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General Introduction



Chapter One

Theimprovementof physical functioningand the prevention of fallsin the older population
have been of greatinterestsince the 1980's [1-3]."Physical functioning’ refers to the ability to
conduct a variety of activities ranging from self-care (instrumental activities of daily living)
tomore challenging mobility tasks that require balance abilities, strength orendurance, e.g.
walkingorstanding,importantforachievingormaintaininganindependentwayofliving[4,5].
A fall is defined as a situation in which a person unintentionally comes to the ground
or to some lower level other than as a consequence of sustaining a violent blow, a loss
of consciousness, or a sudden onset of paralysis as in stroke or epileptic seizure [6]. The
interest in this topic lies in the fact that the decline of physical functioning and above
all the increasing incidence of falls are under the many undesirable ancillary effects of
the natural aging process and can lead as the case may be to a premature admission
to care homes, the loss of independence or even to an increasing rate of morbidity, or
mortality [7, 8].

Fall prevention is of particular importance when considering the steady increase of
life expectancy of human beings. Thanks to better sanitation, higher standards of living
and a well-organized and efficient health care system, life expectancy has nearly doubled
during the last century. In Switzerland, for instance, from 1900 to 2011 life expectancy
increased from 49 to about 85 years in women and from 46 to about 80 years in men [9].
It has been observed that approximately one third of the population over 65 years of age
statistically experience a fall each year. The incidence of falls even increases to 50% in
people aged 85 and over [8,10]. Falls are by now the leading cause of hospitalization
related to injuries in older adults. The major injuries that result from a fall are, besides soft
tissues injuries, serious fractures of the wrist, the elbow, the trunk, the head and the
hips [11,12]. Fear of falling is a common reported concern in older adults, especially in
individuals who have already experienced a fall, and can lead to a further decrease in
activity of daily life, a further decline in physical functioning and to a general decrease in

quality of life [13, 14].



General Introduction
1.1. Causes of a fall
The causes of a fall are still in dispute. The increased incidence of falls has long been
attributed to the decline of physical abilities, reduced sensory functions, and to the
slowdown of psychomotor processing, all being common consequences of the natural
aging process [15-17]. The decline in muscle mass and strength is a natural process of
aging which already begins at the young age of 30. Muscle mass declines by 10% - 15% per
decade, and even accelerates at older ages [18, 19]. Additionally, the reduction in muscle
power (strength X velocity of movement) due to the decline in mass and contractile speed
of the skeletal muscles leads to relevant restrictions in activities of daily life [19, 20]. This
may cause slowing, and increases variability of gait patterns or gives rise to insecurities in
balance, representing a possible major cause of a fall [21-23].
The American Geriatrics Society has suggested risk factors that seem to be related
to the higher risk for falling in institutionalized or community-dwelling older adults [7].
The main proposals included factors related to poor physical functioning like muscle
weakness, gait and/or balance deficits, and associated factors like previous falls, together
with the use of assistive devices due to reduced abilities (Table 1.7). In the past these
aspects have long been regarded as the main factors for the occurrence of a fall in older
adults. Not surprisingly, to date fall prevention programs for older adults mainly focus
on improving physical functioning by conducting interventions including physical
exercise to rehabilitate muscle strength and postural balance skills. The solution of the
fall problem, however, is not that simple as it appears. The origin of a fall is more likely
to be an individual framework composed of various risk factors rather than the result
of one or two factors alone. In addition to physical and functional impairments, this
framework also includes cognitive impairments, the influence of prescribed medications

and environmental conditions [11].

1.2. The role of cognition
One particular potential risk factor for falls has been overlooked in the past, namely
the presence of cognitive impairments in older adults. Recent research suggests a link
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between gait dysfunctions and cognitive impairments [4]. In fact older adults with
cognitive impairments have a higher susceptibility to falling than peers without cognitive
impairments [24]. Older adults or younger persons with neurological impairments, people
suffering from the consequences of traumatic brain injuries or a stroke event, together
with sufferers from dementia show similar impairments of walking abilities, i.e. slower gait
speed and an increased stride time variability, as well as limitations in postural balance
abilities [25,26]. Gait dysfunctions are included among the many risk factors for falls. Older
adults with slow gait velocity, gait instability, or increased step length variability have an

increased risk of falls [26].

Table 1.1 Results of univariate analysis of most common risk factors for falls identified in 16 studies that examined
risk factors [7]

Risk Factor Significant/Total* Mean RR-OR* Range

Muscle weakness 10/11 44 1.5-103
History of falls 12/13 3.0 1.7-7.0
Gait deficit 10/12 29 13-5.6
Balance deficit 8/M 29 1654
Use assistive device 8/8 2.6 12-46
Visual deficit 6/12 2.5 1.6-35
Arthritis 3/7 24 1.9-29
Impaired ADL 8/9 23 1.5-31

Depression 3/6 2.2 1.7-25
Cognitive impairment 4 1.8 1.0-23
Age > 80 years 5/8 1.7 1.1-25

* Number of studies with significant odds ratio or relative risk ratio in univariate analysis/total number of studies that
included each factor; * Relative risk ratios (RR) calculated for prospective studies, odds ratios (OR) calculated for retros-
pective studies; ADL = activities of daily living.

Until recently gait has been assumed to be an automated task without the need for
higher-level cognitive inputs. This holds true for younger or middle-aged individuals.
Walking is a complex cognitive task [27]. The impact of cognitive functions on gait in
the older population, however, can be easily observed in every day situations. Older
adults tend to stop walking while talking [28,29] or seem to walk around with blinders
on, focusing their attention on their walking path, blocking out what is going on around
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themselves, e.g. other pedestrians or the traffic. This observation is explained by the
assumption that cognitive resources intended for regulating the gait cycle come into
conflict with cognitive resources needed to hold a conversation or to register the changing
environmental conditions. One of the tasks will automatically be preferred to the other.
So they either stop walking and hold the conversation or observe their surroundings, or
conversely they stop talking or stop observing in order to continue on their walk. This
phenomenon has been consistently observed throughout many studies and the poorer
performance of older adults in dual task conditions is one of the most typical symptoms
of the natural aging process [30].

The impact of cognitive deficiencies on gait or postural balance is extensively
underpinned by a very substantial number of studies investigating the abilities of
older adults to manage a situation in which they are told to perform a motor task
while simultaneously executing a cognitive task [31]. This situation is referred as a dual
task situation. For instance, we can observe slowing of gait speed and/or an increased
variability of gait patterns like stride time, step length, or step width when older adults are
told to execute a cognitive task like calculating backwards from a number in steps of seven
or list words with a specific initial letter [15,32-34]. In addition, increasing reaction times
were observed in stepping responses when older adults are challenged by simultaneous
cognitive tasks [35]. Walking on the street is nothing else then a typical dual task situation
that we encounter almost every day. Hence, it is not surprising that the most frequent
causes for a fall are tripping, slipping or misplacing steps whilst walking without any
hazardous behavior even on level surfaces [36—38]. It has been observed that older adults

are at particular risk to experience a fall while they walk in busy environments [15,39].

1.3. The special role of executive functions

A challenging problem related to falls is that they can potentially occur in different
situations during daily activities and, unfortunately, in most of cases without any notice.
They can occur while standing motionless, during the phase of gait initiation or during
walking itself, even on level surfaces. Our body is constantly challenged by different
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internal influences (muscle weakness, iliness, fatigue, mood, cognitive impairments, vision
problems) as well as by external ones (obstacles, crowds, traffic, weather) all of which
constitute a potential threat to postural stability. These circumstances demand intact
cognitive functions to register potential threatening situations at an early stage, to plan
and execute the correct motor answer to the special condition in order to prevent a trip
or a fall. In recent fall prevention research the decline of cognitive functions that regulate
these abilities has been suggested as a major cause of falls in addition to the decline of
physical functioning [40,41]. In fact, impaired cognitive functions that regulate these
skills may negatively affect the ability to plan and react to changing demands, possibly
increasing fall risk [26].

The ability to counteract these threats is regulated by specific cognitive functions
called executive functions. ‘Executive functions’ is an umbrella term for higher-level
cognitive functions involved in the control, the regulation, and the management of lower-
level cognitive processes, such as planning, working memory, problem solving, initiation,
inhibition, mental flexibility, task switching, and attention [42]. There is still a heated
debate on the brain structures responsible for the regulation of the theses functions.
The frontal lobes have long been assumed to be the only brain structures responsible
for executive functions [43]. Increasing evidence, however, suggests that multiple brain
areas forming a specific network are involved in cognitive processes as complex as the
executive functions [42, 44]. It has been observed that older adults perform more poorly
than younger adults on many classic neuropsychological tests of executive function (e.g.
the Color-Word Stroop task or the Trail-Making test A & B) [45]. This suggests that natural
aging is associated with a decline of executive functions [46—48].

Neuropsychological studies have observed activation in the prefrontal cortex, the
anterior part of the frontal lobes, during dual task conditions but not under single task
situations [49, 50]. Further, even age-specific activation of prefrontal cortex in response
to a dual task challenge has been observed. In a study by Ohsugi et al. [51] young and
older adults performed a single motor task (stepping), a single cognitive task (performing
calculations) or a dual task, that was the performance of the motor and cognitive task
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simultaneously. Both younger and older adults demonstrated an increased prefrontal
cortex activity during the dual task activity, though higher and longer activation of the
prefrontal cortex was observed in the older group. These results suggest that dual task
activity imposes a greater cognitive load on older adults compared to younger.

The observation that older adults show poorer performances in dual task situations
compared to younger adults, and that this may be in part attributable to the declines in
executive functions [40] led to the assumption that the focus of effective fall prevention
programs should possibly be the implementation of approaches that address the cognitive
decline and the dysfunctions in cognitive processes, especially of the executive functions.
There is growing evidence that rather than isolated physical or cognitive activity, the
combination of both better supports the healthy functions of executive function, working
memory, and the ability to divide and select attention [52-55]. Therefore, older adults
should be challenged and trained by a cognitive-motor approach that is the performance
of physical training with a simultaneous challenge of cognitive functions stimulating the
required abilities to control gaitand postural balance in dual task situations, as experienced
in everyday life. The assumption that older adults could benefit to a greater extent from a
cognitive-motor approach than from physical training alone is the underlying hypothesis

of the present doctoral thesis.

1.4.How it all started

The story of the present doctoral thesis began with the performance of interventional
and observational pilot studies at the Institute of Human Movement Sciences and Sport
(IBWS) of the ETH (Swiss Federal Institute of Technology) Zurich. Projects in the context of
a master’s thesis in the field of'Human Movement Science and Sport’ laid the foundations
for the development of the study questions presented in this thesis. The research group
at the IBWS of the ETH Zurich knew early on that the combination of motor and cognitive
elements and its implementation in training programs for the elderly could constitute
an approach with a great potential for improving physical functioning in the older
population. Two interventional pilot studies were performed using the combination of
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motor and cognitive elements. The settings of these studies were comparable. Whereas
the control groups received a traditional physical exercise program consisting of strength
and balance exercises, the cognitive-motor groups performed either a computer-
based training program that focused on selective and divided attention skills [56] or a
computerized dancing game in addition [57]. The results showed excellent rates of training
adherence and high levels of enjoyment among the participants. More significantly, in the
cognitive-motor groups compared to the control groups the interventions were observed
to produce greater reductions in the fear of falling, and stronger improvements in walking
abilities (i.e. decreased dual task costs of walking) or shortened foot reaction times. These
observations instigated the further development of the cognitive-motor approach and

finally the realization of this doctoral thesis.

1.5. The aims of this doctoral thesis
This doctoral thesis discusses approaches that require consideration with a view
to including a stimulating cognitive factor in fall prevention programs. Therefore it
investigates the current state of research into using cognitive elements in fall prevention
and collects data on interventions with the aim of improving physical functioning in
older adults. Further, in its experimental section this doctoral thesis presents a novel
training approach that combines traditional physical exercise, i.e. progressive strength
and balance exercise, with an interactive dance computer game as the cognitive factor,
especially adapted to the needs of older adults. The game as cognitive-motor element
simulates a dual task situation thus stimulating the ability to comprehend, plan, adapt
and execute specific movements, properties attributed to the executive function system.
The aim of the experiments was primarily to investigate if a cognitive-motor approach
with an additional attention-demanding dance computer game is feasible and accepted
by older adults. Additionally, the experiments examined if such an approach is better
suited to improving physical abilities related to gait, i.e. walking abilities and gait
initiation under dual task conditions, or the accuracy of foot placement during walking
compared to the usual care offered in senior hostels or through physical exercise alone.
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The objective of the cognitive-motor element was to develop a training method that can
be easily performed in any senior hostel without the need of a laboratory setting or any

complicated or expensive technical equipment.

1.6. The outline of this thesis

In a first step (Chapter 2) this doctoral thesis offers some theoretical considerations based
on the findings of the previous cognitive-motor pilot studies conducted at the Institute
of Human Movement Sciences and Sport of the ETH Zurich. It is concerned with the
experiences made with computer-based approaches serving as a potential method for
the inclusion and stimulation of cognitive functions in exercise programs for older adults.
The importance and potential benefits of using virtual reality environments or interactive
video games as a novel approach to improve physical functioning in older adults under
attention-demanding circumstances are discussed and suggestions for the design of
future studies are made.

On the basis of this discussion a systematic review of literature on cognitive and
cognitive-motor interventions affecting physical functioning in older adults is presented
in Chapter 3. This review pursues the objective of examining the existing literature
regarding the use of cognitive or combined cognitive-motor interventions. The aim is to
evaluate the level of evidence for this approach in the older population, to determine the
methodological quality of the existing studies, and to identify strategies that might be
used in future intervention type studies for older adults.

Chapters 4, 5, and 6 constitute the experimental section of this doctoral thesis. These
chapters describe the application of the cognitive-motor approach in senior hostels
in the context of two randomized controlled trials performed in four senior hostels in
Switzerland. Chapter 6 constitutes a study, which investigates the test-retest reliability
of a protocol used in the experiment described in Chapter 5 to assess foot placement
accuracy during walking.

In Chapter 4 a randomized controlled pilot study is described which aims to explore
whether a cognitive-motor exercise program that combines traditional physical exercise
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with a dance computer game is better suited to improve the voluntary stepping responses
of older adults under attention-demanding dual task conditions. Residents of two senior
hostels of the city of Zurich perform either twice-weekly cognitive-motor exercise for 12
weeks (n = 9) or continue with the usual care offered at their hostels (n = 6). As the main
outcome, a measure voluntary step execution under single and dual task conditions is
recorded at baseline and post intervention.

Chapter 5 describes a randomized controlled trial performed in two senior hostels in
the Canton of Zurich with the aim to compare two training groups that achieve similar
amounts of strength and balance exercise where one group receives an intervention
that includes additional computer game dancing. The dance group (n = 15) absolves a
twelve-week cognitive-motor exercise program twice weekly that comprises progressive
strength and balance training supplemented with additional computer game dancing.
The control group (n = 16) performs only the strength and balance exercises during
this period. Main outcome measures are foot placement accuracy performance during
walking, gait performance under dual task conditions, and falls efficacy.

In Chapter 6 this doctoral thesis offers the results of an experiment to analyze the test-
retest reliability of the protocol used to assess foot placement accuracy performance in the
context of the randomized controlled trial presented in Chapter 5. One observer assesses
twenty-five elderly subjects in two sessions with 48 hours as time interval between the
measurements. The main outcome measures are foot placement distance errors, intraclass
correlation coefficients (ICC), and the smallest detectable difference value (SDD).

This doctoral thesis concludes with a general discussion where the main results,
methodological issues, clinical implications, suggestions for future work, and the
conclusions are outlined (Chapter 7). Finally, a short summary of the doctoral thesis in

English and German is provided in Chapter 8.
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Chapter Two

Abstract

Virtual augmented exercise, an emerging technology that can help to promote physical
activity and combine the strengths of indoor and outdoor exercise, has recently been
proposed as having the potential to increase exercise behavior in older adults. By creating
a strong presence in a virtual, interactive environment, distraction can be taken to greater
levels while maintaining the benefits of indoor exercises which may result in a shift from
negative to positive thoughts about exercise. Recent findings on young participants show
that virtual reality training enhances mood, thus, increasing enjoyment and energy.

For older adults virtual, interactive environments can influence postural control and
fall events by stimulating the sensory cues that are responsible in maintaining balance
and orientation. However, the potential of virtual reality training has yet to be explored
for older adults. This manuscript describes the potential of dance pad training protocols
in the elderly and reports on the theoretical rationale of combining physical game-like

exercises with sensory and cognitive challenges in a virtual environment.

Keywords: geriatric adults, virtual reality, virtual environment, physical activity, indoor

exercise
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2.1. Background
Decline in physical function is a common feature of older age and has important
outcomes in terms of physical health related quality of life, falls, health care use,
admission to residential care and mortality [1, 2]. The most common reason for loss in
functional capabilities in the aged, however, is inactivity or immobility [3-5]. Even in
the absence of overt pathology, motor functioning [cf. International Classification of
Functioning (ICF) by the World Health Organization, Geneva (see http://www.who.int/
classification/icf) can deteriorate, as is illustrated by the incidence and impact of falls
in ageing populations [6]. Falls are amongst the most common reasons for medical
intervention in the elderly and their occurrence might initiate a vicious circle that causes
fear of falling, nursing home admittance and loss of independence [7]. Falls among older
adult populations often occur during walking, and gait dysfunction is included among
the many risk factors for falls [8, 9].

Until recently, gait was considered an automated motor activity requiring minimal
higher-level cognitive input [10]. Maintenance of postural control during activities of
daily living does not usually place high demands on attention resources of healthy young
or middle-aged people. In contrast however, when sensory or motor deficits occur due
to natural ageing processes, the complex generation of movement may have to be
restructured, and movements may then be controlled and performed at an associative
or a cognitive stage [11]. When the benefits from the movement automation are lost,
the postural control of aged people can be expected to be more vulnerable to cognitive
distractions and additional tasks [11]. The link between cognition, gait, and the potential
for falls is indeed being increasingly recognized [12] and is for example reflected in a
special issue in the Journal of Gerontology: Biological Sciences and Medical Sciences (63A
(12),2008).

Negative plastic changes in the brain often occur naturally in later life when people begin
to stereotype and simplify behaviors that previously were quite complex and elaborated.
As people age, a self-reinforcing, downwards spiral of reduced interaction with challenging
environments and reduced brain health significantly contribute to this cognitive decline [13].
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2.2. Physical exercise to restore postural balance and walking function
Because difficulties of walking are a key factor in loss of independence for older
individuals [14, 15] treatment of gait disorders is designed to optimize gait for the
purpose of improving function. Previous studies have shown that physical exercise is
effective [16] and may reduce gait variability in elderly [17]. Current evidence shows that
interventions that aim to improve locomotor function in older people should preferably
include strength training in combination with balance and coordination exercises [16,
18]. However, common interventions usually focus on the physical aspects of training
while overlooking the specific rehabilitation of executive functions [19], a set of cognitive
abilities that control and regulate other abilities and behaviors.

A central element of successful cognitive rehabilitation for older adults should be the
design of interventions that either re-activate disused or damaged brain regions, or that
compensates for decline in parts of the brain through the activation of compensatory
neural reserves [20]. Cognitive activity or stimulation could be a protective factor against
the functional losses in old age. Because spatial and temporal characteristics of gait are
also associated with distinct brain networks in older adults it can be hypothesized that
addressing focal neuronal losses in these networks may represent an important strategy
to prevent mobility disability [21]. Interventions should, as previous research suggests,
focus thereby on executive functioning processes [22] and should include enriched
environments that provide physical activities with decision-making opportunities because
these are believed to be able to facilitate the development of both motor performance
and brain functions [23]. Executive cognitive functions are involved in the control and
direction (planning, monitoring, activating, switching, inhibiting) of lower level, more

modular, or automatic functions [24].

2.3. Virtual augmented exercises

Involvement of real-time simulation in an environment, scenario or activity that allows
for user interaction via multiple sensory channels as an approach to user-computer
interface can be defined as virtual reality [25]. Virtual reality (VR) system complexity
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ranges from cheap, readily available video gaming consoles such as the Nintendo Wii,
Sony Playstation or Microsoft Xbox, through to dedicated, high costs systems such as the
GestureTek IREX. The less complex and cheaper systems that require physical movement
by the game player sometimes are referred to as exergames. VR techniques are rapidly
expanding across a variety of disciplines. The use of virtual reality environments for virtual
augmented exercise has recently been proposed as having the potential to increase
exercise behavior in older adults [26] and also has the potential to influence cognitive
abilities in this population segment [27]. The potential is based on strong presence (the
feeling of being there) which is achievable in an interactive virtual environment and that
is followed by greater distraction. Weiss and colleagues [28] suggest that virtual reality
platforms provide a number of unique advantages over conventional therapy in trying to
achieve rehabilitation goals.

First, virtual reality systems provide ecologically valid scenarios that elicit naturalistic
movement and behaviors in a safe environment that can be shaped and graded in
accordance to the needs and level of ability of the patient engaging in therapy. Second,
the realism of the virtual environments allows patients the opportunity to explore
independently, increasing their sense of autonomy and independence in directing their
own therapeutic experience. Third, the controllability of virtual environments allows for
consistency in the way therapeutic protocols are delivered and performance recorded,
enabling an accurate comparison of a patient’s performance over time. Finally, virtual
reality systems allow the introduction of ,gaming” factors into any scenario to enhance
motivation and increase user participation [29].

The use of gaming elements can also be used to take patients’ attention away from
any pain resulting from their injury or movement. This occurs the more a patient feels
involved in an activity and again, allows a higher level of participation in the activity, as
the patient is focused on achieving goals within the game [30]. In combination with the
benefits of indoor exercises such as safety or independence from weather conditions,
such a distraction may result in a shift from negative to positive thoughts about exercise.

Many different forms of equipment can be used in order to create different kinds of
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virtual environments. The basic components of all forms are a computer, usually with
a special graphics card for the fast computation and drawing of two- (2D) or three-
dimensional (3D) visual images, display devices through which the user views the virtual
environment, hardware devices used to monitor movement kinematics or that provide
haptic and force feedback to participants, and especially written software that enables all
of these components to work in synchrony [31]. There are both more immersive 3D and
less immersive 2D virtual environments. The latter are more kindred to looking through
a window at a scene. Immersion refers to the establishment of the feeling of being inside

and a part of the VR world.

2.4.VR and exergames as motor rehabilitation training

Although VR applications have been used in research and entertainment applications
since the 1980s, it was only during the late 1990s that VR systems began to be developed
and studied as potential tools to enhance and encourage participation in rehabilitation.
Severalstudies have since emerged suggesting the potential of virtual reality as a successful
treatment and assessment tool in a wide variety of applications, most notably in the fields
of motor and cognitive rehabilitation. In young subjects, it has already been shown that
exercising on a stationary bike combined with a virtual cycling race enhances enjoyment
and reduces tiredness [32], and promotes gains in cognitive function in brain-injured
individuals [33]. For older adults interactive virtual environments can influence postural
control and therefore fall events by stimulating the sensory cues that are responsible in
maintaining balance and orientation [34].

