bilateral coordination of stepping. Bilateral coordination of stepping, the authors
explain, is the ‘degree of which the rhythmic process of stepping in one leg is coordinated with the
rhythmic process of stepping of the other’ (p. 2004) Their hypothesis stemmed from the observation
that the most common triggers of FOG (turning and step initiation) require a high degree of bilateral
lower limb coordination. In accordance with the Hausdorff and colleagues study described above
(2003), this study also compared persons with PD and FOG to those without FOG in the ‘on’ and ‘off’
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state of levodopa medication. They found that during the off state, those with FOG had poorer
bilateral coordination of stepping.

This, they suggest, is not simply the result of the typical

hypokinetic gait seen in most persons with PD, highlighting the lack of correlation of bilateral limb
coordination impairment with other motor or gait impairments. They further argue that this suggests
a more centrally generated problem of right/left limb coordination consistent with basal ganglia
impairments found in other studies of motor impairments in PD. Results of both studies indicate that
those with FOG have impairments of gait symmetry that, although moderated by levodopa, are
consistently present. Furthermore it suggests gait hypokinesia alone cannot account for FOG
incidence and severity. Control of rhythm, as demonstrated by stride-to stride variability and bilateral
coordination of stepping, may also be an important factor in the development of FOG.
Another study aimed to determine if gait asymmetry or gait coordination could predict freezing and
whether gait asymmetry was affected when step length was controlled (Danoudis, Iansek et al.
2012). In line with the studies above, the authors assessed gait in PD participants with FOG, without
FOG and healthy controls using standardised gait assessment tools. They found that gait asymmetry
and gait coordination worsened in all groups with imposed shorter step lengths and that asymmetry
and coordination of gait did not predict freezing. The authors acknowledge short comings in their
study in that gait was not measured in situations where gait asymmetry may be more influential,
such as turning and gait initiation. However, they suggest that from their evidence the role of gait
asymmetry and gait coordination on the development of FOG is inconclusive and future studies on
the relationship of gait asymmetry and FOG in PD should control for step length.
Cognition and Attention
Cognitive impairment and dementia in PD is common and increases in prevalence with disease
symptom severity (Aarsland, Andersen et al. 2001). FOG prevalence also increases with disease
progression, and these two elements of PD could be causally linked. Several authors have attempted
to explain this connection. A study by Vandenbossche et al. (2011) explored the impact of
frontostriatal pathway disruption on gait in PD. They performed general motor and cognitive
assessments on 32 participants: 11 with PD and FOG, 11 with PD but no FOG, and 10 healthy
controls. They also assessed participants’ executive function and attention span using the Attention
Network test, a ‘choice reaction tie test developed to reliably test the efficiency of 3 attentional
networks’ (p.2). All assessments were carried out on and off levodopa medication. Results
demonstrated a significant positive association between FOG and executive control of conflict
resolution, a specific aspect of cognition (F (2,28) = 5.41, p = 0.01). However, other aspects of
executive function, such as abstract problem solving and mental flexibility, were not associated with
FOG. Conflict resolution is explained as ‘inhibition of unwanted responses and impaired response
selection’ (p. 1) and relies heavily on basal ganglia-prefrontal functioning. It is a specific component
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of executive function and attention span. The authors found conflict resolution was impaired in both
the ‘on’ and ‘off’ states of levodopa medication in those with FOG. If FOG is strongly related to
conflict resolution, as the authors suggest, this, in conjunction with the earlier mentioned ‘dual
causation hypothesis’ (pg 6) by Iansek and colleagues, may explain why FOG can be resistant to
increases in levodopa medication (Iansek, Huxham et al. 2006).
Perception
Perceptual impairment may also be related to FOG in PD. In a novel study (Almeida and Lebold 2010),
progressively narrowed doorways were used to study the impact of space perception on FOG
incidence and severity. Participants with PD with FOG (n=15), PD without FOG (n=16), and healthy
controls (n=16) were assessed using a standardised gait assessment tool whilst walking through three
different doorway widths; normal, narrow and wide. Step length was most affected by the narrow
doorway in those with FOG. Only those with FOG had a variation in step length relative to doorway
size. Those with PD but without FOG demonstrated a consistently reduced step length, compared to
controls, but this was regardless of doorway size. The FOG group also had an increase in within-trial
variability for step length and step duration, and these also increased as doorway width decreased.
The authors suggest the results support the concept that those with FOG are more severely affected
by perceptual impairments than those without FOG, and perceptual impairment may contribute to
the pathogenesis of FOG
Multiple Impairments and Associated Triggers
FOG may be related to a combination of factors. Plotnik and colleagues (2012) propose a unified
patho-physiology of FOG. In their synthesis of the above theories, they propose that the gait
impairments associated with FOG of step size, gait symmetry, and rhythm control, occur in
conjunction with other deficits not specific to gait: cognition, attention, perception and postural
stability. They hypothesise that the non-gait impairments of cognition, attention and perception act
as ‘triggers’ which drive background gait impairments of step length, step frequency and step
asymmetry towards a freezing episode via the ‘sequence effect’. This mechanism of understanding
FOG also suggests how effective interventions might be designed, for example by specifically
targeting cognition, attention and perceptual impairments, rather than gait alone.
In summary, FOG is a complex and specific gait problem seen in a significant portion of patients with
PD. Although there are many theories of the pathogenesis of FOG in PD, a recent synthesis suggests
that the mechanism underlying the phenomenon of FOG is a combination of these theories, in which
multiple gait impairments exist along with other motor and non-motor deficits, which drive impaired
gait towards a freezing threshold in certain individuals with PD. These theories, supported by nonexperimental studies, suggest that the management of FOG should not only focus on methods to
improve specific gait impairments of stride length, frequency of stepping and gait asymmetry, but to
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also address non-motor ‘triggers’ which influence attention, cognition and perception. Further
discussion on the physiotherapy management of FOG, including the use of cues, is discussed in
Chapter 2.
Assessing FOG
Assessment of FOG is difficult (Snijders, Bakker et al. 2008; Paul, Canning et al. 2013). The
phenomena of ‘kinesia paradoxa’, in which the increased stimulation and excitement of a clinical
environment can ‘cue’ a patient with FOG to temporarily suppress the freezing, is common. Clinical
gait assessments performed in a formal laboratory environment may also increase concentration,
which can enhance gait by improving background gait parameters that could elicit a ‘sequence effect’
and FOG. Those with FOG may also be unaware that they actually have FOG, and that their sudden
inabilities to walk or move are what a clinician may describe as FOG. A number of authors have
suggested ways of identifying and assessing FOG (Keus, Hendriks et al. 2004; Snijders, Bakker et al.
2008; Nieuwboer, Rochester et al. 2009). Hints from clinical history include: asking patients if they
experience the sensation of feet being ‘glued to the floor’, providing a demonstration of what FOG
looks like, and identifying reports of unexplained falls which may indicate that a patient is
experiencing FOG, particularly if these falls are associated with increased demands on attention or
challenges to visual spatial perception. Clinical gait assessments which require turning or moving
through narrow spaces, or gait assessments with a dual task are more likely than simple timed gait
assessment to provoke a freezing episode which can be observed. Assessments performed in the
home environment, instead of a clinic or laboratory, are also more likely to provoke an observable
freezing episode. If freezing is observed during an assessment, recording frequency of freezing
episodes, duration of freezes and noting any background gait characteristics, is useful. A video
recording of freezing episodes is also helpful. However measurements based on clinical assessments
are difficult because of the general unpredictable nature of FOG and the influence of levodopa on
FOG at time of assessment. Also, the subjective experiences of FOG, activity limitations and
associated disability are not easily captured by standard clinical objective assessments(Keus,
Hendriks et al. 2004; Snijders, Bakker et al. 2008). The New Freezing of Gait questionnaire (NFOGQ),
however, is a validated and reliable, quantifiable measurement of the subjective experience of FOG
for use in the clinical and research setting (Snijders, Bakker et al. 2008; Nieuwboer, Rochester et al.
2009; Paul, Canning et al. 2013).

Falls in Parkinson’s Disease
Predicting and Assessing Falls Risk in PD
Prospective studies of persons with PD show the high risk and rate of falls for this condition. In a
study reported by Bloem and colleagues of 59 patients with PD and 55 healthy matched controls,
50.8% fell, compared with only 14.5% of controls during a six month period. Recurrent falls in those
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with PD were also common (25.4%). The authors found that the best predictors of future falls in PD
were a combination of a prior history of falling, disease severity (as measured by the Hoehn and Yahr
Scale) and balance (as measured by the Romberg test). Other commonly used measurement of
balance or mobility, such as the retropulsion test or Tinetti Mobility Index, did not predict falls.
Bloem and colleagues also investigated the nature of falls in their study. They found that 70% of falls
in PD patients were reported as ‘intrinsic’ and related to personal mobility (such as FOG) or balance
factors, whilst falls in controls were mainly ‘extrinsic’ and attributable to environmental factors.
Freezing was specifically identified as a cause for falling in six of the PD patients (Bloem, Grimbergen
et al. 2001) .
A similar study found even higher rates of falling (Wood, Biclough et al. 2002). One hundred and nine
patients with PD completed multidisciplinary assessments and were followed for one year. The
authors found that a history of falling (OR 4.0, 95% CI 1.3 to 12.1), loss of arm swing (OR 4.3, 95% CI
1.3 to 13.7), disease duration (OR 1.3, 95% CI 1.1 to 1.6) and presence of dementia (OR 6.7, 95% CI
1.1 to 42.5) were the best predictors of falls when comparing PD patients with falls versus PD
patients without falls. This study captured an older client group (average age 74.7 years) when
compared to Bloem (60.8 years) and could be considered to be more reflective of a typical sample of
community dwelling persons with PD. FOG was not identified as a risk factor for falling in this study,
however another cross-sectional study of fallers and non-fallers with PD found that there was a
particular “risk factor profile” for PD which included longer disease duration, higher disease severity,
frequent dyskinesia and FOG (Robinson, Dennison et al. 2005). Furthermore, Ashburn and colleagues,
(2008) when reviewing falls diaries of 135 PD patients found that 16% of falls reported were
attributable to FOG.
Pickering and colleagues (2007) completed a meta-analysis of the above studies and three other
prospective studies of falling in PD patients (n=473). They found a fall rate for PD of 46% over a three
month period. Furthermore, they found that 21% of those with PD and no history of falling fell within
a three month period. Their results found that falls risk in PD tends to rise with higher UPDRS scores
up to a moderate impairment level, after which fall risk remains stable or decreases due to eventual
immobility. The authors note that this inverse relationship of fall risk and disease severity in PD
means that immobility in the very late disease stages may result in the greatest risk of falling in the
middle disease stages, where gait impairments are significant but independent mobility remains.
They suggest the only reliable predictor of falls in those with PD is a history of two or more falls, with
a sensitivity of 68% and specificity of 81%.
Finally, a more recent study aimed to identify simple clinical tests to accurately predict falling in PD
(Paul, Canning et al. 2013). Several potential variables (falling history, disease severity, muscle
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strength, cognition, mobility, balance, FOG and fear of falling) were evaluated for 205 participants
with PD over a six month period. The authors found that three variables (falling in the previous year,
FOG in the past month, and a slow gait speed of <1.1 metres per second) combined as a clinical tool
were predictive of future falls (AUC, 0.80; 95% CI, 0.73 to 0.86). In particular, history of falling in the
last year (OR 5.80; 95% CI, 3.00 to 11.22) and FOG (OR 2.39; 95% CI, 1.19 to 4.80) were the best
predictors of future falls.
Economic and Social Consequences of Falls in PD
Falling is a common reason for admission to long-term nursing home care following an acute hospital
admission. In a retrospective study of hospital emergency department admission records,
researchers looked at the most common reason for emergency admission in those with a confirmed
diagnosis of idiopathic PD (Woodford and Walker 2005). The most common reason for admission for
those with PD was for a fall (14%), followed by pneumonia (11%) and urinary tract infection (9%).
Reduced mobility (8%) and fractures (6%) were also a common reason for admission, both of these
may have been a result of a fall. The authors also found a fall was the most common admission
reason associated with transfer from home living (or residential care living) to a nursing home on
discharge from acute inpatient care.
Findley (2007) examined the economic consequences of inpatient care for PD. In a narrative review
paper, Findley provided an analysis of the cost of PD and attempted to estimate the total economic
burden of PD in the United Kingdom. Citing the relatively few studies available that evaluate the
specific economic burden of PD, Findley noted the evidence indicates that the cost of PD to health
services increases as the disease progresses, with the largest component of cost associated with
inpatient hospital and nursing home care. Importantly, the main financial burden of PD is not related
to medical management of the disease and medication cost, but more specifically to the progressing
level of impairment and disability experienced with disease progression which in turn leads to higher
rates of residential and hospital level care. With falls identified as the most common reason for
hospital admission and eventual transition to long term nursing home care, it is easy to understand
the financial impact that falling in PD has on a publicly funded healthcare system, such as in New
Zealand.
Relationship between FOG and Falls
As identified above, FOG has been identified as a risk factor for falling in PD (Robinson, Dennison et
al. 2005; Ashburn, Stack et al. 2008). In a comprehensive research review, Bloem and colleagues
noted that both falls and FOG are episodic in nature and have potential for significant impact on
quality of life in PD (Bloem, Hausdorff et al. 2004). Similarly, falls and FOG are generally considered
to be late disease stage problems. The authors point out that the impact of progressing FOG severity
relates directly to increasing falls and in turn, the associated impact on further healthcare concerns
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(such as injuries) and social concerns (such as increasing dependence on others). The total clinical
impact of FOG and falls is, they argue, a snowballing use of health and social resources.

