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“It ain’t over ‘til the fat lady sings”

- Unknown philosopher






ABSTRACT

Aim: The overarching aims of this thesis were to: evaluate the psychometric properties of a
new clinical balance tool in People with Parkinson’s disease (PwPD) with mild to moderate
disease severity; as well as to investigate the effects of a new gait and balance training
regime, developed to target specific symptoms commonly observed in this population.

Methods: Paper one entailed the evaluation of a balance tool’s (the Mini-BESTest)
reproducibility in a clinical context, when used in PwPD. In order to investigate how the
reproducibility was affected by different administrators, 27 PwPD performed the Mini-
BESTest with two physiotherapists who administered the test separately. In order to evaluate
how the reproducibility was affected between test occasions, the participants returned 7 days
later to be reassessed by one of the physiotherapists. Paper two entailed the evaluation of the
Mini-BESTest’s validity by means of hypotheses testing, which included, for example, the
test’s ability to distinguish between PWPD and healthy controls; and between PwPD with
mild and moderate severity. A total of 105 PwPD and 47 healthy controls participated in this
evaluation. Papers Il & IV evaluated, in form of a randomised controlled trial (RCT), if
participation in 10-weeks of symptom-specific and challenging training affected gait and
balance abilities, fall related concerns, physical activity and activities of daily living (ADL).
In addition, the training effects on the abilities to walk while simultaneously performing an
added task were also specifically addressed. One-hundred PwPD were recruited to this study
and were randomised to either the training or control group (care as usual).

Results: The reliability of the Mini-BESTest was found to be good. However the
measurement error on individual level was considered high, reflecting more than 10 percent
of the total score. When the agreement is related to a group level (in this case, 91 individuals),
the measurement error only reflected 2 percent of the total score. Moreover, the Mini-
BESTest was able to adequately distinguish between PwWPD and healthy controls, as well as
between PwPD with mild and moderate disease severity, respectively. The findings from the
RCT showed that the participants in the training group, when compared to the control group,
improved balance, gait, ADL and showed tendencies towards increased physical activity,
whereas fall related concerns were unaffected. During gait with an added task, the
performance of the added task was improved while the gait remained unaffected.

Conclusions: The psychometric properties of the Mini-BESTest make it appropriate for
research purposes. Although the measurement error on individual level is considered large,
the clinical value of the test is considered to exceed its flaws. Specific and challenging
training can improve gait and balance abilities amongst PwPD, effects that might influence
improved physical activity. Future research should investigate the importance of the added
cognitive task when performed during gait.



SAMMANFATTNING

Syfte: Det 6vergripande syftet med denna avhandling var att understka skalegenskaperna hos
ett nytt kliniskt balanstest hos personer med mild till mattlig grad av Parkinsons sjukdom
(PS), likaledes var malet att utvardera effekterna av ett nytt gang- och balanstraningskoncept,
specifikt utvecklat for denna population.

Metod: Det forsta delarbetet bestod av utvérderingen av balanstestet Mini-BESTests
reproducerbarhet da det anvands i klinisk miljo hos personer med Parkinsons sjukdom (PS).
Tjugosju forsokspersoner med PS deltog i studien. For att understka hur reproducerbarheten
paverkades av olika fysioterapeuters bedémning utforde deltagarna Mini-BESTest under
instruktion av tva olika fysioterapeuter. FOr att dven undersoka hur reproducerbarheten
paverkades da testet utfors vid olika tillfallen, aterkom deltagarna 7 dagar senare for att
genomga samma test med en av fysioterapeuterna. Delarbete tva bestod av utvérderingen av
Mini-BESTests validitet. Detta utfordes i form av hypotestester, bland annat rérande hur val
testet formadde skilja mellan personer med PS och friska kontrollpersoner, samt mellan
personer med olika grad av sjukdomen och olika fallhistorik. Till detta delarbete inkluderades
105 personer med PS, samt 47 friska kontrollpersoner. De tva avslutande delarbetena
utvérderade, i form av en randomiserad kontrollerad studie, hur medverkan i 10 veckors
symptomspecifik och utmanande traning paverkade gang och balansformaga, fallradsla,
fysisk aktivitet och aktiviteter i dagliga livet. Likasa utférdes en specifik analys av férmagan
att dela sin uppmarksamhet mellan gang och en kognitivt utmanande tillaggsuppgift. Till
denna studie rekryterades 100 personer med PS, vilka randomiserades till att ingd i en
traningsgrupp respektive en kontrollgrupp (sedvanlig behandling).

Resultat: Balanstestet Mini-BESTest pavisade god reliabilitet, dock motsvarade métfelet pa
individniva drygt 10 procent av testets totalpoang, vilket ansags hogt. Da matfelet anpassades
till gruppniva (91 individer) motsvarade det dock mindre &n tva procent av totalpoangen.
Vidare férmadde Mini-BESTest skilja mellan personer med PS och friska kontroller, liksom
mellan personer med mild respektive mattlig grad av PS. Resultatet fran den randomiserade
kontrollerade studien visade att deltagarna i kontrollgruppen, i jamforelse med
kontrollgruppen, forbattrade sin gang och balansformaga. Tillika resulterade traningen i
forbattrad formaga att utfora aktiviteter i dagliga livet samt tendenser till 6kad fysisk aktivitet,
daremot paverkades inte fallradslan. Under gang med en kognitiv tillaggsuppgift, forbattrades
utférandet av den kognitiva uppgiften hos traningsgruppen, gangférmagan forblev dock
oférandrad.

Konklusion: Mini-BESTests skalegenskaper pa gruppniva gor testet lampligt att anvanda vid
forskning. Matfelet pa individniva bedéms vara stort. Detta till trots bedéms testets kliniska
varde Overstiga dess tillkortakommanden. Specifik och utmanade traning kan forbattra gang
och balansformagan hos personer med mild till mattlig PS, effekter som dessutom visar
tendenser till 6kad aktivitetsniva i dagliga livet. Framtida studier bor undersoka vikten av den
kognitiva uppgiften da den utfors simultant med gang.
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1 INTRODUCTION

The maintenance of gait and balance functions is crucial for physical independence and
successful aging in general, and in particular, the self-perceived quality of life of people with
Parkinson’s disease (PwPD).'? Hence, the overarching theme of this thesis was the
investigation of the effects of a new gait and balance training regime in PwPD, aimed at
targeting related functioning problems. However, in order for conclusions to be valid in
medical research, one needs to be able to rely upon the measurements used.

This thesis was divided into two parts. The first, psychometric part, constitutes the
investigations of the psychometric properties of a clinical balance instrument (The Mini-
BESTest) stated to measure the construct of dynamic balance. The second, intervention part,
investigated the effects of a new gait and balance training regime (The HiBalance
programme)® with regard to the following: (1) the overall gait and balance performance; and
(2) the automaticity of gait and a simultaneously performed cognitive task.



2 BACKGROUND

2.1 PARKINSON’S DISEASE

2.1.1 Prevalance and pathophysiology

Parkinson’s disease (PD) is the world’s second most common neurodegenerative disorder.
Although hereditary and environmental factors account for a slightly increased risk of
diagnosis, the aetiology of PD remains largely unknown.*® The estimated prevalence of PD is
5 million cases worldwide and 22 000 in Sweden. *® Although PD also occurs at younger
ages, the disease is most commonly diagnosed after the age of 60.* With the increased life
expectancy worldwide it is estimated that approximately 9 million people will be diagnosed
with PD in the next 15 years.’

The pathophysiology in PD is rather complex, however, a simplistic description of the main
characteristic is the progressive process of neuronal degeneration in the substantia nigra pars
compacta.® This leads to a substantial loss of dopaminergic neurons in the nigrostriatal
pathway and, eventually, the basal ganglia. The major cause of the motor symptoms
occurring in PwPD is related to this neuronal loss.>*°

2.1.2 Clinical manifestations, diagnosis and disease severity

The main clinical manifestations observed in PwWPD are the cardinal motor symptoms:
tremor; bradykinesia; rigidity; and postural instability.* Other common motor features
include but are not limited to: impaired gait; speech impairments; dysphagia; and reduced
facial expressions. In addition to the well documented motor symptoms, PD is also
accompanied by a variety of non-motor symptoms.*? These include the prevalence of
cognitive impairments such as executive dysfunction.** Other common non-motor symptoms
are impairments of the autonomic system, gastrointestinal disturbances, sensory symptoms,
sleep disorders and neuropsychiatric symptoms, including depression.**

There is no definite test to diagnose PD. Hence, clinicians tend to base their conclusions upon
the presence of a combination of the above-mentioned cardinal symptoms, and the response
to Levodopa medication (i.e. the first hand treatment for PWPD).” It is possible, however,
that, the clinical characteristics may overlap between PD and other Parkinsonian subtypes,
which may alter the primary diagnosis; therefore the diagnosis may change with time if
certain symptom patterns related to the progression of the disease are absent.



Since PD is a progressive disorder -meaning that symptoms tend to increase with time -the
healthcare management of it may differ depending on the stage of the disease. One
commonly used scale to categorise PwPD with regard to their severity of motor symptoms is
the Hoehn and Yahr scale (H&Y).™ This scale ranges from one to five, where a higher H&Y
score signifies a more severe disease stage (Table I).

Table I. The Hoehn & Yahr Scale
1. Unilateral involvement only, usually with minimal or no functional disability

2. Bilateral or midline involvement without impaired balance

3. Bilateral disease, mild to moderate disability with impaired postural reactions
4. Severe disability, ability to walk or stand without assistance

5. Restricted to bed or wheelchair, Assistance required for mobility

2.1.3 Effects of Parkinson’s disease on everyday life

Among the symptoms observed in PwWPD that have the most detrimental effects on health
related quality of life are gait and balance impairments.? Indeed, up to 70 percent of PwPD
fall every year and out of these, 40 percent fall multiple times.'’*® Impaired gait and balance
abilities are among the major contributors to increased fall risk'®, and are related to fall-
related concerns as well as activity limitations.>*® Therefore such impairments may interfere
with participation in daily life.?

2.2 GAIT AND BALANCE CONTROL

Within this thesis continuous steady state gait during less-demanding conditions and transient
task-specific gait (for example negotiating obstacles and performing sudden turns) will be
treated as two different constructs.”*?? Operationally, the former and latter will be referred to
as ‘gait’ and as ‘dynamic gait’, respectively throughout the thesis.

Gait refers to steady state gait during over-ground walking conditions and entails the detailed
investigation of the overall performance of numerous repeated steps.

Dynamic gait entails the ability to perform specific tasks while walking and relies upon
adaptability to the demands of those specific tasks. It is clinically evaluated with regards to
the overall performance of different gait-specific tasks, and is considered to be related to the
multi-dimensional construct of balance control.?



2.2.1 Gait

Gait is fundamental for a physically independent lifestyle, and is a strong predictor of overall
health status.**%" Although walking may appear as a simple task, the recent description of a
supraspinal locomotor network and its complex interactions highlights the complexity of
gait.?®* Considering that PWPD exhibit deviant activity in all structures related to this
network, it is unsurprising that gait impairments is one of the main disabilities found in this
population. Indeed, PwWPD have been shown to walk slowly, with short, narrow, variable and
asymmetric steps, compared to healthy people.?

The importance of investigating different gait parameters in PwPD can perhaps be
highlighted by relating different aspects of gait impairments to common symptoms and their
related structural characteristics. The slowness of gait, for example, may be related
bradykinesia and/or rigidity.?? These symptoms have been suggested to be caused by reduced
excitability of cortical motor areas;* and impaired interactions between the basal ganglia and
deep brain structures,® respectively. Moreover, whereas gait asymmetry among PwPD is
likely related to the unilateral onset of the disease (and suggested to depend upon the
asymmetric dysfunction of the basal ganglia),®* gait variability (i.e. the step to step
fluctuations) has no clear cut structural explanation.”” Nevertheless, gait variability has been
promoted as a particularly important characteristic with the potential to predict falls.*3*

Taken together, it is unsurprising that different aspects of gait have been thoroughly
investigated over the years. On the other hand, a lack of unity regarding which gait
parameters to investigate and what they represent has made it difficult to compare results
across studies.® However, in recent years efforts have been made to identify discrete
parameters related to independent domains of gait.*** Each of these domains is theorised to
contain important information regarding specific aspects of gait, while at the same time
combine to represent the multidimensional construct of human gait.

One of these models has been validated for PwPD* and encompasses the following domains:
Pace; Rhythm; Variability; Asymmetry and Postural Control (Figure 1). Indeed, in
comparison to healthy controls, PWPD have shown impairments related to all of these
domains.?
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Figure 1. An illustration of the independent domains of gait and its related parameters,
theorised to represent the multi-dimensional construct of gait.*’

2.2.1.1 The concept of automaticity

Gait has for a long time been considered an automatic activity in healthy people.*® The notion
of gait automaticity is that it requires minimal attention, which instead can be directed
elsewhere.*® Automatic gait may be highly relevant for everyday life, especially when
performing tasks or actions within a particular context such as when a person is crossing a
street. Indeed, if this person would then be preoccupied by paying attention to the gait
performance, he or she may not be able to detect potential hazards, such as approaching
vehicles, curbs or other pedestrians.

2.2.1.2 Automatic versus controlled processing

The concept of automaticity relies upon the framework by Schneider and Shiffrin,*® and has
its theoretical roots within the cognitive research field (but has since been adopted by the
locomotor research field).*® This framework distinguishes between automatic and controlled
processing.*! Automatic processing was defined as “the activation of a sequence of nodes that
nearly always becomes active as a response to a particular input configuration”, and that is
“activated automatically without the necessity for active control or attention by the subject”.
Controlled processing, on the other hand, was defined as “a temporary set of nodes that are



activated under control of, and through attention, by the subject”. Whereas the automatic
processing relies upon and require an appreciable amount of training to fully develop,
controlled processing has the benefit of being applied in novel situations.** By translating this
to activities, motor or cognitive, these two types of processing may be interpreted to
complement each other. When sufficient amount of training have led to automatic processing,
a task may be optimally performed with minimal attention, which instead can be allocated to
a novel (or untrained) task which requires attention.

