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1. INTRODUCTION

Slipping, stumbling, or any other kind of unintentional loss of balance that results in a
fall and subsequent hospitalization due to injury, is a serious global concern for people over the
age of 60 according to the World Health Organization'.

In Hungary, according to the Institute of Health Metrics and Evaluation, the fifth cause
of death and disability was falls; and overall, among 100,000 people, 1045 citizens suffered an
injury or died due to falls>. According to the National Bureau of Statistics, there are 2.6 million
people aged 60 or above in Hungary, which is almost 1/3 of the total population, and of this age
group, 60% were women >. Consequently, interventions that improve the quality of life of senior
citizens are essential. Therefore, it is important to design training programs that can help prevent
future falls and their potential consequences, such as immobility, premature nursing home
placement, surgical, lifesaving interventions, or permanent disability.

To perform our daily activities, to maintain various positions, to automatically respond
to voluntary body and extremity movements, and to react to external disturbances balance and
postural control are essential. Despite balance being a commonly used term, there is no
universal definition of human balance®. In order to maintain a specific posture, such as standing,
sitting, performing voluntary movements, or reacting to external disturbances, such as a push
or a slippery surface, we have to keep our center of gravity (CoG) within the base of support
(BoS)°. If an inanimate object’s line of gravity falls out of the BoS, the object loses its
equilibrium and it will fall or move. Humans, on the other hand, have the ability to sense if their
stability is compromised and consequently activate the body’s postural control to compensate
the force of gravity in order to prevent falling®. Based on the findings of Shumway-Cook and
Woollacott, balance can be categorized as static/dynamic steady-state (i.e., keeping a steady
position while sitting, standing, and walking), proactive (i.e., feed-forward strategy to a
predicted disturbance), and reactive (i.e., feedback strategy to compensate a disturbance)®.
Thus, the limit of stability (LOS) depends on a subject’s biomechanics, the requirements of the
task, and the type of surface the person is standing on’.

The review of Surgent et al.® suggests that balance is a series of complex processes, in
which not only a few specific regions of the brain play important roles but rather almost every
region of the brain. In particular, certain structures, such as the cerebellum, the basal ganglia,
the thalamus, the hippocampus, the inferior parietal cortex, and the frontal lobe (defined in
general) may be of key importance in balance skills®. Due to the complexity of postural control,

it can no longer be recognized as one system or a set of righting and equilibrium reflexes’.



According to Horak (2006) “many systems need to be evaluated to understand what is wrong
with a person’s balance™. Postural equilibrium ensures the coordination of sensorimotor
strategies to stabilize the CoG during both self-initiated and externally occurring disturbances
in postural stability’. To interpret complex sensory environments sensory inputs from
somatosensory, visual, and vestibular systems must be processed. If the sensory environment
changes, subjects need to re-weight their relative dependence on each of these sensory systems
to preserve their stability for example when a subject moves from one sensory context to
another, such as from a bright room to a poorly lit basement’. Thus, to plan an adequate balance
training or fall prevention program it is important to understand the multiple mechanisms

underlying postural control’.

1.1 Effects of aging on balance

Age-related declines in balance are well documented'®!?. Age-related deficits may

15-16

manifest in cognitive function'’, in neuromuscular control mechanisms'>!® and in the

17, the somatosensory'®, and the vestibular'®.

following 3 sensory systems: the visua

There is a connection between cognitive functioning and the risk of falling since age-
related deterioration of the frontal cortex and the alterations to the brain’s white matter can lead
to balance problems®’. Slight changes in cognitive functioning might result in poor judgment
and decision-making deterioration in executive function’’. Decreased attention span, slower
processing speed®!; and the decline in verbal reasoning®* could also contribute to falling. These
particular problems challenge subjects with mild cognitive impairments, as many of our daily
activities are dual-tasks (e.g., when talking and walking at the same time or speaking on the
phone while packing in the kitchen)?.

Age-related, involuntary loss of skeletal muscle mass and strength (muscle atrophy) is
called sarcopenia, which is one of the most important causes of functional weakness and loss
of independence in older adults®*. Aging causes changes in motor unit morphology and
properties, which results in impaired motor performance?. As a result of that reduced maximal
strength and power, slower contractile velocity and increased fatigability occur®®. In a meta-
analysis, associations between sarcopenia, falls, and fractures have also been highlighted?S.

With advancing age, the normal function of eye tissues deteriorates as well, which
increases the incidence of ocular disorders. The most frequent causes of visual impairment in
the elderly are presbyopia, age-related cataracts, age-related macular degeneration, primary
open-angle glaucoma, and diabetic retinopathy?’. However, there are other common visual

problems that older adults often experience: impaired spatial contrast sensitivity, scotopic
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sensitivity loss, and delayed rod-mediated dark adaptation, as well as a slowed visual processing
speed?®. There are correlations between low visual acuity, poor contrast sensitivity, depth
perception, visual field impairment, and falls'’. Therefore, it is important to understand how
visual functions can be associated with fall risk!’.

Recent clinical evidence suggests that aging results in declines in the morphology and
physiological function of various sensory structures (e.g., muscle spindles, Golgi tendon organ,
and articular receptors)'®. In addition to that, the preferential loss of distal large myelinated
sensory fibers, or receptors, the impairment of the distal lower-extremity proprioception, and
the deterioration of vibration and discriminative touch are consequences of healthy aging as

1'8, The structure and function of the somatosensory system deteriorate with aging, which

wel
can potentially result in balance problems and risk of falls in older adults'®.

Aging causes a degenerative effect not only in the previously mentioned systems but
also within the vestibular system?’. The progressive accumulation of changes with time in the
vestibular system is a multifactorial process. The process of aging affects both the peripheral
organs (e.g., hair cells, otolith organs, semicircular canals) and central circuits, from the
peripheral end-organ to the brainstem to the cerebellum and to the cerebral cortex®’. Since the
inner ear senses head movement and spatial orientation and produces reflexes to stabilize gaze
and maintain posture, any deficit of the vestibular system may result in postural control
problems?’.