Summary
The pathogenesis of FOG is unclear and it is a difficult clinical problem to manage. FOG is a risk factor
for falling and like falling increases with disease severity. The economic and social impact of falls in
PD is high. Falling risk factor management and physiotherapy interventions for falls are discussed in
Chapter 2.
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Chapter 2: Physiotherapy and Exercise Therapy for Parkinson’s
disease
Introduction
Even with optimal medication management, motor and non-motor impairments of PD worsen with
time, contributing significantly to activity and participation restrictions. Physiotherapy is increasingly
advocated as an adjunct to medical management of PD. The first clear framework and rationale for
physiotherapy intervention in PD was described in 2000 (Morris 2000). Since then physiotherapy
management of PD has steadily evolved and developed an even stronger theoretical foundation and
evidence base (Keus, Munneke et al. 2009).

Evidence base and guidelines for physiotherapeutic management of PD
Evidence for physiotherapeutic and exercise based therapies for symptomatic management of PD is
growing (Keus, Bloem et al. 2007; Kwakkel, de Goede et al. 2007; Allen, Sherrington et al. 2012). In
2006 a comprehensive guideline for the physiotherapy management of PD was published (Royal
Dutch Society for Physical Therapy 2006). These guidelines have been expanded upon, disseminated,
and enhanced by the work of other key contributors in the field of movement therapy for PD,
providing physiotherapists with specific evidence based treatments for PD (Morris, Martin et al.
2010).
Recommendations for effective physiotherapy interventions for PD
Identification of disease severity and key motor impairments and functional consequences were
highlighted by the Royal Dutch Society as core strategies that underpin physiotherapy management
of PD. Four specific evidence-based therapeutic strategies were recommended (Royal Dutch Society
for Physical Therapy 2006):
1. Cueing strategies to improve gait
2. Cognitive movement strategies to improve transfers
3. Exercises to improve balance
4. Training of joint mobility power to improve physical capacity
Morris and colleagues also recommend specific therapeutic strategies to manage gait disorders in PD
(Morris, Martin et al. 2010) and like the Dutch guidelines, they recommend that treatment selection
is based on disease stage and severity. Three strategies recommended by Morris are:
1. Movement strategy training (MST): MST uses internal (self-generated) and external cues to
improve step size, step frequency and step cadence (timing of stepping). MST is the same
concept as the cognitive movement strategies recommended by the Dutch guidelines.
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2.

Management of the musculoskeletal ‘sequelae’ - the loss of range of movement and
strength and reduced physical capacity that accompanies the progression of PD. Specifically
a. Exercises to improve/maintain spinal flexibility
b. Exercises to improve/maintain muscle power and joint range of motion

3. Vigorous physical exercise as a strategy to maintain and promote physical activity levels and
potentially prevent falls. They note emerging evidence of the potential neuroprotective
effect of high intensity exercise and the theoretical implication that this may enhance gait,
movement and falls in persons with PD. This evidence is however tempered by the authors
noting that the evidence for fall prevention in PD is lacking and they also recommend
education on environmental hazards as a possible strategy for falls risk reduction.
More specific recommendations from research have also been made about the amount of exercise,
components of exercises, and optimum amount of exercise supervision needed for effective
physiotherapy interventions for PD. A review of balance outcome measurements, noted that studies
varied highly in frequency, duration and dose of exercise interventions (Dibble, Addison et al. 2009).
Another review of trials of exercise interventions for PD found that most were highly supervised,
brief, and conducted at a facility instead of participants’ homes (Allen, Sherrington et al. 2012). A
very recent Cochrane review (Tomlinson, Patel et al. 2012) found that despite the variation of
exercise programmes for PD in published research, there is little evidence to suggest that particular
forms or amounts of exercise result in important differences in outcomes. In particular, evidence
suggests that gait parameters of speed and distance improve slightly with physiotherapy when
compared to no therapy, but step cadence and step length do not. The Cochrane review also found
no difference in rate of falls with physiotherapy intervention when compared with no intervention.
The authors point out that although evidence quality for physiotherapy in PD is improving and
improvements in clinician rated motor impairments may have some positive effect on activities of
daily living, there is as yet no evidence that improvements in motor impairments lead to
improvements in patient related quality of life or a reduction in overall healthcare cost.
Cueing for Parkinson’s disease
What is Cueing?
A cue is a stimulus that can be external, from the environment, or internal, generated by the person.
Cues are used to enhance attention to a particular motor activity, such as gait. They can be visual,
auditory or tactile. Internal ‘self-generated’ cues are mental strategies. An example of an internal cue
would be for a person to think ‘take a big step’ whilst walking in order to reduce their gait
hypokinesia. External cues provided by the environment could be a visual stimulus, such as lines on
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the floor to step over; or an auditory stimulus, such as a metronome dictating a stepping frequency
(Jones, Rochester et al. 2005; Lim, Wegen et al. 2005; Nieuwboer, Kwakkel et al. 2007; Morris, Iansek
et al. 2008; Nieuwboer, Rochester et al. 2008; Morris, Martin et al. 2010). Movement strategy
training, as described by Morris, or cognitive movement strategies, are also types of cueing therapy.
These strategies break down difficult functional tasks using a series of cues (instructions) to facilitate
explicit conscious control over discrete movement components of what would normally be an
automatic functional movement task, such as getting into bed. (Royal Dutch Society for Physical
Therapy 2006; Morris, Martin et al. 2010).
Cueing has a substantial evidence base as a physiotherapy treatment for PD (Jones, Rochester et al.
2005; Lim, Wegen et al. 2005; Royal Dutch Society for Physical Therapy 2006; Willems, Nieuwboer et
al. 2006; Nieuwboer, Kwakkel et al. 2007; Willems, Nieuwboer et al. 2007; Nieuwboer 2008;
Tomlinson, Patel et al. 2012). In particular, rhythmical auditory cueing (RAC) using an external pacing
device, such as a metronome, has been used successfully for the on-going facilitation gait in people
with PD (Jones, Rochester et al. 2005; Lim, Wegen et al. 2005; Nieuwboer, Kwakkel et al. 2007).
A systematic review of 24 studies on RAC for gait in patients with PD found strong evidence that it
enhances walking speed in PD and some evidence that it improves stride length. The authors noted
that most of the studies identified were conducted in a laboratory stetting and focussed on the
instant effects of RAC rather than on long-term improvements in gait or function (Lim, Wegen et al.
2005).
The RESCUE trial, a large multi-centred single-blind randomised crossover clinical trial involving 153
participants allocated to early (n=76) or late (n=77) group, investigated the effects of RAC when
delivered in the home setting by physiotherapists of three sessions per week over a three week
period. Participants showed improvements in gait speed of 5 cm per second (p=0.005, CI not
reported) and in an increased step length of 4 cm (p<0.001, CI not reported). There were no changes
in measurements of balance with cueing. Severity of freezing, as measured by the original Freezing of
Gait Questionnaire, was not significantly affected by cueing, with median scores at study entry for
both early and late intervention groups (8/24) demonstrating little or no change at study end (7 for
early group, 8 for late group). However, when looking at a subgroup analysis of ‘freezers’ (n=63,
those with FOG ≥1 per week), the authors found a reduction in Freezing of Gait Questionnaire scores,
-1.33 (SE 0.48, p=0.007). The improvements in gait speed, step length and FOG reported at the first
follow up (immediately post intervention), all steadily declined during the remaining follow-up
periods (6 and 12 weeks post intervention), consistent with a rapid ‘wearing off’ of treatment effects.
From their results, the authors presented several arguments for further research into RAC being
required. In particular they argued for the effects of RAC to be investigated over longer periods of
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time and for researchers and clinicians to investigate methods for RAC to be utilised as a permanent
tool to improve gait in those with PD. That is, that it should be integrated into an on-going
management plan, rather than used as a ‘one off’ treatment. They also propose further reflection on
interpretation of similar research results on rehabilitation outcomes for people with PD. They note
that “what actually constitutes clinically relevant results in rehabilitation of a chronic degenerative
disorder is still unclear.” P. 139 (Nieuwboer, Kwakkel et al. 2007). Indicating that it is a challenge to
accurately measure meaningful rehabilitation outcomes in a complex neurological disorder that with
time, will inevitably worsen.
A meta-analysis of 25 studies of both auditory and visual cueing strategies for improving gait PD
analysed a combined total of 718 participants and found auditory cueing to be superior to visual
cueing (Spaulding, Barber et al. 2013). The authors found that whilst visual cueing could significantly
improve stride length in persons with PD (Hedge standardised effect of g = 0.554; 95% CI 0.072 to
1.036), auditory cueing was demonstrated to significantly improve not only stride length (Hedge g =
0.497, 95% CI, .289 to 0.696), but also stepping frequency (Hedge g = 0.556; 95% CI, 0.291 to 0.893)
and gait velocity (Hedge g = 0.544; 95% CI, 0.294 to 0.795).
Hypothetical mechanism for cueing in PD
Neuronal death in the substantia nigra area of the brainstem results in loss of dopamine transmission
to the basal ganglia in PD. The result is a disruption of numerous neural pathways, including
autonomic pathways, which maintain subconscious (automatic) gait parameters during walking
activities and other learned movements. In particular, the pathways between the supplementary
motor areas and the medial basal ganglia are hypoactive in PD. The use of cues has been
hypothesized to bypass this impairment by enhanced utilization of the parietal, thalamus and
premotor areas. In addition to this, there may also be an enhanced regulating effect via the
cerebellum and increased joint and muscle proprioception stimulating spinal pattern generators to
enhance overall movement and gait quality. (See Figure 2) (Jones, Rochester et al. 2005; Rochester,
Nieuwboer et al. 2007; Nieuwboer, Rochester et al. 2008).
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Figure 2 Hypothetical Mechanism for Cueing. Reprinted with permission (2013). (Jones, Rochester et al. 2005)