2.2.1.3 The dual-task paradigm

The most common way of investigating automaticity is by means of the dual-task (DT)
paradigm.*? This paradigm entails the concurrent performance of two tasks with distinct
objectives. Each of these tasks is also performed separately, that is, as single-tasks (ST). From
this, the difference in task-performance under DT and ST-conditions, termed DT-interference
(DTI) could be approximated, which is considered an estimation of the degree of
automaticity.>® Moreover, the DTI can be presented as an absolute value (by subtracting the
ST performance from the DT performance of the same task) or a relative value (by dividing
the absolute DT1 with the ST-performance).***

In addition to measuring automaticity, the DT-paradigm can also be used to assess DT-
abilities per se, that is, without taking the ST-performance into account. Whereas the DTl is a
relative measure, considered to represent automaticity; the absolute measures of DT-abilities
can be considered to represent the abilities to perform certain tasks under dual-processing.

Within the field of gait research, the DT-paradigm refers to the examination of gait
performance in combination with an added task. This added task may be of a more manual
(for example, manipulating buttons) or cognitive character (such as counting backwards by
3s). However, in recent years cognitive tasks have been more commonly used, due to the
increased understanding of the impact that executive functions may have on gait.®

2.2.1.4 Executive functions

Executive functions are defined as a set of cognitive processes that control goal-directed
behaviours.™® These processes have been found to have great impact on DT abilities. One of
the prevailing models used to conceptualise the role of executive functions and its impact on
automaticity and attention, is the supervisory attentional system model.*> This model suggests
that two basic tasks can be performed simultaneously without interference as long as they are
automatic, whereas more advanced, non-automatic tasks need conscious attention that is
coordinated from the supervisory attentional system. Relating this model to neurophysiology,
it is widely accepted that the basal ganglia is responsible for automaticity, whereas the role of
the prefrontal cortex is coinciding with that of the supervisory attentional system.*?



2.2.1.5 Structural impact on automaticity in people with Parkinson’s disease

PwPD frequently exhibit impaired automaticity of both motor and executive functions.'*3%%

This is believed to be due to the basal ganglia dysfunction in this population, which in turn
leads to a dependency of cortical attention (i.e. the supervisory attentional system) even for
the performance of basic tasks ( which are automatic in healthy people).” In addition, it has
also been suggested that impaired motor automaticity in PwPD is related to impairments of
the sensorimotor striatum, a structure that is responsible for automatic motor programming in
healthy people.*® This in turn suggests that PwPD need to rely upon controlled processing
(which is limited in its capacity)*' even for single-tasks. Hence, during DT-conditions, there
might be a competition for attention, which may highlight the importance of prioritisation
strategies among PwPD.

2.2.1.6 Prioritisation strategies during dual-task conditions

The concept of task prioritisation during DT-conditions refers to the idea that attention will be
allocated to the “most important™ task. Prioritisation strategies are commonly investigated by
comparing the DTI of the two concurrently performed tasks, where the task with the least
interference is considered to be prioritised.**

For a long time, the common comprehension was that a sound prioritisation strategy was to
use the posture first strategy.*’ The idea of this strategy is that healthy people will always
prioritise the motor task (for example gait or balance), rather than the added cognitive task
during DT-conditions. PwPD on the other hand, have been considered to use the supposedly
deviating posture second strategy during DT-conditions.*® Although this may be true, recent
evidence suggests that similar strategies are used by healthy people.* Moreover, two studies
that investigated the abilities to actively allocate attention to either gait or the added task
found similar patterns among PwPD and healthy people.>®**

Based on this, a new model of task prioritisation has emerged.*® According to this model, task
prioritisation during DT-conditions depends upon a balance between postural threat and
postural reserves as perceived by the subject. The first, postural threat, refers to the
perceived hazard of the task at hand, such as the risk of injury; and the second, postural
reserves, refers to the physical abilities of the individual, for example gait and balance
abilities. Moreover, this model states that healthy people, with sufficient postural reserves,
will always prioritise the added cognitive task if the motor task is perceived to be of low
threat. Conversely, a person with limited postural reserves will prioritise the motor task if the
added task becomes too demanding, thereby competing for attentional resources. It may be
interpreted that this model highlights the importance of the perceived difficulty level of either

task, in relation to the individual’s capacities.



2.2.1.7 Relation between dual-task deficiencies and falling

Both impaired automaticity and absolute DT-gait abilities have been related to increased risk
of falling in elderly people.® Moreover, although single-task gait speed is an important
indicator of overall health and survival, a recent review found that dual-task gait performance
had an added value with regards to fall-prediction.>® This review also recommended future
studies to analyse the impact of the added task and the DTI of gait performance with regards
to the future risk of falling.

2.2.2 Balance control

Balance control has been defined as a complex motor skill dependent upon the interaction
multiple sensorimotor processes, with main functional goal of postural equilibrium and
postural orientation.>® Postural equilibrium (or stability) refers to the control of Centre of
Mass (CoM) in relation to the Base of Support (BoS). Postural orientation refers to the active
maintenance of an adequate posture and depends upon gravity, visual environment, support
surface and internal references.”®

Balance control is a prerequisite for the performance of a variety of activities. In humans
these activities have been classified into three overarching categories: (1) the maintenance of
a specific posture, for example sitting or standing; (2) voluntary movements, for example
movements between postures; and (3) the reaction to an external disturbance, such as a trip, a
slip, or a push.>

Relying upon the notion that balance control relies upon a set of different underlying
systems,®® Horak et al. recently presented a model for balance control.? This model
encompasses six underlying domains, thought to represent the multidimensional construct of
balance (Figure 2).



Biomechanical

constraints
Dynamic x N Stability
gait | limits
\‘_/'/ N
Anticipato
Sensory el
3 5 postural
orientation :
adjustments
) Postural )
responses

Figure 2. An illustration of Horak’s model for balance control.?®

2.2.2.1 Biomechanical constraints

Biomechanical constraints refer to constraints arising from the individual’s biomechanical
system, which may alter balance abilities. In PwPD, common biomechanical constraints are
related to symptoms such as reduced lower limb joint torques, flexed spinal abnormalities and
stooped posture.®®?’

2.2.2.2 Stability limits

Stability limits refer to the relation between the CoM and the BoS. Generally, if the CoM
falls outside of the BoS, an object or a person lose the control of balance.>* Hence, the area
making up the BoS may therefore be considered the theoretical stability area (i.e. the limits of
stability).>® Moreover, in clinical balance assessments, stability limits may be defined as the
maximum possible displacement of the body’s CoM without the necessity of taking a step, or
worse, falling.”® This is commonly assessed with regard to an individual’s voluntarily
inclined posture, which in addition to body biomechanics and segment properties, is affected
by subjective and environmental factors.’®*° As such, clinical assessments may be assessing
the functional limits of stability, which might differ from the limits of stability.>® In this
thesis, stability limits refer to the functional limits of stability.



From an early disease stage, PwPD demonstrate impaired stability limits when compared to
healthy people, with particularly pronounced deficiencies in the backwards direction.>
Indeed, it has been proposed that the stooped posture in PwPD, resulting in a forward
projection of the CoM, may be the results of a compensatory strategy, protecting them against
backwards falling.”*®

2.2.2.3 Anticipatory postural adjustments

Anticipatory postural adjustments (APASs) refer to the onset of postural changes (for example
activation of postural muscles) that occur prior to a self-initiated balance perturbation.®* The
APAs are affected by three main factors: (1) the expected magnitude and direction of the
perturbation; (2) the voluntary action associated with the perturbation; and (3) the postural
task.%? For example, starting to walk from a standing position will be preceded by different
APAs than when rising up to standing from a seated position, or when lifting a heavy
suitcase.

People with PD have demonstrated slower APAs of smaller magnitude when compared to
healthy people, which has been related to the cardinal symptom bradykinesia. Moreover, the
deviant APAs in this population have also been found to be asymmetric®® and variable.®*
Taken together, these findings have been implied to play a part in the delayed step initiation
and freezing of gait among PwPD.?*®

2.2.2.4 Postural responses

Postural responses refer to the ability to respond to a sudden external perturbation (such as a
trip, slip or push) that position CoM outside of the BoS. Therefore, adequate postural
responses may be considered the ultimate attribute for the avoidance of falling. Postural
responses are considered to be automatic, however they differ from spinal reflexes in the
sense that the latter occur at shorter latencies, indicating different neural pathways.®”®°
Although the brainstem’s involvement in the generation of postural responses is undisputed at
large, recent findings suggest that the interaction between the basal ganglia and the cortex
plays a role.?2%"2 |n addition, it has also been suggested that the neural circuitry may differ
between postural responses in different directions.”

Taken together, this may suggest why PwWPD show impaired postural responses at an early
disease stage,”™ and perhaps also why impairments of postural responses in the backwards
direction appear to be particularly pronounced in this population.”"®
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2.2.2.5 Sensory orientation

Sensory orientation (or sensory integration) refers to the ability of using sensory information
to generate adequate motor responses (such as stabilising the body) within the context of the
current environmental challenges. This occurs through the central nervous system, where the
respective information from the visual, vestibular and proprioceptive systems are integrated
and weighed.” Moreover, this integration process is adaptive, meaning that the input from
the different systems will have different impact depending on the situation.®

One common way to measure sensory orientation is by analysing, for example, the frequency
and amplitude of body sway (i.e. the continuous movements of the CoM) during upright
standing (with the feet in fixed positions). Increased body sway is then generally interpreted
as challenges with the integration of sensory information, and tend to increase when visual
input is restricted or when an individual stand on unstable surfaces.

PwPD exhibit a variety of somatosensory impairments, including tactile, thermal,
proprioceptive, and nociceptive disturbances.®! Such disturbances may combine to produce
incorrect integration in the central nervous system, leading to impaired signalling necessary
for the preparation and execution of motor responses. This may be an explanation to deviant
postural behaviours among PwPD (in comparison to healthy people); such as exaggerated
body sway, which, in turn, become particularly pronounced when visual input is
restricted.®2® The latter finding has been attributed to an over-dependency of visual input, in
particular considered to compensate for impaired proprioception in this population. Although,
this visual dependency is important in its own right, it may be particularly detrimental when
considering that PwPD are at risk of developing a variety of visual impairments throughout
the course of the disease.®

2.2.2.6 Stability in gait

Stability in gait (or dynamic gait) refers to context specific adaptability during gait. This may
include the ability to perform a sudden turn while walking (for example to avoid an
approaching obstacle), the need to suddenly increase or decrease the walking speed (for
example during a road crossing, before the traffic light changes) or lift the foot to clear an
obstacle.

PWPD have difficulties adapting their gait.®**®® This may contribute to the fact that PwPD
experience falls during common everyday life situations that require the ability to adapt gait,
for example during turning while walking.”*®’
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2.3 TREATMENT OF GAIT AND BALANCE IMPAIRMENTS

The treatment of gait and balance impairments in PwPD is recommended to include a
combination of levodopa medication and training.?® This is partly due to uncertainties
regarding the effects of levodopa on certain aspects of gait and balance,**® in combination
with increasing evidence supporting the impact of training.”**®

2.3.1 Effects of levodopa on gait and balance control

The first hand treatment for PwWPD is levodopa medication. In fact, responsiveness to this sort
of medication has traditionally been a prerequisite to be diagnosed with idiopathic PD.*
However, levodopa has mixed effects on gait and balance abilities.***° Indeed, while
levodopa appears to have a moderately beneficial effect on gait measures related to
bradykinesia such as step velocity and step length during gait, it does not appear to affect gait
measures related to rhythmicity, such as swing or stance time.®® With regards to balance,
small improvements were shown with regards to APASs, whereas sensory orientation
(measured as postural sway) actually worsened with levodopa treatment.® In order to address
these balance deficiencies, training interventions may prove highly important as a
complement to levodopa treatment.

2.3.2 Effects of training

Up until recently, it was cast in doubt whether or not training interventions would prove
beneficial with regards to, among others, gait and balance impairments in PwPD.** However,
in the past few years, an increasing number of studies on this issue have contributed to the
general perception that training can indeed prove beneficial for PwPD. #9%% More
specifically, recent findings suggest that training can improve functional outcomes as well as
induce neuroplasticity and be neuroprotective in PwPD.?%%

2.3.2.1 Training effects on plasticity and neuroprotection

98-100 D101—106

Recent evidence from animal models as well as PwP suggests that exercise may
have the potential to induce neuroplasticity and neuroprotection in this population. Findings
range from increased cortical excitability'® (which is related to, for example, the slowness of
gait in PWPD)? to improved neurotrophic factors (suggested to reduce cell death, hence is
considered to be neuroprotective).”'%% Moreover, although most of the findings are related
to high intensity aerobic exercises,*®*%%'% one study found that six weeks of balance
training, consisting of one 45-minute session per week, induced grey matter changes in the
parietal basal ganglia circuitry.™®® This may be highly relevant since this is an area that have
been related to impaired automaticity in PwPD.™
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2.3.2.2 Training effects on single task gait

Previous findings on ST-gait improvements following training in PWPD generally refer to
improved gait speed, whereas for example, improved step length is more rare to achieve.”
Nevertheless one training programme that compared extensive walking over six weeks, with
Nordic walking and placebo training, found that both walking groups improved step length
and step length variability in comparison to the placebo group.'®” These improvements were
significantly larger in the Nordic walking group, as compared to the walking group. The
authors argued that it was due to higher intensity walking in the Nordic walking group, which
may indicate that ST-gait in PwPD might benefit from prolonged exposure to gait at higher
intensity (or challenge) levels.

2.3.2.3 Training effects on automaticity and dual-task gait

It was earlier questioned if PwPD were even able to improve automaticity and DT abilities.
Rather, it was earlier advised against DT-gait training in this population since such training
was considered to put PWPD at risk of adverse outcomes.’® However, it has since been
shown that PwPD have the ability to obtain motor learning through DT-training, in fact their
learning curves are similar to those of healthy people, albeit slower.’® This is a finding that
has been supported by recent pilot studies. Specifically, those studies indicate that DT-
training can improve DT-gait abilities, **>*!® whereas the effects on ST-gait'"%**® are more
uncommon. This in turn may indicate the potential of improving both DT-gait abilities and
gait automaticity among PwPD. On the other hand, few studies have found
improvements***'*® on the added task, which is an area that has received little attention
within this field.*!” Nevertheless, the above mentioned findings remain to be confirmed
through randomised controlled trials in order to guide clinicians whether or not to expose
PwPD to DT-training.