In respect of, postural control should not be considered as one system, but a complex
motor skill gained from the interaction of numerous sensorimotor processes®’. However,
various studies have shown that older individuals tend to use and rely more on proprioception
rather than visual and vestibular information for postural motor control. This dependence on
the proprioceptive system also increases with age>!*?. In direct contrast to this, Haibach et al.**
found that older adults tend to rely more heavily upon their visual input rather than the other
sensory systems as a way to compensate for age-related deficiencies. According to previous
studies'>**, adults tend to experience difficulties in switching quickly between various reliable
sensory inputs, which ultimately may contribute to an increased risk of falls. However, Allison

et al.?

suggest that this particular process is not impaired among the target population as a
direct result of aging.

Regardless of whether sensory reweighting deteriorates or remains unchanged with age,
therapists should aim to plan programs that can develop these previously mentioned sensory

systems and thus decrease the risk of falls.



1.2 Sideward falls and the importance of ML stability in older adults

Hadjistavropoulos et al.® showed that there are strong associations between reduced
balance performance and fear of falling, which can lead to a vicious circle, where people avoid
physical activities that ultimately contribute to frailty. A study demonstrates that frailty is a
common condition among elderly patients with a hip fracture’’. It has been confirmed that
community-dwelling women over the age of 65 are at least two times as likely to suffer hip
fractures due to a fall when compared with men?®. In one study, osteoporosis-related fractures
in Hungary were investigated and thus offered incidence data not only on the hip but also on
several other fractures between 1999 and 2003, when the total population was approximately
10 million inhabitants®. According to the data reported in this 5-year period, 404,380
Hungarian women and 206,009 men over the age of 50 had at least one fracture, and a possible
reason behind this phenomenon might be attributed to the difference between each gender’s
change in the level of sex hormones during various stages in life*. The changes may contribute
to older women having a more significant decrease in bone mineral density*’. Besides age-
related hormonal changes, multitasking increases women’s gait variability, and this has a direct
relationship to the prevalence of falls*!. Furthermore, elderly women with an abnormal balance
while walking are more likely to fall*’. According to the findings of Qazi et al.*, a static
posturography test demonstrated that the mediolateral (ML) component of postural sway is
most strongly associated with long-term fracture risk in postmenopausal women. In addition to
that, sideward falls are the most frequent cause of hip fractures among older adults**, meaning
that it is of key importance to detect with posturography quantifiable information on body sway
that cannot be visible to the clinicians’ naked eyes®. Signs of instability are sometimes not
immediately apparent in the clinical setting, but sensitive measurements, such as postural sway,
can predict the likelihood of falls**. For this reason, it is essential to implement training
programs that improve sensorimotor control in the critical ML direction. According to Rosen

et al.*

most injuries due to falls occur at peoples’ homes, especially in the bathroom because
performing everyday movements such as getting up from a chair, stepping out the bathtub,
taking out a mug from a cupboard, climbing stairs, rushing to pick up a ringing phone is not as

easy as they might seem to be.

1.3 Improving older adults’ postural control

Deficiency of any of the above-mentioned components of postural control may remain

undetected until the first experience of a fall. Therefore, to reduce the effects of age-related



changes on balance, choosing a suitable training method that improves all levels of impaired
postural control is essential. There have been several attempts in physiotherapy during the last
decades for the prevention of falls and balance impairments in older age. Ideally, a training
program is safe, results a good level of physical fitness, and improves every previously

mentioned system postural control depends on.

1.3.1 Types of training for improving older adults’ balance

It has been suggested that resistance training (RT) is a form of physical activity for the
elderly that could be effective and safe*’. This training method is capable of reversing the effects
of sarcopenia*’ and can improve body posture, balance, and physical resistance*®*°. As a result,
RT for older adults may result in neuromuscular improvements, and it may increase muscle
mass, strength, and functional capacity®. Keating et al.>! composed a systematic review of
randomized controlled trials (RCT) within an aging population that evaluated the general
impacts of a resistance training protocol on key outcome measures in aspects of gait and/or
balance. Most of the studies applied the methodology of the American College of Sports
Medicine Position Stand on Progression Models in Resistance Training for Healthy Adults to
design the sets and repetitions to increase muscle mass through hypertrophy. The duration of
the programs was from 6 to 32 weeks, but 12 weeks was the usual training period. Among the
studies the most common tests used to assess balance were: the Timed Up and Go (TUG), the
single-leg stance, tandem or bilateral stance, the body’s center of oscillation, the Short Physical
Performance Battery (SPPB), 10-m walk speed, Functional Reach Test (FRT), Berg Balance
Scale (BBS), and the 400-m walk test. Based on the analyzed studies’ results this review
concludes that RT is an adequate training method to improve balance in people over 65 years
of age®!. RT has a beneficial effect on both gait and balance in an aging population. A training
program that contains resistance exercises enhances gait parameters, but specifically straight-
line walking speed, in older adults’'.

In a systematic review, the authors aimed to establish evidence-based dose-response
relationships in balance training (BT) modalities (i.e., training period, training frequency,
training volume) in healthy older adults through the analysis of RCTs2. The investigated
studies were coded for the following criteria: training modalities (i.e., training period, training
frequency, training volume) and balance outcomes [static/dynamic steady-state (i.e., keeping a
steady position during standing and walking), proactive balance (i.e., awaiting of a predicted
perturbation), reactive balance (i.e., responses to unexpected perturbation) as well as balance

test components (i.e., combined testing of different balance components as the BBS)]. The
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analyzed studies were eligible for inclusion if their participants were healthy older adults with
a mean age >65 years; it contained a BT protocol comprising static/dynamic postural
stabilization exercises, and if the study tested at least one behavioral balance outcome (e.g., gait
speed). The analyzed 23 RCTs revealed that BT (neuromuscular training, proprioceptive
training, sensorimotor training, instability training, or perturbation training) is an effective
method to improve healthy older adults’ balance performance. The review of Lesinski et al.>
demonstrated that BT is effective in improving measures of static/dynamic steady-state,
proactive and reactive balance, as well as performance in balance test batteries in healthy old
age. Based on the findings of this review, an effective BT protocol is characterized by the
following independently considered training modalities to improve balance performance in
healthy older adults: a training period of 11-12 weeks, three times per week, a total number of
3640 training sessions, a duration of 31-45 min of a single training session, and a total duration
of 90-120 min of BT per week>2.