Exergaming interventions (dance pad stepping, Wii balance board) improved
parameters of static balance more than a traditional balance program in young healthy
adults after 4 weeks of training [35]. Merians and colleagues [36] found that exercise
conducted using a virtual reality interface enhanced the training of hand movements
in patients post stroke, resulting in improved function of the fingers, thumb, and overall
range of motion. These researchers also found that an improvement later transferred to
real world tasks, demonstrating that VR-based therapy has the potential to encourage

28



Use of virtual reality technique
a level of exercise intensity and participation that is comparable to conventional
interventions [36]. The special value of VR training paradigms is believed to be due to
the concordance of visual and proprioceptive information during training, thus updating
the way seniors perceive their body with their environment [37]. Beside this stimulation,
virtual environments provide salient feedback about the movement performance,
and the difficulty of the task can be adapted according to the subject’s ability, which is
particularly important for older adults. Virtual environments have also the potential to
specifically include motor learning enhancing features that activate motor areas in the
brain [38]. In addition the findings of You and colleagues suggest that VR training could
induce reorganization of the sensorimotor cortex in chronic stroke patients [39]. However,
the potential of such virtual reality trainings has yet to be explored for older adults.

Inthe following, to cite an example, we describe a low cost video game-based approach
to training and rehabilitation of stepping ability that can potentially be used to reduce the
risk of falls in older adults or for rehabilitation of balance control in stroke, spinal cord
injury or other motor-impaired patients. We describe the theoretical considerations that
indicate the potential of this technology for elderly together with some preliminary results

from our research groups.

2.5. Exergame use for motor control training in the elderly

Interactive, user input devices such as dance pads are a low cost, interactive method of
exergaming. These games, e.g. “Dance Dance Revolution” (DDR) or “Pump” are played on
a dance pad sensor, which measures about 1 m? and has between four and eight step
panels (arrows). The pad is connected to a visual display screen such as a television or
computer screen that provides step direction instructions to the player via a system of
scrolling arrows that typically rise slowly from the bottom to the top of the screen. As
the arrows scroll up to the top of the screen, they cross over a set of four corresponding
arrow silhouettes. The player must step on the corresponding mat arrow as the scrolling
arrow crosses its silhouette (Figure 2.1). Sequences of steps can range in difficulty from
simple marching or walking patterns to those with varied rates and irregular patterns that
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challenge coordination and attention. It has been suggested that feed-forward planning
of gait and posture is diminished in older adults. Motor adaptation is one mechanism by
which feed-forward commands can be updated or fine-tuned [40].

Theability to make timely, appropriately directed steps underpins our ability to maintain
our balance and move unaided through our environment [41]. Stepping, which involves
changing the base of support (BOS) relative to our center of mass (COM), also provides
the means by which we are able to counter potentially destabilizing events such as slips,
trips and missteps and avoid obstacles. Protective stepping may be initiated volitionally
when a threat to balance is perceived, or induced reflexively when a disturbance moves
the COM relative to the BOS at a speed that prevents engagement of volitional strategies.
Initial studies suggest that both volitional and induced stepping abilities are significantly
impaired in older versus younger individuals and are good predictors of falls. Compared to
younger adults, older adults, particularly those with a history of falling, tend to be slower
in initiating volitional step responses [42], make inappropriately directed or multiple
short steps in response to an external perturbation of balance [43] and in response to
lateral perturbations have an increased chance of collision between the swing and
stance legs during compensatory stepping [44]. There is evidence, however, to suggest
that the timing of volitional stepping [45, 46], as well as the execution of successful steps
for recovery of balance following an induced slip [47], can be significantly improved in
older adults following repetitive training of stepping responses. Maki and colleagues [48]
have recently suggested a protocol for step training which specifically targets the kinds
of stepping abilities that contribute to falls such as collisions between legs during lateral
perturbation or the tendency for older adults to take multiple, short laterally directed steps
in response to an anterior-posterior perturbation. Although the training techniques they
suggest are well suited to specifically train compensatory stepping ability their approach
requires use of large devices (custom motion platforms [48], treadmills [47, 49], systems
employing weights and pulleys [46], low resistance slip platforms) or the supervision
of trained therapists [45]. None of these techniques could be easily or economically
incorporated into home-based training programs. Dance pad games require the player to
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Figure 2.1:Training set-up for the dance pad game. The core game play involves the player moving his or her feet to a set
pattern, stepping in time to the general rhythm or beat of a song. During normal game play, arrows scroll upwards from
the bottom of the screen and pass over a set of stationary arrows near the top (upper red circle) referred to as the “guide
arrows” or “receptors”. When the scrolling arrows overlap the stationary ones, the player must step on the corresponding
arrows on the dance platform (lower red circle), and the player is given a judgement for their accuracy (Marvelous, Perfect,
Great, Good, Boo/Almost, Miss/Boo) [51].

make rapid step responses from either leg to a target location in response to a presented
visual stimulus. They not only involve controlled body weight transfers that are similar
to the step responses required to avoid many falls as well as requiring a narrow base of
support and well-coordinated quick movements. They further require cognitive work,
e.g. sensing of stimuli, paying attention and making quick decisions. This interaction
of sensory, information processing and neuromuscular systems is similar to the step
responses required to avoid many falls and is therefore suitable as an intervention in a
fall-specific context (Figure 2.2).

One hurdle facing the successful use of such exercise video games (or exergames) in
older adult and functionally impaired populations is that many off-the-shelf video games
are too complex for use by these groups. Video games must therefore be developed to
take into consideration the cognitive and physical limitations, as well as the interest sets,
of older adults. In the following we discuss the ways in which research groups in general
could address these issues and in which our respective research teams are presently
involved.
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Perception
Falls Action plan Dance pad stepping
Execution

Figure 2.2: Processes involved in avoiding a fall and in dance pad stepping.

2.6.The use of DDR to date

The Sydney-based research group at Neuroscience Research Australia (DS & STS) has
recently begun a research program aimed at developing age-appropriate DDR (Dance
Dance Revolution)-style video games. The aim of this group is to both engage older adults
in home-based step training exercises to reduce their falls rate as well as monitoring fall
risk. In particular they aim to develop a low-cost approach to engage older adults in fall
prevention training that can be placed into the houses of individuals, many of them
living in regional, remote parts of Australia. A recently published paper [50] describes a
series of studies conducted to develop and establish characteristics of DDR videogame
play in older adults. Participants aged 70 and above were asked to make simple step
movements in response to vertically drifting arrows presented on a video screen. Step
responses were detected by a modified USB DDR mat and characteristics of stepping
performance such as step timing, percentage of missed target steps and percentage of
correct steps, were recorded by purpose built software. Drift speed and step rate of visual
stimuli were modified to increase task difficulty. Performance of older adults decreased
as stimulus speed and step rate were increased. Optimal step performance occurred for
a stimulus speed of 17° of visual angle per second and a step rate of one step every 2
seconds. At fast drift speeds (up to 35°/second), participants were more than 200 ms too
slow in coordinating their steps with the visual stimulus. Younger adults were better able
to perform the stepping task across a wider range of drift speeds than older adults.

Data of another recently finished study from this group indicate that the dance pad
is a valid and reliable assessment instrument to measure the choice stepping reaction
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time in old and young people, a test that has shown to be predictive for falls in the elderly
[42]. This offers the opportunity to assess the fall risk of older adults on a regular basis
from the comfort of their own home. The aim of a recently finished study in Zurich was to
assess and compare the effects of a physical training program that included a VR dance
simulation computer game against usual care exercise interventions for elderly residential
care dwellers on relative dual tasking costs of walking [51]. These costs refer to the fact
that many older adults exhibit a reduced ability to perform two tasks at the same time,
e.g. walking at preferred speed is compared to walking at preferred speed whilst counting
backwards. This study showed that elderly who were training physically, in combination
with a VR dance game that required decision making, showed significant decreases in
the relative dual task costs (DTC) of walking. These walking parameters did not change
in individuals that trained with more traditional forms of training in usual care programs.

The possibility of improving gait while performing dual tasks has not been well
studied in general [10] and, to the best of our knowledge, this study [51] is one of the
first that showed an effect on DTC-related walking. This study, which has been submitted
for publication as a full text article, used dancing in a virtual environment as dual task
training, where subjects were expected to observe the environment for drifting arrows

and at the same time were initiating dance steps (Figure 2.1).

2. 7. Conclusions

For older adults virtual, interactive environments have large potential to influence postural
control and fall events by stimulating the sensory cues that are responsible in maintaining
balance and orientation and by improving stepping patterns. However, the potential of
virtual reality training has yet to be explored in sufficiently powered randomized controlled
trials. Dance pad games, where repetitive medio-lateral and anterior-posterior steps
are required offer a novel, yet effective, technique for training stepping ability in older
adults. Future research should develop, implement and evaluate VR exercise scenarios for
various sub-populations that can be identified within the elderly adult population. In such
projects an attempt could be made to get insight into the concept of motor learning in
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VR and the relationship between cognitive functions and balance and gait skills in elderly.
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Chapter Three

Abstract

Background: Several types of cognitive or combined cognitive-motor intervention types
that might influence physical functions have been proposed in the past: training of dual-
tasking abilities, and improving cognitive function through behavioral interventions or
the use of computer games. The objective of this systematic review was to examine the
literature regarding the use of cognitive and cognitive-motor interventions to improve
physical functioning in older adults or people with neurological impairments that
are similar to cognitive impairments seen in aging. The aim was to identify potentially

promising methods that might be used in future intervention type studies for older adults.

Methods: A systematic search was conducted for the Medline/Premedline, PsycINFO,
CINAHL and EMBASE databases. The search was focused on older adults over the age of
65.To increase the number of articles for review, we also included those discussing adult
patients with neurological impairments due to trauma, as these cognitive impairments
are similar to those seen in the aging population. The search was restricted to English,
German and French language literature without any limitation of publication date or
restriction by study design. Cognitive or cognitive-motor interventions were defined as

dual-tasking, virtual reality exercise, cognitive exercise, or a combination of these.

Results: 28 articles met our inclusion criteria. Three articles used an isolated cognitive
rehabilitation intervention, seven articles used a dual task intervention and 19 applied a
computerized intervention. There is evidence to suggest that cognitive or cognitive-motor
methods positively affect physical functioning, such as postural control, walking abilities
and general functions of the upper and lower extremities, respectively. The majority of the

included studies resulted in improvements of the assessed functional outcome measures.

Conclusions: The current evidence on the effectiveness of cognitive or cognitive-motor
interventions to improve physical functioning in older adults or people with neurological
impairments is limited. The heterogeneity of the studies published so far does not
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allow defining the training methodology with the greatest effectiveness. This review
nevertheless provides important foundational information in order to encourage further
development of novel cognitive or cognitive-motor interventions, preferably with a
randomized control design. Future research that aims to examine the relation between
improvements in cognitive skills and the translation to better performance on selected
physical tasks should explicitly take the relation between the cognitive and physical skills

into account.

3.1. Background

Age-related deteriorations in physical functioning have been attributed to decreases in
sensory or motor system function [1]. 'Physical functioning' refers to the ability to conduct
a variety of activities ranging from self-care (instrumental activities of daily living) to
more challenging mobility tasks that require balance abilities, strength or endurance,
e.g. walking or standing, important for achieving or maintaining an independent way of
living [2,3]. Until recently, for example, gait was considered an automated motor activity
requiring minimal higher-level cognitive input [4]. Therefore, it seemed only logical that
prevention of falls was mainly focused on exercises that address the modifiable physical
aspects of fall related mobility impairments, e.g. strength and balance training [5-7].
Consistent evidence has been accumulated that regular physical training can improve
muscle strength, aerobic capacity and balance, and delay the point in time when older
adults need assistance to manage activities of daily living [5]. Maintenance of postural
control during activities of daily living does not usually place high demands on attentional
resources of healthy young or middle-aged people. In contrast, when sensory or motor
deficits occur due to the natural aging process, the complex generation of movement may
have to be adjusted. Movements may then be controlled and performed at an associative
or a cognitive stage. Consequently, the postural control of older adults might be more
vulnerable to cognitive distractions and additional tasks [8]. Recent research indicates
that the influence of motor and sensory impairments on falls is in part moderated by the
executive functions [9] and, thus, some of the causes of gait disturbances might also be
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attributed to changes in the executive functions [4], e.g., changes in divided attention
[10,11]. 'Executive function' refers to cognitive processes that control and integrate other
cognitive activities [12,13], and this term has been used to describe a group of cognitive
actions that include: dealing with novelty, planning and implementing strategies for
performance, monitoring performance, using feedback to adjust future responding,
vigilance, and inhibiting task-irrelevant information [12] of lower level, more modular,
or automatic functions [14]. Common tasks of daily life require attention, rapid motor
planning process, and effective inhibition of irrelevant or inappropriate details. Older
adults, however, experience increasing difficulties in maintaining multiple task rules in
working memory [15].

These findings imply that in addition to physical forms of training, we should possibly
also consider cognitive rehabilitation strategies that aim to influence physical functioning,
e.g., walking behavior of older adults [16]. The question remains, however, what the best
strategies are, that can support achieving this aim.

Several types of cognitive or cognitive-motor interventions that might be able to
improve physical functioning have been proposed in the past: cognitive rehabilitation
interventions, training of dual-tasking abilities, and the use of computer games or virtual
reality [4,17].

Cognitive rehabilitation, defined by the Brain Injury Interdisciplinary Special Interest
Group (BI-ISIG) of the American Congress of Rehabilitation Medicine as a ,systematic,
functionally-oriented service of therapeutic cognitive activities, based on an assessment
and understanding of the person’s brain-behavior deficits” [18], has shown to be effective
in clinical practice [19,20].

Cognitive rehabilitation interventions have been developed to ameliorate cognitive
problems experienced by healthy older adults [21,22], and for adults suffering from
traumatic brain injury [19,23,24], with the goal of maximizing their current cognitive
functioning and/or reducing the risk of cognitive decline. Some of the cognitive
interventions, however, also show transfer effects to physical functioning. Specific motor
imagery protocols seem to improve mobility in people with stroke [25].
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Cognitive-motor interventions are interventions that combine a cognitive with a physical
rehabilitation task, e.g. strength and balance exercises together with cognitive exercises
or performing dual-tasking exercises. Interventions that used dual-tasking paradigms
demonstrated negative effects on postural control or gait while performing a concurrent
cognitive task in older adults [26,27], in patients with brain injury [28,29] and Alzheimer’s
disease [30]. Several authors have suggested that procedures to improve the dual task
performance of elderly should be included in fall prevention programs [31].

Computerized interventions can be divided into biofeedback based systems or systems
that use elements of virtual reality. Becoming aware of various physiological functions
by using instruments that provide information on the activity of those same systems is
considered biofeedback training. The goal, thereby, is to be able to manipulate these
systems at will. Processes that can be controlled include for example dynamic balance
on a force platform where visual feedback gives information about the center of pressure
movements [32]. In virtual reality, in contrast to biofeedback training, environments are
created that allow users to interact with images and virtual objects that appear in the
virtual environment in real-time through multiple sensory modalities [32,33]. Playing of
computer games induced cognitive benefits in older adults [34], and is proposed as a
training strategy that may transfer to physical activity related tasks [4].

All three strategies, cognitive rehabilitation, training of dual-tasking abilities, and
computerized interventions, have mainly been applied to individuals with stroke, with
traumatic brain injury or elderly. Although it seems intuitive that these groups cannot be
compared because of the different underlying causes for their respective brain deficits,
this may not actually be the case [35,36]. Studies using a neuropsychological deficit profile
methodology suggest that the pattern and extent of cognitive decline associated with
these conditions is similar, at least partly, for both cognitive and motor deficits [36,37].
This implies that the treatment approaches needed to remediate the observed deficits are
theoretically also comparable.

The objective of this systematic review is to examine the literature regarding the
use of cognitive and cognitive-motor interventions to improve physical functioning in
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older adults and in adults with neurological impairments. The aim is to identify strategies

that have the potential to affect physical functioning and that might be used in future

intervention type studies for older adults. The specific questions that we asked were:

1. What types of cognitive and cognitive-motor intervention methods have been
used to influence physical functioning of older adults or adults with neurological
impairments?

2. What is the level of evidence for cognitive and cognitive-motor interventions to
influence physical functioning in these populations?

3. What s the methodological quality of these studies?

The underlying assumption that drives these questions is that (changes in) cognition also

has an impact on physical functioning.

3.2. Methods

3.2.1. Data sources and search strategies

In a first step we undertook a scoping review to gain an overview about existing
interventions or systematic reviews on this topic. In addition to studies conducted with
older adults, interventions with traumatic brain injury patients and patients with stroke
were found. Like older adults, people with brain injury or stroke show difficulties with
postural balance, exhibit gait insecurities when performing dual tasks and have cognitive
deficits evident in working memory, attention, and information processing [35,38].
Additionally it has been shown that people with brain injuries show similar characteristics
as older adults with an advanced aged-related cognitive decline. The patterns of cognitive
decline observed in patients after traumatic brain injury resembles that of classic aging
processes [35,39,40].

The search strategy was focused on older adults over the age of sixty-five. Although
we are aware that cognitive and physical deficits in patients with brain injury are not fully
comparable with the natural aging process we additionally searched further studies with
brain injured patients. We also decided to include studies conducted with stroke patients
arising from our search, because of their methodological importance for this review and
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the possible applicability of the applied methods in the general older population.

We developed an individualized electronic search strategy for the Medline/Premedline,
PsycINFO, CINAHL, and EMBASE databases in collaboration with a librarian from the
Medicinal Library of the University of Zurich. The search was restricted to English, German,
and French language literature. There was no limitation of publication date or restriction

by study design. The final search was performed in July 2010.

Table 3.1 Search strategy

Area Search terms

Population (aging or aged or elder*); exp Aged; exp Brain Injuries
((injur* or trauma*) adj2 (brain or head or craniocerebral))

Outcomes/ Physical aspect ((quantify* or measure* or assess* or investigat* or examin* or evaluat®) adj5
(gait or walk* or balance or movement or mobility or posture or“motor function” or
“physical functioning” or frailty)
(balance adj3 (training or impair* or effect*))
postural balance, gait, walking; Accidental Falls [Prevention and Control]
equilibrium, postur*

Intervention (strateg* ad;3 (training or learning or cognit* or metacognit*))
((cognit* or metacognit*) adj3 (intervention or rehabilitation or task or strateg™ or
therap*)); (goal adjT (setting or planning or attain® or achiev* or direct* or orient*
or manag*)); (self adj3 (talk or evaluat®))
(selfadj3 (awareness or monitoring or control or instruction or regulation))
(“executive functions” or metacognition or awareness or “problem solving” or
metamemory or attention); biofeedback, user-computer interface
(action game™ or virtual reality or video game*); (computerized adj10 training);
(computer* adj10 biofeedback); ((cognitive or dual) adj5 task

" .

“self-directed learning”, “task performance”, mental imager*

We used medical sub-headings as search terms, including the following main terms
for the population: aged, elder, old, aging, brain/head/craniocerebral injury, trauma; for
cognitive aspects: cognition, meta-cognition, learning, awareness, attention, self-directed
learning, executive function; for motor functions: gait, walking, balance, movement, mobility,
posture, motor function, accidental falls, training, exercise, physical functioning and for the
interventions of interest: cognitive therapy/rehabilitation/intervention, problem solving,
biofeedback, virtual reality, video game, action game, computerized training, user-computer
interface, dual task (Table 3.1). The search strategy was initially run in Medline/Premedline
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and then adapted to the search format requirements of the other databases included in
this review. The search results were supplemented by articles found through hand search

by scanning reference lists of identified studies.

3.2.2. Study collection

After duplicate citations were removed, two reviewers (GP, EDdB) determined which
articles should be included within the systematic review by scanning the titles, abstracts
and keywords applying the inclusion and exclusion criteria (Table 3.2). A study was
considered eligible for inclusion in the review when it was examining the results of a
cognitive or cognitive-motor intervention on physical functioning of older adults.

As mentioned in the introduction, we included any study that arose from our search
concerning people with traumatic brain injury or stroke patients. Cognitive and cognitive-
motor interventions were considered studies that included cognitive rehabilitation or a
combination of cognitive rehabilitation and physical exercise, respectively. We did not
include studies that solely carried out single tests without an intervention. We adopted
the definition of the Brain Injury Interdisciplinary Special Interest Group (BI-ISIG) of the
American Congress of Rehabilitation Medicine for cognitive rehabilitation to guide our
search. Studies evaluating the effectiveness of pharmacological therapy were excluded.
If title, abstract or key words provided insufficient information for a decision on inclusion,

the methods section of the full-text article was considered.

3.2.3. Data extraction and data synthesis
The following data were extracted from the studies: (1) characteristics of the studied
population:number of participants, disease and age, (2) characteristics of the interventions:
the design, frequency and duration of the intervention, co-interventions, and control
intervention; (3) characteristics of the outcomes: outcome measures and results (Tables
3.3and 3.4).

The included studies were divided into three groups: a) cognitive rehabilitation, b)
dual task interventions and ¢) computerized interventions. Computerized interventions
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included every study using an electronic game or task that involves interaction with a
user interface to generate visual feedback on a display device. Because we expected the
interventions and reported outcome measures to be markedly varied, we focused on a
description of the studies and their results, and on qualitative synthesis rather than meta-

analysis.

Table 3.2 List of inclusion and exclusion details

Area Inclusion details
. Any elderly subjects over 65 years, adult (aged > 18 years) brain trauma patients, studies
Population . ;
with stroke patients
Study type Intervention studies of any type, including case studies and non-randomized trials

Cognitive or cognitive-motor rehabilitation intervention (physical exercise must include

Intervention .
a cognitive aspect)

Outcomes Outcomes focus on general physical functioning and mobility of upper or lower extremities

Exclusion details

Purely physical training, interventions without training period (tests), dual task intervention without concurrent
cognitive task, animal studies, reviews, methodological, theoretical or discussion papers, studies that examine the
effect of physical exercise on cognition.