2.3.2.4 Training effect on balance control

Findings from recent meta-analyses show that training interventions can improve balance
control in PwPD.**8 However, the diversity of studies make it difficult to convincingly pin-
point specific training characteristics related to improved balance control.**®*'° Whereas the
results from one of these studies indicate that highly challenging training may prove most
beneficial for improving balance control among PwPD, it remains unclear to what extent
specific balance tasks needs to be targeted.**® On the other hand, aerobic exercises alone were
found to have limited effect on balance improvements. In addition, no evidence was found to
support home-based multi-component training programmes that included balance exercises.
These findings may indicate that training, in addition to be highly challenging, needs to
incorporate balance exercises in order to improve balance control among PwPD. In line with

13



this, a recent recommendation suggests that training interventions in PwWPD needs to
emphasise intensity, specificity and complexity.”

2.4 GAIT AND BALANCE ASSESSMENTS

In order to enable adequate assessments of gait and balance abilities, as well as the effects of
training, outcome measures (i.e. tests) need to be appropriate. This means that the results
produced by each of these measures need to capture the phenomenon (or construct) that the
measure purports to capture. Take the construct of balance control for example, it is
important that the results produced by a test that is used to assess an individual’s balance
control actually represents this individual’s current abilities pertaining to the construct. This
means, for example, that the test needs to produce different results if the test is assessed in
two individuals with different abilities of the investigated phenomenon, or in an individual
with changed abilities between two test occasions (i.e. if balance control have become
improved or worsened). Similarly, if the test is assessed in a single individual at different
occasions, given that the individual’s abilities of this phenomenon has not changed between
the occasions, the results produced by the test should not differ between the occasions (that is,
the measurement error should be small).

2.4.1 Assessment of gait and balance in laboratory versus clinical settings

When investigating gait and balance abilities in research settings, advanced equipment is
commonly used and tests are performed under highly controlled conditions. The assessment
of gait for example, is commonly conducted by means of an electronic pathway or with
sensors positioned at different segments of the subjects’ body (e.g. to assess foot patterns or
joint angles),*?*#* whereas balance control tends to be investigated by means of force plates
(e.g. enabling the detailed analysis of body sway or APAs).? Although such measurement
conditions are indeed affected by, for example, instructions, their measurement properties
may be argued to be relatively robust. Such measures may disclose highly important
information®®® but are rarely available in clinical settings, which may question its ecologic
validity. Conversely, measures that are commonly used in clinical settings, and thereby have
higher ecologic validity, tend to be more subjective in nature; hence, their measurement
properties may lack robustness. Indeed, in clinical assessments, a variety of factors may threat
the robustness of findings, not least related to the tester.***** In accordance with this, the
measurement error found in many clinical tests can be considered quite high,'***# often
exceeding reasonable changes within treatment periods.'?**3! Nevertheless, the importance of
clinical tests is difficult to argue against due to their efficiency in providing information
regarding a specific symptom (or construct). Indeed, should every patient need to be
investigated in a laboratory setting, very few patients would be examined at all. This may
emphasise the importance of thoroughly investigating the psychometric properties of clinical
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tests. Such information can then be used by clinicians in order to interpret their findings;
and/or by test developers to improve the tests.

2.4.2 The Mini-Balance Evaluation Systems Test

The Balance Evaluation Systems Test (BESTest)® is a balance test that was based on
Horak’s model of balance control, which relies upon the theory that the multidimensional
construct of balance control encompasses six underlying domains (Figure 2); each of which
should be investigated separately. The stated purpose with the BESTest was to enable
clinicians to identify potentially deficient aspects of balance in patients, and direct treatment
towards those domains. However, the BESTest was found too time consuming a test to use in
clinical practice, since it was estimated to take around 30 to 40 minutes to administer.
Therefore, the developers sought to develop a shorter, more clinically applicable version,
which they named the Mini-Balance Evaluation Systems Test (the Mini-BESTest).*** This
test had evolved from statistical analyses (i.e. Rasch and principal component analyses) and
was stated to measure a unidimensional and undefined construct named dynamic
balance.****** However, although this indicates that only the total score of the Mini-BESTest
should be considered, the test clearly identified four underlying domains (APAs; postural
responses; sensory orientation; and dynamic gait) and seemingly encouraged the sub scoring
of these domains.***
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2.5 PSYCHOMETRIC PROPERTIES

Within this thesis, the psychometric properties of the Mini-BESTest will be investigated with

regard to reproducibility and validity, as conceptualised and defined by the COSMIN
135

taxonomy (Figure 3).
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Figure 3. An illustration of the Cosmin taxonomy of psychometric properties.*®®

2.5.1 Reproducibility

Reproducibility concerns the degree to which repeated measurements in study objects
provide similar results, and can be divided into parameters of reliability or agreement.*

Whereas reliability measures aim to distinguish study objects from each other despite
measurement errors; measures of agreement assess the absolute measurement error of a test
(i.e., the exact measurement error, presented in the same units as the investigated
Item) 124,136
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2.5.1.1 Reliability

Reliability is commonly investigated and reported by means of intra-class correlations (ICC),
a measure that is highly dependent upon the variability in a sample (ICC= variability between
subjects/ variability between subjects + measurement error).*>*¥" Since reliability measures
aim to distinguish between subjects despite measurement errors, this means that if there is
large variability between subjects, a larger measurement error will be accepted, and vice
versa. Hence, the reliability measure is only generalisable to samples with similar
variability.® In addition, reliability measures have been proposed to be particularly
important for assessment tools that are used for discriminative purposes, and less important
for tools that are used for evaluative purposes.*® Nevertheless, the reliability measure may,
arguably, be considered to measure if the sensitivity of the tool exceeds the measurement
errors, a quality that may be important for research as well as clinical practice.

2.5.1.2 Agreement

Agreement is a measure considered to be neglected in medical research'®*; but that have been
proposed to be important for assessment tools that are used for evaluative purposes****®
(such as effects of training). In addition, agreement can be calculated both on an individual
level™ (that is, as the absolute measurement error of a single individual in the current
population) and on a group level **°

Agreement is calculated as the square root of the sample variance. This is interchangeably
referred to as subject within or smallest error of measurement (SEM), in this thesis the term
SEM will be used. Moreover, the SEM can either be calculated as SEMagreement (including
systematic differences) or SEMconsistency (€XCluding systematic differences). Since systematic
differences are likely to occur in clinical practice, particularly if different clinicians
administer the same test at different occasions, SEMagreement IS CONsidered to increase the
ecological validity and is therefore used within this thesis. Once the SEM is calculated, the
Smallest Real Difference (SRD; also known as the smallest detectable change*® or minimal
detectable difference) can be calculated with the formula: SRD=SEM x V2 x 1.96.2 This is
considered the absolute measurement error on an individual level (SRDijng) with a 95%
confidence interval, hence is the score that needs to be exceeded in order to attribute potential
changes to rehabilitation.

In summary, reliability and agreement are considered to be important for discriminative and
evaluative purposes, respectively. However, since both purposes may be of interest in a
clinical assessment tool, it may be relevant to investigate both.
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2.5.2 Validity

The overall concept of validity refers to whether or not the result produced by an assessment
tool is an adequate reflection of the construct that it intends to measure. 4

The three overarching categories of validity are content validity, criterion validity and
construct validity. While the content validity is primarily investigated when developing a new
instrument, the two latter categories are generally used to investigate the validity of existing
instruments. Out of these two, criterion validity is regarded to be more powerful than
construct validity, and can be assessed by means of concurrent or predictive validity.
However, the definition of criterion validity is “the degree to which the scores of an
instrument are an adequate reflection of a gold standard”.** Hence, if no gold standard exists
for the construct of interest, the criterion validity cannot be investigated. In such a case, a
more preferable option is to investigate the construct validity.

2.5.2.1 Construct validity

Construct validity is defined as “the degree to which the scores produced by a measurement
instrument are consistent with hypothesis”, for instance with regard to internal relationships,
relationships with scores of other measurements or differences between relevant groups.*®

There are three existing categories of construct validity: structural validity, hypotheses
testing, and cross-cultural validity. This thesis will focus on hypotheses testing.

2.5.2.2 Hypotheses testing

The basic principle of hypotheses testing is that hypotheses are formulated about expected
differences between subgroups of patients (discriminative validity/known-groups validity)
and/or expected relationships with measurement instruments evaluating related (convergent
validity) or unrelated (divergent validity) constructs.'*®
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2.6 RATIONALE

Gait and balance disabilities are amongst the most debilitating impairments accompanying
PwPD. Such symptoms have a major impact on the self-perceived quality of life and are
related to increased fall frequency and activity limitations.>*"*® However, recent evidence
suggests that adequately designed training interventions (i.e. emphasising intensity,
specificity and complexity, hence are highly challenging),®***® have the potential to improve
such symptoms.

Inspired by Horak’s model of balance control, as well as by contemporary evidence with
regard to motor learning and DT, we therefore developed the HiBalance programme. This
procedure was conducted through workshops with clinicians and researchers, and resulted in
four main balance components to be specifically addressed throughout the 10-week
programme: Sensory orientation; APA’s; stability limits; and motor agility. Moreover, since
this research field specifically identified a need for highly challenging balance training
programmes, **118% the exercises in the programme were to continuously evoke postural
responses in order to ensure an adequate difficulty level. To further increase the challenge
level, DT-exercises were introduced to the walking exercises during the mid-stage of the
programme. Subsequently, the feasibility of the programme was investigated in a pilot
study.’** This was followed by input from trainers and participants, which brought about
minor modifications and resulted in the final study protocol.?

Meanwhile, since balance control is best measured with a variety of balance tasks;'* the
arrival of a new and promising clinical tool, encompassing multiple items corresponding to
balance deficiencies commonly observed amongst PwPD, warranted the investigations of its
psychometric properties when used in PwPD with mild to moderate disease severity.

Therefore, this thesis is divided into two parts, where the first part investigates the Mini-
BESTest’s psychometric properties, with regard to reproducibility and construct validity,
respectively. The second part constitutes the investigations of the effects of the HiBalance
programme with regard to overall gait and balance performance, and the automaticity of gait
and a simultaneously performed cognitive task.
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3 AIM

The overall aim of this thesis was to, in elderly PwPD with mild to moderate disease severity,
investigate the psychometric properties of a clinical balance tool as well as the effects of the
HiBalance programme with regards to: overall gait and balance performance, automaticity,
and attention allocation during dual-task conditions.

3.1 SPECIFIC AIMS

Paper |

The aim was to investigate the inter-rater and test-retest reproducibility of the Mini-BESTest
and its subcomponents in elderly with mild to moderate PD, under conditions similar to
clinical practice.

Paper 11

This paper aimed to investigate the Mini-BESTest’s construct validity by means of
hypotheses testing, in PwPD with mild to moderate disease severity.

Paper I11

The aim was to investigate the effects of a highly challenging training programme on overall
gait and balance performance and fall-related concerns.

Paper IV

The aim was to investigate the effects of highly challenging training on automaticity and
attention allocation in elderly with mild to moderate Parkinson’s disease.
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4 METHODS

4.1 DESIGN

Paper I: test-retest design.
Paper I1: cross-sectional design,

Papers 111 & IV: a randomised controlled trial with a repeated measurements design

4.2 RECRUITMENT

Recruitment for the HiBalance programme was performed through advertisements in local
newspapers; oral presentations at the Swedish Parkinson’s disease association; and outpatient
neurological clinics.

Participants that showed interest to participate in the HiBalance programme, and those
subsequently called to baseline assessments were later contacted to participate in paper |.
Conditional to their participation was that they had not performed the Mini-BESTest within
the last two months.

All participants that had been called to baseline assessments for potential participation in the
HiBalance programme were asked for consent to use their results in paper Il, given that they
met the inclusion criteria. Figure 4 illustrates the recruitment of participants and sample sizes
with regards to the respective papers.

4.3 ETHICAL APPROVAL

Ethical approval for these papers was obtained from the ethical board of ethics in Stockholm
(Dnr: 2006/151-31; 2009/819-32; 2010/1472-32; 2011/1665-22; 2012-1829-32). These
studies were conducted in accordance with the ethical principles for medical research
involving human subjects, that is, the Helsinki declaration. Prior to entering the studies, all
participants were informed of the purpose with each paper and that they would be able to
withdraw at any time. In addition, the participants randomised to the control group were after
the closure of the study offered to take part in the same training at the same facilities as had
the training group.
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Figure 4. Flowchart, an illustration of the recruitment procedure and the sample sizes for
each respective paper in this thesis.
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4.4 INCLUSION/EXCLUSION CRITERIA

The inclusion criteria were: a clinical diagnosis of idiopathic PD;'*® H &Y stages 2 or 3;*° >
60 years of age; the ability to independently ambulate indoors without a walking aid; > 3
weeks of unchanged dopaminergic medication; and observed signs of impaired gait or
balance performance during the baseline assessments. The latter criterion was endorsed in
an attempt to increase the ecological validity of the study, i.e. by including PWPD that
would be considered for gait and balance training in clinical practice.

The exclusion criteria were as follows: a mini-mental state examination (MMSE) score <24;
other medical conditions affecting balance control; and/or other personal circumstances that
might interfere with adherence to the study.

Exceptions to inclusion criteria: Neither paper | nor paper Il used observed signs of
impaired gait or balance as an inclusion criterion.

Exceptions to exclusion criteria: Paper | did not use an MMSE score as an exclusion
criterion, in attempt to increase ecologic validity.

4.5 SAMPLE SIZE ESTIMATIONS

Paper I: The sample sizes estimations were based upon the sample sizes of similar studies
investigating the psychometric properties of the Mini-BESTest, which a typical range of
between fifteen and thirty-two participants.?"122133147 Despite initially aiming to include
thirty-five PwPD, we ended up with twenty-seven due to late drop-outs and time
constraints.