Physiotherapy interventions for FOG
Specific recommendations for treating FOG have been proposed by several authors (Giladi and
Nieuwboer 2008; Morris, Iansek et al. 2008; Morris, Martin et al. 2010; Vandenbossche, Deroost et
al. 2011; Plotnik, Giladi et al. 2012). These authors recommend strategies that can potentially
influence the putative ‘sequence effect’ by improving back ground gait impairments of step size and
step frequency (Royal Dutch Society for Physical Therapy 2006; Nieuwboer, Rochester et al. 2008;
Morris, Martin et al. 2010; Plotnik, Giladi et al. 2012). For example, Plotnik and colleagues suggest
three specific approaches for improving FOG:
1. To use exercises and cueing strategies that aim to improve step length and rhythm control
and to reduce asymmetry.
2. To teach self-identification of FOG triggers and the utilisation of strategies to deal with or
avoid these triggers.
3. To teach ‘rescue’ strategies to overcome FOG when it occurs.
Cueing has been recommended by many authors as an essential theoretically based and evidencebased component to any movement therapy programme aimed at addressing FOG (Royal Dutch
Society for Physical Therapy 2006; Giladi and Nieuwboer 2008; Nieuwboer, Rochester et al. 2008;
Morris, Martin et al. 2010; Plotnik, Giladi et al. 2012; Spaulding, Barber et al. 2013) .
Cues to address FOG
RAC is normally delivered via a metronome, or a similar device (such as a personal music player). A
rhythmical auditory cue (beeping noise) set as a specific frequency of beats per minute (BPM) is
delivered by the metronome. The metronome continuously and consistently delivers the cue
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(repeated rhythmical beeping) until the device is switched off. This cue is used to dictate a stepping
frequency to the PD patient with FOG. Guidelines for managing FOG symptoms with RAC suggest the
frequency selected by the physiotherapist should be approximately 10% below the patient’s
preferred stepping rate in an effort to reduce stepping frequency. A slower stepping frequency in
turn can lead to increased step size. (Jones, Rochester et al. 2005; Willems, Nieuwboer et al. 2006;
Nieuwboer 2008; Nieuwboer, Rochester et al. 2008). Additional verbal cues or instructions delivered
by the physiotherapist to ‘take a large step to each beat’ enhance the effect of the metronome and
can further increase step size. Continued use of the metronome during gait also helps to increase
attention towards maintaining an efficient gait, and for some, help them to cope with ‘triggers’ that
would normally elicit a freezing episode, such as a dual task or a challenge to perception (Jones,
Rochester et al. 2005; Nieuwboer 2008).
In a systematic review of the literature on cueing for FOG, Nieuwboer found that both visual and
auditory cues benefit those with FOG when used as a training tool in a functional context (Nieuwboer
2008). In particular, this review supported RAC for maintaining gait frequency and symmetry and
visual cues for improving step amplitude and initiation of gait when delivered appropriately. The
review also stated that cueing frequency is important. RAC delivered at frequencies above an
individual’s baseline stepping rate, could trigger FOG via ‘the sequence effect’. In cognitively intact
person’s with FOG, RAC can reduce cognitive load during gait, enhance attention to gait, and aid in
gait prioritization during more complex gait tasks. However, it could also exacerbate attention
problems and gait prioritization in those with significant cognitive impairment. The authors stated:
In order for cueing to be effective, it needs careful matching to the specific motor
correlates of FOG, the provoking circumstances, medication status, and the cognitive
profile of each patient. . . . . To address the motor control deficits leading to rhythm and
amplitude interference, it makes sense to address both aspect in any therapeutic
intervention by providing a stabilizing cueing (baseline) frequency combined with
appropriate attentional strategies and instructions to alleviate scaling deficits. Where
possible, visual cues to maintain and trigger amplitude generation in the very context in
which FOG takes place maybe of use. (Nieuwboer 2008)pgs S479-S480
Physiotherapy role in reducing the risk of falling in PD
Reducing the risk of falls in PD is difficult. As described in Chapter 1, risk factor identification is not
very effective at predicting falls in PD. From the research evidence available, the most reliable
predictor of falls is a history of falls in the preceding year and FOG (Bloem, Grimbergen et al. 2001;
Wood, Biclough et al. 2002; Ashburn, Stack et al. 2008; Paul, Canning et al. 2013). Disease severity
can provide some indication of falls risk but only whilst a person with PD remains mobile (Pickering,
Grimbergen et al. 2007). Common measurements of postural instability alone also do not appear to
accurately predict those with PD who will fall (Bloem, Grimbergen et al. 2001).
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There are few randomised controlled trials of exercise programmes aimed at reducing falls in
patients with PD. One programme included muscle strengthening exercises, range of movement
exercises, balance exercises and walking carried out at home over a six week period (Ashburn,
Fazakarley et al. 2007). A total of 142 participants were randomised to either an intervention
exercise group (n=70) or to a ‘usual care’ control group (n=72). The difference in fall rates at 8 weeks
in the exercise intervention group (57%) and the control group (66%) post intervention (95% CI of -25
to 8) and at 6 months (56% and 68%, 95% CI of -20 to 10) were similar. There were also no
statistically significant differences in other outcome measures of balance and quality of life, with the
exception of the Functional Reach Test at six month (difference of 2.0 cm, 95% CI of 0.5 to 3.5). The
authors admit to several flaws in their study including being statistically underpowered and that 34%
of the control group were also receiving additional rehabilitation by the end of the study, compared
to 25% of the intervention group. However, they rightly note that this was the first large randomised
control trial to evaluate effectiveness of a physiotherapy program and its potential influence on
falling.
Two recently completed large RCTs trials also looked at falls prevention in PD (Canning 2013; Morris
2013). Morris randomised 210 participants to either a strength training group, MST group (a type of
cueing) or a control group, which included social activities and PD education. Participants were
followed for a twelve month period. Intervention period was over eight weeks and carried out in a
clinic setting once weekly for two hours and supplemented by a home exercise programme. Key
outcome measures were fall frequency, disability (using the UPDRS) and quality of life. Full analysis
and data of the trial has yet to be published, however preliminary results presented at the Australia
New Zealand Falls Prevention conference in 2013 indicated that both the MST and the strength
training groups had fewer falls than the control (82% and 57%). Disability and quality of life at twelve
month follow up were also reported to be better in the intervention arms than in the control group.
Although full statistical analysis and the significance of the results from this trial are yet to be
published, initial indications are that there may be some benefit to both types of interventions when
evaluated over longer time periods.
Canning and colleagues (2013) involved 231 participants with a history of falls or ‘assessed to be at
risk of falls’ in their trial. Randomisation was to ‘usual care’, which included falls prevention advice,
or the PD-FIT intervention, an exercise programme of strength training and cueing strategies.
Interventions lasted for six months. The PD-FIT group completed their exercise at home three times
per week, with one session per month being supervised by a therapist. Outcome measures included
rate of falls, balance and mobility measures, fear of falling and quality of life. As per the trial above
(Morris 2013), a full data analysis and trial report has yet to be published, however preliminary
results were reported at the same conference. Important early indications reported at the
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conference were that when disease severity was controlled for, fall rate differences were
significantly lower in the PD-FIT group for those who had low disease severity.
Whilst the Morris RCT mentioned above used a type of cueing training (MST) as an intervention for
influencing falls, no other studies to my knowledge have evaluated the effect of cueing treatment
alone on fall rates. In the large multi-centred RESCUE trial, Nieuwboer and colleagues monitored
incidence of falls per week (falls or no falls) in their 153 participants, as a safety measure, to
determine if there was any negative impact (increased falling) of their cueing intervention. The
authors reported that the number of participants who fell at least once a week during the trial did
not increase. Incidence of weekly falling during the three months before intervention were 41% (falls
yes/no, 31/44) for the early intervention group and 39% (30/47) for the late intervention group and
this fell to 24% (18/58) and 18% (14/63) during the three week intervention period which followed
the baseline evaluation period, and remained lower than baseline at subsequent follow up periods.
(Nieuwboer, Kwakkel et al. 2007). Total weekly falls rates were not reported in this study, as the
intention of the authors was to only monitor for any adverse effect from their intervention
(increased incidence of falling). However their results may provide some insight as to whether a
cueing intervention alone could influence total weekly fall rates.

Addressing FOG to Prevent Falls
It is clear from the literature that FOG is associated with falling in PD. It is also evident that
impairments of the gait parameters of step amplitude and step frequency are implicated in the
development of the ‘sequence effect’ and subsequent FOG. Furthermore, as some authors point out,
whilst these gait impairments are highly associated with the development of FOG, balance (as
measured by abnormal postural reflexes or postural instability) is less so. This suggests that falls in
those with FOG may be a attributable to gait impairments, rather than an impairment of balance.
Thus an exercise therapy intervention that targets the gait impairments attributed to FOG might
reduce falling. Intervention trials should consider specifically targeted interventions on this subgroup of PD patients. However, so far, physiotherapy intervention studies aimed at reducing falls in
those with PD have included those with and without FOG and used comprehensive exercise
programme interventions to address not only gait, but also balance, strength and range of
movement.
Cueing can improve the gait parameters of step amplitude and stepping frequency in PD. However,
these effects are short-lived and most research trial interventions are also of a short period (less than
six months), making it difficult to establish the clinical relevance. These studies have also not aimed
to specifically target falling, nor have they measured falls rate as a primary outcome.
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The Cued Up! Exercise programme described in the following chapters aims to address some of these
issues. The programme was developed by me, using best practice guidelines for the use of cueing in
PD and specifically targets FOG by using rhythmical auditory cues delivered by a metronome, as well
as some visual cueing strategies and education on triggers for FOG. It is delivered over a six month
period, at home by a physiotherapist and aims to help patients incorporate cueing into the everyday
life. Further details of the Cued Up! programme content and delivery are described in the Chapter 3.
Whilst the Cued Up! programme has been piloted in my own clinical practice, the feasibility of the
programme and its potential to address FOG and reduce falls has not been formally evaluated.

Summary
There is an increasing evidence base for physiotherapy in PD. A recent Cochrane review found that a
variety of interventions improve impairments in PD compared to no treatment. Cueing is one type of
treatment that has a strong evidence base and is recommended by many as an essential component
of the physiotherapy management of PD. Whilst cueing strategies have been shown to improve gait
parameters in PD, research has only been able to demonstrate short-lived, temporary effects.
Appropriately delivered cues can influence gait parameters associated with ‘the sequence effect’ and
the development of FOG episodes. There is evidence that FOG, a risk factor for falls in PD, can be
improved by physiotherapy intervention with cueing strategies. However, there is yet no robust
evidence that any intervention can reduce fall rates in PD. A cueing exercise intervention, such as the
Cued Up! programme might decrease falls in those with FOG by addressing the gait parameters and
triggers associated with FOG. This hypothesis has yet to be formally tested. The Cued Up! exercise
programme required further study on its feasibility as an intervention for clinical practise and for
future research, which was the purpose of this project .
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Chapter 3: Methods
Introduction
The Cued Up! study was a randomised delayed treatment design with parallel groups comparing
freezing of gait severity and rate of falls between two groups. Participants were randomised to
immediate start (IS) or six-month delayed start (DS) intervention groups. The intervention (Cued Up!
Exercise programme) is a novel rhythmical auditory cueing exercise intervention to improve gait
parameters and movement strategy impairments associated with freezing of gait. Details of the Cued
Up! programme are described further below.

Ethical Approval
Ethical approval for this study was granted by the Upper South A Regional Ethics Committee
(Reference number URA/12/02/003. Consultation with Ngāi Tahu research consultation committee
was also completed prior to the commencement of this study.

Objectives
The primary objectives of the research were to evaluate the Cued Up! programme, a six month,
standardised, but individually prescribed, home based, progressive cueing exercise programme
developed to address FOG and reduce falls, and to determine the feasibility of the programme for
use in a larger RCT. Secondary objectives of the research were to evaluate the utility and patient
acceptability of the programme. These objectives will be addressed by evaluating the programme
participants over an extended period (one year) for evidence of falling and changes in FOG symptom
severity, as well as canvasing the perceived outcomes and acceptability of the programme from
participants. It is hypothesised that fall rates will reduce if FOG severity is improved. Furthermore, it
is speculated that an exercise programme that includes components of education and selfmanagement of FOG will prove useful and acceptable to patients with PD and FOG.

Participant Recruitment
Participants were recruited from the New Zealand Brain Research Institute database of willing
volunteers for studies on PD. All participants in the database have a diagnosis of PD confirmed by a
movement disorders specialist neurologist and received usual ongoing care as required from both a
general practitioner and a specialist neurologist during the course of the study. Preliminary screening
criteria were: over 65 years of age (or over 55 years for Māori or Pacific Islander), an indication in
their most last neurological assessment that they experience FOG, and a recent (within last three
months) cognitive assessment score consistent with absence of dementia (See Appendix 1
Preliminary Screening Tool). Table 1 describes the full inclusion and exclusion criteria. Following
preliminary screening by telephone, an initial home visit was made for further face-to-face screening
to finalise eligibility, further discuss project details and requirements of participation (see Appendix 2
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Information Sheet), and to elicit consent (See Appendix 3 Informed Consent Sheet). Twenty nine
potential participants from the database were identified. These participants were further screened
via telephone and face to face interviews. Twenty one of these participants were confirmed as
meeting the inclusion/exclusion criteria and consented to participation in the study.

Table 1 Full Inclusion and Exclusion Criteria

Inclusion

Exclusion

Confirmed diagnosis of PD and over aged 65 Significant cognitive impairment – Mini Mental
years (or over 55 years for Māori or Pacific State Examination Score <24 or Montreal
Islanders)
Cognitive Assessment <21
Answers YES on section I question of New FOG Significant co-morbidities which
Questionnaire
consistent participation in exercise

prohibit

Independently mobile (with or without walking Significant impairment of hand function and not
aid)
able to turn metronome on/off
Living in the community

Significant hearing impairment (unable to hear
metronome)

Not currently participating in any other
individualised physiotherapy or movement
therapy programme or cueing programme
(excluding general exercise groups such as those
run by the PD Society or Tai Chi)
On a stable medication regime for two months
prior to commencement on study
Able to participate in daily home based exercise
programme for duration of 6 months

Randomisation
Participants were randomised using a random number generated by an Excel spreadsheet function.
The researcher was masked to allocation for each participant until after the final screening and
consent was completed. Participants were randomised to IS or six-month DS intervention and were
informed of their randomisation at the initial home visit only after they had formally consented to
participate. Twelve participants were randomised to the IS group whilst nine were randomised to
the DS group. The uneven distribution of participants to each group was due to randomisation
calculations being based on 24 participants and only being able to recruit 21. Randomisation was
completed prior to outcome measure assessment.