3.2.4. Assessment of study quality

As the basis for our critical appraisal of the studies, a checklist designed for assessing the
methodological quality of both randomized and non-randomized studies of healthcare
interventions developed by Downs and Black [41] was used. The checklist assesses biases
related to reporting, external validity, internal validity, and power. Seven items concerning
follow-up analyses (items 9, 17 and 26), allocation concealment (items 14 and 24), adverse
effects (item 8), and representativeness of treatment places and facilities (item 13) were
not considered in this review. The items were excluded because we were not primarily
interested in possible long-term effects of cognitive or cognitive-motor interventions but

rather in short-term effects of the interventions on motor functioning.
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Table 3.3 Included studies reported by design and subject specifications

Study Design n Subjects Age: range or mean [years]

Cognitive Rehabilitation Interventions

Batson et al 2006 RCT 6 Community dwelling older adults 65—-80
Dunsky et al 2008 Non-RCT 17 Community dwelling adults with hemiparetic stroke ~ 44-79
Hamel & Lajoie 2005 RCT 20 Older adults 65-90
Dual task Interventions
Shigematsu et al 2008 RCT 63 Community dwelling older adults 65-74
Shigematsu et al 2008 RCT 39 Community dwelling healthy adults 65-74
Silsupadol et al 2006 (ase study 3 Older adults with history of falls 82,90and 93
Silsupadol et al 2009 RCT 21 Older adults 75.0+6.1
Vaillant et al 2006 RCT 68 Community dwelling older women with osteo- 735+16
porosis
You et al 2009 RCT 13 Older adults with history of falls 68.3+6.5
Computerized Interventions
Bisson et al 2007 Pre-Post 24 Community dwelling older adults VR:74.4 +3.65;
BF:74.4+4.92
Broeren et al 2008 Pre-Post 22 Community dwelling adults with stroke 67.0+12.5
Buccello-Stout etal 2008 RCT 16 Olderadults 66-81
Clark et al 2009 Case study 1 Woman resident of a nursing home with unspecified ~ 89
balance disorders
de Bruin et al 2010 Two groups 35 Older adults living in a residential care facility 1G:85.2+5.5;
control (G:86.8 8.1
Deutsch et al 2009 Case study 2 Chronic phase post-stroke 34and 48
Hatzitaki et al 2009 RCT 48 Community-dwelling healthy older women 709+£5.7
Hinman 2002 RCT 88 Community-dwelling older adults 63-87
Jang et al 2005 RCT 10 Patients with stroke 571145
Kerdoncuff et al 2004 RCT 25 Patients with stroke 59.5+£135
Lajoie 2003 RCT 24 Community-dwelling elderly 1G:70.3; CG: 71.4
Mumford et al 2010 (ase study 3 Patients with TBI 20,20and 21
Sackley etal 1997 RCT 26 Patients with stroke 41-85
Srivastava et al 2009 Pre-Post 45 Patients with stroke 455+112
Sugarman et al 2009 Case study 1 Patent with stroke 86
Talassi et al 2007 Case-control 54 Community-dwelling older adults with MClorMD 4291
Wolf et al 1997 RCT 72 Independently living older adults (BT:77.7+ 6.5, TC: 77.745.6;
(G:72.2.2£49
Yang et al 2008 RCT 20 Patients with stroke 30-74
Yong Joo etal 2010 Pre-Post 16 Rehabilitation inpatients within 3 months 64.5+9.6

post-stroke

Abbreviations: RCT = Randomized controlled trial; Non-RCT = Non-randomized controlled trial; TC = Tai Chi; VR = Virtual reality; BF = Biofeedback;
1G = Intervention group; (G = Control group
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Cognitive and cognitive-motor interventions
The blinding of participants and investigators, the assessment of adverse effects, and
the representativeness of the treatment places were also excluded. We considered these
as being of minor significance for this review.
The remaining 20 items were applied by two reviewers (GP, EDdB) to assess the
methodological quality of the studies. The total possible score was 22 points. The
scoring for statistical power (item 27) was simplified to a choice between 0, 1 or 2 points
depending on the level of power to detect a clinically important effect. The scale ranged
from insufficient (3 < 70% = 0 points), sufficient (f = 70-80% = 1 point) or excellent ( >
80% = 2 points). To assess the level of agreement between the investigators a Cohen’s
kappa analysis was performed on all items of the checklist. In accordance with Landis and
Koch’s benchmarks for assessing the agreement between raters a kappa-score of 0.81-1.0
was considered 'almost perfect, 0.61-0.8 was 'substantial, 0.41-0.6 was 'moderate’, 0.21-
0.4 was 'fair, 0.0-0.2 'slight’ and scores < 0.0 'poor' [42]. Disagreements were resolved by
consensus.

The PRISMA-statement was followed for reporting items of this systematic review [43].

3.3. Results

3.3.1. Study selection

The search provided a total of 2349 references (Figure 3.1). After adjusting for duplicates,
1697 remained. Of these 1671 were discarded because they provided only physical exercise
(n=159), did not discuss outcomes or population of interest (n = 89), constituted review
articles or were no interventional studies (n = 217), executed only single tests (n = 246) or
were clearly out of scope of this review (n = 944). The remaining 26 potentially relevant
articles were supplemented by 10 additional references retrieved by citations and author
tracking, resulting in a total of 36 articles being eligible for full-text reading. After full-text
reading eight articles were excluded because they did not report outcomes of interest
(n = 1), applied no intervention (n = 1), applied no training (n = 4), or were theoretical
articles (n=2). One article appeared to be a written summary of a poster presentation and
represented an included article (n = 1).
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Excluded duplicates (n = 652)

Excluded (n=1'671)

* Not outcome or population of interest (n = 89)

* Physical exercise (n = 159)

« Effects of physical exercise on cognition (n = 16)

* Reviews, discussions, no intervention etc. (n=217)
«Tests (n = 246)

« Out of scope (n = 944)

Additional records identified through citations and
author tracking (n = 10)

Excluded (n = 8)

* No training (n = 4)

* Not outcome of interest (n= 1)

*Theortical article (n = 2)

« Poster presentation of included article (n = 1)

Figure 3.1 Study selection flow chart
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3.3.2. Characteristics of included studies
Of the 28 studies finally selected for the review 27 were published in English [32,44-70]
and one in French [71]. The publication dates range from 1997 [67] to 2010 [48,56,69]. In
the selected studies participants were older adults partially with history of falls [47,70],
balance disorders [47,62], with mild cognitive impairments [65] or osteoporosis [66]. Ten
studies were concerned with patients after stroke [45,49,50,54,57,63,64,68,69,71] and one
study with traumatic brain injury patients [56].

From the 28 included articles three used an isolated cognitive rehabilitation
intervention [44,50,51], seven articles used a dual task intervention [58-62,66,70] and 19
applied a computerized intervention [32,45-49,52-57,63-65,67-69,71]. From the seven
articles concerning dual-tasking two articles arise from the same intervention [60,61]
leading us to regard it as one single study.

In 22 studies, a cognitive rehabilitation intervention, dual task training or a
computerized intervention were used as the only intervention for the participants [32,45-
47,49-52,54-63,66-70]. In six studies the interventions were applied as additional items
to a traditional physical or balance training [44,48,53,64,65,71]. The reported outcomes
involved different assessments of balance, gait or functional mobility.

Balance was assessed with the help of postural sway measurements
[32,44,51,52,57,62,67,71], with the Berg Balance Scale [44,47,49,51,53,55,60-64], with
the Activities-specific Balance Confidence Scale [44,47,49,51,55,60-62,68], with the
Functional Balance and Mobility test [32], with the Balance Index [63] and with one-leg-
stance tests [59,66]. Gait measurements included measurements of kinematic parameters
[44,48-50,60,61,68,70], the Timed Up & Go Test [44,47-49,62,64,66], the Dynamic Gait
Index [47,49,62], or step recording with pedometers [58]. Functional Mobility assessments
were determined by manual ability measurements [45,54], functional reach tests [64], the
Physical Performance Test [65], the Rivermead Motor Assessment [57], The Nottingham 10
Point ADL Scale [57], the Box and Block Test [45,54,56] and the Fugl-Meyer Assessment of

Upper Limb Motor Function [50,54,69,71].
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3.3.3. Methods used and their effects
3.3.3.1. Cognitive rehabilitation interventions
From the three articles evaluating the effects of a cognitive rehabilitation intervention on
motor outcomes, two examined the effects of mental imagery on physical functioning of
older adults aged between 65 and 90 years [44,51]. In the third study, the participants were
community-dwelling adults between 44 and 79 years of age suffering from hemiparetic
stroke [50]. The three studies investigated the effect of mental imagery training on postural
balance [44,51] and on gait [44,50]. Mental imagery training consisted of either visual
imagery training, i.e. participants are expected to view themselves from the perspective
of an external observer, or of kinesthetic imagery exercise, i.e. participants imagine
experiencing bodily sensations that might be expected in the exercise. The trainings
lasted six weeks with a training frequency ranging from daily [51], twice weekly [44] to three
times weekly [50]. Two studies used a pure cognitive rehabilitation method [50,51] whereas
one study combined mental practice with additional physical exercise [44].

The studies show reduction of postural sway [51], and improvements in gait speed [44]
and gait symmetry [50]. No improvements were shown for balance confidence [44].

Hamel and Lajoies’ [51] results show a significant reduction of anterior-posterior
postural oscillations suggesting that mental imagery training over a six-week period helps
to improve postural control of the elderly. The study of Batson et al. [44] combined mental
imagery with physical exercise. The control group underwent a health education program
in addition to the physical training. Gait speed, expressed by improvement in Timed Up-
and-Go test performance, increased for all study participants. These results imply that
the improvement in gait speed were attaint through the physical practice regardless
of whether combined with mental imagery or not. This conjecture is supported by the
fact that the two groups under observation converge to each other for the Timed Up-
and-Go test measures following the intervention. In the pretest phase, there was a large,
meaningful difference for the Timed Up-and-Go test between the mental imagery and
physical practice subjects (Cohen’s d = 1.2) that decreases to Cohen'’s d = 0.55 at the end
of intervention. The results showed no improvement in balance confidence, as expressed

62



Cognitive and cognitive-motor interventions
by non-significant results neither on the Berg Balance Scale nor on the Activities-specific
Balance Confidence Scale. The study of Dunsky et al. [50] showed improvements of
spatiotemporal gait parameters and gait symmetry in people with chronic poststroke
hemiparesis after mental imagery. There was no control group in this study to support

these results.

3.3.3.2. Dual task interventions

The methods varied from walking or balancing with a concurrent mental task like
memorizing words, reciting poems, or computing mental arithmetic tasks [60-62,66,70]
to a square-stepping exercise where participants executed forward, backward, lateral
and oblique step patterns on a thin felt mat [58,59]. The training lasted between 4 weeks
[60-62], 6 weeks [70] or 12 weeks [58,59,66]. No dual task study was found on stroke
patients or people with traumatic brain injury. The study of Shigematsu et al. [58] showed
improvements in functional fitness of lower extremities. The results on gait patterns
and postural sway are controversial. Silsupadol et al. [60-62] showed improvement of
gait speed under dual task conditions and a reduction of body sway, whereas You et al.
[70] and Vaillant et al. [66] found no improvements in gait and stability after a dual task
intervention. No other physical outcomes were reported.

The studies conducted by Silsupadol et al. [60-62] compared three different balance
training approaches: single task balance training, dual task balance training with fixed-
priorities and dual task balance training with variable-priority. Single task training
consisted of exercises for body stability with or without object manipulation and/or body
transport. In the dual task condition, concurrent auditory and visual discrimination tasks
and computing tasks were added to the balance training. In the fixed-priority condition
the subject was instructed to direct the attention with equal priority to both the postural
and additional tasks. In the variable-priority condition half the training was done with the
instruction to mainly prioritize the postural task and the other half with the instruction
to mainly prioritize the additional task. All participants improved self-selected gait speed
under single task testing conditions. Under dual task testing conditions, however, only
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participants who received dual task training showed significant improvements in self-
selected gait speed (with moderate effect sizes of 0.57 between single task and fixed-
priority and 0.46 between single task and variable-priority). All groups significantly
improved on the Berg Balance Scale under single task conditions. Participants in the
variable-priority training group additionally showed an average of 56% reduction in body
sway compared to only 30% of the fixed-priority and single task group. Overall, the study
showed that variable-priority instruction was more effective in improving both balance
and physical performance under dual task conditions than either the single task or the
fixed-priority training approaches. In contrast to the fixed-priority training group, the
variable-priority group showed long-term maintenance effects on dual task gait speed for
three months after the end of training.

In contrast to the results of Silsupadol et al., You and colleagues [70] found no
improvements in gait and stability after their dual task intervention that lasted six weeks.
Results of the gait tests showed a significant increase in gait velocity in the control group,
which underwent single task training, but not in the experimental group. No statistically
significant differences in the deviation of medio-lateral and anterior-posterior center
of pressure were found between the groups. Vaillant et al. [66] did not find additional
improvements through the addition of a cognitive task to the physical task either. The
exercise sessions were effective in improving performance on two balance tests,
improvements, however, were not attributable to the dual task training.

Shigematsu et al. [58,59] developed an alternative approach to exercise for dual
task abilities in community-dwelling older adults. A square-stepping exercise was
performed on a thin mat with the instruction to step from one end of the mat to
the other according to a step pattern provided, which could be made progressively
more complex. Results showed that square-stepping exercise was equally effective
as strength training to improve lower-extremity functional fitness. Compared to a
weekly walking session, however, participants of the square-stepping exercise group

showed a greater improvement in functional fitness of the lower-extremity.
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3.3.3.3. Computerized interventions
Nineteen studies investigated the effects of a computerized intervention to improve
physical abilities. The studies were distributed over the populations of interest as follows:
nine interventions treating older adults [32,46-48,52,53,55,65,67], nine interventions
treating patients with stroke [45,49,54,57,63,64,68,69,71] and one study treating young
adults with traumatic brain injury [56]. Fifteen studies investigated the effects on lower
extremities [32,46-49,52,53,55,57,63-65,67,68,71], whereas four studies analyzed the
effects on upper extremities [45,54,56,69]. The interventions included various methods
and ideas for the implementation of computers into a training session. Talassi et al. [65]
used a computerized cognitive program [72,73], to stimulate cognitive functions, e.g.
visual search, episodic memory or semantic verbal fluency, by a specific group of exercise
for older adults with mild cognitive impairments or mild dementia. Buccello-Stout et
al. [46] used a sensorimotor adaptation training to improve functional mobility in older
adults. Participants walked on a treadmill while viewing a rotating virtual scene providing
a perceptual-motor mismatch [46].

Seven studies used the method of computerized dynamic balance training with
visual feedback technique [52,53,55,57,63,67,71]. The tasks required to move a cursor
through weight-shifting on a screen representing the center of pressure (COP) position
to specified targets [32,53,55,63,67] or on a predefined sine wave trajectory [52]. In one
study, the feedback signal displayed the weight distribution and weight-shifting with
moving columns, showing stance symmetry [57]. In another study researchers designed
the task of visual feedback training in a more playful way, projecting the cursor for center
of pressure as a caterpillar moving on the screen [71].

A total of ten studies described an approach, which included interactive virtual reality
games or applications [32,45,47-49,54,56,64,68,69]. Seven studies out of this ten were
conducted on stroke patients [32,45,49,54,64,68,69], two studies on older adults [47,48]
and one on patients with traumatic brain injury [56]. The virtual reality applications
were varied. There were elaborated and expensive systems, enabling the participants
to see themselves in the virtual environment and to play games like juggling a virtual
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ball [32] or saving a ball as a soccer keeper [54]. Virtual devices consisting of a semi-
immersive workbench with which participants were able to reach and interact with three-
dimensional objects [45], a table-top virtual reality based system requiring the patients to
move an object to cued locations while receiving augmented movement feedback [56]
and virtual reality based treadmill training [68]. Furthermore, commercially available low-
cost interactive video game console systems [47,49,64,69] or dance simulation games [48]
were applied.

The computerized cognitive training program proposed by Talassi et al. [65] produced
an improvement in functional status, measured by the Physical Performance Test [74],
in patients with mild cognitive impairments, while a physical rehabilitation program did
not show any significant effects. The sensorimotor adaptation training for older adults
developed by Buccello-Stout et al. [46] resulted in better performance on an obstacle
course after the intervention compared to the control group, who walked on the treadmill
without rotation of the virtual scenario.

Some of the interventions providing balance training with visual feedback improved
simple auditory reaction time [32,55] postural balance and stability [32,55,57,63,67,71], gait
speed [63], functional status, and performance [55,57,63,71]. The intervention conducted
by Hatzitaki et al. [52] revealed that weight-shifting training in anterior-posterior direction
only induces improvements in standing balance of older adults. In contrast, the studies
of Lajoie et al. [55] and Bisson et al. [32] showed no improvements in postural sway after
computerized balance training in older adults. Hinman and colleagues [53] also found no
improvements neither in balance, gait speed nor in simple reaction time compared to the
control group. The results of Kerdoncuff et al. [71] even showed a reduction of gait speed
in stroke patients treated with visual biofeedback compared to an increase in gait speed
for the control group treated with a traditional physical rehabilitation program.

The methods using immersive computer technologies resulted in improved motor
functions of upper extremities and a cortical activation by the affected movements
from contralesional to ipsilesional activation in the laterality index after virtual reality
intervention in patients with chronic stroke [54]. Older adults benefited from training
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in terms of improved functional abilities, postural control and simple auditory reaction
times [32]. A virtual rehabilitation program with the help of a semi-immersive virtual
reality workbench, in a non-hospital environment, resulted in qualitatively improved
manual trajectories and increased movement velocity of the trained upper extremities for
patients with stroke, without any transfer to real-life activities [45].

A virtual reality based treadmill intervention conducted by Yang et al. [68] requested
patients with stroke to walk on a treadmill while observing a virtual scenario of the
typical regional community. The scenarios consisted of lane walking, street crossing,
striding across obstacles, and park stroll with increasing levels of complexity. Participants
improved their walking speed and walking ability at post-training as well as after one
month after the training.

Effects on motor functions were also observed in studies using so-called off the shelf
computer game systems. Four studies proposed a training program using the Nintendo
Wii console [47,49,64,69]. Three of them were case studies and exemplified that a training
with a commercially available computer game system can be applied for older adults [47]
and for the treatment of balance problems after stroke [49,64]. The participants performed
physical training using the Wii Fit system. Using the approach of the weight- shifting
method with visual feedback, the Wii Fit games were controlled by shifting body weight
on the platform combined with a challenging game [64]. The activities on the Nintendo
Wii console were selected to practice balance, coordination, strengthening, endurance
or bilateral upper extremity coordination [47,49]. Subjects very much enjoyed the
interventions resulting in better balance and mobility performance [47,64], improvements
in gait speed, gait endurance and balance [49]. A recently published study using the
Nintendo Wii console [69] resulted in improvements in upper extremity functions in post
stroke patients.

A study conducted by de Bruin et al. [48] studied the transfer effects on gait
characteristics of elderly who executed a traditional progressive physical balance and
resistance training with integrated computer game dancing. The task of the dancing
game consisted of stepping on arrows on a dance pad. Results indicated a positive effect
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of the computer game dancing training on relative dual task costs of walking, e.g., stride
time and step length. The more traditional physical training showed no transfer effects on

dual task costs related gait characteristics.

3.3.4. Quality evaluation
The agreement on study quality between the two reviewers was 'almost perfect’ The
estimated Kappa value was 0.96 with a confidence interval ranging between 0.95 and 0.98.
The percentage of agreement between the two reviewers was 98.18%. The quality scores
ranged from 7 to 22 points out of a maximum of 22. The mean quality score was 13.46
points (range: 7-22 points), the median value was 6.5 points and the mode was 12 points.
The mean score for reporting was 6.57 points (maximum: 9 points; range: 4-9 points), for
external validity 0.68 (maximum: 2 points; range: 0-2 points), for internal validity (bias)
3.71 points (maximum: 5 points; range: 2-5 points), for internal validity (confounding)
2.25 (maximum: 4 points; range: 0—-4 points).

Table 3.5 summarizes the results of the quality assessment for the three intervention
types: cognitive rehabilitation interventions, dual task interventions, and computerized

interventions.

3.4. Discussion

An increased incidence of falls among older adults is one of the most serious problems
of mobility impairment. It has been suggested that effective programs to prevent falls in
older adults should focus on training both physical and cognitive aspects. The aim of this
systematic review was to examine the literature on the effects of cognitive and cognitive-
motor interventions to improve physical functioning of older adults with additional
insights from studies conducted with brain injured adults or patients with stroke.

Our search resulted in relatively few studies that evaluated a cognitive or a cognitive-
motor intervention. Twenty-eight articles were found including studies with older adults
or patients with neurological impairments. Our results show that the method of combining

physical exercise with cognitive elements to improve physical functioning is not yet
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systematically partofthe currentinterventionsforolderadults or patients with neurological
impairments. The methodological heterogeneity and the numerous feasibility studies are
indicators for a topic still being in its fledgling stage.

The results of the few studies identified in this review, however, justify larger studies
with older adults. There is evidence that cognitive or cognitive-motor interventions
positively affect physical functioning, such as postural control, walking abilities and
general functions of upper and lower extremities. The majority of the included studies
resulted in improvements of the assessed functional outcome measures. The next sections

will discuss the three different intervention types applied in more detail.

3.4.1. Cognitive rehabilitation interventions

The prevalent technique used was mental imagery, which involved the participants
imagining themselves in a specific environment or performing a specific activity, without
actually performing it [75]. Brain-imaging studies showed that comparable brain areas
are activated during actual performance and during mental rehearsal of the same tasks
[76,77]. Hamel and Lajoie [51] suggest that after mental imagery the motor control task
becomes more automatic, leading to a decrease in attentional demands directed toward
the control of the motor task.

Our search resulted in three relevant studies that applied mental imagery. In one study
[44] improvements in physical functioning were shown in both the intervention and the
control group and in a second study [50], a missing control group made it impossible to
assess whether improvements in physical functioning were attained through mental
practice or not. Thus, as for now it is not possible to determine whether an isolated
cognitive rehabilitation intervention based on mental imagery is able to improve
physical functioning in older adults. There is evidence about the effectiveness of
mental imagery in improving physical functioning of other populations than older
adults [25,75]. It seems fair to state that larger randomized control studies should
be performed in order to provide more insights in the impact of mental imagery in
older adults.
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3.4.2. Dual task interventions
Research has shown that dual task interventions may help participants to automate a
task, to focus on other tasks and consequently, to free the individual’s processing capacity.
After dual task exercise more attention is available to process external information and
therefore to react faster on sudden disturbances [32]. The included studies showed that
it was generally feasible to apply dual task interventions, namely combining a traditional
physical intervention with a variety of cognitive tasks, in community-dwelling older
adults with balance impairments. During the selection stage of this review, numerous
studies were identified studying the dual task abilities of older adults, though only six
studies were found which integrated the method of dual-tasking in a program designed
to improve physical functioning. Two studies included relatively simple cognitive tasks
like computing or reciting poems. Both studies showed no improvements in physical
functioning that were clearly attributable to the dual task intervention.

Using dual task exercises with variable-priority or using a complex stepping task may
both be closer to real-life conditions as compared to computing while walking. The studies
of Silsupadol et al. [60-62] and Shigematsu et al. [58,59] applied a more challenging way
of attention-demanding tasks, and, presumably thus, offered advantages in terms of
rate of learning compared to more simple cognitive tasks. Results show improvements
in functional fitness of lower extremities, balance and gait speed. The latter has been
reported as a global indicator of functional performance in older adults and is a good
predictor of falls [78].

Shigematsu and colleagues in addition provided a challenging leg exercise, which was
suggested to enhance neural functions by reducing response latency and by effectively
recruiting postural muscles resulting in an improving of the interpretation of sensory
information. Caution seems to be indicated in relation to the transfer effects of this form
of training. The pre- and post-tests that were used to assess the effects of training were
similar to the cognitive and motor tasks assigned in the interventions. Thus, it cannot be
excluded that learning effects were observed instead of real improvements in underlying
functional motor skills. From this viewpoint, it is not surprising that participants in dual
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task groups performed better in the post-tests.

The dual task interventions showed satisfying study quality with a mean of 16.2
points out of a maximum of 22 points. However, the results about the effect of dual task
interventions on physical functioning are controversial. In addition, analogue to the
cognitive rehabilitation interventions, the limited number of studies performing dual task

training hampers a generalization of results.

3.4.3. Computerized interventions

Computerized interventions varied from force platforms with visual biofeedback with
relatively simple graphics [52,53,55,57,67,71], to video capture systems that enabled the
participant to see her/himself on a screen with attractive and realistic graphics allowing
to immerge into the virtual environment [32,46,54,68]. A third set of studies used
commercially available video game consoles that combined the simplicity of a weight-
shifting training on a platform with the elaborated graphics and motivating games of a
video capture system [47-49,64,69]. The study quality of the computerized interventions
articles was lower (mean value of 12.8 points out of a maximum of 22 points) as
compared with the value of the dual task studies (16.2 points). In contrast to the dual task
interventions, however, the results of the computerized interventions showed a consistent
positive effect on various physical abilities in older adults, patients with traumatic brain
injury, and stroke patients. Computerized interventions can also be effectively used in
clinical settings. Remarkable is that every study reported that participants were more
motivated and compliant with the computerized setting in comparison to conventional
physical training programs. Computerized interventions may have engaged people who
otherwise would lack interest to undergo a traditional exercise program.