Paper Il: The sample size estimations used in this study were based upon the Cosmin
recommendations, for hypotheses testing.'*® Here a sample of at least one-hundred
participants is considered excellent, and a sample of fifty is considered to be good. Keeping
with the recommendation for excellence, one-hundred and five PwPD with a mild to
moderate disease severity were included. However, for the recruitment of healthy control
subjects, we aimed to include fifty people but had to settle with forty-seven included
subjects.

Papers 11l & IV: The sample size estimations were based upon a pilot study on the training
programme®** as well as similar studies in PwPD.**° Power (80% at a 5% alpha-level) was
calculated for three outcomes: the Mini-BESTest; DTI of gait velocity; and the falls efficacy
scale (FES-1). With an estimated dropout rate of 15%, and corrections for long term follow-
up (not included in this thesis), a sample size of one-hundred PwPD was recommended (i.e.
fifty PwPD per group). Hence, one-hundred PwPD were included.
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4.6 PARTICIPANTS

The demographic characteristics of the participants in each paper are summarised in Table II.

4.7 ASSESSMENT TOOLS

A variety of assessment tools were used in this thesis, both as descriptors and as outcome
measures. Table 11l summarises the tools used for each respective paper.

47.1 The Mini-BESTest

The Mini-BESTest'*? is a clinical tool, stated to measure dynamic balance. This test
encompasses 14 items, divided into the four subcomponents: anticipatory postural
adjustments, postural responses, sensory orientation, and dynamic gait. Items are scored
from O (unable or requiring help) to 2 (normal) on an ordinal scale, with a maximal total
score of 28 points. In accordance with recommendations,*** the items single limb stance
and compensatory stepping correction (lateral) were assessed for both the right and left
sides, albeit only the score of the worst side was used to calculate the total score. The items
of the Mini-BESTest are presented in Table 1V.

Within this thesis, The Mini-BESTest- both its total score and subcomponent scores - is an
outcome measure in papers I, Il and 111
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Table Il. Participant characteristics with regards to the respective papers included in this thesis.

Mild/ Male/
n Moderate (%) female (%) Age (years) UPDRS, motor Time since diagnosis (years)
Mean (SD) Range Mean (SD) Range Mean (SD) Range
Paper |
PwPD 27 59/41 67/33 73 (4) 66-80 35(11) 11-63 6 (4) 1-15
Paper 11
PwPD 105 46/54 57/43 73 (6) 61-87 33(12) 12-76 6 (5) 1-25
Healthy controls 47 57/43 71 (6) 60-88
PwPD mild 48 100/0 54/46 72 (6) 63-83 30 (10) 12-75 4(4) 1-17
PwPD moderate 57 0/100 60/40 73 (6) 61-87 35(12) 16-76 7 (6) 1-25
PwPD fallers 46 44/56 52/48 73 (5) 63-84 34 (13) 12-76 6 (6) 1-25
PwPD nonfallers 59 48/52 61/39 73 (6) 61-87 32 (11) 14-75 5(4) 1-19
Paper 111
PwPD training 47 43/57 60/40 73 (6) 61-87 36 (10) 17-62 6 (5) 1-25
PwPD control 44 43/57 51/49 74 (5) 65-87 37 (11) 14-57 6 (5) 1-21
Paper 1V
PwPD Training 45 42/58 60/40 73 (6) 61-87 32 (12) 12-75 6 (5) 1-25
PwPD Control 42 43/57 50/50 74 (6) 65-87 33(12) 16-76 5(5) 1-21

PwPD= People with Parkinson’s disease; n=number; UPDRS, motor=Unified Parkinson’s disease rating scale, part I1I; SD= Standard deviation; Mild= Hoehn and Yahr stage 2; moderate= Hoehn
and Yahr, stage 3.
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Table I11. An overview of the measurement instrument used in this thesis

Instruments Paper | Paper 11 Paper 111 Paper IV
The Mini-BESTest . . .

UPDRS-motor . . . .
MMSE o . . o
The TUG o

The UPDRS-ADL o o

GaitRITE o o
Cogpnitive task . .
Accelerometers .

FES-I o

The Mini-BESTest= a clinical multi-item tool stated to measure dynamic balance

UPDRS, motor= the Unified Parkinson’s Disease Rating scale, part 111, a test to assess severity of motor
symptoms

MMSE=the Mini-Mental State Examination score, a test to screen for cognitive impairments

TUG= the Timed Up and Go test, a test to assess functional mobility

UPDRS-ADL= the Unified Parkinson’s Disease Rating scale, part Il, a test to assess disease related
Activities of Daily Living

GaitRite®= an electronic walkway to assess gait during single- and dual-task conditions

Cognitive task= reciting alternate letters of the Swedish alphabet, performed as a single and dual-task,
respectively

Accelerometers= Devices that can be used to measure an individual’s acceleration

FES-I=Falls efficacy scale-international, a test to assess fear of falling
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Table 1V. Summary of the subcomponents and items of the Mini-BESTest.?

a2

Subcomponents Anticipatory Reactive postural control Sensory orientation Dynamic gait
Items 1. Sitto stand 4. Compensatory stepping correction- forward 7. Stance (feet together); 10. Change in gait speed
eyes open, firm surface
2. Rise to toes 5. Compensatory stepping correction- backward 8. Stance (feet together); 11. Walk with Head turns-
eyes closed, foam horizontal
surface
3. Stand on one leg, left 6. Compensatory stepping correction- lateral, 9. Incline, eyes closed 12. Walk with pivot turns
and right” left and right”

13. Step over obstacles
14. Timed up & go with dual-task

*Maximal score 28 points. ® Only the score of the worst side was used to calculate the total score.
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4.7.2 The Unified Parkinson’s disease rating scale

The Unified Parkinson’s Disease Rating scale (UPDRS) was developed to enable
comprehensive monitoring of PD related disabilities and symptoms.**® This scale entails four
parts: part I concerns mentation, behaviour and mood; part Il concerns activities of daily
living); part 111 investigates motor symptoms; and part IV focuses on complications.

Within this thesis the parts investigating disease related motor symptoms (I11) and activities
of daily living (1) are used.

4.7.2.1 UPDRS, motor (part I1I)

The UPDRS, motor, was used to assess the severity of motor symptoms commonly observed
in PwPD. Such symptoms include: bradykinesia, rigidity, tremor, postural instability during
transfers and gait. Moreover, the UPDRS, motor, also includes a retropulsion test,** that is, a
test that assesses how PwPD react to rapid perturbation in the backwards direction. Here the
number of steps required to regain balance control is commonly used™ to distinguish
between mild (H&Y< 2) and moderate to severe (H&Y > 3) disease severity, where the use
of more than two steps is interpreted as postural instability.™™ The UPDRS, motor, contains
27 items, each contributing to the total score that amounts to 108. A higher score is
interpreted as more severe motor symptoms.*®* The UPDRS, motor, have been found valid™®
and reproducible.™®® In this thesis, the UPDRS, motor, is used as a descriptor of disease
severity.

4.7.2.2 Activities of daily living part (1)

The UPDRS, activities of daily living (ADL), measures disease related ADL. This is assessed
by means of a questionnaire, and can either be administered via an interview or as self-report
questionnaire (in this study an interview was performed).®® Thirteen items are included in
this questionnaire, including questions ranging from the self-perceived ability to eat and wash
to the occurrence of falling and gait abilities. The score of each item is subsequently
calculated to produce a total score that has a maximum of 52. A higher score is interpreted as
more severe limitations of ADL. The UPDRS, ADL, has previously been found valid and
reproducible.”**** In this thesis, the UPDRS, ADL was used as an outcome measure in
papers Il and I1I.
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4.7.3 The Mini-Mental State Examination score

The Mini-Mental State Examination score (MMSE) is test of cognitive function, stated to
cover areas such as orientation, registration, attention and calculation, recall and language.’*®
This test, entailing 11 items, is evaluated based on a total score. The maximal score is 30 of
which a score below 24 is considered an indication of cognitive impairment.™®® The
Movement Disorder Society Task force has recommended MMSE to be used in PwPD.*" In
this study, a score of at least 24 was a requirement to be included in the randomised
controlled trial.

4.7.4 Thetimed up and go test

The timed up and go test (TUG) is a clinical test evaluating the construct of physical
mobility,"*® and has been found reproducible and valid in PWPD.™® The test itself measures
the time it takes for a subject to perform the following sequence: stand up from a standard
arm chair, walk a distance of 3 meters, turn 180 degrees, walk back to the chair, and sit down
again. In this thesis, the TUG test was performed during the performance of item 14 of the
Mini-BESTest. The TUG is an outcome measure in paper Il.

4.7.5 The GAITRIite® electronic walkway system

For the assessment of gait during ST and DT-conditions the GAITRite® system was used
(CIR Systems, Inc., Haverton, PA, USA). This is a nine metre (active zone: 8.3 meters)
electronic walkway that is connected to a computer. The walkway has embedded pressure
sensors that allow for the detailed investigation of specific gait parameters. The GAITRIite®
system has been found to be valid and reproducible when measuring gait performance in
PWPD.16O'161

For both ST and DT-conditions, (which was preceded by a practice session aimed at
minimising the risk of learning bias) walking was performed by means of ordinary over-
ground walking. Acceleration and deceleration distances of three 3 meters was given on each
side of the walkway to ensure steady state walking when gait was measured .**> When
assessing gait, the participants were instructed to repeatedly walk at self-selected (normal)
speed. This continued until six valid trials of each condition had been captured. However, the
participants were not informed of this on beforehand in order to avoid bias. Moreover, in
order to minimise the risk of fatigue affecting the results, all participants were required to sit
down and rest in the midst of the gait assessments. During the DT-condition, the participants
were instructed to pay equal attention to the walking and the added task at all times.

Within this thesis, both the ST and DT-gait performance, respectively, were used as outcome
measures in paper Ill. The relation between ST and DT-gait (i.e. automaticity) was used as
outcome measure in paper IV.
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4.7.6 The added task during the single and dual-task conditions

The added task that was chosen for this intervention was a cognitive task which was
influenced by the walking while talking paradigm.'®*'® This task, which has been found to
predict falls in older people,’®® entailed the reciting of alternate letters of the Swedish
alphabet at self-selected speed, and was performed under both ST (while seated) and DT-
conditions (during gait) following a randomised sequence.

When the added task was performed during the DT-condition, the participants were
instructed to start reciting as soon as they started to walk and to continue until they had
stopped. Importantly, only the letters recited while the participants walked upon the walkway
were recorded.

The participants performed the added task under the ST-condition until three valid trials had
been recorded. Each trial lasted 15 seconds, starting when the participants initiated reciting.
However, only the letters recited between the fifth and fifteenth seconds were recorded, in
order to resemble the DT- condition. In order to minimise practice bias, the participants
received different starting letters following a standardised scheme shortly before each trial
started.’® Moreover, the performance of the added task, both under ST and DT-conditions,
was included in the above mentioned practice session.

Within this thesis, the performance of the added task under ST and DT -conditions,
respectively, was used as outcome measures in paper I11. Similar to gait, the relation between
the ST and the DT performance (i.e. automaticity) was used as outcome measure in paper V.

4.7.7 Falls Efficacy Scale International

The Falls efficacy scale international (FES-1)* is a self-report questionnaire assessing fall-

related concerns with regard to specific daily activities. The FES-I entails 16 items, each of
which are scored separately on a scale ranging from one to four. The score of each item sum
to a maximum of 64, where a higher number is interpreted as a higher fall-related concerns.
The FES-1 has shown satisfactory psychometric properties when used in PwPD.*®’

In this thesis, the FES-1 was an outcome measure in paper .
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4.7.8 Accelerometers

Accelerometers refer to devices that can be used to measure an individual’s acceleration, for
example while walking. In this study accelerometers (Actigraph GT3X+, Pensacola, FL,
USA) were used to assess physical activity levels before and after the training intervention.
Following the assessments in the movement laboratory, included participants were asked to
wear accelerometers for seven consecutive days. The device was attached to an elastic band
that was worn around the waist, with the accelerometers positioned at the hip. Data were
sampled at 30Hz and subsequently processed by means of the ActiLife 6 software
(ActiGraph, Pensacola, FL, USA). The Actigraph GT3X+ has shown appropriate
psychometric properties with regard to the assessments of energy expenditure in old
people.'®®

4.8 PROCEDURES

4.8.1 Paper |

To investigate inter-rater reproducibility two physiotherapists with different expertise and
experience of the Mini-BESTest administered and rated the test performance of the included
PwPD on the same day at a university hospital. The more-experienced rater (rater A) had
administered and rated the Mini-BESTest more than 100 times, whereas the less-
experienced rater (rater B) had administered the test approximately ten times before this
study started. To synchronise their assessment of the Mini-BESTest, the two raters met
prior to the study on two occasions to discuss the principles of the test, and to practice its
administration and rating. However, during and after the test sessions the raters were
blinded to each other’s ratings. Participants were briefly interviewed, using a standardised
protocol, regarding current health status including years since diagnosis. Disease severity
was measured with the UPDRS, motor™* and cognitive function was assessed with the
MMSE. Subsequently, the participants performed the Mini-BESTest with each of the two
test administrators, who were situated in separate rooms. Randomisation decided which
administrator to start with. The test procedure took approximately one hour to complete.

For test-retest reproducibility, the more experienced rater (rater A) reassessed the
participants seven days later. At the second test session, rater A performed a brief
interview, including questions regarding pain, medication, activity, falls, and other possible
incidents that might have influenced their balance performance since the previous session.
Following this, the participants performed the Mini-BESTest at the same location and time
of the day as they had performed the test the previous week.
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4.8.2 Paper Il

Included participants underwent an interview regarding current health status and were
screened with the UPDRS, motor. Subsequently, the participants, in a randomised order,
performed the Mini-BESTest, the TUG and the UPDRS, ADL. All participants completed
every item of each test.

During each test session, the same assessor instructed and rated all tests independently. For
practical reasons, four different physiotherapists served as test assessors. In order to
standardise their instructions and ratings, all assessors took part in a training session prior to
the commencement of the study.