Outcome Measures
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The primary outcome measures were
1) Mean number of falls per week (as recorded by weekly falls diaries)
2) Change in New Freezing of Gait Questionnaire Scores (NFOGQ)
Both primary outcome measure tools were self-reported by participants making assessor blinding
unnecessary.
Falls diaries were completed using weekly diary sheets (see Appendix 4 Falls Diary) for the full
duration of participant involvement (one year from point of consent). The trial definition of a fall was
explained to participants as “an unexpected event in which you (the participant) come to rest on the
ground, floor or other lower level” (Skelton 2012). Participants were instructed to record daily
whether they fell or not by ticking box “Yes” if a fall occurred and “No” if no fall had occurred. If
more than one fall was experienced, participants were asked to either place extra ticks for each fall
or to write the number of falls in the ‘comments’ section. The falls diaries had written prompts to
encourage participants to record circumstances of a fall (such as time and place), and any possible
causative factors such as environmental conditions or symptoms consistent with syncope. Family or
care givers were also instructed on use of the falls diary in order to aid recording compliance. Falls
diaries were submitted monthly to the researcher via pre-addressed stamped envelopes. If falls
diaries were not received, telephone calls were made to prompt participants to complete and send in
diaries.
The NFOGQ was completed on the initial home visit for all participants (at time of consent) for both
groups. As discussed in the literature review, the NFOGQ is a self-reported questionnaire that reliably
records subjective experience of severity of freezing symptoms in persons with PD (Nieuwboer,
Rochester et al. 2009). For most participants, I read the questions to the participant and recorded
their answers, either face-to-face or over the telephone. One participant from the IS group,
completed the questionnaire on-line at follow-up as he did not feel confident giving answers over the
phone.

The IS group had repeat NFOGQ scores recorded at completion of the six month

intervention, and again at end of the study (six months post intervention). The DS group had repeat
scores recorded at end of the wait list period (six months after study entry) and again on completion
of the six month intervention programme.
Further information on participants was collected at the time of the initial home visit. This
information included age, ethnicity, gender, years since PD diagnosis, Hoehn and Yahr scale (Figure
1), living situation, other medical history and any previous history of falling.
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A Satisfaction Survey was used as a secondary outcome measure to evaluate participant rated value
of the programme, compliance with the exercises and the general utility of the intervention. This
survey was developed using the software from the Fluid Surveys website (www.fluidsurveys.com).
Satisfaction Surveys were sent to participants to complete anonymously via post or by an internet
survey programme within two weeks of completing the six month intervention period.

Intervention
The Cued Up! home-based exercise programme uses a metronome as a rhythmical cue in gait and
exercises designed to address FOG (Appendix 5). I developed the Cued Up! programme using best
practice guidelines for the use of cueing in Parkinson’s Disease (Keus, Hendriks et al. 2004; Jones,
Rochester et al. 2005; Nieuwboer, Kwakkel et al. 2007; Nieuwboer 2008; Nieuwboer, Rochester et al.
2008) and based on my clinical experience as a physiotherapist experienced in movement disorders.
A series of cueing exercises using the metronome of increasing difficulty are performed by
participants and the exercises are completed at home, rather than in a clinic. The Cued Up! exercises
attempt to address, through practice and repetition of cued strategies, the common triggers of FOG
(e.g. turning, walking through doorways, dual tasking) and gait parameters associated with FOG
(short step length, step asymmetry, and frequency of stepping) and ‘the sequence effect’. Exercises
were selected individually for each participant based on his/her FOG triggers, disease severity,
medical co-morbidities, and any aims/goals of input expressed (e.g. to walk more easily through a
doorway, to rise from chair with more ease, to keep up with others when walking). The format of the
Cued Up! programme is novel in that the exercises are standardised and presented in an exercise
booklet, along with instructions on how to perform the exercises and using the metronome.
Education was also provided during the sessions on FOG in general, identifying FOG triggers,
strategies for overcoming FOG when it occurs, and the use of other types of cues (such as visual cues,
internal cueing strategies, or verbal cues provided by others). As FOG has been associated with
activity limitations and participation restrictions, the format and content of the Cued Up! programme
also aimed to address not only impairments of body function and structure, but also any activity
limitations, participation restrictions, and environmental and personal factors by incorporating the
exercises and cues into the everyday environment and involving family and carers where
(Nieuwboer, Rochester et al. 2008; Tan, McGinley et al. 2011). The exercises and the format of the
programme were piloted with several patients prior to use in this study.
The programme was designed to provide efficient and cost-effective use of therapy time (6-8 visits
and phone call follow-up) over an extended period (six months) and was designed to follow a similar
format to the Otago Exercise Programme (OEP) (Accident Compensation Corporation 2003), a falls
prevention programme for older people already widely used in clinical practice in New Zealand.
Participants in the study received a total of six home therapy sessions from me within the first four-
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six weeks of the Cued Up! programme, with the majority of these visits being completed within the
first two weeks. The purpose of the initial visits was to
1) Teach participants how to use metronome and assess for appropriate metronome exercising
frequency (BPM).
2) Assess and select most appropriate exercises for each participant.
3) Teach exercises progressively, by gradually increasing the number of exercises or repetition
and by adding more difficult exercises.
4) Provide general education on FOG and help participants identify FOG triggers and strategies
to avoid, reduce or overcome FOG episodes.
During the first four to six weeks, participants were encouraged to complete the exercises
independently, as prescribed, on the days when the researcher did not visit. I made a written record
of each visit (see Appendix 6 Visit Recording Sheet) for each participant in order to monitor each
participant’s progress, record each participant’s verbal reports of compliance with the exercises and
record any changes to each participant’s circumstances (such as medication changes or new health
issues). After the initial four to six week instruction period, participants were instructed to continue
with the exercises as prescribed with the request to exercise and use the metronome “most days of
the week”. Progress and compliance was monitored and recorded via weekly telephone calls in the
remaining five months of the programme (see Appendix 7 Telephone Call Recording Sheet). For some
participants, additional face to face follow-up visits were necessary. Up to two extra visits were
allowed within the remaining intervention period and reasons for any additional visits, outside of the
first four to six weeks, were recorded. Participants were allowed to continue any other usual exercise
programmes (such as exercise groups or supervised gym sessions), however participants were
advised they would be excluded from the study if they chose at any point to participate in an
individualised physiotherapy programme for their PD during the duration of the research. Figure 3
depicts the flow of the trial from recruitment to study end and identifies participant retention.
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Assessed for
eligibility (n= 29)

Enrolment

3 not met inclusion
criteria
2 unavailable
during study
period
3 declined to
participate for
other reasons

Randomisation
(n= 21)

Allocated to
Immediate Start
(IS) Intervention
Group (n=12)

Withdrew at week
8 (n=1)

Analysed (n=10 )
Excluded from
analysis (n= 1)

Allocation

Allocated to
Delayed Start
(DS) Intervention
Group (n=9)

Follow-up

Withdrew at week
4 (n=1)
Died at week 7
(n=1)

Anaylsis

Analysed (n=9 )
Excluded from
analysis (n= 0)

Figure 3 Participant recruitment and retention in the study

Cues
The main cueing strategy used for the Cued Up! Programme was auditory cueing delivered via a
metronome. Each participant was given a metronome and instructed in its use at the start of the
intervention period. Frequency selection (BPM) for the metronome was completed by me using a
non-standardised observed gait assessment based on my previous clinical experience and estimated
preferred stepping rate. Formal ten metre gait assessments, as recommended by Jones and
colleagues (2005) to establish optimal metronome frequencies for each participant were not possible
due to the variability and size available at each participant’s home. From my initial observations, I set
the metronome to a rate that was slower than the participant’s self-selected frequency but still
tolerable to the participant (approximately 10% slower than participant self-selected baseline
stepping rate). Further adjustments were made to metronome frequency as needed over the course
of the home visits until an optimum frequency was found for each participant that facilitated a
slower stepping rate and an augmented stride length. Two types of metronome were used and were
chosen based on their simplicity of design, availability in New Zealand, cost and portability. The first
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metronome (as shown in Appendix 5 Cued Up! Exercise Book) stopped working for many participants
after limited use. Therefore an alternative model was used later in the study which proved to be
more reliable. Both metronome models had earphones which could be worn to allow participants to
use the metronome without disturbing others and to improve sound quality when exercising
outdoors. Lines marked on the floor with tape at regular intervals were used as a visual cue to
facilitate increased step size in one exercise and to address freezing in particular ‘hot spots’ around
the home. Family and carers were also advised on external cues that they could use to help a
participant, such as verbal cues (“take a big step”) or visual cues (demonstrating exaggerated
stepping). Participants were encourage to identify their freezing ‘triggers’ and specific Cued Up!
exercises were selected to help participants learn to address these triggers. For example, one
participant had difficulty negotiating a small gap behind his sofa to close his curtains. Two Cued Up!
exercises (90 degree turning and side stepping) were used to address this. These exercises were
eventually combined to learn a new cognitive movement strategy to perform this activity.
Immediate Start Group
Participants in the IS group began recording falls using the falls diary for one month prior to starting
the intervention. This was so a pre-intervention rate of falls could be calculated. After this first
month, participants began the Cued Up! exercises for the six month intervention period. At the end
of the six months intervention, participants were encouraged to continue with the exercises
independently, without any further face-to-face or telephone follow up. The NFOGQ was rescored
and participants were asked to continue to keep recording falls via the falls diaries for another six
months. Participants were sent the satisfaction survey to complete via post or email. After another
six months, a final telephone call was made (one year from study entry) to complete the final
NFOGQ.
Delayed Start Group
Participants in the DS condition recorded falls via weekly falls diaries for a six months wait list period
prior to starting the intervention. Following the wait list period, DS participants then completed the
intervention (Cued Up! programme) as outlined above. At the end of the six month intervention
period, a final phone call was made to complete the NFOGQ and the satisfaction survey was sent.
Participant progress through the course of the study can be seen in Figure 4.
Sample Size and Statistical Analysis
The pre-specified goal sample size was 24 participants, 12 in each of the two groups, and
randomisation calculations were based on this figure. However due to recruitment and
randomisation, only 21 participants in total were recruited with 12 (IS) and 9 (DS) per group. The
sample size was small for pragmatic reasons, namely participant availability. However, the wait-list
design of the project was suitable to estimate the variance of the NFOGQ. Based on 23 degrees of
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freedom in an ANOVA, with the NFOGQ as the response variable and the intervention as the
explanatory variable, there is reasonable precision for estimating 95% confidence interval for
variance, which is useful for planning future research with this intervention. The total sample size of
21 has a margin of error for a proportion of +/- 20%, which although wide, gives some insight into the
proportion of participants who found the programme a useful treatment for their freezing.
Participants were described with simple summary statistics of mean, standard deviation, median,
inter-quartile range (IQR), and minimum and maximum.
NFOGQ Data Analysis
New Freezing of Gait Questionnaire scores were analysed by t-tests, unpaired for the difference
between groups and paired for the change from baseline within groups. A more sophisticated
analysis of covariance (ANCOVA) with the baseline value as a co-variate was also used to give a more
precise estimate of the difference between randomised groups. Data were analysed using IBM SPSS
Statistics Software version 21.
Falls Data Analysis
Fall rates were analysed by a negative binomial regression model. This model is recommended for
studies which compare fall rates between different groups and allows for investigation of a
treatment effect (Robertson, Campbell et al. 2005). It is a statistical model that is suitable for count
variables where the variance of the variables is more than expected for a Poisson model. It also
allows for variable follow-up periods. By using time at risk as the offset, this model allows for use of
all data up to the point of each participant’s withdrawal or completion of the study. It has many
advantages over other commonly used analysis of falls data, such as hazards regression models, in
that analysis requires only one data record per participant. Results from this model are interpreted
as a relative risk ratio. That is, the relative risk of falls per one unit increase of a continuous variable,
or for the difference between two levels of a categorical variable. Data were analysed using IBM SPSS
Statistics Software version 21.
Satisfaction Survey Analysis
Utility of the Cued Up! exercise programme was tabulated using responses from the Satisfaction
Survey and by the presentation of simple proportions.
summary tool from Fluid Surveys.