In the review of Kim et al., the effects of aquatic-based exercises (AE) and land-based
exercises (LE) on dynamic balance have been compared in older adults aged 65 or above’®. In
the analyzed studies, tests for dynamic steady-state balance (e.g., 5-m walk test, 10-m walk test,
backward tandem walk), proactive balance (e.g., FRT, TUG, 8-ft up-and-go test), and balance
test components (e.g., BBS; and BOOMER; Balance Outcome Measure for Elder
Rehabilitation) have been applied. The AE programs varied substantially in the included studies
in regards to the intervention duration (45—60 min), frequency (1-5 sessions per week), and
total duration (4-20 weeks). The AE programs offered gait exercises, challenged mobility, and
contained stretching, stabilization, resistance, balance, endurance, strengthening, aerobic
training, and A1 Chi (Tai Chi in water). Apart from the two Ai Chi studies the exercise training
groups were identical or similar in types of exercises, volume, emphasis, and objectives. This
review did not confirm the statistical superiority of AE over LE programs on dynamic balance.
The analyzed results imply that AE can be an appropriate alternative to LE in terms of making
clinically meaningful improvements in balance. Since both AE and LE have different
advantages (during AE there is no risk of falls, whereas LE provides load on bones), therapists
should carefully select the appropriate exercise mode that matches each participant’s
preference’’.

In a systematic review, the effects of Tai Chi on body balance in people over 60 have
been analyzed®*. This review assessed 19 studies, and only four of them confirmed definitively
the effects of Tai Chi on the body balance in older adults>*. In the evaluated studies, a variety

of balance measures were used to investigate the effects of Tai Chi on balance or fall prevention.
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Functional measures (e.g., the unipedal stance with eyes open or closed, or the tandem stance)
were the most frequently used measurements. Platform stability tests were applied only in six
studies and these posturography analyses resulted in more precise information and more precise
measurements (on the length of time a subject performed a particular sway, shifts in the center
of gravity, the precision of body sway) on balance. This review suggests that participation in
Tai Chi can improve the body balance of elderly people, nonetheless, the effectiveness of this

training type compared to other programs remains unclear>*.

1.3.2 Exergame training to enhance older adults’ balance

Exercise games that are played in a virtual, but realistic environment (exergames) have
become popular in various fields of research and rehabilitation recently, although these products
primarily did not serve any therapeutic purpose. In the last decade, non-immersive virtual
reality (VR) (without the use of a head-mounted device) exergame trainings with the Kinect
system have been proven to be effective in improving postural control among older adults>>>°.
In a review, 12 RTCs have been analyzed to summarize the effects of exergames on mobility
and balance in comparison to no exercise or health education in older adults without
neurological conditions®®. In the evaluated studies, physical exercises with Nintendo® Wii,
Xbox®, and Playstation® were used most commonly. Pacheco et al. defined the primary
outcomes assessed as follows: (i) postural balance measured using valid instruments such as
BBS, Center of Pressure (CoP) parameters assessed by force platform, Tinetti balance test,
Balance Master System, and Activities-Specific Balance Confidence (ABC); and (i1) functional
mobility measured with physical performance instruments such as the Short Physical
Performance Battery (SPPB), FRT, the Functional Gait Assessment (FGA), the 8-ft up and go
test, the 30-s chair stand, and the TUG®. A total of 1520 older adults participated in the
analyzed 12 studies. Their mean age was 76 + 6 years. The mean of exergame training time was
825 £ 342 minutes. The mean number of sessions was 21 + 10 and the trainings’ duration varied
from 4—16 weeks. This review highlights that exergames require cognitive attention and control
for external stimuli and elicit fast reaction times. Based on the analyzed results, both types of
exergames (namely commercial and serious games, which are designed for specific training
purposes) had similar effects on balance. This review suggests that in comparison to no
intervention, exergames developed balance and mobility in older adults without neurological
conditions®.

Yang et al. compared the effects of Kinect exergames and conventional exercises among

older adults®!. In this RCT, study subjects (n=20) were assigned either to the exergame or to
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the conventional exercise training group. For the 5 weeks-long program (2 times a week, 45-
minute sessions) the following balance assessments were used before and after the treatment:
30-Second Chair Stand Test (30-sec CST), TUG, FRT, and One-Leg Stance Test (OLST)
respectively with eyes open and closed. The results of this study showed that both treatments
were beneficial in enhancing the participants’ balance performance. Noteworthy is the fact that
overall balance ability and improvement in functional reach were more enhanced following

Kinect exercise training in comparison with traditional exercise®'.



2. AIMS

Very few studies have investigated the effects on balance improvement for older adults
for commercially available Kinect gaming training compared to exercise training, conventional

5357.62 T our initial study, we compare the

physical therapy, or a no-intervention control group
effects of these different types of training groups at the same time in healthy older adults,
focusing on only the functional balance tests complemented with a posturography evaluation.
To investigate if the Kinect training program is more effective than the conventional balance
training, it was essential to apply balance tests that represent balance abilities necessary for
everyday life movements and natural body movement patterns.

In the past 3 years, the effect of exergaming on sensory reweighting among older women
has received little attention despite its clinical importance for physiotherapists. Because of the
limited number of studies available on this topic, this usability study is focused on examining
the potential effects of Kinect exergame training on sensory reweighting and balance in the ML
direction in healthy older women. Despite the described beneficial effects on balance from
exergaming, the exact mechanisms of how exergaming improves the balance ability of older
adults still remain unclear®. It has been suggested that one of the underlying effects of
exergames might originate from sensory reweighting. Body sway—based assessments such as
the Sensory Organization Test (SOT) or the Modified Clinical Test of Sensory Interaction in
Balance (m-CTSIB) are sensitive tools for measuring sensory feedback reactions and processes
during static stance. These measurements confirmed changes in sensory reweighting following
exergaming in patients with Parkinson’s disease®*, healthy and young adults®>®, older adults®’,

women with fibromyalgia®®, and healthy women®’.