4.8.3 Papers Il &IV

The HiBalance intervention was performed at two geographical cohorts (north and south) in
order to reduce travel times for the included participants. Randomisation, performed in blocks
of four by, means of opaque envelopes (sealed and numbered) was separate for the respective
geographical cohort. Therefore all participants were required to choose geographical cohort
to be assigned to prior to taking part in the assessments, should they be included in the study.
Following the baseline assessments, the included participants were randomised to the training
group or control group.

Although the testers were blinded to group allocation at the baseline assessments, this was not
possible at follow-up since some testers also served as trainers. In an attempt to decrease bias,
testers that had served at trainers in one geographical cohort never assessed participants from
that cohort during the follow-up assessments.

Participants that had been randomised to the training group participated in 10-weeks of highly
challenging gait and balance training. The participants that had been randomised to the
control group were encouraged to continue with their usual habits. They were neither
discouraged nor encouraged to participate in organised training during the time of the study.

4.8.3.1 Training programme

The HiBalance training programme, a highly challenging gait and balance training that
specifically targets well established impairments among PwPD, was performed in groups of
4-7 participants for 10 weeks (3 times a 60min/week). Each training session was supervised
by 2 physiotherapists.

The core of the training programme consisted of 4 components specific to gait and balance
impairments in PwWPD: (1) Sensory integration (walking tasks on varying surfaces with or
without visual constraints); (2) Anticipatory postural adjustments (voluntary arm/leg/trunk
movements, postural transitions, and multidirectional stepping, emphasizing movement
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velocity and amplitude); (3) Motor agility (inter-limb coordination under varying gait
conditions and quick shifts of movement characteristic during predictable and unpredictable
conditions); and (4) Stability limits (controlled leaning tasks performed while standing with
varying bases of support, stimulating weight shifts in multiple directions).

The 10-week period was divided into 3 blocks (A; B; and C). In block A (weeks 1-2);
participants were introduced to the ST-exercises of each balance component separately, in
order to emphasise the quality of movement and the objectives of the exercises. In block B
(weeks 3-6); DT-exercises were introduced and the difficulty level for each balance
component was increased. In block C (weeks 7-10); the difficulty level and the variation was
increased further by using exercises that combined the different balance components.

DT-exercises were gradually integrated into the program by adding concurrent cognitive
tasks and/or motor tasks to the gait and balance exercises. The added tasks were mainly
focusing on encouraging the continuous processing while walking under different
circumstances. Examples of this included the silent counting of every step, or collaboration
tasks (e.g. walking pairwise while exchanging words that starts with the same letter as the
previous word ended with, or throwing balls to each other). The latter examples required the
participants to continuously pay attention to their companion’s performance and try to
produce an adequate response, whether cognitive or manual. However, the DT exercises used
during training were never the same as used at pre- and post-assessments (i.e. any task
resembling alphabet reciting was prohibited).

Apart from the specific DT-exercises, the programme generally incorporated attentional
demanding situations even during the ST-training (e.g. switching between tasks during gait in
varied obstacles courses; spatial awareness in relation to obstacles; and collaborative tasks
between participants).

Highly challenging training was defined as exercises where the participants intermittently
needed to use reactive postural adjustments to maintain balance control during ST-exercises.
Similarly, the difficulty level for DT-exercises was to achieve consistent interference of the
participants’ motor performance when compared to ST-performance (e.g. interfering with
speed, movements’ fluency or step to step fluctuations).

Since this training concept relied upon the continuous progression and adaptation of exercises
with regards to the participants’ abilities, it was dependent of educated and skilled trainers.
Therefore, all the trainers involved in this study were physiotherapists (n = 10) that were
educated in detail about the underlying theories that the programme was based upon, as well
as its practical applications. In addition, the trainers documented the contents of each training
session and were supported in the practical aspects of the training upon request.
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4.9 DATA ANALYSIS

Table VV summarises the statistical methods that have been used in this thesis.

Table V. A summary of the statistical methods used in the respective papers of this thesis.

Paper | Paper 11 Paper 111 Paper IV
Descriptive
Mean . ° . .
Median . . .
Standard deviation . . . .
Inter quartile range o o
Range ° . .
95% Confidence Interval . . . .
Statistical methods
Intra class correlations 2.1 .
Cronbach’s alpha? °
Smallest error of measurement 2'eemen .
Smallest real difference™ .
Smallest real difference?°"? o
Independent t-test . . . .
Mann-Whitney U test . . .
Hedges g effect size .
Receiver operating curves .
Spearman’s rho .
Spearman’s correction for attenuation .
Williams T2 formula .
Repeated measures anova o
Tukey’s HSD .
Cohens d effect size o
Wilcoxon signed rank test . .
Mann-Whitney U effect size . .

4.9.1 Paper |

Statistical analyses were performed with SPSS (version22, SPSS Inc., Chicago, IL).
Reliability was investigated by means of 1CC2.1 where one-way repeated measures
analysis of variance (ANOVA) were used to calculate agreement between the raters (inter-
rater reproducibility) and test sessions (test-retest reproducibility), regarding the total score
of the Mini-BESTest as well as its subcomponents. To categorise the level of ICC
agreement, we used Altman’s classification: < 0.20 = poor; 0.21-0.40 = fair, 0.41-0.60 =
moderate, 0.61-0.80 = good, 0.81-1.0 = very good.**®

For parameters of agreement, first SEMagreement was calculated as follows: SEM=
within subject error variance.**® Following this, the SRDjn¢™*® was calculated with a 95%
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confidence interval, resulting in the following formula: SRD = 1.96 x V2 x SEM.*® To
evaluate the proportion of the measurement error, the SRD% was clculated by dividing the
SRD with the maximal total score of the Mini-BESTest (28 points). Similarly, the SRDjqq
of each subcomponent was divided with its maximal total score (6 or 10 points).

Supplementary analyses specific to this thesis was later performed by calculating the
agreement on a group level, i.e. SRDgroup 1% to relate the absolute measurement error to the
group of participants in paper 111. The calculation used was: the SRDing /791.M*° Moreover,
in order to evaluate the magnitude of agreement, the SRD% on group level, i.e. SRDgroupo,
was divided with the maximal score, and the maximal score of each subcomponent, of the
Mini-BESTest.

4.9.2 Paper ll

Statistical analyses were conducted with STATISTICA software (Statsoft, version 12,
Tulsa, OK, USA) and SPSS (SPSS Inc, version 17, Chicago,lllinois).

Independent t-tests were used to investigate the hypotheses that that Mini-BESTest scores
(total score) would be significantly lower among: (1) PwPD compared to healthy controls; (2)
PwPD with moderate disease severity compared to those with mild severity; and (3) recurrent
fallers compared to non-recurrent fallers with mild to moderate PD.

Due to the lack of normal distributions, Mann-Whitney U Tests were used to investigate
between-group differences regarding the subcomponents of the Mini-BESTest, where the
hypotheses were identical to those regarding the total score. Level of significance was set to
p=0.05.

Effect sizes (ES) were calculated in order to estimate the magnitude of between-group
differences. Since there was a difference in group sizes, the Hedges g formula was used: M1-
M2/SD*pooled.”® The ES were categorized as: small (d=0.2); medium (d=0.5); and large
(d>0.8).1"*

The Spearman’s rho test was used (due to a lack of normal distribution with regard to the
respective scores of the TUG and the UPDRS, ADL) to determine how scores produced by
the Mini-BESTest correlated with scores of similar (convergent validity) and different
(divergent validity) constructs. The strength of the correlations was classified as follows:
<0.40=poor; 0.41-0.60= moderate; 0.61-0.80= good; and 0.81-1.00= very good.*"?

The Williams T2 formula was used to investigate the statistical difference between the
strength of the correlations for convergent and divergent validity.'”

Moreover, the correlation between two measures is inevitably attenuated with regards to the
reliability of each measure. This means that a measure can never produce a higher association
with another measure compared to itself when assessed at two different occasions. Hence, to
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obtain the true correlation, Spearman suggested a calculation based on the correlation
between the two measures and the correlation obtained from test-retest measurements of each
measure.!”*™ Since we had test-retest data for this population, we were able to estimate the
true correlation between these measures.

Supplementary analyses were performed to investigate the potential occurrence of floor
and/or ceiling effects of the Mini-BESTest as well as the subcomponents. Floor and ceiling
effects, respectively, were determined to occur if at least 15 percent of the participants
achieved the lowest or highest score available on the Mini-BESTest or the subcomponents.

4.9.3 Paper lll

Statistical analysis was conducted using STATISTICA software (Statsoft, version 12,
Tulsa, OK, USA). The Student t test, Mann-Whitney test, and the 2 test were used to
assess the homogeneity of the groups at baseline. To test for equality of variance and data
normality, Levene’s test was used, combined with a visual inspection of the normally
distributed and residual curve. On fulfilment of these criteria, a 2-factor repeated-measures
analysis of variance was performed to test for interaction effects between groups (training
group vs control group) and with time (pre-test and post-test). In the case of significant
interaction effects, Tukey’s post hoc analyses were performed to assess differences between
pre- and posttest. For outcomes with skewed data distributions, log-transformations were
conducted, and if normally distributed afterward, an analysis of variance was used. For
outcomes without normal distribution even after log-transformation (ie, performance of the
cognitive DT), the Mann-Whitney U test was used to determine between-group differences
(ie, calculated as the difference between pre- and posttest performances) and if significant,
the Wilcoxon signed rank test was used to determine within-group differences between pre-
and posttest in each group separately. Effect size between the 2 independent groups was
computed using Cohen’s d calculation. We used both an intention-to-treat (last value
carried forward data imputation) and a per-protocol approach. However, since these
analyses revealed similar results, and given the small dropout rate, only the results for the
per-protocol analysis are reported. Significance level was set at P < 0.05.

Supplementary analyses were performed to investigate between-group differences with
regards to the subcomponents of the Mini-BESTest. To test for equality of variance and data
normality, the Kolmogorov-Smirnoff test was used, combined with a visual inspection of the
normally distributed and residual curve. Due to lack of normal distributions, the Mann-
Whitney U test was performed to assess between group differences at baseline. If no baseline
differences occurred, the Mann-Whitney U test was also used to compare the groups at the
follow up assessments. To obtain information regarding the magnitude of between-group
differences at follow-up, non-parametric effect sizes were calculated based on the z-value
obtained from the Mann-Whitney U tests, by using the following formula: r=z/\n. The
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categorisation of the effect sizes were as follows: small effect=0.1; medium effect=0.3; and
large effect=0.5.1"

To investigate if effects of training were consistent with regards to the time and geographical
cohorts, within-training group analyses were performed with regards to the difference
between the baseline and follow-up assessments.

4.9.4 Paper IV

The gait parameters related to the gait model were calculated in accordance with
recommendations,®"* that is: the mean and the variance of right and left steps were
calculated separately. The mean gait parameters (step velocity, step length, step time, swing
time, stance time and step width) were calculated as the mean of right and left step means.
Asymmetry parameters were calculated as the absolute difference between the means of right
and left steps. Variability parameters were calculated as the square root of the mean variance
of the right and the left steps. This is a method that has been proposed to “clean” the
variability parameters from variability that may derive from asymmetric gait.'®!

DTI was calculated as the absolute difference between the DT and ST-conditions (DT-ST).
This was performed for all gait parameters; as well as for two cognitive parameters that were
used to complement to each other: cognitive performance and cognitive performance
variability. Cognitive performance entails the mean performance of the cognitive task and
was calculated as the total mean of: the number of errors /the total number of letters recited
per trial. Cognitive performance variability, which can be considered a measure of cognitive
processing robustness,'”’ refers to the intra-individual variability of the cognitive
performance and was calculated as the standard deviation of the cognitive performance across
trials.’®

Statistical analysis was conducted using STATISTICA software (Statsoft, version 12, Tulsa,
OK). To test for equality of variance and data normality, the Kolmogorov-Smirnoff test was
used, combined with a visual inspection of the normally distributed and residual curve.

Due to lack of normal distributions, non-parametric statistics were applied. The Mann-
Whitney U test was applied to analyse between-group differences (calculated as the
difference between the baseline and the follow-up assessments). If a significant between-
group difference was found, the Wilcoxon Signed Rank Test was used to analyse within-
group differences. Effect sizes were calculated to obtain information regarding the magnitude
of between-group differences. Since the data was not normally distributed, our calculations
were based on the z values obtained from the Mann-Whitney U tests by using the following
formula: r=z/n. The categorisation of the effect sizes were as follows: small effect=0.1;
medium effect=0.3; and large effect=0.5.""

In addition, specific to this thesis, the results of all gait parameters that are presented in forms
of the relative measure DTI, are also presented as absolute ST and DT measures in order to
increase the interpretability.
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5 RESULTS

5.1 THE REPRODUCIBILITY OF THE MINI-BESTEST

For the reproducibility of the Mini-BESTest, both inter-rater and test-retest reliability was
found to be good (ICC= 0.72; and 0.80, respectively), whereas the investigation of the
proportional measurement error was considered high (SRD%=14.6; and 12.1, respectively).

Regarding the Mini-BESTests subcomponents, the inter-rater reliability was good for
anticipatory postural adjustments (ICC=0.65), whereas it was moderate for postural
responses, sensory orientation and dynamic gait (ICC < 0.54). For inter-rater agreement,
postural responses accounted for the largest proportional measurement error (SRD%=38.3)
whereas it was lowest for sensory integration (SRD%=16.7).

For the test-retest reliability of the subcomponents, reproducibility was good for anticipatory

postural adjustments, postural responses and dynamic gait (ICC > 0.70) whereas it was
moderate for sensory orientation (ICC=0.54). Conversely, for test-retest agreement, the
proportional measurement error was lowest for sensory orientation and highest for postural
responses (SRD%= 13.3; and 26.7; respectively).

Table VI illustrates the agreement of the overall findings of the Mini-BESTest’s
reproducibility in PWPD with mild to moderate disease severity (including the SRDgoup
findings, which are related to the sample size of the randomised controlled trial).
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Table VI. Inter -rater and test-retest reproducibility for the Mini-BESTest and its subcomponents.