Data were analysed using the survey
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Chapter 4: Results
Demographics
Participants in the Cued Up! programme were all over aged 65 years, had FOG and a diagnosis of PD.
Median age was 71 years and 62% of participants were male. One participant indicated their
ethnicity as Maori with the remaining participants indicating New Zealand or European ethnicity.
Most participants were in mid-disease stage with a median Hoehn and Yahr Score of 3 (71%) and an
average disease length of 11 years. Average Mini-Mental State Exam score was 27.8. All but three
participants had a prior history of falls. Most participants (71%) lived with at least one other person
and only one participant was in care at time of study entry. A detailed description of the participants
is shown in Table 2 and Table 3.
Table 2 Participant description of categorical variables

Variable
All (n=21)
Sex
Ethnicity
Living Situation

Previous Fall
History
Hoehn and Yahr

Male
Female
NZ Euro
Maori
Alone
With other(s)
In Care
Yes
No
I
II
III
IV
V

13 (62%)
8 (38%)
20 (95%)
1 (5%)
5 (24%)
15 (71%)
1 (5%)
18 (86%)
3 (14%)
1 (5%)
4 (19%)
15 (71%)
1 (5%)
0 (0%)

n/n (%)
Immediate
Start (n=12)
7 (58%)
5 (42%)
11 (92%)
1 (8%)
3 (25%)
8 (67%)
1 8%)
10 (83%)
2 (17%)
0 (0%)
2 (17%)
9 (75%)
1 (8%)
0 (0%)

Delayed Start
(n=9)
6 (67%)
3 (33%)
9 (100%)
0 (0%)
2 (22%)
7 (78%)
0 (0%)
8 (89%)
1 (11%)
1 (11%)
2 (22%)
6 (67%)
0 (0%)
0 (0%)
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Table 3 Participant description by continuous variables

Variable
Age in years

Years Diagnosed

Hoehn and Yahr

Mini-Mental State
Exam

Group
All (n=21)
Immediate Start (n=12)
Delayed Start (n=9)
All (n=21)
Immediate Start (n=12)
Delayed Start (n=9)
All (n=21)
Immediate Start (n=12)
Delayed Start (n=9)
All (n=20)
Immediate Start (n=11)
Delayed Start (n=9)

Mean (SD)
72 (5.3)
72 (5.1)
72 (5.8)
11 (6.6)
9 (4.6)
13 (8.2)
2.8 (0.6)
2.9 (0.5)
2.6 (0.7)
27.8 (1.8)
27.0 (2.0)
28.8 (0.8)

Median
71
71
70
10
9
11
3.0
3.0
3.0
28.0
27.0
29

Min to Max
65 to 82
66 to 82
65 to 80
2 to 32
2to 17
5to 32
1 to 4
2 to 4
1 to 3
23 to 30
23 to 30
28 to 30

Baseline Measurements of Outcome Variables
Baseline New Freezing of Gait Questionnaire Scores
Baseline NFOGQ total scores (0 to 28) and subtotal scores (0 to 9) for are shown in Table 4 and as a
box plot in Figure 5. Boxplots represent the interquartile range (IQR) with the bottom of the box
representing the 25th percentile and the bop of the box representing the 75th percentile.

The

median is shown as the horizontal central line in each box. Whiskers extend to 1.5 times the height
of the box or to minimum and maximum ranges if no cases have a value within that range.

Any

outlier scores greater than one and a half box length are indicated separately as an outlier. Subtotal
scores are for questions relating to activity limitations and FOG.
Table 4 Baseline NFOGQ scores. Higher scores indicate more severe FOG

Total Score (all questions)
Group

Mean (SD)

Median (IQR)

Min to Max

All (n=21)

16.2 (5.4)

17.0 (11.5 to 20.0)

8 to 28

IS (n=12)

15.7 (6.3)

16.0 (9.3 to 19.8)

8 to 28

DS (n=9)

16.9 (4.1)

19.0 (13.0 to 20.5)

11 to 22

Subtotal Score (questions 7-9 relating to activity limitations attributed to FOG)
All (n=21)

3.5 (2.4)

3.0 (2.0 to 5.0)

0 to 9

IS (n=12)

3.6 (2.1)

3.0 (2.0 to 4.8)

2 to 9

DS (n=9)

3.4 (2.9)

3.0 (1.0 to 7.0)

0 to 7
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Figure 5 Baseline NFOGQ total scores by group. This box plot demonstrates that both groups were similar at study entry.

Baseline Falls Rates
Baseline falls rates were taken from the mean of the first five weeks of fall diaries for each
participant and are shown in the boxplot in Figure 6. Both groups had participants who had no falls
during the first five weeks of the fall data collection period (Table 5). One outlier (from the IS group)
had an extremely high and variable rate of falling. The IS group fall rates are presented with and
without outlier data and indicated in Table 5.
Table 5 Baseline Weekly Fall Rates (*data excludes outlier)

Group

N

Mean (SD)

Median (IQR)

All*
All
IS *
IS
DS
Outlier

20
21
11
12
9
1

3.5 (6.5)
5.3 (11.2)
3.9 (8.1)
7.0 ( (14.2)
2.9 (3.4)
41.2 (22.20)

1.0 (0 to 3.3)
2.0 (0 to 5.0)
1.0 (0 to 4.0)
1.0 (0 to 5.0)
2.0 (0 to 3.0)
36.0 (27 to 56)

Min to
Max
0 to 40
0 to 71
0 to 40
0 to 71
0 to 13
16 to 71
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Figure 6 Baseline weekly falls rate per group (one outlier removed from IS group)

Satisfaction Survey
Nineteen participants were given the satisfaction survey to complete. Only one participant given the
survey did not complete it. Two participants were not given the survey to complete as one withdrew
from the study due to poor health and another had died. The survey was completed by each
participant at the end of their six month active intervention period, except for one participant who
completed the survey at the point of withdrawal of the study. The survey was anonymous and
completed via paper questionnaire and posted to the researcher or filled in on-line. A summary of
the satisfaction survey results are presented below. Full details of the survey and the survey results
can be found in Appendix 8.
General satisfaction with Cued Up! Programme
Participant satisfaction with the Cued Up! Programme was high with 89% reporting that the
programme was ‘of some benefit’ (12/18) or of ‘great benefit’ (4/18), and the remaining two
participants finding it of ‘limited benefit’. Most participants reported that participating in Cued Up!
‘improved their walking’ (78%, 14/18), however 4 participants, (22%) felt the programme made ‘no
difference’ to their walking. None of the participants felt the programme ‘made their walking worse’.
The exercises were felt to be enjoyable (50%, 8/16) and easy to understand (94%, 16/18). A few felt
the exercises were boring (2, 14%) or confusing (2, 14%). Three participants (17%) felt the exercises
made no change to their freezing, however most participants felt that the programme helped them
to understand (50%, 9/18) and/or avoid their freezing (61%, 11/18), with a further 39% (7/18)

39
indicating that the programme helped them learn to overcome freezing when it occurs. None of the
participants felt the programme had made their freezing worse.
Falling
Participants’ attitudes about falling were mixed following the programme with 39% (7/18) reporting
that they worried about falling less, 17% (3/18) indicating they worried more about falling, and 44%
(8/18) having no change in their concerns about falling. Most (73%, 11/18) felt they were falling less
frequently following the programme and only one participant felt they fell more frequently.
Exercise Content
Participants were asked to indicate the three exercises that were of most benefit to them. The
exercises that were reported as having the most benefit to participants were walking outside (61%,
11/8), turning (44%, 8/18), and side stepping (39%, 7/18). At the end of the six month active
intervention period 83% (15/18) of participants reported that they were doing their exercises at least
2-3 times per week. Only one participant reported that they were not doing the exercises any more.
On days that participants didn’t exercise, 50% (9/18) indicated fatigue as the reason for not
exercising. Pain (44%, 8/18) and being too busy (44%, 8/18) were also common reasons for not
exercising. Most participants (15) said they would continue to use the Cued Up! exercises as a way to
help them manage their FOG, one participant said they would not continue with the exercises, and
two participants did not answer this question.
The Metronome
Participants agreed with the statement that the metronome was ‘easy to use’ (94%, 15/16) and
agreed that it ‘helped their walking’ (80%, 12/15). Only a few participants (3/9) agreed that the
metronome helped to control their freezing, two participants disagreed with this statement, and
most neither agreed nor disagreed with this statement (4/9) or left the statement blank (9/18). Most
participants said they would continue to use the metronome (67%, 12/18).

NFOGQ Results
NFOGQ was completed by each participant at three points in the study. For the IS group, the NFOGQ
was completed at 1) START - study entry 2) END OF ACTIVE – at end of six month Cued Up!
intervention 3) END OF NO INTERVENTION – at end of six months of post intervention. For the DS,
the NFOGQ was completed at 1) START – study entry 2) END OF NO INTERVENTION - end of six
month delayed start control period 3) END OF ACTIVE – at end of six month Cued Up! intervention.
Total scores account for all questions relating to severity of freezing symptoms (amount of freezing
episodes and duration of freezing episodes) and impact of FOG on activity levels (freezing affecting
walking, freezing relating to falling and freezing restricting daily activities). Subtotal scores for
questions 7 – 9 relate specifically to any impact of FOG on activity levels (refer to Appendix 10 for
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details of NFOGQ). Scores for each group in each phase of the study are shown in Table 6 and reflect
stable scores throughout the course of the study.

END OF NO
INTERVENTION

BASELINE
(study entry)

Table 6 NFOGQ scores

Group
All (n=21)
IS (n=12)
DS (n=9)
Group
All (n=19)
IS (n=10)
DS (n=9)

END OF
ACTIVE

Group
All (n=19)
IS (n=10)
DS (n=8)

Subtotal Score for Q7-9 (QOL)
Mean (SD)
Median (IRQ)
Min-Max
3.5 (2.4)
3.0 (2.0-5.0)
0-9
3.6 (2.1)
3.0 (2.0-4.8)
2-9
3.4 (2.9)
3.0 (1.0-7.0)
0-7

Mean (SD)
16.2 (5.4)
15.7 (6.3)
16.9 (4.1)

Total Score
Median (IRQ)
17.0 (11.5-20.0)
16.0 (9.3-19.8)
19.0 (13.0-20.5)

Min-Max
8-28
8-28
11-22

Subtotal Score for Q7-9 (QOL)
Mean (SD) Median (IRQ)
Min-Max
3.4 (2.3)
4.0 (1.0-5.0)
0-8
3.5 (1.9)
4.0 (2.5-4.5)
0-6
3.2 (2.8)
3.0 (0.5-5.5)
0-8

Mean (SD)
14.8 (7.3)
13.6 (7.1)
16.0 (7.7)

Total Score
Median (IRQ)
16.0 (12.0-20.0)
14.0 (10.0-20.0)
18.0 (12.0-21.0)

Min-Max
0-24
0-21
0-27

Subtotal Score for Q7-9 (QOL)
Mean (SD) Median (IRQ)
Min-Max
3.8 (2.2)
4.0 (2.0-6.0)
0-8
3.7 (2.1)
3.5 (2.0-4.5)
1-8
3.9 (2.5)
4.0 (1.5-6.0)
0-7

Mean (SD)
15.2 (6.7)
14.8 (5.0)
15.8 (8.8)

Total Score
Median (IRQ)
15.5 (10.5-21.3)
15.5 (11.0-18.75)
17.5 (9.5-23.8)

Min-Max
0-24
7-22
0-24

Figure 7and Figure 8 boxplots for each group’s NFOGQ scores by study phase and are consistent with
little change over time.

41

One participant no longer experiencing FOG

Figure 7 IS group NFOGQ total scores by study phase
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One participant no longer experiencing FOG

Figure 8 DS group NFOGQ total scores by study phase

The point estimate of difference in NFOGQ total scores at end of intervention between the IS group
and the DS group was -0.95 (Table 7). This demonstrates that there was minimal difference in end of
intervention scores between the two groups. Furthermore, in an ANCOVA, with baseline NFOGQ
score used as a co-variate, the estimate of difference between group end of intervention scores was 0.68 (Table 7). This also shows that even when baseline scores were considered, the end of active
NFOGQ scores remained similar between groups. The results of both analyses are consistent with no
difference between IS or DS group allocation although, reflecting the small sample size, the
confidence intervals for both analyses are wide.
Table 7 NFOGQ scores comparison of groups at end of Cued Up! intervention

Estimate (95% CI)

t

df

P value

Independent Samples t-test

-0.95 (-7.87 to 5.97)

0.291

16

0.78

ANCOVA

-0.68 (-6.07 to 4.71)

0.269

0.79
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The change in score from baseline for each group was analysed using a paired t-test and is shown in
Table 8 There was no evidence of a difference in change from baseline for either IS group or the DS
group, although again with the modest sample size the confidence intervals are relatively wide.
Subtotal scores for questions seven to nine in the NFOGQ scores remained very consistent, also
shown in Table 8.
Table 8 NFOGQ scores before and after Cued Up! programme

IS Group

N

Mean score at

Mean score at

Difference of

Start (SD)

Active End (SD)

Mean (SD)

95% CI

P
value

Subtotal Q7-9

10

3.7 (2.2)

3.7 (2.1)

0.0 (2.2)

-1.58 to 1.58

1.00

Total Score

10

15.6 (7.0)

14.8 (5.0)

0.8 (5.0)

-2.80 to 4.40

0.63

DS Group

N

Mean score at

Mean score at

Difference

Start (SD)

Active End

Mean (SD)

of 95% CI

P
value

Subtotal Q7-9

8

3.9 (2.8)

3.9 (2.5)

0.0 (1.9)

-1.55 to 1.55

1.00

Total Score

8

17.63 (3.7)

15.75 (8.8)

1.9 (5.4)

-2.65 to 6.40

0.36

As a sensitivity analysis, the difference in NFOGQ total scores and subtotal scores of those who had
already received the Cued Up! intervention (IS group at end of active period) and those who had not
(DS at end of control period) was estimated and the results are shown in Table 9. There was no
statistically significant difference in the scores between those who had received the Cued Up!
intervention (IS) and those who had not (DS), although once again the confidence intervals are wide
(Table 9).
Table 9 Independent t-test comparison of NFOGQ total scores intervention (IS Active End) vs no intervention (DS Control
End)