The effects of the video games on cognitive aspects of the participants have,
remarkably, not been a specific focus of the various studies. It seems, however, that
computer games have the potential to also train cognitive functions [34], including
attention and executive functions [22]. Combined with physical exercise a video game or
a virtual environment requires sensory-motor function inputs as well as cognitive inputs.
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The participant is required to orientate her/himself, attend, comprehend, recall, plan
and execute appropriate responses to the visual cues provided on the screen [69]. The
visual aspect is crucial since with aging, vision remains important in maintaining postural
control [79]. Virtual environments have also the potential to specifically include motor
learning enhancing features that activate motor areas in the brain [80]. In addition You
and colleagues suggest that virtual reality training could induce reorganization of the
sensorimotor cortex in chronic patients [81].

As we know from the principles of motor learning, repetition is important for both
motor learning and the cortical changes that initiate it. The repeated practice must
be linked to incremental success at some task or goal. A computerized intervention
constitutes a powerful tool to provide participant repetitive practice, feedback about
performance and motivation to endure practice [82]. In addition, it can be adapted
based on an individual participant’s baseline motor performance and be progressively
augmented in task difficulty. Weiss and colleagues [83] suggested that virtual reality
platforms provide a number of unique advantages over conventional therapy in trying to
achieve rehabilitation goals.

First, virtual reality systems provide ecologically valid scenarios that elicit naturalistic
movement and behaviors in a safe environment that can be shaped and graded in
accordance to the needs and level of ability of the patient engaging in therapy. Secondly,
the realism of the virtual environments gives patients the opportunity to explore
independently, increasing their sense of autonomy and independence in directing their
own therapeutic experience. Thirdly, the controllability of virtual environments allows for
consistency in the way therapeutic protocols are delivered and performance recorded,
enabling an accurate comparison of a patient’s performance over time. Finally, virtual
reality systems allow the introduction of ,gaming” factors into any scenario to enhance
motivation and increase user participation [84]. The use of gaming elements can also
be used to take patients’ attention away from any pain resulting from their injury or
movement. This occurs the more a patient feels involved in an activity and again, allows
a higher level of participation in the activity, as the patient is focused on achieving goals
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within the game [85]. In combination with the benefits of indoor exercises such as safety,
independence from weather conditions, this distraction may result in a shift from negative

to positive thoughts about exercise [17].

3.4.4. General methodological considerations

A central element of successful cognitive rehabilitation for older adults should be the
design of interventions that either re-activate disused or damaged brain regions, or that
compensates for decline in parts of the brain through the activation of compensatory
neural reserves [86]. Cognitive activity or stimulation could be a protective factor against
the functional losses in old age. Because spatial and temporal characteristics of gait are
also associated with distinct brain networks in older adults it can be hypothesized that
addressing focal neuronal losses in these networks may represent an important strategy
to prevent mobility disability [87]. Interventions should, as previous research suggests,
focus thereby on executive functioning processes [9], and in particular on the executive
function component divided attention [11], and should include enriched environments
that provide physical activities with decision-making opportunities because these
are believed to be able to facilitate the development of both motor performance and
brain functions [88]. This review encourages the further development of virtual reality
interventions, preferably with a randomized control design.

Future research that aims to examine the relation between virtual reality environments
and improvements in both cognitive and walking skills, and the translation to better
performance on selected physical tasks, should design the training content such that the
relation between the cognitive and physical skills are more explicitly taken into account,
e.g. specific elements of divided attention are integrated in the scenario. Many of the
studies of this review were small and may have lacked statistical power to demonstrate
differences, if such differences were present. In addition, the interventions were of relatively
short duration and heterogeneous in their design, and most subjects investigated were
stroke survivors. Most studies did not specifically focus on physical functioning outcomes
from which it is known that these relate to brain functioning. For example, spatial and
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temporal dual task cost characteristics of gait are especially associated with divided
attention in older adults [11], and are dependent of the nature of the task investigated

(preferred versus fast walking).

3.4.5. Future directions

Future research that aims to examine the relation between improvements in cognitive
skills and the translation to better performance on selected physical tasks should take
the relation between the cognitive and physical skills into account. The majority of the
authors, and above all this holds true for the studies using computerized interventions,
does not specifically mention or is even not aware of the potential cognitive aspects of

their interventions.

3.4.6. Limitations

We developed and utilized a structured study protocol to guide our search strategy, study
selection, extraction of data and statistical analysis. However, limitations of this review
should be noted. First, a publication bias may have been present, as well as a language
bias, given that we considered only interventions described in published studies and
restricted our search to English, French, and German language publications. Second, as
there were only few randomized trials, we also included observational studies, the results
of which may be affected by confounding bias due to the absence of random assignment.
An additional limitation is that we did not investigate the effect of the interventions in
separate populations. One study included in the analysis for example assessed subjects
with MCI and dementia [65]. It can very well be argued that the results of cognitive
interventions may be expected to be different between cognitively intact, MCl, and

demented subjects. This point should be considered in future reviews on this topic.

3.5. Conclusions
The current evidence on the effectiveness of cognitive or cognitive-motor interventions
to improve physical functioning in older adults or patients with traumatic brain injury is
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limited. Yet overall, as the most studies included in this review showed, these interventions
can enhance physical functioning. The heterogeneity of the studies published so far does
not allow defining the training methodology with the greatest effectiveness. This review
nevertheless provides important foundational information in order to encourage further
development of novel cognitive or cognitive-motor interventions, preferably with a
randomized control design. Future research that aims to examine the relation between
improvements in cognitive skills and the translation to better performance on selected
physical tasks should take the relation between the cognitive and physical skills into
account. The majority of the authors, and above all this holds true for the studies using the
computerized design, does not specifically mention or is even not aware of the potential

cognitive aspects of their interventions.
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Chapter Four

Abstract

Background: This randomized controlled pilot study aimed to explore whether a cognitive-
motor exercise program that combines traditional physical exercise with dance video
gaming can improve the voluntary stepping responses of older adults under attention-
demanding dual task conditions.

Methods: Elderly subjects received twice weekly cognitive-motor exercise that included
progressive strength and balance training supplemented by dance video gaming for 12
weeks (intervention group). The control group received no specific intervention. Voluntary
step execution under single and dual task conditions was recorded at baseline and post
intervention (Week 12).

Results: After intervention between-group comparison revealed significant differences for
initiation time of forward steps under dual task conditions (U= 9, p = 0.034, r = 0.55) and
backward steps under dual task conditions (U = 10, p = 0.045, r = 0.52) in favor of the
intervention group, showing altered stepping levels in the intervention group compared
to the control group.

Conclusion: A cognitive-motor intervention based on strength and balance exercises with
additional dance video gaming is able to improve voluntary step execution under both
single and dual task conditions in older adults.

Keywords: fall prevention, exercise, dance, video game
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Voluntary step execution
4.1. Introduction
Appropriate timing and execution of stepping responses is needed for the effective
avoidance of falls [1]. With age, the speed of these responses inevitably declines due to
changes in the sensory and motor systems [2,3]. Consequently, individuals who require
more time to initiate and execute a step to avoid a threat or to recover postural balance,
either during walking or performing postural transitions [4], may be at greater risk of
falling [5].

Considerable evidence has been accumulated showing that an additional secondary
cognitive dual task causes postural instability in older adults, and thus, a delay in step
execution [6,7]. Postural balance control requires, among other things, the integration of
visual, somatosensory, and vestibular inputs, as well as the adaptation of these inputs to
changes in tasks and environmental context [6]. Maintenance and regulation of postural
balance require a high information processing capacity, and a more difficult motor task
may demand an amount that exceeds the capacity of the available resources [8].

Reduced step execution capabilities can be mitigated by exercise, and improvements
in voluntary step execution after exercise interventions have been reported in older adults
[5,9-11] and patients after stroke [12]. However, these improvements have been tested
without any additional cognitive distraction, which questions the ecological validity of
the findings; that is, it can be questioned whether the action within the test condition
is equivalent to the motor performance requirements within the physical environment.
Physical exercise alone does not contribute to an improvement of voluntary stepping
performance under attention-demanding conditions [10].

A recently published systematic review supports the recommendation that a cognitive
element should be part of an exercise program for older adults since falls often occur
under attention-demanding circumstances [13]. A way to incorporate a cognitive element
into an exercise program is the use of virtual reality techniques in the form of dance video
gaming [14]. Games based on this technique require players to stand on a dance pad and
make rapid step responses from either leg to a target location in response to a presented
visual stimulus [15]. It involves controlled body weight transfer, which is similar to the step
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responses required to cope with external threats in everyday life; thus, we hypothesized
that the game has the potential to improve voluntary step execution under attention-
demanding circumstances. Previous dance pad studies have shown the feasibility of this
approach in the elderly and have reported positive contributions to self-reported balance
confidence and mental health in older adults [15,16]. Furthermore, there are strong
indications that the addition of dance video gaming has a positive effect on dual task
walking in older adults [17].

New treatments usually have to go through a series of pilot studies to test whether
they are safe and effective [18]. The aim of this pilot study was to perform a phase Il trial
according the model for complex interventions, advocated by the British Medical Research
Council [19] to test a traditional strength and balance training program that also includes
dance video gaming in a group of elderly people in order to receive an estimation of the
treatment effect and its variations. The study aimed to explore whether this cognitive-
motor exercise program is able to improve the voluntary stepping responses of older

adults under attention-demanding dual task conditions.

4.2. Material and methods

4.2.1. Participants

The study was designed as a prospective, randomized, controlled pilot trial and was carried
out from October 2010 to January 2011 with participants recruited from two care homes
in Zurich, Switzerland. The study protocol was approved by the local ethics committee
(KEK-ZH-NR 2010-0337/0). The exercise intervention was conducted in suitable locations
at the care homes. The measurements of voluntary step execution were performed in the
laboratory of the Institute for Biomechanics of the ETH Zurich, Switzerland.

All residents of the care homes were invited to attend an information session in which
the intervention was explained. Thirty-four persons attended the information session, and
30 were interested in participating in the study. Participants were included if they were older
than 65 years, had a score of at least 22 points on the Mini-Mental State Examination [20],
were able to stand upright for at least 5 minutes, and were free of rapidly progressive or
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terminal illness, acute illness, or unstable chronic illness. If unsure, subjects were asked
to consult their primary care physician for medical clearance. Interested individuals were
contacted by the investigator seven days later for an individual appointment to clarify any
remaining questions and to sign an informed consent statement.

Three persons refused to participate due to insufficient motivation. Two interested
persons who used wheelchairs were excluded because they did not fulfill the inclusion
criteria. A total of 25 eligible residents signed informed consent statements and were
randomly assigned to either the usual care control group (CG) or the intervention
group (IG). Eleven participants were allocated to the CG and 14 participants to the IG
using a random numbers table. Blinding of investigators was not possible because the

investigators supervised and conducted the training sessions.

4.2.2. Intervention

The IG underwent a cognitive-motor intervention consisting of twice weekly progressive
resistance training, progressive postural balance training, and progressive dance video
gaming for twelve weeks. Intensity and duration of the program were chosen based on
guidelines published by the American College of Sports Medicine [21,22] and on a review
by Paterson et al describing exercise recommendations for older adults [23]. Training
sessions were conducted in groups of three or four participants to form group cohesion
and to encourage exercise class participation [24]. A training session lasted 60 minutes and
consisted of a warm-up (5 minutes), resistance training (25 minutes), balance exercises (10
minutes), and the dance video gaming (20 minutes).

The progressive resistance training focused on the muscle groups of the core and
lower extremities that are used in the functional activities of daily living, such as walking,
standing up from a chair, sitting down, or stair climbing. The goal of each session was to
perform two sets of ten to 15 repetitions of each exercise in a slow, controlled manner,
with a one minute sitting break after each set and between the series. Training intensity
was controlled by perceived exertion and intensity between "somewhat hard" and "hard
(heavy)" on Borg's perceived exertion scale. This corresponds to a point of instantaneous
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muscular fatigue at the end of a certain exercise [25]. To maintain the intensity of the
stimulus during the training period, the number of repetitions and the load were
progressively increased with weight vests (Kettler GmbH & Co KG, D-59469 Ense-Parsit), as
tolerated by the participants. The weight of the vests was adjusted with single sand-filled
elements of 1.125 kg each.

The progressive postural balance program consisted of static and dynamic functional
balance exercises [26]. Participants' balance skills were challenged through a variety of
activities performed with the help of air-filled balance cushions (diameter 32 cm and 16

cm) and grip balls (diameter 12 cm) (Ledraplastic S.p.a, I-33010 Osoppo).

FANTASTISCH

Z:
Z
2'

Figure 4.1 Dance video game: (a) participant on the dance pad secured by ropes fixed on the ceiling; (b—d) screenshots
of the dance video game

The dance video game was performed on metal dance pads (Figure 4.1 a) (TX 6000
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Metal DDR Platinum Pro, 93 x 14.7 x 109 cm, Mayflash Limited, Baoan Shenzhen, China)
with a specially designed modifycation of the StepMania (Version 3.9) software [17]. The
dance pad was connected to a desktop computer using USB. The video game was then
projected on a white wall with a beamer. A scrolling display of arrows moving upwards
across the screen cued each move, and the participants were asked to execute the
indicated steps (forward, backward, right, or left) when the arrows reached the fixed raster
graphic at the top of the screen (Figure 4.1 b—d) and in time with different songs (32 to
137 beats per minute). In the first training session, a tutorial sequence was provided to
ensure understanding of the task. As the levels increased, additional distracting visual
cues, e.g., "bombs," were presented (Figure 4.1 ¢). Participants had to ignore these cues
and keep their attention focused on the arrows. Occasionally, some arrows were drawn-
out on the target locations, indicating that the trainees should remain for a while on the
dance pad button on one leg (Figure 4.1 d). The arrow sequences were generated using
the Dancing Monkey MATLAB script [27]. Electronic sensors in the dance pad detected
position and timing information that was then used to provide participants with real-time
visual feedback. For each training session, the participants performed for four songs of 2
to 3 minutes length each, with a short break of 30 seconds after each song. Progression of
performance was controlled through the beats per minute and the difficulty level.
When an exercise required the participants to stand, they were secured with ropes

fixed on the ceiling, which they could hold on to (Redcord AS, Staubo, Norway).

4.2.3. Usual care

The participants in the CG did not participate in the cognitive-motor program, but were
able to participate in the leisure time programs offered at the care homes at their own
will. These programs were non-specific, not targeted toward specific exercise goals, and
were representative of what is usually offered in assisted-living facilities [28]. Table 4.1
provides information regarding the physical activities of the CG during the intervention

period.
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Table 4.1 Physical activities of the control group during intervention

Participant Activity Duration (minutes)/frequency

1 Walking 30-60/daily
Social dancing 120/weekly

) Walking 60/daily
Exercise program at care home* 45/irreqularly

3 Walking 90/weekly
Exercise program at care home* 45/irreqularly

4 Walking 45/daily
Aqua gym 45/weekly

5 Walking 90/daily
Exercise program at care home* 45/weekly

6 No activities -

Notes: * Exercise program at the care home: Exercise is conducted seated or/and in a standing position. Trained factors are
flexibility, coordination of movements, strength, endurance, fine and gross motor skills, posture and memory.

4.2.4.Voluntary step execution

To estimate the performance of voluntary step execution, a test protocol was adopted that is able
to identify elderly individuals at risk for falls under attention-demanding conditions [29,32]. The
protocol assesses the change in the speed of voluntary step execution under the influence of a
secondary distractive cognitive task and the time to initiate and complete a step [7,8,24]. The test
was performed with all participants one week before and one week after the twelve-week training
period.

For the test, subjects stood upright on a force platform with feet abducted 10°, barefoot, and
heels separated medio-laterally by 6 cm.The stepping task required the execution of a step forward,
backward, or to the side as quickly as possible after a tap cue on the heel, which was provided by the
investigator with a cushioned hammer. The tap cue resembles the cutaneous stimulus experienced
by the foot when hitting an object prior to stumbling or tripping [29]. Six trials for each step direction
were recorded under single task and dual task conditions for a total of 36 trials. Step execution trials
always occurred with the dominant leg, as chosen by the subject. Two target force platforms were
used in front of (for forward steps) or behind (for backward steps) the main platform in order to

register the data from the landing of the moving leg (Figure 4.2 a). The force platforms (Kistler AG,
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Figure 4.2 Voluntary step execution test: (a) participant standing on the force platform and executing a backward
step after tap cue on the heel by the supervisor; (b) example of force platform data for a single step to determine
the occurrence of the step parameters. Abbreviations: COPx, medio-lateral deviation of body’s center of pressure in

millimeters; Fy, anterior-posterior ground force in Newton; Fz, vertical ground force in Newton.
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Switzerland, 400 x 600 mm) collected the ground reaction force data at a frequency of 2000 Hz.
In the single task condition, subjects focused on a white cross displayed at eye-level on

a black screen at a distance of 4.60 meters in front of them. Under dual task conditions, a

Stroop Color-Word task was displayed [30,31]. Participants were instructed to read the ink

color of the displayed words out loud. The performance of the participants was controlled

and corrected by the investigator if needed, but was not recorded as the Stroop Color-

Word task was used only for distractive purposes.

4.2.5. Data and statistical analysis

The criteria for success of this pilot was based on the primary feasibility objective
(adherence to the exercise plan), and methodological standards for being adherent to
training. A 75% attendance rate for the training sessions was set as the definition for being
adherent to the training program [34]. A total of 24 training sessions was scheduled for
each individual in the IG.

Force platform data was analyzed with a program written in MATLAB R2011a (Math
Works Inc., Cambridge, MA) to identify the following time points for each trial: tap cue,
response initiation (INI), foot off, and foot contact (Figure 4.2 b). These time points relate
to the definitions provided by Melzer et al [32,35]. Tap cue on the heel was detected as
a spike greater than three standard deviations from the average baseline noise in the
anterior-posterior direction of the ground force data. INl was defined as the first medio-
lateral deviation of center of pressure toward the stance leg (greater than 4 mm away from
the average baseline noise after the tap cue). Foot off was defined as a sudden change
of the center of pressure slope toward the stance leg in the medio-lateral direction. Foot
contact corresponds to the time when loading of the vertical ground reaction force on the
target force platform reaches more than 1% of a subject's body weight.

Statistical computations were carried out with SPSS 19 for a per-protocol strategy of
analysis in which only those subjects who adhered to the training counted toward the final
results. An average value for each temporal parameter in each stepping direction and for
both task conditions (single task and dual task) was calculated. A comparison at baseline
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was undertaken using a Mann-Whitney U test and a chi-squared test for dichotomous
variables. Due to non-normality of the data, a Mann-Whitney U test was used to estimate
group interaction effects in the form of between-groups differences, i.e., IG and CG after
the twelve-week time period. For this purpose, the difference of the values pre and post
intervention for each subject were calculated and then compared. The effect size, r, was
calculated as r= Z/V/N (where Zis the approximation of the observed difference in terms of
the standard normal distribution and N is the total number of samples; r= 0.1, small effect;
r = 0.3, medium effect; and r = 0.5, large effect). A Wilcoxon signed rank test was used to
compare inner-group pre/post data. The significance level was set at p < 0.05. A trend to

significance was defined as 0.10 < p > 0.05.

Table 4.2 Demographic baseline data of participants

Group Intervention group Control group
No of participants 9 6

Age (mean, SD) 83.6,3.4 86.2,4.8

Sex (female/male) 6/3 33

Heightin cm (mean, SD) 160.3,9.9 160.9,9.4
Weight in kg (mean, SD) 68.0,17.5 65.5,9.4
Mini-mental status® (median, range) 28,27-30 25.2,22-29

Walking assistance
None/cane or crutches 5/4 5N

Number of falls in the last 6 months®

None 7 4
One 1 1
>0ne 1 1
Diabetes 0 1
Hypertension 2 3
(ardiac insufficiency 3 1
Arthropathy 5 1
Osteoporosis 4 2

Notes: * Minimum score = 0, maximum score = 30 (higher scores indicate better functioning); ® A fall was defined as an event,
which results in a person coming to rest on the ground or other lower level [33]
Abbreviation: SD, standard deviation
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4.3 Results

A flow chart (Figure 4.3) provides detailed information on the subjects included in
this study and on the subjects lost during the intervention phase. Demographic
data is summarized in Table 4.2. The participants were willing to be randomized.
Neither subjective nor objective side effects related to the used intervention were
reported. There were no significant differences at baseline in either demographic
data or temporal measurements of the voluntary step execution test between the
groups.

The average exercise program compliance was 86.9% (20.8 out of 24 sessions).
Two participants achieved a compliance of only 71% (17 out of 24) and 42% (10 out
of 24), respectively. As we expected the participants to attend at least 75% of the
exercise sessions, they were not considered for the analyses.

Temporal data of the voluntary step execution task is summarized in Table
4.3. Compared to the baseline data, the IG showed an overall time reduction of
-17.9% in all assessed temporal parameters after the training program (single task
condition: -15.7%; dual task condition: -20.1%). In comparison, the CG showed
an increase in time of +1.3% in all assessed temporal parameters (single task
condition: +1.5%; dual task condition: -4.1%). Data for the dual task condition
showed longer times for each of the three examined temporal parameters under
dual task conditions compared to single task conditions for all step directions in
both groups (IG: +42.7%; CG: +30.0%).

Between-group comparison revealed significant differences for INI of forward
steps under dual task conditions (U=9, p = 0.034, r = 0.55) and for backward steps
under dual task conditions (U= 10, p = 0.045, r = 0.52) in favor of the IG.
Inner-group comparisons resulted in step directions with significance and step
directions with a trend to significance in pre/post-differences in the IG for INI, foot
off, and foot contact (Table 4.3). There were no changes detectable for the CG for

the inner-group comparisons.
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4.4 Discussion
The present pilot study aimed to develop and test a multimodal exercise intervention
and to deliver it to individuals living in care homes. The main focus was to evaluate the
feasibility of the multimodal intervention as a whole and the ability to recruit and retain
elderly subjects, as well as to assess the effects of the intervention. This study showed
that a cognitive-motor training program containing strength, balance, and computerized
cognitive training components is feasible and is able to improve voluntary step execution
under single task and dual task test conditions in older adults living in care homes. We
demonstrated the feasibility of acquiring acceptable compliance rates for care home
dwelling older people randomized to control and experimental training groups.

Our target of 75% compliance for this 12-week pilot project was attained. Two
individuals had a less than 75% attendance rate and were considered non-compliant
for the training. This non-compliance was mainly attributable to permanent sickness
and low motivation that prevented program adherence. Thus, compliance with the
exercise interventions and retesting was excellent. Adherence for group-based exercises
could be expected to be between 72% and 88% [34]. Our intervention is in the higher
range of adherence for group-based exercise. However, where we report on values after
three training months, Nyman and Victor [34] report values that may be expected by 12
months. In a future phase lll trial, the follow-up period for the assessment of adherence
and attrition should, therefore, preferably be extended to a similar time frame to facilitate
comparability of this future study with reference values.