2.1 HYPOTHESIS I.

Our initial study aimed to confirm that Kinect training using commercially available
games might be more effective than conventional balance training on improving the functional

balance of healthy older adults.

2.2 HYPOTHESIS II.

We investigated the effect of the Kinect exergame training on postural control in the

crucial mediolateral direction in women aged over 60.

2.3 HYPOTHESIS III.

We examined whether Kinect exergame balance training might have a beneficial impact

on sensory reweighting in women aged over 60.
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3. MATERIALS AND METHODS

3.1 Study design and participants’ enrolment in the study of the conventional
balance training versus the Kinect exergaming program

Healthy community-dwelling older adults (free from known musculoskeletal,
neurological, and cardiopulmonary disorders), older than 60, were recruited for our study on
improving balance abilities through local announcements in senior centers of the city Szeged,
Hungary. Exclusion criteria included self-reported cognitive impairment, disorders of the heart
and circulatory system, musculoskeletal, respiratory, and autoimmune diseases, neurological
conditions, hearing or vision loss, artificial limbs or prosthetics, sores on lower limbs or feet,
and taking medication that could affect the postural control. Altogether 117 volunteers signed
up for the training program, but due to any of the exclusion criteria, 24 subjects had to be
excluded from the study, while 3 volunteers declined to participate. On the arrival of subjects
(on a first-come, first-served basis), 90 participants were allocated either to the Kinect training
group or to the conventional balance training group, or the no-intervention control group.
Subjects were kept unaware of the method of allocation and about different types of groups, but
the authors were not blinded to the group assignment. Our volunteers were informed about the
start and procedure of the study one by one. There were 30 participants in the Kinect training
group, whereas 7 and 8 subjects, who were allocated to the conventional balance training and
control group respectively, had to be excluded from the study due to their scheduling issues and
loss of interest in the evaluations. Our participants performed casual daily activities but did not
participate in any organized physical training exercise program. To avoid any bias, for the
duration of our study we asked our participants not to be engaged parallel in any other structured
physical exercise or balance training program. The Ethics Committee of the University of
Szeged, Hungary, approved the study (registration no. 125/2015 SZTE). Signed informed
consent was obtained from all individuals before they participated in the research. All
procedures were performed according to the Declaration of Helsinki. Our study ran between

July and November 2015.

3.2 Study design and participants of the Kinect exergaming usability study

For this study, healthy, community-dwelling older women above the age of 60 were
recruited via local announcements in the senior centers within the city of Szeged, Hungary.
Exclusion criteria included self-reported comorbidities (such as cognitive impairment;

disorders of the heart; circulatory, musculoskeletal, and respiratory ailments; autoimmune
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diseases; and neurological conditions), hearing or vision loss, prosthetics or artificial limbs,
wounds on lower extremities, and the use of medication that could affect balance or
participation in other organized physical training exercise programs. Twenty active,
community-based volunteers signed up for the training program; however, due to the exclusion
criteria, only 14 of them could participate in the study. The Ethics Committee of the University
of Szeged, Hungary, approved the study (registration no. 125/2015 SZTE). Signed informed
consent was obtained from all individuals before they participated in the research. All
procedures were performed according to the Declaration of Helsinki. Our study ran between

July and November 2015.

3.3 The demographic data in the study of the conventional balance training
versus the Kinect exergaming program

Altogether 75 subjects participated in our study. The demographic characteristics of
participants in the three groups are presented in Table 1. There were no significant differences

between the training and control groups in age, sex distribution, and BMI (p<0.05).

Table 1. Demographic characteristics of participants

Kinect Conventional
balance balance
training training Control

group group group P
N 30 23 22 >0.05
Age (years) 69.57+4.66 69.12+4.19 67.18+£5.56 >0.05
Sex distribution 1/29 1/23 4/18 >0.05

(male/felpale)
BMI (kg/m”) 26.21+2.60 2595+£2.60 27.09+£5.45 >0.05

BMI, body mass index.

3.4 The demographic data of the Kinect exergaming usability study

Overall, 14 female volunteers (mean age 67.87+4.96 years, mean BMI

25.2142.3 kg/m?) participated in the study without any dropouts.
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3.5 Training types in the study of the conventional balance training versus Kinect
exergaming program

3.5.1. The Kinect training

Prior to the study, the participants did not have any experience with exergames, thus
before the very first training, the group was given an introductory demonstration on how to play
the gesture-controlled videogames. Subjects were trained with the Microsoft Xbox 360 Kinect
(Redmond, WA) videogames. Kinect is a motion-sensing input device produced by Microsoft
for Xbox 360 videogame consoles and is based around an RGB camera, providing among others
full-body 3D motion capture. The pictures of the game were projected on the wall, and with the
help of the Kinect sensor. Before the training, we conducted a pilot testing exergaming session
where subjects were grouped into matched pairs based on age, physical abilities, understanding
the tasks in the virtual environment, and summed points reached in the pilot gaming session.
Subjects participated in the training sessions three times a week for 6 weeks (altogether 18
times), conducted by physiotherapists. Each training session took 30 minutes for each of the
participants. During the 30-minute activity, there was *1-minute transition time between the
games, when players could take a rest. Games that require more predictable movements and
more simple elements (e.g., bowling or football, skiing, and just dance) were played in half of
the total game time and those games that necessitate higher attention and fast reaction times
(20.000 Leaks, Space Pop, Reflex Ridge, River Rush) were chosen to play for the second half
of one training session. Participants played the same type of games in the same order on each
gaming day to avoid bias. Relying on the methods of previous studies® 77! that effectively
used Kinect games for rehabilitation or improving balance in our research, we applied games
that also contain patterns of everyday functional movements, which model usual natural
motions, that is, reaching and leaning toward something, upper limb movements while static
standing, weight shifting, forward, backward, and side stepping, squatting, lunging, and
hopping. Players’ adaptation and progression were also considered, and therefore, the level of

difficulty of the games was continuously set during the training.