FOGQ SCORE

Group

N

Estimate (95% CI)

P value

Subtotal Q7-9

IS (Active End)

10

-1.20 (-7.42 to 5.02)

0.69

DS (Control End)

9

IS (Active End)

10

0.48 (-1.87 to 2.83)

0.67

DS (Control End)

9

Total Score
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Falls
Three participants reported no history of falling at study entry. Six participants (three in each group)
did not fall during the baseline observation period. All participants fell at least twice during the
course of study. Excluding one outlier, the highest individual average weekly fall rate at baseline in
the IS group was 27 falls per week. The highest individual average weekly fall rate at baseline in the
DS group was 10 falls per week.
As seen from the baseline results presented earlier in the Baseline Falls Rates section, fall rates were
variable among both groups. Mean fall rates were also analysed at three other time points in the
study: middle of active intervention period (weeks 9 to 13 for IS group and weeks 30 to 34 for DS
group), end of active intervention period (weeks 24 to 28 for IS group and weeks 44 to 48 for DS
group) and end of no-intervention period (weeks 44 to 48 for IS group and weeks 20 to 24 for DS
group). These results are presented in Table 10 and represented in Figure 9 for the IS group and
Figure 10 for the DS group. Results for the IS group are shown with and without outlier data.
Table 10 Fall rates per group and per study time point

Study Time
Point

Group

IS*
Baseline
IS
DS
Mid-Active
IS*
Period
IS
DS
End of Active
IS*
Period
IS
DS
End of No
IS*
Intervention
IS
Period
DS
*IS group with outlier data removed

N

Mean (SD)

Median (IQR)

11
12
9
11
12
9
9
10
8
9
10
9

3.9 (8.1)
7.0 (14.2)
2.9 (3.4)
2.9 (6.9)
8.3 (18.7)
2.5 (5.2)
3.2 (6.5)
10.2 (23.6)
2.7 (5.2)
1.1 (3.5)
5.6 (12.4)
2.9 (5.2)

1.0 (0 to 4.0)
1.0 (0 to 5.0)
2.0 (0 to 3.0)
0 (0 to 2.0)
0 (0 to 3.3)
0 (0 to 2.0)
0 (0 to 4.0)
0 (0 to 6.5)
0 (0 to 2.0)
0 (0 to 0.8)
0 (0 to 2.0)
0 (0 to 2.3)

Min to
Max
0 to 40
0 to 71
0 to 13
0 to 31
0 to 77
0 to 28
0 to 26
0 to 102
0 to 19
0 to 19
0 to 45
0 to 19
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Figure 9 IS group mean weekly fall rate through study

Figure 10 DS group mean weekly fall rates through study
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A negative binomial model was used to compare fall rates at the end of intervention between the IS
group and the DS. With the outlier excluded, the estimate of relative falls risk for IS group compared
to the DS group was 1.22 (95% CI of 0.45 to 3.26) p=0.70. With the outlier included in analysis, the
estimate of relative risk of falling increases to 3.21 (95% CI 1.39 to 9.38, p = 0.008). With the outlier
data included, this analysis would indicate that the IS group had a significantly higher risk of falling
when compared to the DS group at end of intervention. However, without the outlier data the risk of
falling compared to the DS group is similar and the small difference in relative risk is not statistically
significant. The influence of this one participant’s data is substantial and is inconsistent with the data
from the other participants in the IS group. Therefore, further analysis of falls data for the IS group
was carried out with this outlier data excluded.
Table 11 shows the relative rate of falling for other variables also using a negative binomial model
that also includes the randomised groups as a factor. That is, this analysis was used to explore the
relationship of the end of active period fall rate with other known variables and accounts for
randomisation to either the IS group of DS group consistent with the previous analysis.
Table 11 Effects of group allocation (IS vs DS) and co-variables on relative falls risk at end of active intervention.

Covariate

Estimate of relative rate 95% CI

P value

of falling
Baseline Fall Rate

1.56

1.30 to 1.87

<0.001

Disease severity (Hoehn & Yahr)

4.24

1.52 to 11.87

0.06

Age

0.78

0.68 to 0.89

<0.001

NFOG Baseline

1.01

0.92 to 1.11

0.90

Years diagnosed

1.10

0.95 to 1.28

0.19

A simple univariate analysis of these potential explanatory variables for falls risk but without
including the randomised groups as a factor is shown in Table 12. These results show that relative
risk of falling increased or did not change for all variables except age. Higher baseline falls rate
strongly predicted future falls risk, while the effect of disease severity and years of PD weakly
predicted increased risk, but with wide confidence intervals. Older age unexpectedly predicted a
decreased risk of falling. A plot of age against end of active fall rates highlights that two younger
participants fell frequently, possibly reflecting more severe disease or instability related to their PD,
and the oldest participants fell infrequently (Figure 11).
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Table 12 Univariate analysis of potential explanatory variables for falls risk without randomised groups as a factor

Variable

Estimate of relative

95% CI

P value

rate of falling
Baseline Fall Rate

1.56

1.30 to 1.88

<0.001

Disease severity (Hoehn & Yahr)

1.80

0.99 to 3.29

0.06

Age

0.80

0.69 to 0.92

0.001

NFOG Baseline

1.0

0.92 to 1.08

0.96

Years diagnosed

1.08

0.97 to 1.20

0.18

Figure 11 Mean weekly fall rate at End of Active phase plotted against participant age shows two younger participants
who fell frequently as well as older participants who rarely fell.

Outlier
One participant’s data was removed from all falls analysis due to extremely variable and very high
rates of falling throughout the course of the study. The participant’s falls rates are presented below
in Table 13 and Figure 12 and shows an increased rate of falling with intervention. Further
interpretation of this participant’s results will be considered in the Discussion section.
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Table 13 Outlier mean weekly fall rates

Study time point

Mean (SD)

Median

Min to Max

Baseline

41.2 (22.2)

36

16 to 71

Mid Active

61.6 (13.1)

56

48 to 77

End Active

64.8 (37.2)

66

12 to 102

End of no intervention

34.6 (8.4)

34

25 to 45

Figure 12 Outlier fall rates
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Chapter 5: Discussion
Introduction
To the best of my knowledge, the Cued Up! exercise programme reported here is the first
standardised format exercise programme to deliver home-based cueing therapy that specifically
targets FOG and falls. This study is also unique because the programme and the study duration are
longer than past reports of home-based cueing exercise programmes (Lim, Wegen et al. 2005;
Nieuwboer, Kwakkel et al. 2007; Spaulding, Barber et al. 2013) or other PD exercise and falls
prevention studies (Ashburn, Fazakarley et al. 2007; Tomlinson, Patel et al. 2012). Many authors
recommend that research on cueing interventions for PD should address several factors. Firstly,
studies need to include programmes of sufficient duration to identify both if the effects of cueing can
be sustained over time and whether patients can learn to use cueing strategies as a tool in everyday
life. Secondly, cueing programmes should be delivered in the home in order to address functional
difficulties unique to each patient. Thirdly, cueing treatment should be tailored to meet the
individual needs of participants, for example to address each patient’s FOG triggers. (Royal Dutch
Society for Physical Therapy 2006; Nieuwboer, Rochester et al. 2008; Morris, Martin et al. 2010;
Plotnik, Giladi et al. 2012). The Cued Up! programme was designed to address these issues and was
also developed in accordance with best practice guidelines (Lim, Wegen et al. 2005; Ashburn,
Fazakarley et al. 2007; Nieuwboer, Kwakkel et al. 2007; Goodwin, Richards et al. 2008; Nieuwboer,
Rochester et al. 2008; Tan, McGinley et al. 2011; Allen, Sherrington et al. 2012; Spaulding, Barber et
al. 2013).

Objectives of the Study
Primary Objectives
The primary objectives of this study were to evaluate the Cued Up! programme, a six month,
standardised, but individually prescribed, home-based, progressive cueing exercise programme
developed to address FOG and reduce falls, and to determine the feasibility of the programme for
future use in a RCT. Secondary objectives of the research were to evaluate the utility and patient
acceptability of the programme.
Discussion of Main Findings
FOG
Participants in this study were severely affected by FOG. The mean (SD) of the NFOGQ total scores at
baseline for both randomised groups combined was 16.2 (5.4). Fourteen participants had a NFOGQ
of greater than or equal to 14, which is 50% of the maximum total NFOGQ score. Participants also
had moderate to severe PD of a long duration. All but one participant had a Hoehn and Yahr score of
greater than 2, and 57% of the participants had disease duration of 10 years or more. Thus the length
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and severity of disease for the participants in this study provide face validity for the use of the
NFOGQ for measuring FOG in this study. The extent to which participants had high NFOGQ scores is,
in general, consistent with a group of patients with PD which is of long duration and of moderate or
worse severity. The intervention provided (Cued Up! programme) in this study however did not find
evidence of a difference in NFOGQ scores with an estimated difference of -0.95 (95% CI, -7.87 to
5.97, p=0.78). The change from baseline differences in NFOGQ scores were 0.8 (5.0) in the IS group
and 1.9 (5.4) in the DS group. The ratio of the change in mean score to its SD was for the IS group
0.8/5.0 = 0.16; and for the DS group 1.9/5.4 = 0.35. This result may provide useful information on the
effect size of a similar physiotherapy cueing programme for PD.
Unlike its predecessor the FOGQ, the NFOGQ offers the opportunity to evaluate the impact of FOG
on activity limitations (questions 7 to 9). However, unlike the original FOGQ, the clinically important
change in the NFOGQ is not yet established, and some aspects of its external validity and other
psychometric properties need more development (Nieuwboer, Rochester et al. 2009; Gupta 2010). It
is useful to compare the findings of the study reported here with other research using the original
FOGQ.
The original FOGQ was used by Nieuwboer et al. (2007) in the large multi-centre randomised RESCUE
trial. In that study 63/153 (41%) participants had FOG. In that sub-group of participants with FOG, the
change in FOGQ score with cueing therapy was 5.5% of baseline and the paired mean change to SD
ratio was 1.33/3.81=0.35, which was statistically significant (p=0.007). The effect size was similar to
that seen in the DS group in the Cued Up! study. A 5.5% change in baseline for the total group in the
Cued Up! study, where the mean baseline score was 16.2, is an absolute change in NFOGQ total
score of 0.9 units. This is a similar magnitude of change from baseline seen in the IS group and about
half the change from baseline seen in the DS group. It is plausible therefore that an absolute change
of about one point on the NFOGQ, which represents about 6% of the baseline score, represents a
meaningful change and this would signify an effect size of about 0.2 SD based on the larger SD seen
in the DS group. In this feasibility study there are a number of potential reasons for not detecting a
treatment effect of the Cued Up! programme. One of these, as already discussed, is that the NFOGQ
has a large SD in relation to the relatively small change that might represent a clinically important
change. With a small sample size, the current study clearly lacks statistical power to detect this size
difference. Another consideration when comparing the Cued Up! study with the FOGQ results in the
RESCUE trial is that Nieuwboer and colleagues measured FOG severity more frequently and at
shorter intervals (at study entry and at three, six and twelve weeks). The short-term study design of
Nieuwboer and colleagues captured immediate and short term improvements in participant FOG
symptoms, but their results may not be reflective of FOG symptoms over time as the disease
progresses. The Cued Up! study, on the other hand, evaluated FOG over much larger intervals (study