Mean SD Range Mean SD Range ICC,;  Cronbach’salpha  SEM  SRDjpq  SRDjng%  SRDgoyp  SRDgroup%

Inter-rater reproducibility Rater A Rater B

Mini-BESTest, total score 202 26 15-25 213 27  15-26 0.72 0.87 1.5 41 14.6" 0.4 1.5
Anticipatory postural adjustments 3.6 1.2 1-6 4.1 1.0 2-6 0.65 0.83 07 19 31.7° 0.2 3.3
Postural responses 4.2 1.0 3-6 3.7 1.1 1-6 0.43 0.63 08 23 38.3° 0.2 4.0
Sensory orientation 5.7 0.6 4-6 5.9 0.5 4-6 0.54 0.70 04 10 16.7° 0.1 1.8
Dynamic gait 6.7 1.4  5-10 7.7 1.1 5-9 0.48 0.75 1.1 29 29.0° 0.3 3.0
Test-retest reproducibility Session 1 Session 2

Mini-BESTest, total score 20.2 26  15-25 20.5 29  14-26 0.80 0.88 12 34 12.1* 0.4 1.3!
Anticipatory postural adjustments 3.6 1.2 1-6 3.7 1.1 2-6 0.79 0.88 05 14 23.3% 0.2 2.5
Postural responses 4.2 1.0 3-6 4.4 1.1 3-6 0.70 0.83 06 16 26.7° 0.2 2.8
Sensory orientation 5.7 0.6 4-6 5.9 0.4 5-6 0.54 0.77 03 08 13.32 0.1 1.4
Dynamic gait 6.7 1.4  5-10 6.5 1.7 4-10 0.78 0.87 07 20 20.0° 0.2 2.1

SD= Standard Deviation; ICC = Intra Class Correlation; SEM = Standard Error of Measurement (\/Within subjects error variance); SRDj,q = Smallest Real Difference on individual level
(1.96 x V2 x SEM); SRD;,«%= ‘SRD;,«/maximal Mini-BESTest score x100; 2SRDjng/ maximal subcomponent score x 100; SRD gqyp= SRD;ng/\91; SRngup%:lsRngup/maximal Mini-
BESTest score x100; 2SRngup/ maximal subcomponent score x 100.
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5.2 THE CONSTRUCT VALIDITY OF THE MINI-BESTEST

The results showed that the Mini-BESTest scores were significantly worse among: PwPD
compared to age matched controls (p=0.001; ES=1.17); and PwPD with moderate disease
severity compared to those with mild severity (p=0.001; ES=1.09). However, there were no
differences between PwPD with a reported history of recurrent falls as compared to non-
recurrent fallers (p=0.096; ES=0.32).

In addition, the Mini-BESTest showed a moderate relationship with the TUG (rho=-0.586),
and a poor relationship with the UPDRS-ADL (rho=-0.260).

5.2.1.1 Floor/ceiling effects of the Mini-BESTest and its subcomponents

No floor effects were found for the total score Mini-BESTest or any of the subcomponents.
Nor were any ceiling effect present for the Mini-BESTest’s total score (0%); APA’s (6%);
Postural Responses (7%); or Dynamic Gait (2%). However for Sensory Orientation, 48% of
the PWPD obtained the maximal score possible. The distribution of scores for the Mini-
BESTest and the respective subcomponents is illustrated in Figure 5.
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Figure 5. Illustrating the distribution of scores regarding (A) the Mini-BESTest (total score);
(B) the respective subcomponents of the Mini-BESTest.
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5.3 OVERALL EFFECTS OF GAIT AND BALANCE TRAINING

The results showed that the training group, in comparison with the control group,
significantly improved the performance of the Mini-BESTest (p=0.001). The training group
also improved velocity and step length during ST-gait (p=0.018; and p= 0.015, respectively)
whereas cadence was unaffected (0.108). Although none of the aforementioned parameters
were affected during the DT-condition (p>0.469), the training group improved the
performance of the cognitive task when performed as a DT but not when performed as an ST
(p=0.006; and p=0.634, respectively). Moreover there were no between-group effects on fall-
related concerns (FES-I; p=0.772). However significant between-group differences
(p=<0.033) were found for the UPDRS, ADL and the accelerometer measurements (i.e. total
number of steps per day).

5.3.1.1 Within training-group effects with regards to training period

There were no differences between the training groups with regards to the three time periods
that training had been undertaken, the median Mini-BESTest improvement for period 1, 2
and 3, respectively, was: 3, 4, and 2 points (p=0.189).

5.3.1.2 Within training-group effects with regards to geographical cohort

There were no between-group differences when comparing the participants that had
participated in training at the two different geographical cohorts (p=0.850). The mean Mini-
BESTest improvement was 3.1 points for the northern cohort and 3.0 points for the southern
cohort.

5.3.1.3 Training effects on the subcomponents of the Mini-BESTest

The results showed that the training group, compared to the controls, improved the
performance of APA and dynamic gait moderately (ES= -0.33) whereas the improvement of
postural responses was small (ES=0.24). The performance of sensory orientation on the other
hand was unaffected (p=0.159). These findings are illustrated in Table VI and Figure 6.
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Table VII. Treatment effects of the Mini-BESTest’s subcomponents between the training group and control group.

Training group n=47 Control group n=44
Median (IQR) Median (IQR)
Baseline  Follow-up Difference Baseline  Follow-up Difference p-value
Anticipatory postural adjustments 3.0(20) 4.0(2.0) 1.0 (1.0) 3.0(20) 35(1.0) 0.0 (0.5) 0.001
Postural responses 3.0(1.0) 4.0(1.0 1.0 (2.0) 40(1.00 4.0(5) 0.0 (1.0) 0.023
Sensory orientation 6.0(1.0) 6.0(1.0) 0.0 (1.0) 5.0(1.0) 6.0(1.0) 0.0 (1.0 0.159
Dynamic gait 7.0(1.0) 8.0(20) 1.0(2.0) 7.0(1.5) 7.0(20)  0.0(10) 0.001

IQR=Inter quartile range; Difference= Median difference between the baseline and follow-up assessments

Mini-BESTest

1 1
Total score
| |
APA
|
Postural responses
|
Sensory orientation
|
Dynamic gait
I I
0 0.1 0.2 0.3 0.4

Effect size

Figure 6. Illustration of the magnitude of differences between the training and control group
with regards to the Mini-BESTest’s total score and the subcomponents. An effect size of 0.1
equals a small effect, and an effect size of 0.3 equals a medium effect.
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5.4 EFFECTS OF DUAL-TASK GAIT TRAINING ON AUTOMATICITY AND
ATTENTION ALLOCATION

As shown in Table VIII there were no DTI differences between the groups with regards to
any gait parameter of any gait domain (P > 0.084). However, the between-group differences
of cognitive performance and cognitive variability (p=0.018; and p=0.038, respectively)
revealed that the training group had improved both parameters significantly (p=0.038; and
p=0.032, respectively). Figure 7 illustrates the effect sizes between the groups and their
direction.
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Figure 7. An illustration of the magnitude of dual-task interference differences (effect sizes)
between the training group and the control group, measured as the difference between the
baseline and follow-up assessments. The dotted line represents an effect size of 0.1 (small
effect). The bars on the left side indicate that the control group has improved this parameter,
whereas the bars on the right side indicate that the training group has improved this
parameter.
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Table VIII. Treatment effects with regards to dual-task interference for the training group and control group at baseline and 10-week follow-up.

Training group (n=45)

Control group (n=42)

Pace Domain

DTI Step Velocity (m/s)

DTI Step Length (m)

DTI Swing Time Variability (ms)
Rhythm Domain

DTI Step Time (ms)

DTI Swing Time (ms)

DTI Stance Time (ms)
Variability Domain

DTI Step Velocity Variability(m/s)
DTI Step Length Variability (m)
DTI Step Time Variability (ms)
DTI Stance Time Variability (ms)
Asymmetry Domain

DTI Swing Time Asymmetry (ms)
DTI Step Time Asymmetry (ms)
DTI Stance Time Asymmetry (ms)
Postural Control Domain

DTI Step Length Asymmetry (m)
DTI Step Width (m)

DTI Step Width Variability (m)
Cognitive Task

DTI Cognitive Performance

DTI Cognitive Performance
Variability

Median (IQR) Median (IQR) Effect P-value

Baseline Follow-up Difference Baseline Follow-up Difference size® Bgertc\)/\lljep%n

-0.173 (0.221) -0.180 (0.250) -0.001 (0.218) -0.184 (0.310) -0.167 (0.217) -0.028 (0.218) 0.11 0.290
-0.047 (0.070) -0.035 (0.080) -0.006 (0.056) -0.044 (0.076) -0.036 (0.052) -0.018 (0.058) 0.11 0.298
7.8 (11.7) 6.7(11.4) -0.9 (10.8) 10.0 (29.1) 8.9 (19.0) 2.9 (16.1) -0.19 0.084
36.1 (65.5) 38.2 (65.7) 6.5 (49.4) 55.1(114.1) 47.8 (108.8) 9.3 (64.2) -0.05 0.662
13.2 (36.2) 16.9 (43.9) 4.5 (40.8) 12.8 (59.1) 17.7 (61.6) 0.9 (39.2) -0.02 0.842
72.9 (109.6) 64.9 (95.8) 3.2 (69.9) 96.0 (171.9) 75.4 (168.0) 9.9 (117.3) -0.04 0.731
0.026 (0.029) 0.018 (0.030) 0.002 (0.040) 0.017 (0.028) 0.022 (0.031) 0.002 (0.027) 0.03 0.802
0.008 (0.016) 0.007 (0.011) -0.000 (0.016)  0.008 (0.011) 0.008 (0.014) 0.000 (0.018) -0.12 0.246
13.2 (19.3) 8.7 (16.7) 0.9 (18.9) 12.8 (33.1) 12.9 (28.3) 3.6 (22.8) -0.10 0.352
18.2 (29.2) 11.4 (21.9) 3.2 (69.9) 21.1 (43.9) 16.7 (43.0) 9.9 (117.3) -0.04 0.731
1.4(9.3) 1.9 (12.5) -2.5(11.3) 3.6 (16.8) 3.5(17.5) 0.3(12.3) -0.18 0.093
3.5 (16.5) 3.5(13.8) 3.4 (16.6) 5.4 (26.4) 4.8 (21.4) 1.2 (19.9) -0.08 0.462
3.2(12.7) 2.6 (11.4) -0.5(11.8) 8.1 (19.5) 3.0 (18.0) 3.6 (19.6) -0.17 0.104
0.002 (0.025) 0.001 (0.024) 0.007 (0.027) 0.000 (0.027)  -0.001 (0.029) 0.003 (0.021) 0.09 0.422
0.009 (0.012) 0.009 (0.015) -0.001 (0.013)  0.012 (0.015) 0.009 (0.010) 0.002 (0.014) -0.16 0.138
0.001 (0.006) 0.002 (0.007) -0.001 (0.008)  0.000 (0.005) 0.001 (0.006)  -0.000 (0.005) -0.08 0.473
8.8 (18.5) 4.4(16.2) 5.1(29.0) 5.9 (28.2) 7.5 (25.3) -3.6 (25.6) 0.26 0.018
1.9(9.2) -1.6 (10.7) 3.3(11.0) 1.3 (12.6) 1.4 (8.5) -0.6 (12.9) 0.22 0.038

Abbreviations: IQR= Inter quartile range; DTI = Dual-Task Interference; m/s=meters per second; m=meters; ms=milliseconds;
Cognitive Performance= the number of errors /the total number of letters recited per trial; Cognitive Performance Variability= the Intra-individual standard

deviation of the cognitive performance across trials.
2Cohens r, non-parametric effect-size, computed using the following formula: r= z/\number of observations. "Mann-Whitney U test to determine between-group
differences (i.e., computed as the difference between follow-up and baseline performance). Bold = statistical significance (p < 0.05).
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5.4.1.1 Single-task gait

The analyses of the difference between the baseline and follow up assessments showed that in
comparison to the control group, the training group improved parameters belonging to the
pace domain (step velocity and step length) and the rhythm domain (step time and stance
time). See Table IX.

5.4.1.2 Dual-task gait

The analyses of the difference between the baseline and follow up assessments showed that
the control group significantly increased their step width in comparison with the training
group (p=0.046). See Table X.
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Table IX. Treatment effects with regards to single-task gait for the training group and control group at baseline and 10-week follow-up.