To our knowledge this is the first intervention study that demonstrates temporal
improvements in voluntary step execution under dual task conditions in older adults.
This study confirms previous findings that showed improvements in dual task motor
performance after an exercise program that included additional dance video gaming [17].
Although in previous literature, the deficiency of older adults in making rapid voluntary
steps under dual task conditions is well documented, there is still a lack of studies aiming
to improve the performance of voluntary step execution of older adults, specifically
under attention-demanding circumstances. The deficiency of coping with attention-
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demanding situations is well illustrated by the temporal delay of step execution in the
dual task condition of the voluntary step execution test used in this study. In line with
previous reports [29], we observed a temporal delay in step responses for all participants,
regardless of group allocation, under the influence of a concurrent cognitive task.

In the dance video game, subjects were expected to observe the virtual environment
for drifting arrows and initiate dance steps at the same time. When using an outward step,
participants needed to rapidly unload the leg they were falling toward to allow them
to take a step. This may be challenging from a cognitive, reaction time, and/or muscle
power generation perspective [36]. The crucial point is that dance video gaming not only
requires well-coordinated leg movements, but also requires cognitive work, e.g., sensing
of stimuli, paying attention, and making quick decisions [14].

The fact that this intervention had an impact on the initiation of the step response is
important since step or gait initiation is frequently repeated during daily activities, leading
to accidental falls during the step initiation phase in people with deficits in balance control
[37]. Important mechanisms for step initiation are the anticipatory postural adjustments
(APAs). The function of APAs is to prepare the body for the imminent movement and
possible changes in balance as a direct result of the movement caused by moving the
body center of mass toward the stance limb [38]. Falls during initiation of a step could
occur when the APAs are not performed efficiently enough prior to the unloading of the
swing leg, causing an unstable postural condition [4]. These mechanisms are complex and
require efficient peripheral sensory detection and afferent nerve conduction, followed by
central neural processing and efferent nerve conduction [29,39]. It is hypothesized that
these mechanisms are repeatedly trained by the use of a dance video game. Every step
on a dance pad has to be planned and executed with the proper timing while focusing
attention on the arrows on the screen.

Since our dance video game was based on the correct timing of the steps and not
on the maximal speed generation of the leg, we hypothesized that improvements in
step execution would be accountable in large part to the more efficient intramuscular
interplay, induced as well by the strength and balance training. The finding that a large
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part of the improvements in voluntary step execution seems to be attributable to the
earlier execution of APA movements during the initiation phase was somewhat surprising.

This leads to the question of whether the improvements we observed are attributable
to peripheral or to central adaptations. It is known that the supplementary motor area
contributes to the timing of the APAs during step initiation [40]. It would be interesting to
examine whether our cognitive-motor intervention has an influence on the activity of the

supplementary motor area in a future study to clarify this observation.

4.4.1. Related work

There are some reports on the use and effects of similar virtual reality training in various
populations. Methods using immersive computer technologies resulted in improved
motor functions of the upper extremities and a cortical activation after virtual reality
intervention in patients with chronic stroke [41]. Older adults benefited from training
in terms of improved functional abilities, postural control, and simple auditory reaction
times under dual task conditions [42]. Functional balance and dual task reaction times
in older adults are improved by virtual reality and biofeedback training. A virtual
rehabilitation program with the help of a semi-immersive virtual reality workbench,
in a non-hospital environment, resulted in qualitatively improved manual trajectories
and increased movement velocity of the trained upper extremities for patients with
stroke, but without any transfer to real-life activities [43]. A virtual reality based
treadmill intervention conducted by Yang et al [44] showed improved walking speed
and walking ability at post-training in patients with stroke. Preliminary evidence for
clinical effectiveness of virtual reality obstacle training post stroke has been reported
by Jaffe et al [45].

Although it seems more intuitive that more immersive virtual environments are to
be preferred for motor training, this may not actually be the case [46]. Less immersive
desktop or wall screen displays can be used for this purpose as well [14] and have
the advantage that no studies that used these two dimensional displays have been
associated with incidence of cyber-sickness [46].
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4.4.2. Limitations

Several limitations of this work should be discussed. Surely the fact that step direction and
the swing leg in the voluntary step execution test were known prior to the step execution
could possibly have influenced the initiation of the step. An impact on the generation of
APAs cannot be excluded since the subjects may try to lean on the supporting leg prior
to the tap cue. However, the subjects of the CG had the same conditions and showed
different reactions. Furthermore, we attempted to control for this potential disruptive
factor through careful observation of the center of pressure on the verge of the tap cue.
The point of application of the tap cue itself might be a limitation of the assessment
protocol. A trip stimulus under real life conditions would be expected on the front of the
foot and not the heel, and therefore, giving tap cues on the foot front might result in
different reactions. Another limitation was the rather small sample size.

This pilot study, therefore, only reveals first estimates for the measures of a consecutive
phase Il study. This is an inherent property of a pilot study, and our findings warrant
further research in a larger phase lll main study that includes a larger sample and clinically
relevant outcome measures. Differences regarding training intensities between the
groups were another limitation. Future studies with larger sample sizes are needed, which
compare training groups that achieve similar amounts of strength and balance training
and where one group receives additional game-like training. For a more substantial study,

monitoring the occurrence of falls post intervention is also recommended.

4.4.3. Future directions

The IG trained 60 minutes twice weekly for 12 weeks and the CG received the usual care. It
was thus expected that we would observe a difference in the development between the
two groups since it seemed obvious that the difference in the amount of training would
be the explanatory factor for the observed differences in the voluntary step execution
test. We did not expect an effect for usual care because it did not comply with training
recommendations to improve physical functions to prevent falls in the elderly [47].
Therefore, future studies should compare training groups that achieve similar amounts
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of strength and balance training, where the intervention group receives an additional
computerized cognitive component and the control group a placebo. In this case, we
expect, however, only marginal effects on voluntary step performance under dual task
conditions from the control group. The results of previous studies with similar groups
that performed progressive, machine-driven, resistance training complemented with
functional balance exercises revealed no improvement of performance under attention-
demanding circumstances [48,49].

In future studies, to clarify the additional influence of the dance video game on the
subjects in the IG, we should consider a study design with a control group that would
perform the strength and balance exercises without the additional dance video gaming.
Currently, we are performing such a trial registered under ISRCTN05350123 (www.
controlled-trials.com). In this study, however, we wanted to demonstrate the "proof of
concept" of the effect of a cognitive-motor intervention compared to usual care in care

homes in a pilot study.

4.5. Conclusion
We conclude that pilot studies with explicit feasibility objectives are important foundation
steps in preparing for large trials. Ongoing formal review of the multifaceted issues
inherent in the design and conduct of pilot studies can provide invaluable feasibility and
scientific data for rehabilitation specialists, e.g., physiotherapists, and may also be highly
relevant for furthering the development of theory based rehabilitation. For older
adults, the ability to take a quick step to prevent a fall is crucial, especially under
attention-demanding circumstances. We could demonstrate that a cognitive-motor
intervention based on strength and balance exercises with the addition of dance
video gaming is able to improve voluntary step execution under both single and dual
task conditions in older adults. The trainees were able to quicken step initiation and
total step completion time.

This study may constitute a reference for further studies in the topic of fall
prevention in older adults with the aim to improve physical performance under dual
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task conditions. This study encourages the further development of this intervention,
preferably with a randomized control design and a larger sample. The application in

a main study is deemed feasible with no need for protocol modifications.
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Abstract

Background: Computer-based interventions have demonstrated consistent positive effects
on various physical abilities in older adults. This study aims to compare two training groups
that achieve similar amounts of strength and balance exercise where one group receives
an intervention that includes additional dance video gaming. The aim is to investigate the
different effects of the training programs on physical and psychological parameters in older
adults.

Methods: Thirty-one participants (mean age + SD: 86.2 + 4.6 years), residents of two Swiss
hostels for the aged, were randomly assigned to either the dance group (n=15) or the control
group (n = 16). The dance group absolved a twelve-week cognitive-motor exercise program
twice weekly that comprised progressive strength and balance training supplemented
with additional dance video gaming. The control group performed only the strength and
balance exercises during this period. Outcome measures were foot placement accuracy, gait
performance under single and dual task conditions, and falls efficacy.

Results: After the intervention between-group comparison revealed significant differences for
gait velocity (U = 26, p = 0.041, r = 0.45) and for single support time (U = 24, p = 0.029, r = 0.48)
during the fast walking dual task condition in favor of the dance group. No significant between-
group differences were observed either in the foot placement accuracy test or in falls efficacy.
Conclusions: There was a significant interaction in favor of the dance video game group for
improvements in step time. Significant improved fast walking performance under dual task
conditions (velocity, double support time, step length) was observed for the dance video game
group only. These findings suggest that in older adults a cognitive-motor intervention may result in
more improved gait under dual task conditions in comparison to a traditional strength and balance
exercise program.

Trial registration: This trial has been registered under ISRCTN05350123 (www.controlled-
trials.com)

Keywords: dual task, dance video game, gait, older adults, cognitive-motor intervention
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5.1.Background
In the growing population of older people falling is a common problem. Approximately
30% of older adults over 65 years of age, experience a fall each year [1-3]. Fall incidence is
even higher (50%) in women aged 85 and above [4]. Individuals who require more time to
initiate and execute a step to avoid a threat or to recover postural balance, either during
walking or performing postural transitions, may be at greater risk for falling [5]. Similarly,
variable spatio-temporal gait characteristics may increase this risk [2]. For safe walking
the accuracy with which one places the foot on the walking surface is essential, especially
in challenging environments. Decreased foot placement accuracy [6,7] together with an
increased variability in spatio-temporal gait characteristics [8], and dual task deficits [9] are
typical symptoms of the ageing process and constitute critical factors that compromise
safe walking [10].

Common tasks of daily life such as walking are dependent on both sensorimotor
processes and higher-level cognitive functions [9]. Thus, the accurate foot placement
onto a footpath for instance, requires not only the appropriate planning and execution of
the movement. It also requires visual scanning, the extraction of visual information from
the environment, and cognitive skills related to so-called executive functioning processes
[7,11,12]. The term executive functioning processes refers to a group of cognitive actions
thatinclude: dealing with novelty, planning and implementing strategies for performance,
using feedback to adjust future responding, vigilance, and inhibiting task-irrelevant
information [13]. There also is increasing evidence that an age-related decline in visuo-
motor control contributes to deficiencies in foot placement control [14]. Suboptimal visual
sampling strategies have been observed in older adults prone to falling when taught to
step into a target location [7,14,15].

Exercise interventions that incorporate exercises to improve muscle strength and
postural control have been often recommended for older adults [16]. However, with
physical exercise alone the additional cognitive requirements of safe walking cannot be
addressed. Two recent reviews discussed the interplay between physical functions and
cognition [17,18]. Both brought out the importance to combine physical and cognitive
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training into clinical practice to enable older adults to move safer in their physical
environment. Especially computerized interventions seem to be promising for this
purpose [17]. Thus, cognitive elements should be taken into account when designing an
exercise regimen with the aim to preserve orimprove walking skills in older adults [19,20].
Interventions should thereby focus on executive functioning processes [19], in particular
on divided attention [21], and should provide physical activities with decision-making
opportunities because these are believed to be able to facilitate the development of both
physical performance and brain functions [22].

A simple and motivating way to incorporate a cognitive elementinto a physical exercise
program is the use of interactive video games. Interactive video games seem to have the
potential to train cognitive functions [23] such as executive functioning processes [24].
An interactive dance video game for example [25-27], requires the player to observe
the virtual environment for drifting cues and to concurrently execute well-coordinated
body movements, thus, challenging in particular divided attention skills. Previous dance
video games studies have shown the feasibility, defined through recruitment, attrition
and adherence to the exercise intervention [28], of this approach. Dance video games
studies in senior living settings [26,27,29,30] or with post-menopausal women [31] have
also shown that this approach is a safe, low-cost and motivating way to activate and
ensure continuation of physical exercise in middle-aged and older adults. Further, positive
contributions to self-reported balance confidence and mental health were observed
[26,29].

The results of two pilot studies conducted in care home settings, have shown that
the addition of dance video gaming may have a positive effect on relative dual task
costs of walking [30] and gait initiation under attention-demanding circumstances [27]
even in the oldest old (85 years and beyond). These latter two findings, however, should
be interpreted with caution. In both studies the control group did not train but rather
underwent usual care. To clarify the additional influence of the dance video game we
should consider a study design with a control group performing the same strength and
balance exercises, however, without the additional dance video gaming [27].
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This study compares two training groups that achieve similar amounts of physical
strength and balance exercise, where one group additionally performs dance video game
training. The aim is to investigate the additional effects of the dance video game training
on foot placement accuracy [7,15], gait under single and dual task conditions, and on fear

of falling.

5.2. Methods

5.2.1. Participants

The study was designed as a prospective randomized controlled trial (ISRCTN05350123)
and was carried out from June to September 2011. Participants were recruited from two
hostels for the aged in the Canton of Zurich, Switzerland. The study protocol was approved
by the local ethics committee (KEK-ZH-NR 2011-0005/0). All measurements and trainings
were performed in suitable locations at the hostels.

The residents of both hostels were invited to attend an information session. Thirty-five
(67.3%) out of 52 persons were interested in participating and were assessed for eligibility.
Participants were included if they were older than 65 years, had a score of at least 22 points
on the Mini-Mental State Examination (MMSE) [32], were able to walk for at least eight
meters with or without the need for a walking aid, and were free of rapidly progressive or
terminal illness, acute illness or unstable chronic illness. If unsure, subjects were asked to
consult their primary care physician for medical clearance. They were excluded if a severe
impairment of vision would impede to see projections on a wall screen as needed for the
intervention.

Four interested persons were excluded from the study before the randomization process. One
person changed his mind and declined to participate due to insufficient motivation. One person
suffered from hernia inguinalis before the start of the study and two other persons were excluded
for not fulfilling the inclusion criteria (MMSE < 22). A total of 31 (59.6%) eligible residents signed
informed consent statements and were randomly assigned to either the’Dance group’ (DG, n=
15) or the‘Control group’ (CG, n = 16) using a random numbers table. Blinding of investigators
was not possible because the investigators supervised and conducted the training sessions.
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5.2.2.Intervention

The DG and the CG underwent a twice-weekly physical exercise program consisting of
progressive resistance and postural balance training for twelve weeks. Intensity and
duration of the program were chosen based on the guidelines published by the American
College of Sports Medicine [33,34] and on a review by Paterson et al. describing exercise
recommendations for older adults [35]. Training sessions were conducted in groups
of three or four participants to form group cohesion and to encourage exercise class
participation [36]. A training session lasted on average 40 minutes and consisted of a
warm-up (5 minutes), resistance training (25 minutes), and balance exercises (10 minutes).
In addition to the physical exercise program the DG performed a progressive video game
dancing program for 10-15 minutes throughout the study (‘cognitive-motor program’).
When exercises required the participants to stand, they were requested to hold on to ropes

fixed on the ceiling for safety reasons (Figures 5.1 and 5.2) (Redcord AS, Staubo, Norway).

Redcords

weight west

air-filled cushion

Figure 5. 1 Exercise examples from the physical exercise program: strength exercises (a) sit-to-stand, (b) squat; (c)
balance exercise: subject rolls the ball back and forth or from the left to the right with the left foot while balancing on
the air-filled cushion.
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5.2.3. Physical exercise
The progressive resistance training focused on the muscle groups of the core and lower
extremities that are used in functional activities of daily living (Figure 5.1 a-b). Two sets
of ten to 15 repetitions of each exercise in a slow, controlled manner were performed.
One minute sitting breaks after each set and between the series were provided. Training
intensity was controlled by perceived exertion and intensity between ,somewhat hard”
and ,hard (heavy)” on Borg’s perceived exertion scale [37]. To maintain the intensity of
the stimulus during the training period, the number of repetitions and the load were
progressively increased with weight vests (Kettler GmbH & Co. KG, D-59469 Ense-Parsit),
as tolerated by the participants.
The progressive postural balance program (Figure 5.1 c) consisted of static and
dynamicfunctional balance exercises using air-filled cushions and grip balls (Ledraplastic
S.p.a, I- 33010 Osoppo) [38]. A more detailed description of the program can be found

elsewhere [38].

5.2.4. Cognitive-motor program

As an additional cognitive element the DG performed the dance video game after
the physical exercise in every training session. The dance video game was performed
on metal dance pads (Figure 5.2 a) (TX 6000 Metal DDR Platinum Pro, 93 x 14.7 x
109 cm, Mayflash Limited, Baoan Shenzhen, China) and with a specially designed
modification of the StepMania (Version 3.9) free-ware [27,30]. The dance video game
screen was projected on a white wall. A scrolling display of arrows moving upwards
across the screen cued each move, and the participants were asked to execute the
indicated steps (forward, backward, right, or left) when the arrows reached the fixed
raster graphic at the top of the screen (Figure 5.2 b-d), and in time with different
songs (32 to 137 beats per minute). In the first training session a tutorial sequence
was provided to ensure understanding of the task. As the levels increased additional
distracting visual cues, e.g., ,bombs,” were presented (Figure 5.2 ¢). Participants had
to ignore these cues and keep their attention focused on the arrows. Occasionally,
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some arrows were drawn-out on the target locations indicating that the trainees
should remain for a while on the dance pad button on one leg (Figure 5.2 d). The arrow
sequences were generated using the Dancing Monkey MATLAB script [39]. Electronic
sensors in the dance pad detected position and timing information that was then
used to provide participants with real-time visual feedback. For each training session,
the participants performed for four songs of two to three minutes length each, with a
short break of 30 seconds after each song. Progression of performance was controlled

through the beats per minute and the difficulty level.

FANTASTISCH

Figure 5. 2 Dance video game: () participant on the dance pad secured by ropes fixed on the ceiling; (b—d) screenshots
of the dance video game
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5.2.5. Baseline assessments of vision
To ensure that participants were free of vision impairments, which would have complicated
the performance of the video game dancing part, participants’ vision skills were assessed
with the vision tests of the ‘Physiological Profile Assessment’ (PPA) [40,41]. Tests of edge
contrast sensitivity (‘Melbourne Edge Test’), and binocular dual-contrast visual acuity,

were considered for assessing vision.

5.2.6.Test procedures and outcomes
The following tests were performed in the week before and in the week after the twelve

weeks training period in suitable locations at the hostels.

5.2.6.1. Foot placement accuracy test

Foot placement accuracy (FPA) was assessed with an adapted version of the protocol
described by Chapman and Hollands in 2007 [7]. Subjects were instructed to walk at
self-selected walking speed along a path with three different walking conditions:
‘Condition 1’ required placing the right foot into Target 1 (T1) (Figure 5.3 a); in‘Condition
2" subjects placed the right foot into T1 and the left foot into Target 2 (T2) (Figure 5.3 b);
‘Condition 3’ additionally required stepping over an obstacle placed between the two
targets (Figure 5.3 c). The targets and the obstacle were made of soft foam material. The
targets were rectangular (target area: 190 mm x 415 mm) and comprised a raised border
(40 mm x 40 mm x 40 mm). Dimensions of the obstacle were 1770 mm x 670 mm x 25 mm
(height x length x depth). 170 mm corresponds to the ideal height of a staircase step as
defined by the Federal Authorities of the Swiss Confederation. The subjects performed
ten repetitions for each of the three walking conditions, resulting in a total of 30 trials
per person. To prevent task familiarization within each condition, the target(s) appeared
in two possible positions separated medio-laterally by 8 cm (Figure 5.3 d), an adaptation
to the protocol based on the results of Young and Hollands [15]. Prior to the start of
each trial subjects stood with their back against the walking path facing a wall to limit the
amount of attention towards the pathway during the adjustments of the target position
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by the investigator. After a light cue, triggered by the investigator, subjects turned towards
the walking path and began to walk from a labeled starting position over the path at
a self-selected pace. Subjects were verbally instructed prior to each change of walking
condition to place their foot as accurately as possible in the middle of the target area
and were allowed to perform two rehearsal walks for each condition. The presentation
of the target positions was randomized and of equal number for each condition. The
presentation of the walking conditions was not randomized.

To assess participants’ foot placement performance into the targets, adhesive
labels were placed on both shoes on calcaneus level for anterior-posterior (A-P)
distance assessment and on the level of the head of the fifth metatarsal for medio-
lateral (M-L) assessment (Figure 5.3 e). During each trial the targets were recorded by
two stationary video cameras (Contour HD 1080p) at a sampling rate of 30 Hz. A fixed
image of the foot's stance phase into the target was then read into the analyzing
software (Vicon Motus 9.2, Vicon Motion Systems, Oxford, UK). The foam targets were
previously marked with two triangles (Figure 5.3 e), serving as calibration points to
read in the dimensions and to determine spatial orientation of the target by the video
analysis software.

The main outcome of the FPA test was the M-L and A-P deviation in mm of the
foot center to the center of the foam target. Further, walking velocity between T1
and T2 and quality aspects of the performance during the FPA test were assessed. For
the quality evaluation the number and percentage of contacts of the leading or the

subsequent foot with the target, and the use of the wrong foot were assessed.

5.2.6.2. Gait analysis

Spatio-temporal gait parameters were assessed with GAITRite® Platinum Version 4.0
software and the GAITRite® electronic walkway (CIR Systems, Havertown, USA) with
a sampling rate of 60 Hz [42-44]. The GAITRite® with an active area of 7.92 meters
length was extended with two 2.5 meters carpets at the beginning and at the end to
eliminate the effects of acceleration or deceleration and to allow for steady state gait
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target 1

target 2

foot marker

camera 2

camera 1

light marker

¢

=

J

116 cm 260 cm
-

184 cm

midline
|

e

calibration point

L = lateral distance

Figure 5.3 Set-up of the foot placement accuracy protocol. Subjects were required to walk along the pathway at self-
selected pace and place the right foot into target 1 (Condition 1 (a)), place the right foot into target 1 and the left foot
into target 2 (Condition 2 (b)), and additionally step over an obstacle lying between the two targets (Condition 3 (c)). The
target(s) appeared in two possible positions separated medio-laterally by 8 cm to prevent task familiarization (d). Video
still of camera 2 during stance phase used to evaluate the lateral and posterior distance error (e).
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assessment. Subjects were instructed to walk over the electronic walkway under four different
conditions: at self- selected comfortable walking speed (normal) and at a fast walking speed
(fast, as fast as possible without running) each with or without a concurrent cognitive task
(normalcog and fastcog), respectively. The additional cognitive task consisted in counting out
loud backwards by steps of seven from a three-digit number given by the investigator at the
start of each trial. For each walking condition three trials were collected, resulting in twelve
walks per participant. Subjects were allowed to wear their everyday footwear.

The temporal-spatial parameters recorded were: velocity (cm/s), cadence (steps/min), step
time (s), cycle time (s), stance time (s), single support time (s), double support time (s), and
step length (cm). Relative dual task costs (DTC) of walking were calculated as percentage of
loss relative to the single task walking performance, according to the formula DTC [%] = 100
X (single task score — dual task score)/single task score [45]. The effective DTC changes were

defined as the mean difference between pre and post intervention (ADTC).