51
entry, six months and 12 months). Significant improvements may have been made in the short-term
FOG symptom severity (as measured by the NFOGQ) in the Cued Up! trial but these improvements
were not captured by the testing time points of six monthly intervals. The short term gains in
subjective FOG symptom severity as seen in the RESCUE trial are consistent with the short term
improvements in the gait parameters associated with FOG and the development of ‘sequence effect’.
The most significant improvements observed in the RESCUE trial were step length. These gait
improvements experienced by RESCUE participants in step length may have translated to the
improvements also observed in self-reporting of FOG symptom severity. Gait parameters were not
measured in the Cued Up! study.
The NFOGQ questions 2 through 6 evaluate the severity of FOG symptoms (duration and length of
freezing episodes). The last three questions of the NFOGQ explore the relationship between FOG and
activity limitations, walking and fear of falling. The subtotal scores for the last three questions
totalled to a moderate score in relation to the total possible score in this sub-section, mean (SD) of
3.5 (2.4) with a maximum score of 9 possible. This suggests that despite experiencing significant FOG,
participants did not perceive that their FOG contributed greatly to activity limitations, walking
limitation or to fear of falling. Although lacking statistical power to detect changes, the sub-analysis
of these scores after Cued Up! intervention did not show evidence of a change in how participants
perceived FOG influenced their activity limitations, walking or fear of falling. Participant responses
to question 6 on the secondary outcome measure, The Cued Up! Satisfaction Survey, were consistent
with participants feeling they had improved their ability to manage their FOG. In particular, 50% of
participants indicated that the programme had helped them to ‘understand their freezing’, 65%
indicating they had learned how to ‘avoid their freezing’ and 39% felt they had learned how to
‘overcome freezing when it occurs’. Only three participants felt the programme had made ‘no change
to their freezing’. This is reassuring and consistent with several recommendations for successful
management of FOG that involve patients not only learning to use cues to improve their gait, but
also learning to identify freezing triggers, using strategies to avoid or deal with triggers, and learning
‘rescue’ strategies to overcome freezing when it occurs (Morris, Iansek et al. 2008; Morris, Martin et
al. 2010; Plotnik, Giladi et al. 2012). However, the conflicting results of NFOGQ and the Satisfaction
Survey scores in this study may reflect aspects of self-efficacy and control over FOG which the
NFOGQ does not measure, hence reducing the apparent utility of the NFOGQ, which may not
measure these components of FOG management. This finding is also consistent with participants
having noticed no improvements in the impairment aspects of their FOG, but that they may have
experienced an increased feeling of control over the management of their FOG. Future studies on
FOG should consider measuring the ability of participants to manage FOG symptoms and the level of
participation restriction experienced due to FOG, as well as symptom severity and activity limitations.
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Nieuwboer and colleagues (2008) also recommend that cueing programmes and future research on
cueing programmes should attempt to evaluate the impact of cueing on quality of life and
participation, as well as symptom severity and activity limitations. Finally, in the context of a
progressive disease it can be difficult to establish “what actually constitutes clinically relevant results
. . . . in a chronic degenerative disorder” (Nieuwboer, Kwakkel et al. 2007, p 139). No change or
minimal worsening of NFOGQ scores over a longer period of time (one year) could, in the clinical
context, be considered a positive result for participants who could be expected to worsen over such
a time frame. Again, future larger studies evaluating the impact of cueing training on FOG symptom
severity should consider including covariate analysis of FOG severity scores with those of other
objective measures relating to disease severity and gait parameters.
Falls
The mean (SD) baseline weekly falls rate for the participants of the Cued Up! trial was 3.45 (6.5) with
a minimum fall rate of 0 and a maximum fall rate of 40 (excluding one outlier from the IS). Three
participants had no history of falling prior to entering the study, however all participants fell at least
twice during the course of the study. Fall rates were calculated at three other points in the study for
each group (1) mid-active (2) end of active and (3) end of no intervention. The end of the active
period of the Cued Up! study was used for exploratory analysis. The estimate of falls rate comparison
between IS and DS, calculated using a negative binomial model, was 1.22 (95% CI 0.45 to 3.26,
P=0.70). The point estimate is consistent with IS having a higher rate of falls, but the confidence
intervals are wide and not statistically significant. Exploratory analyses found associations between
higher falls rates and higher Hoehn and Yahr Scale scores: 4.24 (95% CI 1.52 to 11.87), p=0.06; and a
higher baseline fall rate; 1.56 (95% CI 1.30 to 1.87) p< 0.001. This is consistent with those with PD
and FOG being at higher risk of falls when there is greater disease severity and in those who had a
higher baseline fall rate. Unexpectedly though, older age was associated with a decreased risk of
falling in this study. A likely explanation for this was shown in a scatter plot of age versus fall rate
(Chapter 4, Figure 7), which revealed that two younger participants fell frequently and that the three
oldest participants rarely fell. This highlights that disease severity and FOG severity are more
important factors when assessing falls risk and is consistent with many other studies (Ashburn, Stack
et al. 2001; Bloem, Grimbergen et al. 2001; Bloem, Hausdorff et al. 2004; Robinson, Dennison et al.
2005; Ashburn, Stack et al. 2008). These factors should be considered in future research as stratifying
factors for randomisation that might improve the precision with which the effects of the Cued Up!
programme can be estimated.
Consistent with previous research, this study confirmed that people with PD who have FOG fall
frequently (Bloem, Grimbergen et al. 2001; Bloem, Hausdorff et al. 2004; Robinson, Dennison et al.
2005; Ashburn, Stack et al. 2008). In fact, all participants, including those with no previous falls
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history, 2/21 (10%), fell during the one year observation period. This justifies the decision to include
participants with no previous history of falling in the Cued Up! study and to select on the presence of
FOG as a falls risk. It is also consistent with the findings of Pickering and colleagues in their metaanalysis which found that 21% of non-fallers with PD did fall within a three month period (Pickering,
Grimbergen et al. 2007). Other authors also point out that additional risk factors for falling, such as
FOG and walking speed, should be considered when identifying participants for any future falls
prevention trials in PD (Paul, Canning et al. 2013).
Whilst mean fall rates for participants appeared to decline during the course of the study (Chapter 4,
Figure 9 and Figure 10), this was not statistically significant. A likely reason for this is the very small
sample size for this study in conjunction with the highly variable falls rate seen between individuals.
Other much larger RCTs, which on the face of it have adequate statistical power to detect differences
in falls rate with interventions, and which used exercise and cueing in people with PD have also not
shown a reduction in falls rates when comparing intervention with no intervention, standard care or
a control intervention (Ashburn, Fazakarley et al. 2007; Canning 2013; Morris 2013). Whilst most
participants in the Cued Up! study felt that they were falling less frequently at the end of the Cued
Up! programme (73%), this could reflect a placebo effect or regression to the mean, but could also
indicate that the severity of the falling experience, such as perceived severity of the fall or injurious
falls, reduced. Future studies could explore the relationship between actual falling and perceived
experiences of falling further, and whether the physical and psychological severity of the falling
experience are influenced by similar falls prevention programmes. Furthermore, as with the
evaluation of FOG severity, it is a challenge to understand fully the clinical significance of any
reduction, or even stability, in fall rates for those with PD who are expected to worsen and fall more
frequently over time. This would require a ‘natural history’ non-interventional study, simply designed
to measure changes in falling rate with disease progression.
Secondary Objectives
Secondary objectives of the research included evaluating the utility and patient acceptability of the
Cued Up! programme. Responses from the Cued Up! Satisfaction Survey indicated the format,
content and experience of the programme were all successful. The participants indicated they found
the content helpful in managing their FOG and improving their walking. Participant responses also
indicated that compliance with the programme was good, with a high proportion of participants still
completing the exercises at six months and most intending to continue with the exercises and use
the metronome after the programme finished. The feasibility of the Cued Up! programme is
discussed further below in the Strengths and Weaknesses section.
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Outlier Data
One participant was designated as an outlier and that participant’s data was excluded from the falls
analysis for this study. This participant had an extremely large mean falls per week, 59.7 (SD 32.0)
and this rate fluctuated considerably (from 12 to 158). This participant and their high and variable
rate of falling is however of interest. In particular, this participant was identified as having ‘on’ state
freezing. As discussed in Chapter 1, ‘on’ state freezing may be explained by the ‘dual causation
hypothesis’ (Iansek, Huxham et al. 2006). That is, the negative effects of levodopa on cognition and
attention may negate any improvements that levodopa (or cueing) may provide on gait impairments.
Furthermore, as Schaafsma et al.’s study suggests (2003), although levodopa appears to influence
the length and duration of a freezing episode, it may provide little difference to the FOG triggers and
the threshold for which they occur for an individual. Other authors have voiced concern that
participants with ‘on’ state freezing may therefore, in theory, fall more frequently, due to the added
demands on attention with the use of cues, although this has yet to be confirmed with a clinical trial
(Willems, Nieuwboer et al. 2006; Nieuwboer, Kwakkel et al. 2007; Rochester, Nieuwboer et al. 2007).
The RESCUE trial investigated this risk (of increased falling) in their large controlled study, but did not
find that cueing caused any increase in falling during the cueing intervention (Nieuwboer, Kwakkel et
al. 2007). However, their study, and other studies, have not distinguished specifically between those
with PD and FOG and those without, or, even more specifically, those with ‘on’ versus ‘off’ state FOG.
The outlier in this study, may reflect a negative consequence of using cueing for the management of
‘on’ state FOG, that is, a potential increase in falling rate caused by an increased demand on
attention. Future studies should consider identifying and targeting not only the effects of cues in
those with and without FOG, but more specifically the type of FOG experienced.

Strengths and Weaknesses
An important strength of the Cued Up! study was the randomised design, using an immediate start
and delayed start group allocation. This reduced bias for group allocation and provided for maximal
participant numbers from a relatively small selection pool. The design also meant that I could
provide the treatment to all participants as well as completing the data collection and research.
Similarly, outcome measures chosen (NFOGQ, falls via a falls diary and satisfaction survey) were selfadministered by participants. The satisfaction survey was also completed anonymously. This meant I
was unlikely to directly or knowingly influence or bias any outcome results.
The use of the negative binomial model for analysis of the falls data was also a strength of this study.
This model is recommended for evaluating the efficacy of falls prevention programmes (Robertson C
M, Campbell J A et al. 2005). Use of this model allowed for investigation of a treatment effect and
confounding variables whilst also adjusting for variable follow up times and missing data. Also, by
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using the negative binomial regression model, the data from the study reported here can potentially
be used in a meta-analysis including other studies of individual level fall data.
Another strength of this study is the format of the Cued Up! intervention. As a home-based exercise
programme, the intervention could be delivered flexibly, consistently and easily by a single therapist,
and this in turn means it is generalizable to usual physiotherapy clinical practice. Compliance with the
programme was good with most participants indicating they were continuing to complete the
exercises regularly at six months. Furthermore, the structured format of the programme allows for it
to be easily reproduced by future therapists or researchers. The format is similar to the evidencebased Otago Exercise Programme (OEP) for falls prevention in older people, in that face-to-face visits
are supplemented with a detailed exercise and instruction workbook and telephone follow-up
(Accident Compensation Corporation 2003). This similarity of design was deliberate, so that in the
future a straightforward RCT could compare one established fall prevention programme (OEP) with
the Cued Up! programme. The OEP is an established programme for falls prevention for older people
in New Zealand, therefore the similar format of the Cued Up! programme could be considered an
acceptable format for the New Zealand context. As New Zealand has wide and varied geography,
with many PD patients living away from city centres, home based interventions with well managed
use of therapy resources are important.
This study also included the Cued Up! Satisfaction Survey as a secondary outcome measure. This
outcome measure proved very useful in evaluating the utility and acceptability of the programme for
people with PD and FOG. Specific questioning of how participants felt the programme benefitted
them, and which parts of the programme were most useful, also provided valuable information on
any changes that may need to be considered to improve the effectiveness of the Cued Up!
programme for future clinical use or research. For example, the participants were clearly able to
identify which exercises they found most helpful in managing their FOG (walking outside, turning,
and side stepping exercises). This information will help exercise selection for other therapists using
the Cued Up! programme. Also, despite most participants finding the metronome easy to use and
helpful to their walking, a third of them (6/18) reported that they would not continue to use the
metronome. This is an interesting and important finding and perhaps reveals that the metronome
itself was not the most important aspect of the programme. Instead, it could be that participants
found the education about their FOG and the pragmatic use of the cueing exercises in everyday
situations more useful. This is in line with the aspects of FOG management mentioned earlier, such
as a participant’s sense of self-management of their FOG, that were not exposed by the NFOGQ, but
were revealed by the satisfaction survey results.
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The sample size of the study was small and this means the study lacked statistical power to detect
clinically important differences between randomised groups. The sample size was small to keep the
study within the limited resources available, namely one treating therapist/researcher and small
budget. The study was of value, however, to allow sample size calculations to be generated to guide
future research. To detect a clinically important difference of one point for the total NFOGQ score,
based on a 6% change from baseline score and a standard deviation of 5.4, and effect size of 0.18, at
80% power with a type 1 error rate of 5% would need a total of 232 participants, 116 in each of the
two groups. This is approximately the same sample size needed to detect a reduction in falls rates
from 70% to 50%, discussed in the work of Ashburn and colleagues (Ashburn, Fazakarley et al. 2007),
who suggest a total sample size of 200, 100 participants in each group, again with 80% power and a
type 1 error rate of 5%.
Inclusion and exclusion criteria also limited available participants. FOG is associated with disease
severity, as is deteriorating cognition. Those with significant cognitive impairment were excluded
from this study, thus potentially excluding many potential participants with FOG. A larger sample size
could have been recruited if those with dementia or significant cognitive impairment were recruited.
However it is questionable as to how well those with significant cognitive impairment would have
been able to participate in such a programme. This requires further consideration for future studies.
Another inclusion criterion that limited participant numbers was age. Participants were included only
if they were over the age of 65 years (or 55 years for Maori or Pacific Islander). This initial inclusion
criterion was to align with the researchers work role at the time in the Older Person’s Health Service
at the local District Health Board. In hindsight, this inclusion criterion was not necessary for this study
and inadvertently restricted participant numbers. Also it was clear from this study’s results that
increased age was not associated with a higher falls risk. However, age restriction may remain an
issue for future studies, as most falls prevention programmes available in New Zealand, such as the
OEP, target older people. A direct comparison between the Cued Up! programme and another
established and validated falls prevention programme in an RCT may require participant inclusion
based on normal eligibility criteria for the established ‘usual care’ falls prevention programme (OEP).
Participants were recruited from an established database of willing research participants at a
specialist movement disorder research centre. The participants could therefore be considered to be
more motivated than participants recruited from another source, such as general practitioner or
neurologist referral. Furthermore, whilst participants had a stable medication regimen at entry to the
trial, some participants were also participating in other research trials involving medications.
Medication changes, including those relating to drug research trials, were relatively common
amongst the participant group (38%, 8/21 had at least one change to a PD medication) and may have
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led to greater variability in the outcome. The small sample size meant that it was not possible to
statistically control for such confounding variables.
Small participant numbers also meant that those with “on” state FOG and “off” state FOG could not
be accounted for in the analysis. Equally, no attempt to identify FOG type was made at recruitment.
There may have been other participants who also had “on” state FOG but were not as easily
identified. As some evidence suggests that FOG type (“on” versus “off”) may react differently to
cueing treatment, this should be a consideration in the future.
Finally, as discussed in Chapter 1, the economic impact of PD and in particular falling in PD is
significant (Woodford and Walker 2005; Findley 2007). Whilst it was beyond the scope of this small
study to provide a full cost-benefit analysis, a brief calculation of the cost of delivering the Cued Up!
programme would have been useful for planning other studies. Any larger studies in the future
should consider an economic evaluation, including cost of programme delivery and a cost-benefit
analysis.