Training group (n=45)

Control group (n=42)

Median (IQR) Median (IQR) Effect P-value
Pace Domain Baseline Follow-up Difference Baseline Follow-up Difference size® Bgertg/\lljep%n
Step Velocity (m/s) 1.21 (0.279) 1.28 (0.250) -0.109 (0.253) 1.18 (0.282) 1.18 (0.271) -0.007 (0.161) 0.26 0.016
Step Length (m) 0.636 (0.143) 0.655 (0.094) -0.027 (0.054) 0.623 (0.094) 0.639 (0.101) -0.002 (0.061) 0.30 0.006
Swing Time Variability (ms) 14.2 (5.4) 13.5(4.5) 1.5(4.8) 16.0 (5.8) 15.0 (8.9) 1.1(6.2) -0.12 0.253
Rhythm Domain
Step Time (ms) 534.3 (54.4) 521.4 (62.0) 13.0 (36.4) 532.6 (4.6) 532.7 (38.4) -0.8 (34.5) -0.23 0.035
Swing Time (ms) 382.6 (39.0) 381.5 (45.5) -2.1 (27.0) 384.5 (46.4) 380.8 (34.1) -0.2 (16.9) -0.02 0.836
Stance Time (ms) 684.5 (68.4) 670.4 (77.8) 25.0 (62.4) 675.5 (75.0) 683.2 (65.0) -1.2 (47.4) -0.27 0.013
Variability Domain
Step Velocity Variability (m/s) 0.048 (0.015) 0.051 (0.014) -0.002 (0.022) 0.055 (0.016) 0.050 (0.018) 0.003 (0.023) 0.19 0.082
Step Length Variability (m) 0.024 (0.008) 0.023 (0.007) 0.001 (0.007) 0.024 (0.010) 0.025 (0.009) 0.000 (0.009) -0.13 0.237
Step Time Variability (ms) 15.3(7.4) 14.5(5.2) 1.3(5.8) 17.8 (6.2) 16.6 (8.8) 0.2 (3.7) -0.09 0.395
Stance Time Variability (ms) 17.7 (8.7) 16.8 (4.6) 1.4 (6.4) 20.0 (8.7) 19.0 (8.5) 0.6 (7.5) -0.05 0.645
Asymmetry Domain
Swing Time Asymmetry (ms) 8.8 (12.9) 7.2 (11.0) 0.6 (9.1) 9.7 (12.7) 8.7 (13.3) 1.3 (12.0) 0.01 0.963
Step Time Asymmetry (ms) 14.0 (16.7) 10.3(14.1) 3.6 (11.0) 13.5(18.0) 12.9 (19.3) 0.8 (15.7) -0.09 0.410
Stance Time Asymmetry (ms) 10.2 (12.0) 11.4 (13.2) 0.9 (9.6) 10.7 (11.6) 9.0 (13.4) 2.0 (11.5) 0.06 0.609
Postural Control Domain
Step Length Asymmetry (m) 0.027 (0.027) 0.028 (0.035) -0.001 (0.019) 0.027 (0.023) 0.030 (0.027) -0.001 (0.020) 0.04 0.707
Step Width (m) 0.090 (0.031) 0.088 (0.036) -0.001 (0.011) 0.076 (0.036) 0.076 (0.039) 0.001 (0.014) 0.06 0.609
Step Width Variability (m) 0.017 (0.009) 0.016 (0.007) -0.001 (0.006) 0.018 (0.006) 0.018 (0.007) -0.001 (0.006) -0.10 0.368

Abbreviations: IQR= Inter quartile range; m/s=meters per second; m=meters; ms=milliseconds; * Cohens r, non-parametric effect-size, computed using the following formula: r=
znumber of observations. "Mann-Whitney U test to determine between-group differences (i.e., computed as the difference between follow-up and baseline performance). Bold =

statistical significance (p < 0.05).
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Table X. Treatment effects with regards to dual-task gait for the training group and control group at baseline and 10-week follow-up.

Training group (n=45)

Control group (n=42)

Pace Domain

Step Velocity (m/s)

Step Length (m)

Swing Time Variability (ms)
Rhythm Domain

Step Time (ms)

Swing Time (ms)

Stance Time (ms)
Variability Domain

Step Velocity Variability (m/s)
Step Length Variability (m)
Step Time Variability (ms)
Stance Time Variability (ms)
Asymmetry Domain

Swing Time Asymmetry (ms)
Step Time Asymmetry (ms)
Stance Time Asymmetry (ms)
Postural Control Domain
Step Length Asymmetry (m)
Step Width (m)

Step Width Variability (m)

Median (IQR) Median (IQR) Effect P-value

Baseline Follow-up Difference Baseline Follow-up Difference size® Bgert(\)/\llje;ebn
1.03 (0.289) 1.08 (0.272) -0.061 (0.168) 0.93 (0.411) 1.03 (0.378) -0.061 (0.290) 0.09 0.389
0.590 (0.133) 0.602 (0.133) -0.027 (0.071) 0.573 (0.098) 0.596 (0.090) -0.009 (0.099) 0.11 0.294
22.8 (12.6) 21.1 (13.5) 2.1(11.9) 28.0 (29.6) 24.5 (23.2) 1.8 (20.2) 0.09 0.422
580.0 (67.0) 558.5 (100.0) 17.9 (53.4) 593.6 (162.8) 572.1 (111.3) 33.6 (75.8) -0.03 0.802
399.2 (61.0) 393.3(95.5) 1.3 (45.3) 403.8 (104.6) 406.4 (81.5) -1.6 (45.9) 0.02 0.822
750.8 (151.7) 732.8 (162.6) 35.7 (79.8) 773.6 (255.0) 757.3 (167.3) 16.3 (123.9) -0.05 0.656
0.072 (0.030) 0.065 (0.033) 0.007 (0.037) 0.076 (0.028) 0.070 (0.028) 0.005 (0.026) -0.00 0.990
0.033 (0.016) 0.028 (0.016) 0.002 (0.012) 0.034 (0.017) 0.033 (0.018) 0.001 (0.016) 0.00 0.990
31.6 (20.8) 23.8 (20.8) 1.9 (17.0) 33.1(40.1) 33.3(28.7) 2.0 (23.2) 0.06 0.607
41.8 (32.1) 28.0 (33.0) 2.9 (23.3) 43.2 (49.5) 41.0 (50.2) 4.0 (28.6) 0.04 0.725
11.8 (18.1) 12.0 (18.1) -2.1(18.9) 12.9 (27.4) 13.0 (21.5) 1.9 (19.3) 0.14 0.184
16.9 (22.6) 13.2 (21.4) 2.3(18.9) 22.6 (37.3) 20.7 (29.5) 0.5 (27.5) 0.02 0.862
13.0 (22.7) 16.1 (17.3) -1.5 (16.6) 16.6 (25.6) 12.5 (25.8) 3.3(14.8) 0.19 0.070
0.033 (0.028) 0.029 (0.031) 0.005 (0.025) 0.024 (0.041) 0.025 (0.036) 0.000 (0.022) -0.09 0.379
0.096 (0.041) 0.103 (0.036) -0.000 (0.016) 0.089 (0.050) 0.085 (0.039) 0.004 (0.014) 0.22 0.046
0.018 (0.010) 0.017 (0.011) -0.001 (0.006) 0.018 (0.008) 0.018 (0.008) -0.001 (0.006) -0.02 0.842

Abbreviations: IQR= Inter quartile range; m/s=meters per second; m=meters; ms=milliseconds; * Cohens r, non-parametric effect-size, computed using the following formula: r=
znumber of observations. "Mann-Whitney U test to determine between-group differences (i.e., computed as the difference between follow-up and baseline performance). Bold =

statistical significance (p < 0.05).
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6 DISCUSSION

6.1 OVERALL FINDINGS

The results derived from the psychometric part of this thesis were that the reproducibility of
the Mini-BESTest was found to be good with regards to reliability, when assessed in a
clinical setting. However, the measurement error of this instrument showed mixed results.
Whereas it was considered acceptable when applied on a group level, it was consider high on
an individual level. Moreover, since the results of the Mini-BESTest were in line with the
hypotheses (except from its inability to distinguish between recurrent and non-recurrent
fallers) the construct validity was found to be adequate in PwPD with mild to moderate
disease severity.

The results from the intervention part showed that, compared to the control group, the
training group significantly improved balance and gait performance during single-task
conditions. On the other hand, the training programme did not improve any gait parameter
during the dual-task condition, which also explains why the dual-task interference, i.e. gait
automaticity, was not improved. Conversely, the performance of the added task was
improved, both with regards to cognitive performance and cognitive performance variability
during the dual-task gait conditions. Since this did not occur when this task was performed as
a single-task, this suggests that these improvements were not due to a learning bias, and also
explains why the dual- task interference was improved following training.

6.2 THE PSYCHOMETRIC PROPERTIES OF THE MINI-BESTEST

The Mini-BESTest was initially introduced as a more user-friendly version of the BESTest.”®
However, while the BESTest was a theoretically anchored test, the items included in the
Mini-BESTest were predominately derived from statistical analyses.** This resulted in a
theoretically somewhat ambiguous test*** considered to measure the unidimensional and
undefined construct of dynamic balance, indicating that only the total score of the Mini-
BESTest should be considered. However, similar to the original BESTest, the Mini-BESTest
clearly identifies four underlying domains and encourages the sub-scoring of these
domains.®®*  This could be interpreted as if each subcomponent may be investigated
separately, which has been performed in recent studies.”>*"*'%

From a clinical perspective, although all items related to two of the subdomains of the
original BESTest have been omitted, the Mini-BESTest still encompasses relevant items that
other common multi-item balance tests (such as the Bergs Balance Scale® or the Tinetti
balance assessment tool)'®? are lacking. Particularly the postural responses domain may be
vital to assess in any individual with balance deficiencies, let alone PwPD. Although falling
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is multifactorial™ and its direct link to balance abilities is moderate,™ it may be argued that
the most devastating effects of impaired balance are the risks of injurious falls."®* As such,
the ability to react in order to regain balance following an irreparable perturbation appears to
be essential for the avoidance of falling. Indeed, previous studies in PwPD have found items
from the subcomponent postural responses to be significantly associated with falling.”>*
Whereas the performance of this subcomponent did not differ between recurrent and non-
recurrent fallers in this thesis (i.e. paper Il); postural responses was the subcomponent that
distinguished most clearly between PwPD with mild versus moderate disease severity, as
illustrated by the large effect size (although closely followed by ApA’s).

Postural responses also signify the subcomponent with the largest proportional measurement
error. This has also been identified in a similar study albeit on another population.*’
Conversely, sensory orientation was the subcomponent with the lowest error. This may
highlight a relevant issue when interpreting the results of clinical assessment tools. Namely
that of the potential trade-off between clinically relevant tests that may be accompanied with
a larger measurement error, while having the potential to provide important information;
versus tests or items that are easier to reproduce but that may not be as relevant. Indeed, in
this thesis it is evident that the subcomponent with the smallest measurement error, sensory
orientation, provides little information of value due to its ceiling effect in this sample, (this is
illustrated in Figure 5). This ceiling effect is likely the explanation to why sensory orientation
was the only subcomponent unable to distinguish between PwPD with mild and moderate
disease severity, a finding that limits its validity in this population. In summary, when
investigating psychometric properties of clinical tools, it may be advisable to reflect upon the
perceived clinical value in relation to the measurement properties, where it may be argued
that a larger measurement error could be accepted for a tool with the potential to reveal
important information, such as increased risk of falling.

The ceiling effect found for sensory orientation may be surprising since PwPD have
frequently demonstrated deficient sensory integration®-® (which also was the reason to why
the HiBalance programme specifically addressed this aspect of balance).®> However, the
answer to this is likely related to the fact that impaired sensory orientation is usually detected
by means of posturography (i.e. body sway),'®® whereas in the Mini-BESTest, the body sway
is disregarded of. This issue was actually brought up as a potential shortcoming when the
BESTest was first presented.?® Therefore, it is suggested that measures are taken to increase
the sensitivity of this subcomponent when assessed in clinical practice.

The findings in this thesis show that the Mini-BESTest is by no means flawless.
Nevertheless, the overall apprehension is that the test encompasses items of clinical relevance
for PWPD, which similar multi-item tests are missing. Moreover, although the measurement
error on individual level was considered high, it is similar to the measurement error of, for
example, the Bergs balance scale.’® Since the Bergs balance scale have been frequently
reported to have a ceiling effect in this population,*?**%%%¢ it may be argued that the Mini-
BESTest overall encompasses sensitive items, more relevant for PwPD, and therefore have a
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higher clinical value. Therefore it is suggested for clinicians to use the Mini-BESTest in
PwPD with mild to moderate disease severity, however when doing so, they need to relate
their findings to the measurement error when evaluating the results.

Moreover, the reliability of the Mini-BESTest was considered to be good for the total score
as well as for all subcomponents (except sensory orientation) when administered by the same
rater. In contrast, when comparing the results between different raters, only the total score
and the subcomponent APA were found to be good, despite the measures taken on
beforehand (i.e. training sessions) to synchronise the interpretation pf performance. Similar
results were found with regards to the proportional measurement error, which may highlight
the challenges to interpret results found from assessments by different raters in clinical
practice, particularly with regards to subcomponent scores. The difference with regards to the
total score was marginal. Therefore, while it is always recommendable that the same clinician
perform all assessments in a single subject to as large an extent as possible, this appear
particularly important when evaluating rehabilitation periods with regards to the effects of the
subcomponents.

Finally, the measurement error was considered large on an individual level, even when the
same rater administers all tests. However, when transforming the measurement error on
individual level to a group level error, the measurement error becomes reasonable. This, in
combination with the overall adequacy of the construct validity of this test, makes the Mini-
BESTest an appropriate outcome measure in future research; whereas, as of present, the
Mini-BESTest cannot be recommended to identify fallers with mild to moderate PD.

6.3 THE HIBALANCE INTERVENTION

At large, the contents of the HiBalance programme corresponded to the subdomains of
balance as presented by Horak et al.?® Therefore it is encouraging that training not only
improved the overall performance of dynamic balance (i.e. the Mini-BESTest), but that all
the Mini-BESTest’s subcomponents were improved beyond the measurement error, with the
exception of sensory orientation. Indeed, the subcomponents APA’s, dynamic gait, and
sensory orientation were specifically addressed through the programme’s training
components. However, although postural responses were not addressed by means of a
specific training component, the concept of being highly challenging relied upon the
intermittent evocation of reactive responses throughout the entire intervention. It is therefore
possible that this was not only an important factor for ensuring an appropriate difficulty level,
but that it also was an important ingredient for promoting reactive abilities. Indeed, the
recurrent postural responses during training, which consisted of taking compensatory steps in
order to regain balance control, might have encouraged stepping strategies among the
participant in the training group. This training characteristic, as well as its findings,
corresponds with a recent study that promoted a stepping strategy during training in order to
improve postural responses in PwPD.*®
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Another potentially important aspect of the results of training was how feed-back was
delivered from the trainers. As stated in the study protocol,? feed-back was aimed to induce
an external rather than an internal focus, that is, focus on the environment (for example, “step
over those obstacles”) rather than on the coordination of specific body parts (i.e. “walk with
longer steps™). This approach was in line with the concepts of a recent model, the optimal
theory, that highlights the importance of external focus and intrinsic motivation for
optimizing motor learning.'®

A particularly intriguing finding from this intervention was that the training group improved
several aspects of ST-gait, whereas the DT-gait performance was unaffected in comparison to
the controls (with the exception of the increased step width among the controls). Instead, the
training group significantly improved the performance of the added cognitive task during the
DT-condition (both with regards to cognitive performance and cognitive performance
variability), but not during the ST-condition. These findings were in stark contrast to what
has generally been found in pilot studies investigating the effects of DT-training in PwPD.
Indeed, those studies have generally found improved gait during the DT-condition,™****414
whereas improvements of ST-gait'****° or the added task are more uncommon.****® There
are likely several factors that contribute to the different results found here, but one factor may
be embedded in the different design of the interventions. Unlike the majority of the
previously mentioned studies, the HiBalance intervention did not focus entirely on DT-
training, rather the ST-training played as large a part. It is possible that it is important to
emphasise DT-gait more than ST-gait in order to achieve DT-specific gait improvements.
Since a randomised controlled trial with such a design is underway,*® it will be relevant to
compare the results from our study with those upcoming findings in order to pinpoint
potentially important training ingredients. Nevertheless, the rationale behind the mixture
between ST and DT-training in this study was that although the importance of adequate DT-
gait abilities have received increased attention in recent years, the importance of improving
aspects of ST-gait, such as velocity cannot be overestimated due to its established impact on
general health.?®?" Hence, it was essential for the training programme that potential DT-
improvements did not occur at the expense of ST-abilities. On the other hand, ST-step
velocity has been found to be the strongest predictor for DT-step velocity.**® In turn, this may
indicate that improved ST-step velocity could have the potential to be accompanied by
improved DT-step velocity. Although that possibly occurred to a limited extent in this study
(since the DTI of step velocity was one of few gait parameters that showed a tendency to be
improved in the training group, as compared to the controls, Figure 6), both the small
magnitude of effect size and lack of significance undermines the impact of improved ST-
velocity for DT-gait improvements.