3.5.2 Conventional balance training

Before the training, we conducted a pilot testing balance training session where subjects
were grouped into matched pairs based on age, physical abilities, and understanding of the
exercises. Participants who performed conventional balance training were trained for 6 weeks,

three times a week (altogether 18 trainings). During the interventions, volunteers were
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instructed by a physiotherapist on how to complete the exercises. The balance training was

performed in an exercise room at a clinical physiotherapy department. Based on the studies of

1'72 1.73

Zhuang et al.’~ and Halvarsson et al.”” our training targeted balance control in specific situations
that can occur in daily life, such as obstacle course, applying cognitive tasks with
simultaneously performed physical exercises. On the abovementioned methods of

researches’>”?

, our training consisted of three parts: the first few minutes of the training session
contained light warm-up exercises (arm, leg, and neck movements, marching in place) followed
by the main part of the training, where participants performed static and dynamic balance
exercises that also included reaching and leaning, weight shifting, forward, backward, and side
stepping, change of direction exercises, squatting, lunging, and hopping tasks. The sessions

ended with a few minutes lasting cool-down part, including stretching and breathing exercises.

3.5.3 Control group

Members of the control group received no balance training, only pre- and post-

measurements (in 6 weeks).

3.6 The training of the Kinect exergaming usability study

The applied equipment consists of a motion-sensing RGB camera named Kinect, and
Xbox 360 console, and video games developed by Microsoft. During the training, pictures of
the game’s scene and a player’s avatar were projected onto the wall via the camera’s full-body
3D motion capture. Before the training program commenced, volunteers had not had any
experience with exergames or any of the previously mentioned devices, and so it was important
to have an introductory meeting prior to the first training session where instructions were given
on how to play the gesture-controlled video games and an opportunity to experience them first-
hand. The training took place at Albert Szent-Gyorgyi Clinical Center’s Physiotherapy
Department 3 times a week over a 6-week period (total of 18 visits). These sessions were
assisted by physiotherapists. Participants were instructed to wear a comfortable outfit and safe
footwear for the 30-minute training. Games were chosen based on the type of movements their
performance required, with the main aspect being that games had to contain patterns of
everyday functional movements that modeled usual, frequent natural motions. Commercially
available Kinect games were played by the participants which demanded continual
displacement of the participants’ CoG, transference of weight between lower limbs, and lateral
trunk bending, and frequent sidesteps. The motor stimulation during gameplay required

balanced reactions and continuous postural adjustments associated with fast movement of the
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legs and arms. During the first half of the training sessions, games that consisted of more
foreseeable movements and simple elements (e.g., football, skiing) were played. Other more
complex games that needed higher cognitive attention and fast reaction (20.000 Leaks, Space
Pop, Reflex Ridge, River Rush) were selected to be played in the second half of the training
sessions. All participants played the same type of games in pairs, in the same order on every
training occasion, but were never allowed to play the same game on 2 consecutive training
sessions. During the training, the players’ adaptation and progression, as well as the level of
difficulty of the game, were continuously recorded and modified based on each participant’s
overall ranking in the game. Between each game, there was approximately a 1-minute pause so

that players could take a short break.

3.7 The applied measurements in the study of the conventional balance training
versus Kinect exergaming program

The outcome measures were recorded before the training (at baseline) and at the
subsequent days of the latest training sessions (at the end of the sixth week) by the
physiotherapists.

Balance outcomes included the Four-Square Step Test (FSST), Functional Reach Test
(FRT), Timed Up and Go Test (TUG), Timed Up and Go dual-task (TUG-cog), and Limits of
Stability (LOS) test measured on NeuroCom Basic Balance Master. The desktop configuration
of this device uses a fixed dual-force plate to measure the vertical forces exerted through the
subject’s feet to CoG and postural control.

In performing the FSST, stepping over a cane clockwise and counter-clockwise in a
certain time needs moving forward, backward, and sideways’*.

During the recording of the FRT, participants have to reach in the forward direction as
far as it is possible from a stable, standing position, without stepping out of the baseline
position”.

As for the TUG test, subjects have to get up from a chair, walk around an object 3 m
away from the starting position, get back to the chair, and sit down’®. The same is required in
the TUG-cog, in which a cognitive task is added”’. Both tests measure the time needed to
perform the instructions.

During the LOS test, participants were required to stand on a force platform with their
arms at their sides to the trunk and while watching a computer monitor, subjects were cued to

move the humanoid toward the target, the representation of their CoG in eight directions (i.e.,
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forward, forward-right, right, backward-right, backward, backward-left, left, and forward-left)
within a given time’®,

Reaction time (LOS-RT) and movement velocity (LOS-V) were measured. The average
of three trials of distance (FRT), time (FSST, TUG, TUG-cog, LOS-RT), and velocity (LOS-

V) was used.

3.8 The applied measurements in the Kinect exergaming usability study

In general, in order to assess an individual’s ability to both integrate various senses of
balance and compensation, while 1 or more of these senses may be lacking®, NeuroCom
Balance Master 6.0 and the m-CTSIB”***°> were used. The posturography measurements were
performed at 3 separate intervals: before the first training, after the completion of the training
program (post-training), and 6 weeks after the last training session (follow-up). The Balance
Master 6.0°s software provided the location of both the CoG and center of pressure across all
tests for the m-CTSIB. The m-CTSIB test was initially developed by Shumway-Cook and
Horak'? to differentiate sensory (somatosensory, visual, and vestibular) inputs involved in
postural stability during a steady-state balance assessment, and it explored balance on various
surface types, with and without vision, using 4 sensory conditions: (1) firm surface, eyes open;
(2) firm surface, eyes closed; (3) foam surface, eyes open; and (4) foam surface, eyes closed.
The results provided by the Balance Master 6.0’s software package gave 3 measurements of
CoG (3 x 10 s) in the anteroposterior (AP) and ML directions’®. Based on a previous study”
with elderly females in all 4 sensory conditions, this test had good to excellent reliability of ML
(intraclass correlation coefficient 0.88-0.93) and AP path length (intraclass correlation
coefficient 0.85-0.90). For the assessment of balance on the foam surface, a NeuroCom square
foam balance assessment pad (size 46 x 46 x 13 cm) was used. During the assessments, the
base of support was fixed, and participants stood comfortably barefooted with arms to their side
and their feet next to a mark on the platform. The measurements took place in a quiet room

away from distractions.