Conclusions
The evidence based Cued Up! exercise programme is a useful and acceptable format for therapists to
use for the management FOG in PD. Although this study lacked statistical power to detect important
changes that may have been a result of the programme, it does provide some useful insights for
future research. In relation to FOG, future studies should consider not only measures of FOG severity
and its impact on activity limitations (such as the NFOGQ), but also outcome measures that can
evaluate the effect of FOG on participation restrictions and quality of life. ‘On’ state versus ‘off’ state
FOG should be considered separately if possible, as they may respond differently to cueing treatment
and leave studies open to outliers. Inclusion criteria for future studies should be broader to include
those with more advanced cognitive impairment, a younger age group, and recruitment should
include a more diverse patient sample.
Finally, economic evaluation would add value to future research on cueing interventions and help
provide context to clinical outcome measures. It is difficult to fully understand what is considered
clinically meaningful and relevant in terms of changes in outcome measures such as FOG severity and
fall rates when considering the natural course of a progressive illness such as PD. Future studies
should emphasise not only specific measured outcomes such as FOG severity and fall rates, but also
consider the wider clinical picture that reflects general health outcomes for people with PD, their
quality of life, their participation levels and the healthcare burden of PD, such as injury from falls,
number and frequency of hospital admissions, and care cost needs over time (Woodford and Walker
2005; Findley 2007; Nieuwboer, Kwakkel et al. 2007; Nieuwboer 2008).
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Appendix 1

Participant Screening Tool

Name: _______________________________________________
Address: _____________________________________________
Contact tel. no. __________________________________

MOCA Score: ________

MMSE Score ______

Age at start of study:

Male

Female

Ethnicity: ________________________

Hoehn and Yahr Score: ____________________

No. years since diagnosed: ___________

NFOGQ Score: _____________________

History of Falls? Yes

Consent Date: ____________________________
Participant Number Given: __________________
Randomisation: ___________________________
Start Date for exercises: ____________________

No
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Appendix 6

Record of Visits

Name
DOB & Age
Participant number
Contact telephone
number
Address

Visit Number

1 2 3 4 5 6

Date of Visit:

extra 1 extra 2

Falls and Exercise Diaries Collected □

Time of visit start:

Time of visit finish:

Informed verbal consent for visit:
People present at visit:
Metronome use?
Using well with out help □

Needed reminding/teaching how to use □

Exercises prescribed at this visit

Exercises already prescribed (at previous visits)

Exercise technique checked □
Reports completing
twice a week

every day

Any problems encountered/reported

Any PD medication changes?
Plan for next visit:

most days

at least twice per week

less than
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Appendix 7

Record of Telephone Calls

Name
Participant number
Date of phone call:

Time of phone call start:

Time of phone call finish:

Phone call for week number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 1 16 1 18 19 20
Falls and Exercise Diaries received for previous week?
Discussion
Metronome
how to use □

Using well with out help □

Needed reminding/teaching

Any other issues with metronome?
Exercises
Reports completing

every day

most days

at least twice per week

less than twice a week

Confirmed which exercises completing. Is this what was prescribed?
Any other problems encountered/reported

Any PD medication changes?

No

Tick here if phone follow up not completed □

Yes (if yes list changes) __________________________________

Reason? __________________________________________
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Appendix 8

Satisfaction Survey Summary Results

Participating in the Cued Up! Programme was

Response

Chart

Percentage

Count

Of great benefit to me

22%

4

Of some benefit to me

67%

12

Of limited benefit to me

11%

2

Of no benefit to me

0%

0

Total Responses

18

In regards to my walking, participating in the Cued Up exercise programme has

Response

Chart

Percentage

Count

Improved my walking

78%

14

Made no difference to my
walking

22%

4

Made my walking worse

0%

0

Total Responses

18

The number of visits to me at home from the physiotherapist was

Response

Chart

Percentage

Count

Too many

6%

1

Too few

0%

0

About the right amount

94%

17

Total Responses

18
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The weekly telephone calls from the physiotherapist were

Response

Chart

Percentage

Count

Always helpful - they kept me on
track and encouraged me to
continue exercising each week

61%

11

At times helpful - but I didn't
need to be phoned every week

39%

7

Unhelpful - the phone calls did
not help remind or encourage
me to exercise each week

0%

0

Total Responses

18

The Cued Up exercises were

Strongly
Agree

Agree

Neutral

Disagree

Strongly
Disagree

Total
Responses

Enjoyable

0 (0%)

8 (50%)

7 (44%)

1 (6%)

0 (0%)

16

Easy to
understand

5 (29%)

11 (65%)

0 (0%)

1 (6%)

0 (0%)

17

Boring

0 (0%)

2 (14%)

7 (50%)

2 (14%)

3 (21%)

14

Confusing

0 (0%)

2 (14%)

5 (36%)

3 (21%)

4 (29%)

14

The Cued Up exercises

Response

Chart

Percentage

Count

Helped me understand my
freezing

50%

9

Taught me how to overcome my
freezing when it occurs

39%

7

Helped me learn how to predict
situations where I might freeze
and to use a strategy to avoid a
freezing episode

61%

11

Made no difference to my
freezing

17%

3

Made my freezing worse

0%

0

Total Responses

18
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Since I started doing the Cued Up exercise programme

Response

Chart

Percentage

Count

I worry less about falling

39%

7

I worry more about falling

17%

3

I have had no change in my
feelings or concerns about
falling

44%

8

Total Responses

18

Since I started doing the Cued Up exercise programme

Response

Chart

Percentage

Count

I fall less frequently

73%

11

I fall more frequently

7%

1

There has been no change the
frequency of my falling

20%

3

Total Responses

15

Which 3 exercises did you feel were of most benefit to you?

Response

Chart

Percentage

Count

Seated exercises

11%

2

Sit to Stand exercise

39%

7

Standing Marching

11%

2

Turning Exercises

44%

8

Side Stepping

39%

7

Walking over lines

22%

4

Walking between objects

33%

6

Opening/Closing Doors

11%

2

Dual Tasking

11%

2

Walking Outside

61%

11

Total Responses

18
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How often do you do your Cued Up exercises now?

Response

Chart

Percentage

Count

I do them everyday

11%

2

I do them most days

33%

6

I do them about 2-3 times a
week

39%

7

I only do them once or twice a
week

0%

0

I do them infrequently (less than
once per week)

11%

2

I do not do them at all anymore

6%

1

Total Responses

18

On days you do not complete the exercises, what are the reasons?

Response

Chart

Percentage

Count

I am too busy

44%

8

I am too tired

50%

9

Pain

44%

8

I am not motivated

6%

1

Because I didn't think the
exercises help me

0%

0

Other Reason (please state)

6%

1

Total Responses

18

On days you do not complete the exercises, what are the reasons? (Other Reason (please state))
#

Response

1. flat feet
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Will you continue to do the Cued Up exercises as part of the way you manage your Parkinson's
Disease?

Response

Chart

Percentage

Count

Yes

94%

15

No

6%

1

Total Responses

16

The Metronome

Agree

Disagree

Neither
Agree or
Disagree

Total
Responses

Was easy to use

15 (94%)

1 (6%)

0 (0%)

16

Helped my walking

12 (80%)

1 (7%)

2 (13%)

15

Helped control my freezing

3 (33%)

2 (22%)

4 (44%)

9

Gave me confidence

7 (64%)

3 (27%)

1 (9%)

11

Was not very useful to me

1 (12%)

4 (50%)

3 (38%)

8

Will you continue to use the metronome?

Response

Chart

Percentage

Count

Yes

67%

12

No

33%

6

Total Responses

18
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Please write here any other comments or feedback you would like to make about the Cued Up
exercise programme
#

Response

1.

Because our villa is small and because village is sociable, getting space and privacy was difficult.
I found this intrusive. I am happy to take part at centre.

2.

Some benefit but because of other injuries I couldn't participate as much as I would have liked
to

3.

Many thanks for the exercises and walking instructions which you have given me. I am sure they
will be very beneficial over the next few years, especialy for me.

4.

thanks for your care to me

5.

vg no problems

6.

I think it has been a very interesting exercise and very useful, my family and grandchildren all
participated and made it fun at times. I'm sure anyone who has done this program will find
some benefits.

7.

The importence of the indoor exercise is not stress

8.

It should be stressed that all the exercises should be done not just some of them

9.

Tara could not have been more helpful. Her patience and encouragement was greatly
appreciated.

10. I found that I did the inside exercise infrequently but always did 45 mins of walking at least 5
times a week.
11. Metronome useful during early days of program but had little effect in last few weeks. (About
Q8) answer give wrong impression. Both falls could have occured at any time in last several
years
12. I found the exercises especially side to side has imroved my walking and reduced falls. Teh
course has improved the falls rate down to a few. I must congratulate you the extracted
information I kept up the intereest and the phone contact. I think you did an excellent job. The
course has made me realise that falls can be avoided and more especially avoiding getting out of
corners and that being able to move free to get out of it. I have a bad habit of stepping off
without thinking were exactly I am going. The experiences have made me concsious that I must
SLOW DOWN. Thanks for the opportunity to partake part of your study.
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Appendix 9

New Freezing of Gait Questionnaire

Part I – Distinction Freezer – non-Freezer, over the past month
1. Did you experience “freezing episodes” over the past month?

Freezing is the feeling that your feet are transiently glued to the floor while trying to initiate walking, making a turn or
when walking through narrow spaces or in crowded places? Sometimes it can be accompanied with trembling of the legs
and small shuffling steps.

Part II – Freezing severity
2. How frequently do you experience freezing episodes?

0. Less than once a week
1. Not often, about once a week
2. Often, about once a day
3. Very often, more than once a day
3. How frequently do you experience freezing episodes during turning?
0. Never
1. Rarely, about one a month
2. Not often, about once a week
3. Often, about once a day
4. Very often, more than once a day
If the answer is 1 or more go to question #4. If the answer is 0, go directly to #5.

4. How long is your longest freezing episode during turning?
1. Very short, 1 second
2. Short, 2 - 5 seconds.
3. Long, between 5 and 30 seconds.
4. Very long, unable to walk for more than 30 seconds.
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5. How frequently do you experience episodes of freezing when initiating the first step?

0. Never
1. Rarely, about once a month
2. Not often, about once a week
3. Often, about once a day
4. Very often, more than once a day
If the answer 1 or more go to question #6. If the answer is 0, go directly to #7.
6.

How long is your longest freezing episode when initiating the first step?

1.

Very short, 1 s.

2.

Short, 2-5 s.

3.

Long, between 5 and 30 s.

4.

Very long, unable to walk for more than 30 s.
Part III – Freezing impact on daily life

7. How disturbing are the freezing episodes for your daily walking?
0. Not at all
1. Very little
2. Moderately
3. Significantly

8. Do the freezing episodes cause feelings of insecurity and fear of falling?
0. Not at all
1. Very little
2. Moderately
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3. Significantly
9. Are your freezing episodes affecting your daily activities?
(Rate the impact of freezing on daily activities only. Not the impact of the disease in general)

0. Not at all, I continue doing things as normal
1. Mildly, I avoid only few daily activities
2. Moderately, I avoid a significant amount (about half) of daily activities
3. Severely, I am very restricted in carrying out most daily activities

Do you have any other comments about your freezing?