It may be important to relate to the patterns of ST-gait and DT-gait, as well as to the results of
the cognitive task when aspiring to interpret the DTI results. Although there is a lack of
statistical significance with regards to the DTI gait results, as shown in Figure 6, the effect
sizes as may reveal underlying patterns in the two groups. Indeed, the effect sizes are of small
magnitude, nevertheless their direction may indicate a general tendency towards improved
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DTI of gait in the control group, whereas the training group show the largest improvements
for cognitive performance and cognitive performance variability. These subtle findings may
be indicators of allocation strategies in the two groups, wherein the training group; a tendency
might be discerned that the performance of the cognitive task was performed at the expense
of DT-gait, and vice versa in the control group.

In order to optimise allocation strategies, it has been suggested for DT-training to emphasise
a variety of allocation strategies during DT-training. Examples of this entail alternating
between which tasks to prioritise: the motor task, the added task, or both.”*'** This approach
has been investigated in a pilot study among PwPD, which resulted in improvements of gait
parameters related to the pace and variability domains, whereas the added cognitive task was
unaffected.™* In the HiBalance intervention, gait and the added tasks were always instructed
to be equally prioritised. Therefore it was particularly interesting that the training group
appeared to prioritise the cognitive task rather than the gait during the DT-condition at
follow-up. This may seem extra puzzling since they also improved the balance and ST-gait
performance. However, by relating these findings to a recently proposed model of task
prioritisation during gait,*® this can, arguably, be partly explicated. This model suggests that
individuals with adequate postural reserves (for example balance or gait abilities) will always
prioritise the added task when the postural threat (e.g. the perceived risk of physical harm,
such as falling) is considered to be low. However, when the environment becomes more
challenging, thereby increasing the postural threat, the attention is allocated from the added
task towards the walking. At the follow-up assessment in this intervention, the training group
performed at similar or higher levels than what has been reported for age matched, healthy
people, both with regards to dynamic balance performance®®* and ST-gait velocity® (i.e.
mean Mini-BESTest score=22.2 points; mean ST-gait velocity=1.28 m/s). Therefore it is
possible that they did not perceive the DT-gait condition as a postural threat, but rather
considered the added task as to be the more challenging situation and therefore allocated the
attention there. Indeed, the training group had repeatedly performed DT-gait training in more
environmentally challenging situations (e.g. walking on foam surfaces and negotiating
obstacles etcetera), hence it would be understandable if they did not perceive the over-ground
walking upon a flat GaitRITE mat as a postural threat.

In summary, the findings from HiBalance intervention are encouraging and add support to the
existing studies showing improved gait and balance performance following training in
PWPD."® However, more research is needed in order to establish if certain training
characteristics might be superior to others; and in such a case, implement the successful
training characteristics into clinical practice. Moreover, it may also be of relevance to
investigate if individual traits in PwPD (for example cognitive abilities)***** can predict the
likelihood to benefit from training. In addition, although this thesis showed a tendency
towards improved processing automaticity of the added task following DT-training, this
finding needs to be supported by more evidence. Future studies also need to investigate if it is
possible to improve gait automaticity following training, and if attention allocation strategies
can be influenced in this population.
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6.4 INTERNAL VALIDITY

Internal validity reflects to what extent research findings can be considered to be true
reflections of reality, rather than dependent upon external factors. Among the threats to
internal validity are: participant selection, group allocation, instrumentation and testing
procedure.

6.4.1.1 Participant selection and group allocation

One major threat to internal validity is related to the group compositions. That is, do the
groups differ with regards to important characteristics such as: age, gender, disease severity,
medication, physical or cognitive function? The major advantage with performing a
randomised controlled trial is that, if correctly handled, the randomisation of participants is
likely to lead to an even distribution of important characteristics in all groups. In this study,
block randomisation was used in blocks of four. This means that within each block two
participants were allocated to the training group and two people were allocated to the control
group. This is an adequate approach in the sense that it will ensure an even balance with the
regards to the number of participants allocated to each group.'** However, like all
randomisation methods it also has some disadvantages. Indeed, although both the test
assessors and the participants were blinded to group allocation until the included participant
had opened the sealed opaque envelope, in theory, the use of fixed block sizes may enable the
predictions of group allocation towards the end of each block.’®® Indeed, it has been
suggested that there is a risk that the use of block randomisations might cause an imbalance
between groups with regards to covariates. Nevertheless, block randomisation have been
recommended for trials including up to 100 participants, and in this study no covariates were
found to significantly differ between the groups (Table II).

6.4.1.2 Instrumentation and testing

In order to obtain internal validity with regards to the instrumentation used (i.e. the outcome
measures), the psychometric properties needs to be acceptable. The psychometric properties
of all outcome measures used in this thesis have been found acceptable. However, apart from
the instrumentation, certain measures also need to be undertaken with regards to the
standardisation of test assessors in order to increase the internal validity. In this study, all test
assessors participated in training prior to the commencement of the study. This training
included: theoretical discussions regarding the principles of the instrumentation, a
synchronised view on how to rate the test performance, and practical training, including
training on how to instruct the participants. Such measures were undertaken in order to
minimise the risk of learning bias amongst the more inexperienced raters and discrepancies
between raters and test occasions.'®® Moreover, during the assessments, a standardised
scheme was followed in order to minimise learning bias amongst the participants. In addition,
since the assessment sessions were quite extensive, there was a risk that fatigue might affect
the performance of the tests performed towards the end of this session. Hence, all participants

55



were requested to take a seated rest midway through the test sessions. Moreover, to avoid a
systematic bias, all tests were performed in a randomised order.

One threat to the internal validity of this intervention was that the test assessors were not
blinded to group allocation at follow-up. Since randomised controlled trials pose a variety of
logistic challenges, some test assessors also served as trainers. In an effort to limit this
shortcoming, the participants were never assessed by an individual that had been involved in
their training.

Finally, medication play an important part to reduce motor symptoms amongst PwPD, hence
all participants were tested when optimally medicated (i.e. during the ON phase of the
medication cycle). Since this population also commonly experience motor fluctuations of
variable magnitude at different times of the day, all repeated tests were performed at the same
time of the day. Although the participants were instructed not to change their medication
dosage during the intervention, this nevertheless occurred among some participants.
However, there were no significant differences between the training group and the control
group with respect to change of medicament dosage.

6.5 EXTERNAL VALIDITY

External validity entails to what extent the findings from a specific study are generalisable to
a broader spectra. With regards to the contents of this particular thesis, the sample, the
trainers and the training programme is discussed in relation to external validity.

6.5.1.1 External validity of the sample

This study only included PwPD with a mild to moderate disease severity, hence the results
found here can only be generalised to this specific population. Moreover, the recruitment
process involved the advertisements in newspapers, where interested PwPD had to contact us.
Therefore, it is likely that only PwPD motivated in participating in highly challenging gait
and balance training were included. Since neuropsychiatric symptoms such as depression and
lack of motivation are common among PwWPD,**"*% it is likely that the PWPD with such
symptoms did not report interest for the study. Moreover, based on the MMSE,**® we
excluded participants with signs of cognitive impairment which limits the ecological validity
of these findings, since PwWPD with these symptoms constitutes a substantial portion of
PWPD.?® Indeed, although the included PwPD had a clinical diagnosis and a mild to
moderate disease severity, their mean single-task gait velocity at baseline was well beyond
one meter per second, which is a common cut-off to identify healthy older individuals.”®
Moreover, according to a recent categorisation of severity of balance problems based on the
Mini-BESTest performance,® at baseline, the majority of the included participants had
moderate balance deficits. On the other hand, nearly 50 percent of this sample could also be
categorised as recurrent fallers.
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6.5.1.2 External validity of the trainers

All trainers (n=12) of this intervention were trained physiotherapists currently working at a
university hospital. The trainers’ clinical experience from neurological rehabilitation ranged
from 1 to 20 years. It was an equal distribution of male and female trainers. Since the results
showed that there were no differences in improvements between the groups that had been
supervised by the different trainers (i.e. during the different semesters and at the different
geographical sites), this indicates that the results derived from this study were not dependent
upon individual trainers. Moreover, it may indicate that the theoretical and practical training
sessions undertaken prior to training were more important than the trainers’ clinical
experience.

6.5.1.3 External validity of the findings of the intervention

One aspect of external validity lays in the reproducibility of studies. Important for this
training programme was that it was a mixture between controlled and uncontrolled
ingredients. Whereas it was controlled in the sense that specific balance components were to
be addressed following a structured scheme, it was uncontrolled in the sense that the trainers
had the freedom to choose and design any kind of exercise within the specific domains. This
kind of dynamic approach may be particularly beneficial for group training interventions
since it might make it easier to adapt the training to the abilities of the specific group, both
with regards to the difficulty level and the feasibility of the specific exercises. Indeed, within
each geographical cohort, the group compositions were based upon the degree of the
participants’ gait and balance deficiencies (as perceived by the test assessors). Had the
training instead used predetermined exercises (i.e. a “cookbook” approach) throughout the
programme, it might have required participants with very homogenous symptoms in order to
optimise the challenge level. This is seldom the case among PwPD given the heterogeneity of
symptoms related to this disease.”?*?*® However, the downside with the approach used in this
intervention is that it may be difficult to replicate, which may reduce the external validity. On
the other hand, the reasoning behind this approach was that it was similar to clinical practice
and can therefore be argued to increase the ecological validity of the study. In addition, the
within-training group analysis showed that there were no differences in improvements
between the groups that had participated in training at different time periods (i.e. between
2012 and 2013), or at the different geographical sites. Since this training was performed by
physiotherapists working at a hospital, different trainers were involved in the training at
different time periods due to external reasons (for example change of responsibilities or jobs).
Hence these findings may incline the arguments that the effects of training were more likely
to depend upon the training programme, rather than on the trainers or the time that training
took place.
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6.6
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IMPLICATIONS FOR CLINICAL PRACTICE

Since the proportional measurement error of the Mini-BESTest is similar to other
common multi-item balance tests-it is recommended to use for balance assessments in
this population due to its higher clinical relevance.

The Mini-BEST adequately distinguishes between people with Parkinson’s discase
with mild and moderate disease severity, but should not be used to identify fallers in
this population.

The subcomponents of the Mini-BESTest with, arguably, the highest clinical value
also have the largest measurement error; therefore it is advisable to practice these
items extra carefully before using the test in people with Parkinson’s disease.

The same person should administer the Mini-BESTest before and after a treatment
period in order to decrease the measurement error, particularly when assessing the
subcomponents; however it is advisable to have regular training sessions between
administrators in order to synchronise the evaluation of patients.

Challenging gait and balance training can be successfully conducted in groups of
people with mild to moderate Parkinson’s disease, thereby increasing treatment
efficiency.

When conducting dual-task gait training with an added cognitive task, it is important
to consider the performance of both tasks, as well as the difficulty level of either task.
In addition, it may also be of importance for clinicians to decide on beforehand what
aspect of dual-task abilities is most important to improve (i.e. gait, the added task or
both) and design training accordingly.



6.7 SUGGESTIONS FOR FUTURE RESEARCH

e Future studies needs to investigate if the Mini-BESTest’s measurement error can be
reduced when used in people with Parkinson’s disease, for example by clearer
instructions and increments.

e It needs to be established how to relate to the subcomponents of the Mini-BESTest,
that is, if only the total score should be considered or if it has an added value to also
investigate the subcomponents separately.

e Future studies needs to investigate if highly challenging gait and balance training
have an added value over moderately challenging training in people with Parkinson’s
disease.

e It would be of value if future studies might identify individual traits that predict
training outcomes in people with Parkinson’s disease, such as cognitive status.'%?

e It needs to be investigated if training can affect strategies regarding the allocation of
attention in people with Parkinson’s disease, and if so, what strategies that are
preferable.

e The added cognitive task used in dual-task interventions needs to be thoroughly
investigated. That is, with regards to how well it reflects everyday function, what its
potential improvement actually means, and what type task is ideally used (for
example, which cognitive domains should the task represent and at what difficulty
level).

e Future studies are also recommended to investigate if gait automaticity is possible to
improve by means of dual-task gait training in people with Parkinson’s disease.
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7 CONCLUSIONS
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The Mini-BESTest can be recommended for use in research due to its validity,
reliability and agreement on group level.

The Mini-BESTest is not able to identify recurrent fallers with mild to moderate
Parkinson’s disease

Highly challenging gait and balance training can improve balance abilities in people
with Parkinson’s disease with mild to moderate disease severity.

Highly challenging gait and balance training in people with Parkinson’s disease
appears to primarily improve single-task gait abilities related to pace and rhythmicity.

It remains unclear if highly challenging gait and balance training can improve
absolute dual-task gait abilities in people with Parkinson’s disease.

Highly challenging gait and balance training including both single and dual-task
conditions can improve the dual-task interference of cognitive performance as well as
cognitive performance variability in people with Parkinson’s disease.
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