3.9 Data collection and analysis in the study of the conventional balance training
versus the Kinect exergaming program

All analyses were performed using Statistica 13. Datasets were checked for normal
distribution using the Kolmogorov— Smirnov test. Sample demographics (age, body mass index

[BMI], gender distribution) were compared using independent-samples t-tests. Baseline
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differences in balance parameters between the groups (Kinect vs. conventional vs. control) were
tested using one-way analysis of variance (ANOVA).

Effectiveness of the different trainings on balance parameters measured by FSST, FRT,
TUG and TUGcog, LOS-RT, and LOS-V was tested using two-factor mixed ANOVA with
time (pre vs. post) as the within-subjects factor, and group (Kinect vs. conventional vs. control)
entered as the between-subjects factor. All values are given as mean — standard deviation. The
post hoc test was the Newman—Keuls test. A value of p<0.05 was taken as a significant training

effect, and p<0.10 was interpreted as a statistical trend.

3.10 Data collection and analysis in the Kinect exergaming usability study

The following equations were applied to calculate the sway paths in the ML and AP

directions

n—1

——
S5e = Z V(xeg — x)°

i=1

n—1

—
5, = Z & (FHl - }T:':]_

i=1

where 7 is the total number of samples; i is the sample number; sy is the path length of ML
ways; and sy is the path length of the AP displacements of CoG. The following statistical
analysis was conducted using Statistica 13 software (StatSoft). All sets of data were checked
for normal distribution using the Kolmogorov—Smirnov test. Factorial analysis of variance was
used to analyze sway data of the m-CTSIB test on firm and unstable (foam) surfaces to evaluate
the main effects and the influences of the 2 visual conditions (eyes open and eyes closed) at all
3 time conditions (baseline, after the training, follow-up) as within-subjects factors. All values
are given as mean (SD). The post hoc test was the Newman—Keuls test. A level of significance

of p<0.05 was applied.
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4. RESULTS

4.1 Results supporting hypothesis I.
4.1.1 Effects of trainings on functional performance balance tests

At baseline evaluation of the functional performance balance tests, there were no
significant differences between the three groups. Our results showed a significant interaction of
time group for the parameters of FSST (F(2,146) = 4.37, p<0.05) and FRT (F(2,146) = 3.65,
p<0.05). The results of FSST and FRT (Figure 1.) compared with the baseline in the
conventional training group and in the control group remained unchanged, while these values

decreased significantly in the Kinect training group.
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Figure 1. The effect of the three types of intervention on postural control. The time of FSST (mean —
SD) before and after the different training programs. A statistically significant difference (p<0.05) in
comparison with the preintervention data (asterisk). The distance data of FRT (mean — SD) before and
after the different training programs. A statistically significant difference (p<0.05) in comparison with
the preintervention data (asterisk). FRT, Functional Reach Test; FSST, Four-Square Step Test; SD,
standard deviation.

We observed significant interaction time group for the parameter of TUG, there was a
significant difference among the three experimental groups (F(2,146) = 3.46, p<0.05). Time
needed for the execution of the TUG test showed significant improvement in both the Kinect
training group (p<0.05) and in the conventional balance training group (p<0.05) compared with

the follow-up data of the control group.
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Figure 2. The effect of the three types of intervention on postural control. The time data of TUG and
TUG-cog test (mean — SD) before and after the different training programs. Statistically significant
differences (p<0.05) in comparison with the control (circle) and statistically significant differences
(p<0.05) in comparison with the preintervention data (asterisk). TUG, Timed Up and Go Test; TUG-
cog, Timed Up and Go dual-task.

While both training groups showed improvements in the TUG test, we detected a
significant decrease of the time of TUG (p<0.05) performance after the training compared with
the baseline in the Kinect group only (Figure 2).

The control group displayed nonsignificant deterioration during the 6-week period. The
time needed for the test with an additional cognitive task (TUG-cog) increased in all groups
before the training, although this change was not significant, just a statistical trend (p<0.10).
However, after the training programs, the effect of the additional cognitive task showed no
deterioration in the results of both intervention groups (p>0.10). Mixed ANOVA revealed
significant interaction time group for the parameter of TUG-cog (F(2,146) = 3.48, p<0.05). The
time of TUG-cog presentation decreased in both intervention groups, but this change was

significant only after the Kinect training compared with the baseline data (p<0.05) (Figure 2).

4.1.2 Effects of training on computerized posturography test

Baseline and follow-up levels of the training groups and the control group are
summarized in Table 2. There were no significant differences between the three groups at
baseline evaluation. LOS-RT showed a significant training effect (time group interaction,

F(2,146) = 6.75, p<0.05).

18



Reaction time increased in the control group, while this value in the Kinect training
group slightly decreased. We observed significant changes with respect to the LOS-V test (time
group interaction, F(2,146) = 5.02, p<0.05). Both the Kinect (p<0.05) and the conventional
balance training group (p<0.05) significantly increased the velocity of LOS performance
compared with the control group data, although only in the Kinect group was the movement

velocity significantly higher (p<0.05) after than before the training.

Table 2. Effects of the 6-Week Training Program on Computerized Posturography Test

Parameter Group Pre (meantSD) Post (mean+SD) Time x group interaction, P
Limit of stability test Kinect (n=30) 1.04£0.63 0.89+£0.54 0.001
Reaction time (s) Conventional (n=23) 0.94£0.62 1.00+0.50
Control (n=22) 0.91+0.51 1.04+0.62
Limit of stability test Kinect (n=30) 3.09+1.38 3.84+1.84 0.007
Velocity (m/s) Conventional (n=23) 3:55=+1.61 3.77+£4.38
Control (n=22) 3.05£1.59 2:82+1.15

P values refer to the level of significance of the time group interaction of two-factor mixed ANOVA
with time (pre vs. post) as within-subjects factor and group (Kinect vs. conventional vs. control) entered
as the between-subjects factor.