5.2.6.3. Gaze behavior

ASL Mobile Eye, a head-mounted eye-tracking system (Applied Science Laboratories, Bedford,
USA) was used to assess gaze behavior during the FPA test. Based on the observation that
older adults prone to falling look away from a target location prior to heel contact on the floor
[7], the temporal-spatial gaze parameters were defined as: a) location of gaze at heel contact
(on/off target), b) the subsequent duration (milliseconds) of target fixation after heel contact,
or in case of a premature gaze shift c) the time elapsed between the early gaze shift away
from target and the heel contact (milliseconds). Gaze fixation was defined as a stabilization of
gaze in the environment for longer than 120 milliseconds [7]. The light cue, serving as a start
signal for the FPA test, was filmed by the eye-tracking camera and served as a marker for the
synchronization of the eye-tracking camera with the stationary cameras pointed towards the

targets.

5.2.6.4. Fear of falling
The Falls Efficacy Scale International (FES-I) questionnaire was used as a measure of concern
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about falling to determine the transfer effects of training to activities of daily living [46].

5.2.6.5. Statistical methods

A 75% attendance rate for the training sessions was set as the definition for being adherent
to the training program [47]. There were a total of 24 training sessions scheduled for each
individual in the study. Only those subjects who adhered to the training counted towards the
final results (per protocol analysis).

An average value of the M-L and A-P distance errors for each walking condition and target
in the FPA test, as well as for each spatio-temporal gait parameter of the gait analysis for
each walking condition, was calculated. Due to non-normality of the data a comparison at
baseline was undertaken using a Mann-Whitney U test. The Mann-Whitney U test was also
used to estimate group interaction effects (between-groups differences), after the twelve-
week training period. For this purpose the difference of the values pre and post intervention
for each subject were calculated and then compared. The effects size, r, was calculated as r =
Z//N (where Zis the approximation of the observed difference in terms of the standard normal
distribution and N is the total number of samples; r = 0.1, small effect; r = 0.3, medium effect;
and r = 0.5, large effect). A Wilcoxon signed rank test was used to compare within-group pre/
post data. The significance level was set at p < 0.05. A trend to significance was defined as 0.05

< p <0.10. Statistical computations were carried out with SPSS 19.

5.3 Results

A total of 22 participants (mean + SD age: 86.2 + 4.6 years) received the full allocated
intervention. Detailed information on subjects’ recruitment and reasons for loss are
presented in the flow chart (Figure 5.4). Table 5.1 shows demographic and clinical
characteristics of the sample. Eleven (50%) subjects were classified as having a high risk for
falling based on the presence of at least four of eight possible risk factors according to di
Fabio et al. [48]. No significant differences at baseline, neither in demographic nor in the
outcome measurements, were observed between the groups. No subject manifested a
severe impairment of vision.
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An average exercise compliance of 90.6% (21.7 out of 24 sessions) was observed. The DG
showed a compliance of 94.7% (22.7 out of 24 sessions) whereas the CG visited 86.9% of the

exercise sessions (20.8 out of 24 sessions).

Assessed for eligibility (n = 35) |

Excluded (n = 4)

Reasons: Mini-Mental Status Examination Score < 22
points (n = 2), hernia inguinalis (1 = 1), declined
participation (n = 1)

Randomized (n = 31)

Allocated to Dance Group (n=15) Allocated to Control Group (n= 16)

- Received full allocated intervention (n = 11) - Received full allocated intervention (n = 11)

- Did not receive full allocated intervention (n = 4) - Did not receive full allocated intervention (n = 5)
Reasons: low exercise compliance (<75%) (n=2), Reasons: low exercise compliance (<75%) (n = 2),
low motivation (n = 2) stroke/death (n = 1), dizziness (n = 1), relocation (n = 1)

Outcome Measurement: Walking (n =10
Outcome Measurement: Walking (n = 11) ~ Losses for test: (n = 1) 9 )
- Losses for test: none Reason: low motivation

Outcome Measurement: Footplacement Accuracy (n = 8) Outcome Measurement: Footplacement Accuracy (n = 9)
- Losses for test (n = 3) - Losses for test (n = 1)
Reason: reliant on walking device Reason: reliant on walking device

Figure 5.4 The Study Flow Chart

5.3.1 Foot placement accuracy

A summary of the FPA test is provided in Table 5.2. A more detailed illustration of the FPA
test data with the single target locations and conditions is provided in Table 5.3. The data of
17 participants were collected.

Between-group comparisons (all conditions and targets) resulted in no significant
differences of foot placement performance. Within-group comparison resulted in a
significant improvement in M-L foot placement performance (Z=-1.960, p = 0.05) in DG and
no changes in the CG.

The detailed results of the FPA test performance in A-P directions demonstrate an
increase in distance error for both the DG and CG. In Condition 3, for the CG even a significant
increase in A-P distance error from 8.34 to 18.75 mm was observed (Z =-2.100, p = 0.036).
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Median walking velocity during the FPA test significantly increased in the DG in ‘Condition 2’
from 53.0 t0 62.0 cm/s (Z=-2.371, p = 0.018), and the between-group comparison revealed

significant differences in favor of the DG (U=-2.122, p =0.034,r=0.51).

Table 5.1 Demographic baseline data of participants

Group Dance group Control group
No. of participants n N
Age (mean, SD) 86.9,5.1 85.6,4.2
Sex (female/male) 8/3 10/1
Heightin cm (mean, SD) 159.1,10.0 154.5,10.1
Weight in kg (mean, SD) 68.3,14.3 58.8,13.1
Mini-Mental Status? (mean, SD) 27.2,2.0 27.0,2.6

Vision
Vision aid (n / %) 5/45.4 4/36.4
Visual acuity® [MAR] (high / low contrast) 0.48/0.66 0.53/0.67
Melbourne Edge Test‘ [dB] (mode, range) 19,9-21 19,5-24

Fall Risk factors®(n / %)

Low BMI (< 23) 179 5/4
Slow walking speed (< 1.22 m/s) 11/100 11/100
Previous falls requiring medical attention none none
Falls in the last 6 months 179 3/27
3 or more prescription medications 7164 10/91
Cardiovascular medications 11/100 10/91
Anti-Anxiety medication or sedatives 3/27 3/27
Medication for dizziness none 179
(ategorized as ‘Faller’ 5/45 6/55

Notes: * Minimum score = 0, maximum score = 30 (higher scores indicate better cognitive functioning); ®log™ of the minimum angle resolvable
(MAR) in minutes of arc (-log™ (distance (3m)/lowest correct line)); ¢ Minimum score = 1, maximum score = 24 (higher scores indicate better edge
contrast sensitivity, 1dB =-10log™); ¢ Di Fabio et al 2001 [48]; A fall was defined as an event, which results in a person coming to rest on the ground

or other lower level.

Abbreviations: SD, standard deviation; arcmin, arcminute.
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Chapter Five
5.3.2 Gait analysis

The data of 21 subjects were collected for the gait analysis. The detailed results of the
spatio-temporal gait analysis are summarized in Tables 5.4 and 5.5. Significant between-
group differences where observed in the fastcog condition, where participants were
required to walk as fast as possible with a concurrent cognitive task. The DG showed a
significant increase in walking velocity (U = 26, p = 0.041, r = 0.45), and a decrease in
single support time (U = 24, p = 0.029, r = 0.48) compared to the CG. The within-group
comparison revealed significant walking performance improvements throughout all the
walking conditions for the DG. In contrast, in the CGimprovements in walking performance
were only observable for the normal and normalcog conditions.

Table 5.5 summarizes the results of the DTC of walking analysis. Significant between-
group differences for ADTC were observed for the parameter single support time for
both normal (U = 27, p = 0.049, r = 0.43) and fast walking speed (U = 26, p = 0.041, r =
0.45). Further, in the DG the aADTC decreased throughout all parameters in both walking
conditions from pre to post intervention. In contrast the CG demonstrated an increase in

ADTC values after the intervention when compared to baseline data.

5.3.3. Perceived fear of falling

The results of the FES-I questionnaire showed a reduction of concerns about falling in both
groups. In the DG the mean value (mean, SD) was lowered from 23.7 + 6.4 t0 21.8 + 5.0 and in the
CGthe mean value was reduced from 24.5 £ 4.2 to 19 + 4.1. Between-group comparison after the

twelve-week regimen resulted in non-significant (U= 38, p = 0.134, r=0.32) differences.

5.3.4. Gaze behavior
Substantial losses of participants for the analysis of the eye-tracking data were documented. From
the 17 participants who performed the FPA test only seven data sets were complete. Reasons for
the losses were mainly attributable to problems with the handling of the eye tracking system. For
the sake of completeness the gaze data is presented in Table 5.6 and not further referred to in
the following section.
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Foot placement accuracy and gait

Table 5.5 Results of dual task costs of walking analysis

Dance Group (n=11) Control Group (n=10)

Condition/Parameters
aDTC% Potin 2DTC% P Pretueen r

Normal walking speed
Velocity -8.22 0.16 +0.90 0.96 0.29 0.23
(adence -4.92 0.13 +2.85 0.80 0.15 0.32*
Step time -5.80 0.09° +2.00 0.88 0.25 0.27
(ycle time -5.68 0.09° +3.01 0.88 0.18 0.29
Stance time -6.69 0.11 +1.93 0.96 0.23 0.26
Single support time -3.60 0.06° +5.38 0.20 0.05* 0.43*
Double support time -9.51 0.18 -4.75 0.80 0.62 0.11
Step length -3.54 0.21 -252 0.65 0.86 0.04

Fast walking speed
Velocity -7.07 0.04* -3.05 0.88 0.29 0.23
(adence -4.35 0.09° +0.62 0.72 0.16 0.31*
Step time -6.27 0.08° +5.03 0.58 0.16 0.31*
(ycle time -6.02 0.08° +4.74 0.58 0.16 0.31*
Stance time -7.29 0.08° +5.36 0.58 0.16 0.31*
Single support time -3.51 0.21 +4.18 0.51 0.04* 0.45*
Double support time -13.42 0.03* +9.23 0.33 0.18 0.29
Step length -373 0.02% -292 0.72 0.83 0.05

Notes: Dual task costs are illustrated as the percentage of the mean difference between pre and post intervention (aDTC %), negative values repre-
sent a reduction of DTC, positive values represent an increase in DTC. * Significant within-group differences pre-post (p, . < 0.05) calculated with
Wilcoxon signed rank test, ° Trend to significance (p, ... < 0.10), * Significant between-group differences after intervention phase (p,,,...., < 0.05)
calculated with Mann-Whitney U-test, ° Trend to significance (p,,,,..., < 0.10). Abbreviations: p, . , p-value for within-group comparison; p, . ...

p-value for between-groups comparison; r, effect size (r= 0.1, small effect, “r= 0.3, medium effect).

5.4. Discussion

This randomized controlled trial was designed to test whether a twelve-week strength and
balance exercise regimen, that includes a dance video game as an additional cognitive
element, would lead to greater changes in measures of gait performance and fear of
falling, compared to strength and balance exercise alone. Although both groups attained
improvements in gait performance and were able to reduce their concerns about falling,
the results suggest positive interaction effects in favor of the dance video game group.
The finding of this study supports the notion that it is advantageous to combine physical
and cognitive training into clinical practice. The combination seems to have a positive
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influence on older adults walking abilities under dual task conditions in comparison to
more traditional exercise forms [17,18].

The most prominent differences between the training groups were observable in the
gait analysis. The CG demonstrated significant positive within-group changes of several
spatio- temporal parameters, however, merely in the single task condition and at preferred
gait speed (normal). Furthermore, this group exhibited a gain in velocity in the normalcog
condition. This merely confirms findings from a systematic review that a strength
and balance exercise regimen is able to preserve or improve walking abilities, even in
advanced age [49]. The goal of this study, however, was to improve walking behavior
under dual task conditions. The results of previous studies with similar groups, which
were performing progressive machine-driven resistance training complemented with
functional balance exercises, revealed no improvement of performance under attention-
demanding circumstances; e.g. no changes in the dual task costs of walking [50,51]. Daily
activities pose high cognitive demands and safe walking should be practicable also under
cognitive distractive or otherwise challenging conditions. The results of the DG show
significant positive within-group differences for most gait parameters also in the dual task
conditions normalcog and fastcog, thus confirming findings from previous pilot studies
with similar results for dual task related costs [27,30]. Furthermore, significant between-
group differences in the dual task condition fastcog were observed for gait velocity and
single support time in favor of the DG. Fastcog is the condition with the most challenging
motor and cognitive demands. In the present study the positive effect on DTC of gait,
represented by the decrease in ADTC values in the DG (Table 5.5), may be attributed to
the additional input provided by the dance video game. Thus, this substantiates the
hypothesis that an additional cognitive challenge should be preferably part of a training
program aiming to improve physical functioning in older adults, especially under dual
task conditions. Unfortunately, how gait under these conditions should be improved has
not yet been well-studied in general [52] and this study is one of the first that shows that
an improvement in dual task walking with an exercise intervention supplemented by a
video game is achievable.
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In the FPA test both groups revealed a more accurate foot placement in M-L direction
over all the walking conditions, however, only the DG manifested significant within-group
differences after the intervention. The better performance may be in part attributable to
improvements in walking and balance skills gained by the strength and balance exercises.
A higher postural balance confidence during swing phase of the gait cycle has possibly
enabled a more accurate targeting. However, a more efficient movement planning
and a possible change in visual scanning of the walking path have possibly led to the
better performance in the FPA test in favor of the DG. Interactive video games, like the
dance video game used in this study, require precise visuo-motor control, that is to focus
attention on the screen and the concurrent execution of controlled body movement and
the regulation of postural control.

Interestingly in this context is that expert action video game players were found to have
an improved spatial distribution and resolution of visual attention, a more efficient visual
attention over time and were able to attend a higher number of objects simultaneously
compared to non-players [53,54], thus allowing a better allocation of the attentional
resources over a visuo-motor task.

Interestingly, in both exercise groups the mean distance error in A-P direction
increased after the intervention. Participants were able to navigate quicker through the
test path thereby controlling their M-L direction walking deviation, however, suffered the
loss of accuracy in mean distance error in A-P direction. The higher inaccuracy in the A-P
direction may be in part explained by the higher walking velocity in the second test. It can
be suggested, that participants gave more priority to their walking performance (greater
velocity, larger steps) and their navigation towards the target in M-L direction, so that
their foot placement accuracy in A-P direction decreased (speed-accuracy tradeoff) [55].
The quality evaluation, however, shows in general a qualitative better performance in the
second FPA test with less shoe contacts with the targets (Table 5.2).

The reason to use a dance video game or video games in general, is mainly based
on the findings of a systematic review [17]. It is, however, also related to the numerous
advantages attributed to such a tool [25]. As known from the principles of motor learning,
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repetition is important for both motor learning and the cortical changes that initiate it
[56]. The repeated practice must be linked to incremental success at some task or goal.
A computerized intervention like the dance video game constitutes a powerful tool to
provide participant repetitive practice, feedback about performance and motivation to
endure practice [56]. In addition, it can be adapted based on the individual participant’s
baseline motor performance and be progressively augmented in task difficulty. Further,
the addition of a challenging video game has the potential to engage people who
otherwise would lack of interest to participate in a physical exercise regimen. Especially
in the older population it is difficult to maintain high adherence to training programs
[57]. The participants of the present study showed excellent compliance rates. The losses
related to low exercise compliance or low motivation (n = 4) in the DG were caused by
animosities between the participants of one training group and in part by not perceiving
any changes in performance level at the half of the study. The reasons for discontinuation
of training were not because of rejection of the dance video game per se. The DG members
were motivated by the additional playing of the video game at the end of every training
session. The CG members were motivated by the assurance that after the end of the
intervention they had the opportunity to include the dance video game in their exercise
program as well. In both hostels, the training sessions with the additional dance video
game were pursued also after the study ended.

The high acceptance of the dance video game usedin our study seems at variance with
reports of elderly being rather skeptical towards using commercially available games in
a hospital setting [58]. We think that this is partly explainable due to the modifications
made to the original dance video game free-ware StepMania. The information on the
screen was reduced to a minimum and the music was chosen according participants’
taste. In general, commercially available video games are often not adapted to the
needs and preferences of older adults, since they are designed for children and young
adults. The games are not easy to comprehend and the screens are flashing. This might
be one of the reasons why some commercially available video games are rather disliked
by older adults [58].
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5.4.1. Limitations of the study

The present study contains some limitations that have to be discussed. A limitation of
the FPA test is that different shoe sizes of the participants are not accounted for. The
further development of the FPA test protocol should consider foot size by using different
sized foam targets. We assume that a subject with small feet has more free space in the
target area to place his/her foot before touching the border of the target resulting in a
potentially higher risk of becoming variable in the accuracy performance. On the other
hand the larger the foot the smaller the free space between foot and border of the target.
A subject with large feet will not have a comparable amount of potential variability of
distance errors as the person with small feet.

An obvious limitation of our study is the rather small sample size. This study, therefore,
only reveals first estimates for these measures and warrants further research in larger
populations. When evaluating the validity of a study it is important to consider both the
clinical and statistical significance of the findings [59]. Studies that claim clinical relevance
may lack sufficient statistical significance to make meaningful statements or, conversely,
may lack practicality despite showing a statistically significant difference in treatment
options. Researchers and clinicians should not focus on small p-values alone to decide
whether a treatment is clinically useful; it is necessary to also consider the magnitude(s)
of treatment differences and the power of the study [59]. Encouraging in this context is
the observation that the majority of the between-groups comparisons show medium or
medium-to-high magnitude(s) of treatment differences. This in mind, the relationship
between physical and cognitive training research and its effect on gaitin elderly individuals
requires further exploration. Future adequately powered studies with similar populations
should, therefore, be performed to substantiate our assumption and findings.

The suggested link between the observed improvement in the physical tests after the
intervention and influences on cognitive processes in the brain is as of yet still speculative. A
necessary next step would be to investigate the isolated effects of the video game on measures
of cognitive functioning. Since improvements were observable in physical performance under
attention-demanding circumstances it seems plausible to hypothesize that these changes
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may rely, at least in part, on functional or even structural changes in the brain. A recently

published study protocol [60] might be able to provide some insights on this topic.

5.5. Conclusions

Our results support previous larger studies that strength and balance exercise may lead to better
walking performance in older untrained subjects. Integrating a cognitive training component
in addition, results in further improvements in those walking tasks that are related to cognitive
functions. Enhancements in walking performance under dual task conditions were observed
for the dance video game group only. Our findings suggest that the addition of this particular
program to traditional strength and balance exercises may result in improved outcomes for older
people. An exercise program that aims to improve physical functioning in older adults under
dual task conditions should also consider a cognitive challenging element, preferably in form of

an interactive video game adapted for older adults, in addition to strength and balance exercises.
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Abstract

Introduction: This study assessed the test-retest reliability of a foot placement accuracy
protocol in assisted-living elderly. The goal is to evaluate the execution of foot placement
performance with increasing complexity of the walking condition.

Methods: Twenty-five elderly (5 males, 20 females, 80.4 + 8.6 years) were assessed by
one observer in two sessions with 48 hours as time interval between the measurements.
Participants walked at self-selected pace along a pathway with three different walking
conditions composed by two rectangular foam target locations and an obstacle on
the walking surface. The main outcome measures were foot placement distance error,
intraclass correlation coefficients (ICC), and the smallest detectable difference (SDD).
Results: Mean absolute values of the foot placement distance errors were 14.0 + 4.5 mm for
medio-lateral deviation and 27.2 + 2.1 mm for anterior-posterior deviation, respectively.
ICC values for test-retest reliability showed ‘fair to good’ to ‘excellent’ reliability across all
conditions with values ranging from 0.63 to 0.94. SDD values lie between 3.6 and 37.3 mm.
Conclusion: The protocol showed good reliability for test-retest measurements of foot
placement accuracy, thus making this protocol a reliable and location-independent tool
to assess performance of foot placement in elderly in assisted-living settings. In the future,
measurements with elderly fallers and non-fallers should be conducted to assess validity
of the protocol.

Keywords: test-retest, reliability, foot placement, elderly, video analysis
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The majority of falls in the elderly occur during activities of postural transition such as
walking [1]. Controlled placement of the foot on the walking surface is essential for safe
walking, especially in challenging environments. Because increased stride- to-stride
variability [2] and decreased foot placement accuracy [3,4] are typical features of the
aging process, the elderly are at greater risk of tripping or falling.

Accurate positioning of the foot requires appropriate planning and execution of the
movement, as well as cognitive skills such as visual scanning, attention and problem solving
[5]. It has been demonstrated that elderly people that are prone to falling generally show
greater foot placement variability compared to younger adults [3]. The elderly apparently
need more time to plan accurate steps into a target due to longer eye fixation times on
the target compared to younger adults [4]. In the past there have been some attempts
to assess foot placement accuracy in elderly populations [5-8], however these have not
included quantification of the performance. Foot placement accuracy performance was
defined by whether or not the participant stepped onto a target area on the floor [5-7], or
by measuring the foot placement accuracy error in the anterior-posterior (A-P) direction
only [8].

Chapman and Hollands [3,4] in contrast, designed a protocol that enabled the
assessment of foot placement accuracy in both A-P and medio-lateral (M-L) directions.
The goal of their protocol was to evaluate the planning and execution of foot placement
with increasing complexity of the walking condition. This foot placement protocol proved
to be able to discriminate between elderly with a low-risk and a high-risk for falling.
However, the use of this protocol is dependent on dedicated gait analysis infrastructure
and, therefore, restricted to gait analysis laboratories. Further, the time required to
complete the protocol limits the use of this protocol in clinical practice [9].

Critical to the further development of therapies and interventions are easy-to-use devices
that can be applied in clinical and (care) home settings [10]. Compared to other motion
measurement devices, digital cameras have the advantage of being lightweight and
portable, thus permitting data collection in a home environment. Consequently, they
seem ideal for extending our understanding of foot placement and gait, and the causes
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of elderly gait problems in real-life conditions, and ultimately facilitate the choice or the
development of appropriate physical treatment.

To be clinically useful, an assessment procedure must have a small measurement error
to detect a real change in an individual. A test-retest difference in a patient with a value
smaller than the standard error of the measurement (SEM) is likely to be the result of mea-
surement noise and is unlikely to be detected reliably in practice; a difference greater
than the smallest detectable difference (SDD) is highly likely (with 95% confidence) to
be a real difference [11].

We conducted this study to investigate the reliability of a foot placement accuracy
protocol in an assisted-living elderly population with mobile equipment, to identify
the SEM, and the SDD. To the best of our knowledge no evaluation of reliability of the

foot placement protocol in assisted-living settings has been published so far.

6.2. Methods

6.2.1. Study design

This study was designed as a test-retest study where all subjects were tested by the
same observer. Two trials were executed on two different days with 48 h between
the measurements. The study protocol was approved by the local ethics committee.
All participants received written and oral information and were requested to sign an

informed consent statement.