ANOVA, analysis of variance; SD, standard deviation.

4.2 Results supporting hypothesis II. and hypothesis III.
4.2.1 Changes in Sway Path During Quiet Stance in the ML Direction

In the ML direction, the Kinect exergame training caused a significant decrease in the
sway path on the firm surface with eyes open (p<0.001) and eyes closed (p=0.001), and on the
foam surface with eyes open (p=0.001) and eyes closed (p<0.001) conditions compared with
the baseline data. The follow-up measurements when compared with the baseline data also
showed significant change in the sway path on the firm surface with eyes open (p<0.001) and
eyes closed (p<0.001), and on the foam surface with eyes open (p=0.003) and eyes closed
(p<0.001; Figures 3 and 4). There were no significant differences in sway path values on the
firm surface between eyes open and eyes closed conditions during the baseline (p=0.81), after
the training (p=0.30), and follow-up (p=0.48) evaluations. However, on the foam surface,
results showed a significant interaction of vision x time for the sway path (F2,246=3.70, p=0.02).
Before the training, the sway path on the foam (unstable) surface with eyes closed was
significantly longer (p<0.001), whereas after the training the absence of visual information did

not result in a significant increase (p=0.16) of the sway path (Figure 4).
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Figure 3. The effect of the Kinect training on sway path (mean [SD]) in the ML direction when standing
on the firm surface with open and closed eyes. Statistically significant differences in sway path with
eyes open (p<0.001) and eyes closed (p=0.001) post-training conditions compared with the baseline data
(asterisk). The follow-up measurements when compared with the baseline data showed statistically
significant change in sway path on the firm surface with eyes open (p<<0.001) and eyes closed (p<<0.001)
(asterisk). ML: mediolateral.
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Figure 4. The effect of the Kinect training on sway path (mean [SD]) in the ML direction when standing
on the foam surface with open and closed eyes. Statistically significant differences in sway path with
eyes open (p=0.001) and eyes closed (p<0.001) post-training conditions compared with the baseline
data. The follow-up measurements when compared with the baseline data showed statistically
significant changes in sway path with eyes open (p=0.003) and eyes closed (p<0.001) (asterisk)
Statistically significant difference in sway path during baseline measurements with eyes closed
(p<0.001) compared with the eyes open condition (circle). ML: mediolateral.
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4.2.2 Changes in sway path during quiet stance in the AP direction

On the firm surface, there were no significant differences in sway path values in the AP
direction between the baseline and the post-training measurements (Figure 5; eyes
open: p=0.49; eyes closed: p=0.18). Likewise, on the foam surface, there were no significant
differences in sway path values in the AP direction under both eyes open (p=0.24) and eyes
closed (p=0.84) conditions. During follow-up measurements, a main effect of vision was noted,
in other words, closing the eyes resulted in a significant increase of the sway path
(p<0.001; Figure 5). On the unstable foam surface, a main effect of vision was observed and
the absence of visual information significantly increased (p<0.001) the sway path length in all

time conditions (Figure 6).
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Figure 5. The effect of the Kinect training on sway path (mean [SD]) in the AP direction when standing
on the firm surface with open and closed eyes. No statistically significant differences in sway path values
on the firm surface between the baseline and post-training measurements (eyes open [p=0.49] and eyes
closed [p=0.18]). Statistically significant differences (p<0.001) in comparison with the baseline
measurement (asterisk) and in comparison with the open eye condition (circle) (p<0.001). AP:
anteroposterior.

21


https://games.jmir.org/2021/3/e27884#figure3
https://games.jmir.org/2021/3/e27884#figure3
https://games.jmir.org/2021/3/e27884#figure4

2

& EO
20 | o o IxEC

ol H’%
16}
141

12

| }},_-»E

Sway (cm)

Baseline Post-training Follow-up

Figure 6. The effect of the Kinect training on sway path (mean [SD]) in the AP direction when standing
on the foam surface with open and closed eyes. Statistically significant differences (p<0.001) in
comparison with the open eye condition (circle). AP: anteroposterior.
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S. DISCUSSION

5.1. The study of the conventional balance training versus the Kinect exergaming
program

The objective of our initial study was to confirm our hypothesis that Kinect training
using commercially available games can be more effective than a conventional balance training
focusing on improving balance of healthy older adults. According to our results, both training
groups’ balance tests improved with superiority of the Kinect training group, whereas the

control group remained unchanged.

5.1.1 Effects on functional performance balance tests

To our knowledge, there is no study that applied the same balance tests to investigate
the effect of an exergame balance training applying commercially available Kinect games to
improve healthy older adults’ balance abilities. However, Keogh et al.” used FSST to assess
dynamic balance abilities among older adults, who practiced Nintendo Wii Sports Games. In
their study, the gamer group’s post-training results remained unchanged compared with the
control group without training. As opposed to that, our results showed statistically significant
improvement in the FSST only in the Kinect training group. The reason behind our result could
be that the stepping movements in the FSST were also the basis of games participants played
(i.e., 20,000 Leaks, Space Pop). On the contrary, in the study of Chen®” the specifically
developed Kinect exergames resulted in no significant change in FSST among older people.

Bieryla®® described that there was no statistically significant enhancement in the FRT,
neither in the Kinect training group nor in the control group without intervention. In contrast to
that our results suggest statistically significant improvement in the FRT in the Kinect training
group, while the values of the conventional training group and the control group remained
unchanged. The shorter total time of the intervention and the lower sample size can be the
reason why the FRT did not show any change in Bieryla’s study>’. Meanwhile, after the
developed Kinect exergame trainings among older adults of Sato et al.®' and Chen®® FRT
showed significant improvement in the exergaming groups’ post-training results, and no
difference was detectable in the control group in Sato’s study®'.