6.2.2. Subjects recruitment

Letters with an explanation of the study process and its aims were sent to the residents
of two senior hostels (total: 155). 31 residents (20%) evinced interest and were
assessed for eligibility. Inclusion criteria were age over 65 years, residential status, the
ability to walk independently for at least 10 m. Exclusion criteria were severe cognitive
impairments (Mini-Mental Status Examination Score (MMSE) < 22 points), rapidly
progressive or terminal illness, acute illness or presence of an unstable chronic illness.
6.2.3. Test procedures
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The protocol used to assess foot placement accuracy was a modification of
a previously described protocol [4,12]. Subjects were instructed to walk at self-
selected pace along a path with three different obstacle conditions (Figure 6.1 a-c):
‘Condition 1’ (C1) required subjects to place their right foot onto target 1 (T1); in
‘Condition 2'(C2) subjects were required to place their right foot onto T1 and the
left foot onto target 2 (T2); ‘Condition 3’ (C3) additionally required stepping over an
obstacle placed between the two targets. The targets and the obstacle were made
of soft foam material. The targets were rectangular (target area (TA): 190 mm x 415
mm) and comprised a raised border (40 mm x 40 mm x 40 mm). Dimensions of the
obstacle were 170 mm X 670 mm x 25 mm. 170 mm corresponds to the ideal height
of a staircase step as defined by the Federal Authorities of the Swiss Confederation.
Subjects performed ten repetitions for each walking condition, resulting in a total
of 30 trials per person. Compared to the original protocol the number of trials was
halved since we expected to have older participants with on average less optimal
physical abilities compared to the elderly in the reference studies [4,12].

Prior to the start of each trial subjects stood with their back to the walking path,
facing a wall, to limit knowledge of the pathway during adjustments of the target
position by the investigator. The target(s) appeared in two possible positions (A or B)
separated medio-laterally by 8 cm (Figure 6.1 d), an adaptation to the protocol based
on the results of Young and Hollands [12]. The presentation of the target positions
was randomized and of equal number for each condition. The presentation of the
walking conditions was not randomized.

After a verbal signal by the supervisor, subjects turned toward the pathway.
From a labeled starting position they began to walk over the path at a self-selected
pace. Subjects were verbally instructed prior to each change of walking condition to
place their foot as accurately as possible in the middle of the TA and were allowed to

perform two rehearsal walks for each condition.

151



Chapter Six

6.2.4. Data acquisition

To assess participants’ foot placement performance on the targets, adhesive labels
were placed on both shoes at calcaneus level for A-P estimation and on the level of
the head of the fifth metatarsal for M-L estimation (Figure 6.1 e). During each trial, the
targets were recorded by two stationary video cameras (Contour HD 1080p, chosen for
shooting sharp, high resolution 1080p HD video) at a sampling rate of 30 Hz. Video data was
analyzed with Vicon Motus (Version 9.2) with an accuracy of 4.30 mm (A-P)/ 1.12 mm (M-L),
and a precision of 3.39 mm (A-P)/0.87 mm (M-L), respectively. Short video sequences (4
to 5 frames) of the heel strike moment onto the target were imported into the software
(Figure 6.1 e).

First, the spatial coordinates of the TA were determined for spatial calibration. Following
this, four reference points (P,~P,) were selected, where P, represents the point of origin. P,
and P, represent the extension of the medial and frontal boarder of the target, respectively.

Second, the M-L and A-P distance of the foot markers to the previously defined
coordinates of the TA were calculated by the software. Finally, for the assessment of foot
placement performance, the M-L and A-P deviation of the foot center to the center of the
foam target was determined. For this purpose, the contour of the participants’ shoe sole
were traced on a sheet of paper, thus allowing identification of the foot center, which was
defined as the midpoint between heel and toe for A-P error and the midpoint between the
lateral marker and the proximal shoe border for M-L error. The foam targets were marked
with two black triangles (Figure 6.1 e), serving as calibration points to read in the dimensions
and to determine spatial orientation of the target by the video analysis software. The shape
of a triangle was chosen to facilitate identification and marking of the calibration points on

the video file.

6.2.5. Statistical analysis

The mean M-L and A-P absolute distance errors of the foot center to the target center
were calculated for each target under each condition. Normality of the data was analyzed
with the one sample Kolmogorov-Smirnov test.
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target 1
camera 1
™ @
camera 2
foot marker
C
116 cm
184 cm

target 1

po = posterior distance
la = lateral distance
@ = calibration points

Figure 6.1. Set-up of the foot placement accuracy protocol. Subjects were required to walk along the pathway at self-selected pace and place the

y target 2

right foot into target 1 (Condition 1 (a)), place the right foot into target 1 and the left foot into target 2 (Condition 2 (b)), and additionally step over
an obstacle lying between the two targets (Condition 3 (c)). The target(s) appeared in two possible positions (A or B) separated medio-laterally by 8
cm to prevent task familiarization (d). Video still of camera 2 during stance phase used to evaluate the lateral (Ia) and posterior (po) distance error (e).
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Heteroscedasticity of the data was assessed by calculating the square value of Pearson’s
correlation coefficient (r?) between the absolute measurement differences (measurement
1 - measurement 2) and the respective means. Values of r> above 0.1 indicate
heteroscedasticity. Negative values or values below 0.1 indicate homoscedasticity.

Bland-Altman plots were created for the visual inspection of heteroscedasticity
[13,14]. If heteroscedasticity was present, data was transformed to the logarithms of
base 10 for the calculation of the reliability parameters [15]. For the relative measures of
test-retest reliability the two-way random intraclass correlation coefficients (ICC,) with
absolute agreement were calculated. 95% confidence intervals (95% Cl) for each target
and condition were determined. The interpretation of the ICC,, values was based on the
benchmarks suggested by Shrout and Fleiss (>0.75 excellent reliability, 0.4-0.75 fair to
good reliability, <0.4 poor reliability) [16].

To examine if a significant systematic bias existed between the test and retest and
as needed for the subsequent calculation of the absolute indices of reliability a two-
way analysis of variance (ANOVA) was performed [17]. SEM was estimated with: SEM
= SDV1 - ICC,,) where SD is the standard deviation of the scores from all subjects
(determined from the ANOVA: v/SS__ /(n - 1)) and ICC,  is the reliability coefficient.

total

SS,..., is the total sum of squares derived from the ANOVA. SDD was calculated with

the formula SDD = SEM x 1.96 x /2 [18]. All statistical analyses were performed with SPSS

Statistics 19. Significance level was set at a = 0.05 (2-tailed).

6.3. Results

25 subjects were recruited and signed informed consent statements. The participants’
characteristics are summarized in Table 6.1. 25 subjects, with a mean age of 80.4 years
(range 66 to 94 years), completed both measurements. From the thirty subjects who
evinced interest to participate, four were excluded for not meeting the inclusion criteria
(walking device (n=2), MMSE score < 22 (n = 1) or too frail (n = 1)) and one person declined
to participate after the first measurement.

Data sets for A-P distance error for T1 in C1, M-L distance error for T1 in C3, and A-P
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distance error for T2 in C2 were heteroscedastic and were log-transformed to base 10 for
calculation of the reliability parameters.

Mean absolute values and ranges of both measurements, their mean difference
with corresponding limits of agreement and 95% Cl, and the results of the ANOVA are
reported in Table 6.2. Data for A-P distance error for T1in C3 (p = 0.04) and for M-L distance
errors for T2 in C2 (p = 0.05) revealed significant differences between the measurements.
Mean absolute values of the foot placement distance errors combining all experimental
conditions and both measurements were 14.0 + 4.5 mm for M-L deviation and 27.2 £ 2.1
mm for A-P deviation, respectively.

The results of the reliability measures and agreement parameters are shown in
Table 6.3. ICC,, values show ‘fair to good’ to ‘excellent’ reliability results across all
conditions with values ranging from ICC, 0.63 to 0.94. SDD values lie between 3.6
and 37.3 mm. In proportion to the size of the TA, the SDD values range from 1.9% (3.6
mm) to 7.0% (13.3 mm) for M-L distance error, and from 0.87% (3.6 mm) to 9.0% (37.3

mm) for A-P distance error. The Bland-Altman plots are presented in Figure 6.2.

Table 6.1 Demographic data of participants

No. of participants 25
Age (mean, range) 80.4,66—94
Sex (female/male) 20/5
Height (m) (mean, range) 1.61,1.37-1.78
Weight (kg) (mean, range) 67.0,47.1-92.7
Mini-Mental status® (median, range) 28,24-30
FES-I° (median, range) 17,16-24
Walking assistance (cane) n (%) 3(12%)
Falls¢in the last 6 months n (%)

One 7(28%)

More than one 2(8%)
Previous falls requiring medical attention 1
Hypertension n (%) 13 (52%)
Arthropathy n (%) 8(32%)
Osteoporosis 1 (%) 4(16%)
Diabetes n (%) 4(16%)
Cardiac insufficiency n (%) 3(12%)

Minimum score = 0, maximum score = 30; higher scores indicate better cognitive functioning.
b FES-I: falls efficacy scale-international; minimum score = 16, maximum score = 64; lower scores indicate less fear of falling.
¢ Afall was defined as an event, which results in a person coming to rest on the ground or other lower level.
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Table 6.3 Reliability measures and agreement parameters (sample size n = 25)

Reliability Agreement

measures parameters
- S 95% (I SEM SDD
Condition Target Direction ICC,, forlCC,, (mm) (mm)
1 T M-L 0.70 0.31,0.87 4.7 13.0
1 T A-P 0.66 0.24,0.85 17 438
2 T M-L 0.85 0.66,0.93 48 133
2 T A-P 0.89 0.74,0.95 6.3 17.5
2 12 M-L 0.88 0.71,0.95 47 13.0
2 12 A-P 0.85 0.65,0.93 13 36
3 T M-L 0.78 0.50,0.90 13 36
3 T A-P 0.83 0.61,0.93 9.5 26.4
3 12 M-L 0.94 0.85,0.97 2.7 74
3 12 A-P 0.63 0.14,0.84 134 373

Abbreviations: Condition 1: one target; Condition 2: two targets; Condition 3: two targets plus obstacle; T1 & T2: target 1 or 2; M-L
& A-P: medio-lateral or anterior-posterior distance error of foot center to target center; ICC, : intraclass correlation coefficient (two-
way random with absolute agreement); SEM: standard error of measurements in mm; SDD: smallest detectable difference in mm.

6.4. Discussion

The purpose of this study was to determine the test-retest reliability of the
modified foot placement accuracy test with mobile equipment applied with a
healthy elderly population in assisted-living settings. The results show ‘fair to
good’to ‘excellent’reliability parameters, thus making this protocol a reliable tool
to assess performance of foot placement in healthy elderly people in assisted-
living settings.

Our study population was representative of a typical population in senior care
homes when the demographic variables are considered. A wide age range (66-94
years), high percentage of women (80%), and MMSE scores ranging from 24 to
30 points, that is from the edge to mild cognitive impairments to no cognitive
impairments. This indicates our results can be generalized to comparable
populations of elderly people in clinical settings.
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In this study we used the ICC,, with corresponding 95% Cl to estimate relative
reliability. We observed prevalently ‘excellent’ ICC,, values for C2 (ICC,, = 0.85-0.89)
with narrow 95% Cl values ranging from 0.65 to 0.95. In contrast C1 and C3 showed
ICCZ,k values between ‘fair to good’ and ‘excellent’ (ICCM =0.63-0.94) but wider ranges
of corresponding 95% Cl (range from 0.14 to 0.97). Therefore it seems plausible to
assume that C2 is the more reproducible condition for elderly people.

The reason for these results could be that participants made use of C1 to acclimatize
to the test. This could be interpreted as a need for more rehearsal trials ahead of the
actual testing. C3 was more complex than C2 since participants were required to
decelerate, take a step over the obstacle and accelerate toward T2. Since the mean
age of our participants was 80.4 years it is plausible to think that C3 posed a more
challenging condition for some of the participants compared to others, explaining
the high variability of the results and the low reproducibility of the performance. It
could also be argued that some participants, especially the older ones, felt tired after
the first two conditions, which may have caused inaccuracies during walking. C2 on
the other hand, represented a more constant and rhythmical condition since it did not
require any changes in pace.

To detect relevant changes in performance of foot placement accuracy on an
individual level in clinical practice, the changes should exceed the SDD values
presented in Table 6.3. However, it is difficult to say whether the SDD values are
adequate to detect clinically meaningful differences on an individual level following
an intervention. At present the data used to categorize individuals as being at high-
risk for falls based on their foot placement accuracy, is poor and reported somewhat
contradictorily. Chapman and Hollands observed similar high values for foot placement
distance errors for both young adults and for elderly people prone to falling [3]. Their
values are in line with the values in our study over all test conditions. Interestingly,
elderly people with a low-risk for falls manifested lower values for distance errors,
which could be interpreted as a more accurate performance. In contrast, in the study
published in 2007, high-risk elderly people showed lower values for distance error
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compared to both the low-risk and the young group [4]. This is one of the reasons why
further research should aim to acquire a broader collection of data in clinical settings.

One limitation of the protocol was that participants’ different foot sizes were not
accounted for. We assumed that a subject with smaller feet had more free space in the
TA to place his foot before touching the border, resulting in a potentially higher risk
of becoming variable in accuracy performance. On the other hand the larger the foot,
the smaller the free space between the foot and the border of the target. Therefore, a
subject with large feet may not have a comparable amount of variability in distance
errors as a person with smaller feet. A further development of the test protocol should
consider foot size by using different sized foam targets for instance. The small bias
from test to retest suggests learning effects of the protocol and can therefore be
considered as another limitation. Learning effects negatively influence reliability and
might be prevented by increasing the number of practice trials [19]. In frail elderly
people however, extensive testing might also cause systematic bias. A solution for this
problem might be the performance of several trials taken over several days in order
to control for learning effects. Furthermore, the occurrence of trial-to-trial learning

effects should be limited by a randomized presentation of the walking conditions.

6.5. Conclusion

This study showed good reliability for test-retest measurements of the foot placement
accuracy protocol, thus making this protocol a reliable and location-independent tool
to assess performance of foot placement in groups of elderly people in assisted-living
settings. However, the study should be repeated, taking into account the improvements
of the protocol as suggested in the limitations, and preferably with a sample of non-fallers

and frequent fallers to assess the ability to differentiate between these groups.
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Chapter Seven

Physical and cognitive decline are amongst the many factors that are thought to be
responsible for the increased fall risk in the older population. In the last few years the
awareness of the link between cognitive decline and the decline of physical functioning,
i.e. the decrease of walking abilities or impaired postural control, has given rise to novel
approaches for the prevention or reduction of the occurrence of falls in older adults.
In particular, cognitive decline that affects complex cognitive structures such as the
executive functions has been made responsible for the higher fall rate in older adults. The
many observations made in dual task experiments comparing younger with older adults
has led to the suggestion that a cognitive-motor approach should preferably be part of an
effective fall prevention training program.

This doctoral thesis discusses approaches that require consideration with a view to
including a stimulating cognitive factor to fall prevention training programs. Further, this
thesis aims to investigate the current state of research into using cognitive elements in
fall prevention or interventions with the aim of improving physical functioning in older
adults. Based on these findings, two intervention trials with a randomized controlled
study design that used a cognitive-motor approach with residents of four senior hostels in
Switzerland were performed. The objective of these studies was to examine the feasibility
and acceptance of the cognitive-motor approach, and to assess the benefits to the
participants of the cognitive-motor training program of including additional computer
game dancing in progressive strength and balance exercises, compared with those who
only received usual care or performed only strength and balance exercises. In this chapter
the main findings of the literature investigation and of the experiments are summarized
and discussed. In a second step methodological issues and clinical implications are

addressed. To conclude, future perspectives and conclusions are presented.

7.1. Main findings

7.1.1.The current use of cognitive-motor techniques for rehabilitation (Chapter 2 & 3)
There is limited current evidence on the effectiveness of cognitive or cognitive-motor
approaches on physical functioning with the objective of reducing the occurrence
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of falls in older adults. The many pilot or case studies traced by the systematic review
(Chapter 3) clearly indicate that the use of cognitive or cognitive-motor approaches
to influence physical functioning in older adults is still in its fledgling state. Although
numerous studies have detected the dual task performance deficiency of older adults in
the past, surprisingly, there seems to be an inexistent practical use of dual task methods
in the context of intervention studies for rehabilitation purposes. The systematic review,
together with the conclusions of the theoretical discussion offered in Chapter 2, conclude
that approaches using computerized gaming techniques are the most convenient
methods to be used for the implementation of cognitive elements in a training program
with the aim of simulating a dual task condition. As early as the late 1990s, computerized
gaming techniques had begun to be developed and to be considered as a potential tool
for physical rehabilitation. Computerized gaming techniques were suggested to be able
to enhance the way older adults perceive their bodies within their environment, due to
the concordance of visual and proprioceptive information during training [1].

Computer games offer almost unlimited possibilities to implement into a training
program challenges that are close to reality. They provide scenarios that stimulate and
induce naturalistic movement and behaviors in a safe manner and they can be easily
shaped and adapted to the individual needs of the target subjects. Further, they provide
sufficient gaming experience to distract the subject’s attention from motor insecurities or
pain. To date the majority of the computer games for motor rehabilitation purposes are
found in the treatment and care of stroke patients, people with acquired brain injury, and
Parkinson’s disease sufferers [2, 3]. The aim of these studies in general is to rehabilitate
movements of upper and lower extremities that are important for activities of daily
life. With the help of computerized interventions the therapy sessions are motivating,
improvements in performance can be easily recorded and the level of difficulty can be
adjusted individually. The main finding of the systematic review is that to date there is
an insufficient application of cognitive or cognitive-motor interventions with the aim
of improving physical functioning. Further, computerized interventions for older adults
have to date seldom been applied or reported. Thus, the performance of experiments
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and interventions using a cognitive or a cognitive-motor approach that uses interactive

computerized technologies is a justifiable and desirable objective.

7.1.2. The effects of a cognitive-motor intervention on voluntary step execution in
older adults (Chapter 4)

The execution of a timed voluntary stepping response is essential for tasks that demand
avoidance of a threat or recovery of balance during walking or whilst performing postural
transitions. It has been observed that individuals who require more time to initiate and
execute a step are at greater risk of falling [4-6]. In older adults the ability to execute a
quick step response further decreases in attention-demanding situations [7, 8].

The randomized controlled pilot study presented in Chapter 4 focused on the
evaluation of the effects of a twice-weekly exercise program enhanced by supplemental
computer game dancing for 12 weeks (n = 9) in comparison to usual care (n = 6) in older
adult residents of two senior hostels in the city of Zurich. Furthermore, the study examined
the feasibility and the potential to recruit and retain elderly subjects.

For the first time this intervention study revealed temporal improvements in voluntary
step execution under dual task conditions in older adults. The between-group comparison
resulted in a significant decrease of step initiation time (U =9, p = 0.034, r = 0.55)
and step completion time (U = 10, p = 0.045, r = 0.52) in favor of the cognitive-
motor group. Additionally, the study participants showed an excellent mean compliance
rate of approximately 87%, thus substantiating the suggestion that a cognitive-motor
intervention that includes progressive strength and balance exercises supplemented by

an interactive dance video game is feasible and appreciated by older adults.

7.1.3. The effects of a cognitive-motor intervention on foot placement accuracy and
gait under dual task conditions and falls efficacy in older adults (Chapter 5)

Intact walking abilities are certainly one of the mostimportant factors for the preservation
of autonomy and independence in everyday life. The accurate positioning of the foot onto
afootpath, forinstance, is a crucial ability to ensure safe walking. It enables the avoidance of
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missteps and the handling of potential threats to postural stability. Furthermore, reduced
gait abilities under attention-demanding conditions, and the slowing of usual gait velocity
are associated with a higher risk of falls and with a decline in attention and psychomotor
speed [9, 10]. It has even been suggested that improvements in usual gait velocity predict
a substantial reduction in mortality [11]. Both the decreased foot placement accuracy and
the general reduced walking abilities are often reported as common symptoms of the
natural aging process. In this regard, fear of falling is a frequently reported concern in
older adults, especially in individuals who have already experienced a fall, and can lead to
a further decrease in activity of daily life, a further decline in physical functioning and to a
general decrease in quality of life [12, 13].

Chapter 5 highlights the effects of a 12-week randomized controlled intervention
study of residents of two senior hostels regarding foot placement accuracy and gait under
dual task conditions, coupled with fear of falling. The participants either performed a
cognitive-motor program that comprised twice-weekly progressive strength and balance
exercises with supplemental computer game dancing (n = 15) or progressive strength
and balance exercises alone (n = 16). Although both groups attained improvements in
foot placement and gait performance and both were able to reduce their concerns about
falling, the results of this study suggest positive interaction effects in favor of the cognitive-
motor group. The cognitive-motor group achieved significant positive within-group
differences for most gait parameters assessed under both single and dual task conditions.
Furthermore, significant between-group differences for gait velocity (U = 26, p = 0.041,
r = 0.45) and single support time (U = 24, p = 0.029, r = 0.48) under dual task conditions
in favor of the cognitive-motor group were observed. However no significant between-
group differences were found for foot placement accuracy after the intervention — only
the cognitive-motor group exhibited significant positive within-group differences after
12 weeks. The results suggest that a cognitive-motor intervention may have a positive
influence on dual task walking abilities in older adults compared to a traditional exercises
regimen. The addition of a cognitive training component results in further improvements
in those walking tasks that are related to cognitive functions.
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7.1.4. The test-retest reliability of the foot placement accuracy test (Chapter 6)
Knowledge of data reliability allows the use of a system in observational and interventional
type studies. The study presented in Chapter 6 assessed the test-retest reliability of a foot
placement accuracy protocol performed with mobile equipment in assisted-living elderly.
One observer assessed twenty-five elderly residents of two senior hostels in two sessions
with a 48-hour time interval between measurements. Participants walked at a self-
selected pace along a pathway with three different walking conditions composed of two
rectangular foam target locations and an obstacle on the walking surface. The analysis of
the foot placement performance was performed by the help of commercially available
digital video cameras and software able to identify the spatial position of objects and to
calculate relative distances to other objects based on video data. The results show ‘fair to
good’ to ‘excellent’ reliability parameters and SDD values in a small range, thus making
the foot placement accuracy test protocol a reliable tool to assess performance of foot
placement in healthy elderly in assisted-living settings.

However, it is difficult to say whether the SDD values are adequate to detect clinically
meaningful differences on an individual level following an intervention. Therefore, further
research should aim to acquire a broader collection of data, especially with groups of non-

fallers and frequent fallers, in clinical settings.

7.2. Methodological issues

7.2.1. Systematic review (Chapter 3)

Although the primary objective of the review was to identify intervention studies
using cognitive or cognitive-motor interventions affecting physical functioning in an
older population, studies including people with neurological deficits were considered
as a methodological supplement with the intention of receiving useful inputs for the
application in studies with older adults. People with neurological deficits as a cause of
brain dysfunctions behave very similarly to older adults, although the causes of the deficits
are different. Whether brain functions are lost through a sudden accident or through slow
and gradual decline, as it is in older adults, both result in more or less the same behavioral
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symptoms and deficits, that is slowing of gait together with variability of temporal
and spatial gait parameters under single and dual task situations. The consideration of
other groups for the systematic literature search turned out to be fundamental for the
methodological content and the completeness of the review, since a majority of the

studies were conducted with older adults not in full health.

8.2.2. Randomized controlled pilot study (Chapter 4)

The small sample size definitely hinders the generalization of the results reported for the
pilot study presented in Chapter 4. Presumably, a larger sample size in both the cognitive-
motor and usual care group would have led to different results. The rationale for the
performance of this pilot study was purely scientific. Besides estimating possible effects
on physical functioning and the feasibility of a cognitive-motor approach the study was
concerned with the assessment of treatment safety, the determination of dose levels and
response. As Thabane, L. et al., stated [14]: “Pilot studies can be very informative, not only
to the researchers conducting them but also to others doing similar work. However, many
of them never get published, often because of the way the results are presented. Quite
often the emphasis is wrongly placed on statistical significance, not on feasibility — which
is the main focus of the pilot study.”

Certainly, an effective replication of the study should not only consider a larger number
of participants but also additional clinical meaningful measures of physical performance
such as the Expanded Timed Get-Up-and-Go test (ETGUG) [15], the Berg Balance Scale
[16], or the Activities-specific Balance Confidence Scale (ABC) [17]. These assessments may
contribute to a better and more comprehensible estimation of the effects observed on
the voluntary step execution task.

The comparison of the cognitive-motor group with a control group that received
only usual care is not recommendable by implication. It remains unclear whether
the positive results were a consequence of the additional dance computer game
alone, or of the cognitive-motor intervention as a whole. Therefore, the randomized
controlled study presented in Chapter 5 focused on separating the contribution of
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the isolated training parameters, i.e. progressive strength and balance exercise and
interactive computer game dancing.

Nevertheless, the comparison reveals obvious deficiencies in the usual care
management in senior hostels. The two hostels considered for this pilot study lacked a
systematic physical exercise program as well as appropriate infrastructures to perform
physical activity for the resident older adults. This isa common problem in Swiss residential

settings [18].

7.2.3. Randomized controlled study (Chapter 5)
From the viewpoint of the assessments performed in the context of the study presented
in Chapter 5, some methodological issues need to be discussed. One major limitation
of the study is the absence of complete gaze behavior data during the foot placement
accuracy test. This substantial data deficiency makes it impossible to draw a relationship
between the improvements in the foot placement accuracy task and a possibly changed
gaze behavior as suggested by the reference studies [19-21]. Not only were technical
problems experienced, but also several age-related difficulties (vision problems) that
hampered the use of the eye-tracking system, thus bringing up the question whether
such an eye-tracking system is suitable for adults in this age category. In a future study
subjects who are not able to walk without glasses, subjects suffering from head tremor, or
those who have hanging eyelids should be excluded from the measurements.
Furthermore, some modifications in the foot placement accuracy test are necessary.
Participants were told to face a wall prior to the start of the test to prevent pre-walking
adjustments when aware of the targets’ medio-lateral position. After the visual start signal
appeared they performed a body turn of 180° towards the walking path. This body turn
could have been the origin of unwanted vestibular effects and may have influenced
the performance of the foot placement accuracy test. Nonetheless, as the time needed
to perform the body turn and perform the first step was not limited, the occurrence of
unwanted vestibular effects and its influence on performance can be disregarded. In
contrast, the participants in the reference studies [19-21] were told to close their eyes to
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prevent catching a premature view of the walking path. Closing and opening the eyes may
also have an influence on the vestibular system, since participants begin to walk during
the light adaptation phase of the eye. A possible method of avoiding both unwanted pre-
start effects is the use of an easily removable wall on wheels between the participant and
the walking path.

From the viewpoint of the exercise program there is no need to change the design of
the cognitive-motor intervention used in this study. Participants very much enjoyed the
physical exercise as well as playing the dance video game. Some participants involved
in the performance of the dance video game suggested that the music could have been
more diversified, but this was reported as a minor issue. However, suggestions of this kind
should be taken seriously, since they may influence adherence to the training program
and the results of the study.

As in the pilot study offered in Chapter 4 the randomized controlled trial presented
in Chapter 5 showed small sample sizes although numerous residents attended the
recruitment events. For future studies the participant recruitment process should
be more focused on establishing a personal relationship between the investigators
and the residents of the senior hostels, right from the start. The support of the hostel
staff is therefore crucial, as they know the residents and are able to convince potential
participants in case of concerns about the participation to the study. The presentation of
videos and pictures of previous studies showing participants during the performance of
the training program is definitely helpful to provide confidence and assure that the study
is safe and especially designed for the older population. Having been more conscious of

these aspects possibly would have resulted in a larger study population.

7.2.4.The test-retest reliability study (Chapter 6)

The study that examined the test-retest reliability of the foot placement accuracy test
(Chapter 6) did not account for test to retest learning effects. To control for these learning
effects, the performance of several trials taken over several days is recommended. Further,
the trial-to-trial learning effects should be limited by a randomized presentation of the
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walking conditions. As a matter of convenience the walking conditions were presented in

order of their complexity, i.e. one target, two targets, two targets with the obstacle.

7.2.5. Falls ascertainment

The fact that we did not ascertain falls after the intervention periods of both studies is a
point that needs to be discussed. Participants should be followed up for a certain period,
preferably 12 months, in order to assess the incidence of falls. In both intervention studies
only a retrospective data assemblage of falls data was performed. Participants were asked
how many times they had fallen in the last year or the last six months. Such an approach
is misleading because of failings in a participant’s memory of fall events over such a long
period of time. For future studies a prospective report of falls experiences should be
considered. This can be done by a self-reported bi-weekly or monthly falls diary, where
the participants report a fall event, its cause, and can note the environmental conditions
in which the fall happened. The accuracy of the fall reports increases when staff in senior
hostels are involved in the collection of falls data. Information on prospective falls data is

important to evaluate the long-term effects of an intervention.

7.3. Using computer games for older adults
The dance video game setting used in the context of this thesis is one possible approach to
using computerized methods. The advantage of using dance pads is that stepping on the
pad requires repetitive, well-coordinated leg movements and the regulation of postural
balance during the course of the training. The motivating component ‘music’ and the
performance of a step choreography on the dance pad in synchronization with music is
a complex sensorimotor action. Further, the continuous feedback on performance of the
dance computer game is very important for the participants since older adults may show
age-related deficits in self-monitoring [22, 23]. The feedback encourages the participants
to persevere with the game.

The most important aspect when using computer games for older adults is the
consideration of their preferences and needs for an aged-based adaptation of these games
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[24]. This was shown by a recent study from Australia that investigated the acceptability of
a commercially available interactive video games as a therapeutic tool in health and aged
care settings [25]. The conclusion was that the usefulness of a commercially interactive
mainstream video game, in their case the Nintendo Wii Fit, is limited. Although the
Nintendo Wii Fit has become a popular tool in rehabilitation settings the applicability to
the older population is not warranted. Contemporary mainstream computer games are
designed for children or younger adults, they do not cope with the needs, interests and
abilities of older adults. The animation on the screen is colorful, blinking and overloaded
with information.
Computer games for older adults with the aim of improving physical functioning under
dual task conditions should focus on the stimulation of executive functions, especially on

divided attention and should preferably implement strength and balance exercises.

7.4. Clinical implications

Cognitive impairment should be regarded as one important point of future fall
prevention programs. Actual guidelines that prescribe adequate fall risk assessments
still do not propose the assessment of cognitive impairments for fall prevention. The
guidelines for the prevention of falls published by the American Geriatrics Society,
the British Geriatrics Society, and the American Academy of Orthopedic Surgeons
Panel on Falls Prevention propose the assessment of fall history, medication,
vision, gait and balance, lower limb joints, neurological (sensory neuron and
motor responses) and cardiovascular factors [26]. Although these assessments
cover a diversified list of potential fall risk factors, cognitive impairments such as
impaired executive functions, dementia, cognitive dysfunctions following traumatic
brain injuries or stroke are not considered. A complete fall risk assessment should
consider the cognitive domain. Cognitive tests for executive functions and the
assessment of physical performance, e.g. gait under dual task conditions, should be
considered in routine assessments for older adults. Many other researchers support
this suggestion [11, 27-29].
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Progressive physical activity that comprises strength exercises focusing on muscle
groups that are used in everyday situations and the improvement of postural balance
enriched with a cognitive element should be part of any training program for older adults.
Thereby the aspect of group exercise is very important, especially in institutionalized
older adults where people tend to live their own lives regardless of the cohabitants. An
exercise program should be considered as a regular social event where people meet and
enjoy the common activity. The addition of a computer game such as the dance video
game used in the experiments in the context of this doctoral thesis integrates not only
physical activity and cognitive challenges but also offers emotional inputs to support
social cohesion between the inhabitants of a senior hostel.

When planning intervention studies for improving physical functioning in older adults
one should not be too cautious or blinded by too many prejudices. The perception that
computer games in general cannot be adapted to older adults' abilities and needs is fatal,
since aged people can be young at heart. Introducing a gaming effect and a healthy
portion of competition isimportant also in the old age. This could possibly be an argument
for higher participation rates in future studies. Low participation rates are a big problem in
exercise studies with older adults.

Further, the adequate design of computerized gaming techniques that focus on
improving physical functioning in older adults should be easily and economically
incorporated into home-based training programs without the need of any expensive and

unfamiliar settings.

7.5. Suggestions for future research

In a next step the effective contribution of the computer dance game on the
observed improvements in physical performance under dual task conditions
should be evaluated. The study would thus compare one group that performs
physical exercise alone, one group that performs the cognitive-motor program,
and a third group that performs only the computer dance game during the whole
study period of twelve weeks. Main outcome measures would be the assessment
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of gait and of other relevant fall-related physical performances under dual task
conditions.

A model where cognitive stimuli are suggested to have an impact on physical
functioning could be examined. The question would be whether improvements in
gait under dual task conditions can be observed when the dance computer game is
played with a hand-held controller
(HC) only (Figure 7.1) instead of
whole-body step training (WBT) on
the original dance pad. The HC- and
WBT-group would exercise twice
weekly or more for 12 weeks. Main

outcome measures would be pre-

and post-tests of gait performance
Figure 7. 1 Hand-held controller (20 x 20 x 60 cm)

or of other relevant fall-related

physical performances under dual task conditions. The hypothesis is that the WBT-
group will show better performances in dual task walking compared to the HC-group.
This would speak in favor of the suggestion that the cognitive and the motor element
have to be performed together. In case of improvements in dual task performance
of the HC-group after the purely cognitive training, such a design could possibly be
applied in the workout of rather frail older adults, who are not yet able to take part in
a WBT-training.

In fact, the dance computer game implies that participants are standing on the
dance pad for several minutes. Even with the help of the hanging ropes, this is an
ability that cannot be taken for granted for a great part of institutionalized older
adults. Unfortunately, some individuals interested in participating had to be excluded
from the training program, including those who required the use of a wheelchair, or
suffered from muscle weakness that restricted the ability to stand for such a long time,
or who just felt too insecure while standing without device support. An adaptation of
the training program specifically for this group of older adults that are overlooked
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in the majority of training studies should be designed. Strength and balance
exercises that can be performed in a seated position should be implemented. The
dance computer game could be performed by stepping on the dance pad in a sitting
position or by performing the game with the hands using an appropriately designed
hand controller constituting a miniature dance pad (Figure 7.1). This approach would
constitute a valuable opportunity for weaker and physically impaired older adults to
start with physical exercise in a safe manner. As main outcome measures in these
groups simple or choice reaction time of upper and lower extremities under dual task
conditions are suggested.

The next step should be the investigation of the dance computer game on a
neuropsychological level. It is still unclear what the underlying factors are that lead
to the improvements in physical functioning under dual task conditions in older
adults. We can only speculate that the dance computer game has an influence on
executive functions. However, first pilot findings suggest that interactive computer
dance gaming is associated with increased fronto-parietal network activation [30].
The further investigation of the dance computer game should focus on whether and
how the game stimulates and affects brain activity, with a focus on prefrontal brains
structures. Measurement of brain activity with electroencephalogy (EEG) during the
performance of the computer task or functional magnetic resonance imaging (fMRI)
before and after the cognitive-motor intervention could reveal which and to what
extent specific brain functions are active or affected during and after the performance
of the dance computer game. An interesting point would be to explore whether
the possibly observed changes in brain activity are achieved by structural and/or
functional changes in the brain. Three groups would be tested after a training regimen
of either computer game dancing, computer game dancing with a hand-held controller
(Figure 7.1), traditional stepping exercises and compared to a non-intervention group.

In addition, with the integration of the possibly new insights regarding the effect
of an interactive dance video game on brain level, new types of interactive computer
games especially designed and adapted for older adults should be developed.
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7.6. Conclusions
This doctoral thesis highlights the fact that the use of cognitive-motor approaches
is still in its fledgling state, thus justifying the need for further research in the use
of cognitive-motor approaches for the improvement of physical functioning and
fall prevention in older adults. The suggested link between cognitive functions and
physical functioning should be taken into account in future studies aiming to improve
the ability of older adults to counteract threats to their postural stability. Furthermore,
cognitive impairments and decreased dual task performances in older adults should
be considered in routine assessments to identify at an early stage dysfunctions in this
context. The findings arising from the interventions performed in the experimental
context of this thesis substantiate the hypothesis that physical exercise enriched by
supplemental cognitive stimuli, in the form an interactive and attention-demanding
computer game, has an essential positive benefit on the physical performance
of older adults under attention-demanding circumstances when compared to
previously applied physical exercise regimen. However, it remains unclear to what
extent the additional cognitive input is responsible for the observed improvements
of performance.
To conclude, the design of future training approaches and interventional studies
should consider the needs, interests and abilities of the older population to ensure

adherence and persistence.
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Chapter Eight

Summary

Our body is constantly challenged not only by different internal influences (muscle
weakness, illness, fatigue, mood, cognitive impairments, vision problems) but also by
external ones (obstacles, crowds, traffic, weather) all of which constitute a potential threat
to our postural stability. These demand intact cognitive functions to register potentially
threatening situations at an early stage, to plan and execute the correct motor response to
the special circumstance in order to avoid a misstep or a fall. Besides the decline of physical
functions, a decline of cognitive functions that regulate these abilities has been suggested
as a major cause for falls in the older population. It has been extensively observed that older
adults show poorer performances in dual task situations compared to younger adults, and
this deficiency is thought to be in part attributable to declines in executive functioning.

The thesis aims to answer the question of whether effective fall prevention programs
for older adults should implement approaches that address the cognitive decline and the
dysfunctions in cognitive processes, especially of the executive functions. The assumption
is based on the growing evidence that rather than isolated physical or cognitive activity, the
combination of both better supports the healthy functions of executive function, working
memory, and the ability to divide and select attention. The results of a systematic review
of literature (Chapter 3) reveal that the current evidence on the effectiveness of such
approaches on physical functioning under single and dual task conditions in older adults is
still limited, thus warranting the performance of experiments and interventions using such
a cognitive-motor approach for this population.

The thesis proposes the use of interactive computer games as a supplement to traditional
physical exercise procedures, that is strength and/or balance exercise. The special value of
interactive computer game training paradigms is believed to be due to the concordance
of visual and proprioceptive information during training. Further, interactive computer
games provide salient feedback about the movement performance and the task difficulty
can be easily adapted according to the subject’s ability and needs. The computer game
used in the experiments is an interactive dance game (a specially designed modification
of StepMania, Version 3.9) based on the performance of precise and timed steps on a metal
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pad in response to visual and acoustic stimuli. Subjects are expected to observe the virtual
environment on a screen indicating moving arrows and concurrently initiate appropriate
dance steps (forwards, backwards and to the side, respectively). The dance game challenges
body coordination and attention at the same time.

In two intervention studies (Chapter 4 and 5) older adults in care home settings in
Switzerland performed for twelve weeks either a cognitive-motor program that comprised
twice-weekly progressive strength and balance exercises with supplemental interactive
computer game dancing (dance group) or twice-weekly strength and balance exercise alone
(Chapter 5) or usual care offered a their homes (Chapter 4), respectively (control groups).
At baseline and after the intervention period of twelve weeks the groups were compared in
reference to their performance on walking (Chapter 4 and 5), their voluntary step execution
under single and dual task conditions (Chapter 4), and on their foot placement accuracy
during walking (Chapter 5). In both experiments the results revealed positive effects on
the performance of the tasks in favor of the dance group: a significant decrease of step
initiation time and step completion time in a voluntary step execution test under dual task
conditions (Chapter 4), a significant increase of gait velocity under dual task conditions,
and a significant positive within-group difference for foot placement accuracy in the dance
group (Chapter 5).

The findings arising from the interventions substantiate the hypothesis that physical
exercise enriched by an interactive and attention-demanding computer game can lead
to essential positive benefits in the physical performance of older adults under dual task
conditions when compared to traditional physical exercise. An exercise program that aims
to improve the physical performance under attention demanding circumstances should
consider a cognitively challenging element in addition to strength and balance exercise,
preferably in the form of an interactive computer game that is adapted to the participants’
abilities and needs. However, it still remains unclear to what extent the additional cognitive
input is responsible for the observed positive changes in physical performance in the

presented studies, which offers an incentive for further research on this topic.

191



Chapter Eight
Zusammenfassung
Unser Korper ist standig sowohl mit inneren (Muskelschwache, Erkrankungen, Midigkeit,
Gemltslage, kognitive Beeintrachtigungen, Sehschwachen) als auch mit &dusseren
Einflussfaktoren (Hindernisse, Menschenmassen, Strassenverkehr, Wetter) konfrontiert.
Diese Faktoren stellen eine potentielle Gefahr fir die Erhaltung des Korpergleichgewichts
dar. Der Einfluss dieser Faktoren verlangt von unserem Korper intakte kognitive Funktionen
um so potentielle Gefahrensituationen friihzeitig erkennen und eine angemessene
motorische Antwort auf die speziellen Gegebenheiten planen und auszufiihren zu kénnen.
Nur so ist es moglich einen Fehltritt oder gar einen Sturz zu verhindern. Nebst dem
Rickgang der korperlichen Funktionen wird ein Rickgang der kognitiven Funktionen,
welche diese Fahigkeiten steuern, als eines der Hauptgriinde fiir Stiirze bei alteren
Menschen vermutet. Es wurde bereits nachgewiesen, dass altere Menschen im Vergleich zu
jungeren Erwachsenen eine beeintrachtigte Leistungsfahigkeit unter Dual-Task-Situationen
aufweisen. Es wird vermutet, dass diese Beeintrachtigung teilweise einem Riickgang der
exekutiven Funktionen zuzuschreiben ist.
ZieldieserDissertationist es herauszufinden, ob effektive Programme zur Sturzpravention
bei dlteren Menschen Methoden einsetzen sollten, welche den kognitiven Riickgang
aufhalten und auf die Beeintrachtigungen der kognitiven Prozesse, mit Schwerpunkt auf
den exekutiven Funktionen, eingehen. Diese Frage basiert auf die wachsende Anzahl
der Studienergebnisse, die darauf hinweisen, dass die Kombination von kognitiver und
motorischer Aktivitdt, gegeniiber der rein isolierten Ausiibung der beiden Aktivitaten die
exekutiven Funktionen, insbesondere das Arbeitsgedéchtnis und die Fahigkeit der geteilten
und selektiven Aufmerksamkeit, starker fordern. Die Ergebnisse der Literaturibersicht
(Kapitel 3) machen deutlich, dass das Wissen Uber die Wirkung der kognitiv-motorischen
Methoden auf die kdrperliche Leistungsfahigkeit unter Single- und Dual-Task-Bedingungen
bei dlteren Menschen noch sehr gering ist, was die Durchfiihrung von Experimenten und
Interventionen mit einem kognitiv-motorischen Charakter in dieser Population rechtfertigt.
Zur Ergdnzung des traditionellen  korperlichen  Trainings  (Kraft- und
Gleichgewichtsiibungen) wird in dieser Dissertation der Einsatz von interaktiven

192



Summary / Zusammenfassung
Computerspielen vorgeschlagen. Der Einsatz dieser Spiele ist aufgrund des
Zusammenspiels zwischen visuellen und propriozeptiven Informationen wahrend des
Trainings dusserst wertvoll. Die Spieler erhalten wertvolle Riickmeldungen zur Qualitat der
Bewegungsausfiihrung und der Schwierigkeitsgrad kann relativ einfach an die Fahigkeiten
und Bediirfnisse der Trainierende angepasst werden. Das Computerspiel, welches in den
Interventionen dieser Dissertation zu Verwendung kam, ist ein interaktives Computer-
Tanzspiel (eine speziell modifizierte Version von StepMania, Version 3.9), welches auf
die Ausfiihrung von prazisen und zeitlich getimten Schrittfolgen auf einer metallischen
Tanzplatte, aufgrund visueller und akustischer Reize basiert. Der Spieler beobachtet die
virtuelle Umgebung auf einem Bildschirm, auf welchem sich Pfeile vom unteren zum
oberen Ende bewegen und fiihrt gemass der angezeigten Pfeilrichtung Tanzschritte aus
(vorwarts, riickwarts oder zur Seite). Das Computer-Tanzspiel fordert die Koordination
der Korperbewegungen und schult gleichzeitig aber auch die Fahigkeit der geteilten
Aufmerksamkeit.

In zwei Interventionsstudien (Kapitel 4 und 5) absolvierten Senioren aus Schweizer
Altersheimen ein 12-wochiges kognitiv-motorisches Trainingsprogramm, welches zweimal
pro Woche progressives Kraft- und Gleichgewichtsiibungen und zusitzlich interaktives
Computer-Tanztraining beinhaltete (Tanzgruppe). Die Senioren der Kontrollgruppen
hingegen, absolvierten entweder ein rein motorisches Programm mit Kraft- und
Gleichgewichtsliibungen zweimal pro Woche (Kapitel 5) oder besuchten weiterhin die
in den Altersheimen angebotenen Aktivitdtsprogramme (Kapitel 4). Vor Beginn und
nach Beendigung der 12-wdchigen Trainingsphase wurden die Gruppen jeweils auf
ihre Gehleistung (Kapitel 4 und 5), ihre Fahigkeit der willentlichen Ausfiihrung eines
Schrittes unter Single- und Dual-Task-Bedingungen (Kapitel 4) und die Genauigkeit ihrer
Fussplatzierung beim Gehen (Kapitel 5) getestet und miteinander verglichen.

Die Resultate beider Interventionsstudien zeigten positive Effekte in der Ausfiihrung
der korperlichen Tests zugunsten der Tanzgruppe. Es resultierten eine signifikante
Verminderung der Schrittinitiierungs- und Schrittausfiihrungszeit bei der willentlichen
Ausflihrung eines Schrittes unter Dual-Task-Bedingungen (Kapitel 4), eine signifikante
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Zunahme der Gehgeschwindigkeit unter Dual-Task-Bedingungen und eine signifikant
positive Veranderung der Genauigkeit der Fussplatzierung innerhalb der Tanzgruppe
(Kapitel 5).

Die Beobachtungen aus den beiden Interventionen bekraftigen die Hypothese, dass ein
korperliches Trainingsprogramm, welches durch ein interaktives und Aufmerksamkeit
forderndes Computerspiel im Vergleich zu traditionellem Training zu einem wichtigen
positiven Nutzen fir die korperliche Leistungsfahigkeit von dlteren Menschen unter Dual-
Task-Bedingungenfiihren kann.EinTrainingsprogramm, welcheszum Ziel hat die korperliche
Leistungsfahigkeit unter Aufmerksamkeit fordernden Bedingungen zu verbessern, sollte
ein zusatzliches kognitiv anspruchsvolles Element in die Kraft- und Gleichgewichtsiibungen
integrieren. Dies idealerweise in Form eines interaktiven Computerspiels, welches auf die
Fahigkeiten und Bedrfnisse der dlteren Menschen zugeschnitten ist. Allerdings bleibt noch
unklar in welchem Ausmass der zusatzliche kognitive Input fiir die beobachteten positiven
Veréanderungen der korperlichen Leistungsfahigkeit der Teilnehmer in den vorgestellten
Studien verantwortlich ist, was eine Legitimation flr weitere Forschung in diesem

Themengebiet ist.
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