Based on Bieryla’s>® findings, there was no statistically significant decrease in the time
scores of TUG, neither in the Kinect training group nor in the control group. In a study by
Karahan et al.*? the TUG results showed statistically significant improvement only in the Kinect

training group, but no relevant decrease in time in the home exercise group. Bacha et al.”’
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investigated the effect of Kinect training and the conventional physical therapy training on the
Mini Balance Evaluation System Test (Mini-BESTest), including the evaluation of the TUG,
with the conclusion that both groups showed statistically significant improvement compared
with their baseline results. Our scores of the TUG presented both in the Kinect and in the
conventional training group statistically significant enhancement compared with the control
group. Furthermore, compared with the baseline results of the TUG time scores, a statistically
significant decrease was shown only in the Kinect training group.

For our study, we also applied the TUG test with an additional cognitive task resulting
in increased test times in all groups. The intervention groups’ post-training time scores
presented enhancement, moreover, the results confirmed statistically significant improvement
in the Kinect training group. To our knowledge, there is no research with a similar study design
that investigated the balance tests with an added cognitive task. Bacha et al.’” measured the
effects of the two trainings (Kinect balance and conventional physical therapy) on cognition
and they found significant improvement in both groups’ results, although for the assessment of
the postural control the authors applied the Mini-BESTest. According to Pichierri et al.®
exergames can be considered dual-tasks since the games are performed by a man-videogame
interface, requiring cognitive and motor functions simultaneously. The TUG test with an
additional cognitive task is also a dual-task, and therefore, our results can confirm that the
Kinect training has a major effect on performance with high cognitive and motor demands.

According to Monteiro-Junior et al.3® during exergames, participants move in a
simulated virtual environment, where they need to perform random, constantly changing
elements (open task). Kinect training can provide open tasks, and they may improve cognitive
functions, since individuals need to understand and interact with a virtual environment context.
Physical exercise and cognitive stimulation performed together show the potential that
exergames may provide a new strategy to stimulate neuroplasticity and improve cognitive
functions®>. As a result of exergaming containing anticipated visual tasks in a virtual
environment, cognitive processing, and movements concurrently, therefore it might provide the

possibility of training visuomotor integration.

5.1.2 Effect on posturography tests

We have not found any study so far that has been conducted on improving postural
control through conventional and Kinect balance training in older adults that applied NeuroCom
Basic Balance Master for the evaluation of LOS. As stated by Bourelle et al.®* the LOS test is

associated with cognitive functionality, and they found that this evaluates motor and cognitive
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capabilities to respond to the complex task of initiating a movement with certain accuracy, in
function of a visual stimulus. Faraldo-Garcia et al.%* concluded that aging affects the reaction
time, the movement velocity of the LOS performance. During the LOS test, we found that both
interventions enhanced the reaction time and the summed velocity compared with the follow-
up results of the control group. Moreover, the post-training results of the Kinect training
compared with its baseline improved significantly.

The central nervous system regulates movements and stability by using two main
postural strategies to maintain (proactive) and to restore (reactive) postural control®®. In older
adults preparing for an external, predictable perturbation, anticipatory postural adjustments
(APAs) and compensatory postural adjustments (CPAs) to restore balance are significantly
delayed®’. Furthermore, impairment in visual and cognitive function can also be detected due
to aging resulting in the enhanced risk of falls®®. APAs can be considered the first line of defense
against falling, followed by CPAs, and both play an important role in maintaining balance®®.
To our knowledge, there is no functional balance test or posturography test for the direct
evaluation of APAs. Whereas Hwang et al.*® found correlation between the APAs measured
with Electromyography and the TUG and the TUG cognitive tests. Findings by Bacha et al.>’
suggest that both conventional physical therapy and Kinect training enhance APAs, and
therefore, due to our results of the TUG and TUGcog we suspect that Kinect training

intervention might have more effect on APAs than the conventional balance training.

5.2 The Kinect exergaming usability study

Several studies have previously confirmed the beneficial effects of exergames on
postural control among older adults>> 3760 63. 9799 Thig ysability study shows that a simple
Kinect game—based balance training might be beneficial for older women by improving balance
in the ML direction. This study also demonstrates that exergaming might have a favorable effect
in regards to the specific process of adjusting the sensory contributions to balance control'®,

namely, sensory reweighting.

5.2.1 Increased lateral stability

Based on our study results, an important finding is that the sway path in the ML direction
on firm and foam surfaces, with eyes open and closed, improved statistically significantly,
whereas no significant change was detected in the AP direction. However, decreased sway path
indicates improved stability in the ML direction, which was concluded by Qazi et al.** as the

strongest component of postural sway predicting fractures in postmenopausal women.
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According to previous studies in the elderly population!?!"1% ML sway can often be associated
with the risk of falls due to decreased proprioception and lower extremity muscle weakness in
the lateral direction'®. In light of the present findings following the training, improved sway
results in the ML direction were observed when participants were standing on the foam surface
with their eyes open. The significant decrease of ML sway might also implicate an improvement
in proprioceptive function following the Kinect training. This finding is similar to the results of
Sadeghi et al.!, which suggest that Kinect exergaming can improve proprioception by

providing visual feedback and challenging motor skills and visual coordination.

5.2.2 Improvement in sensory reweighting

An important finding of this paper is that the Kinect exergame training program
significantly reduced postural sway on the foam surface with the eyes closed. Under this
condition of the m-CTSIB, the central nervous system mostly relies on vestibular information'?.
In the review by Tahmosybayat et al.!*, no exergame study has been presented that would train
and assess sensory integration and sensory reweighting. Moreover, the authors suggested that
the elements of sensory integration are too unsafe to be trained by disturbed sensory inputs
during exergames. However, Roopchand-Martin et al.®” have examined the changes in m-
CTSIB results following the Nintendo Wii Fit balance training in community-dwelling adults
aged over 60. They found no significant results on the foam surface with the eyes closed
condition after the training. By contrast, a Kinect-based physical exercise balance intervention
in women with fibromyalgia has revealed significant improvements in the m-CTSIB with eyes
closed on foam surfaces®®. Another study that examined the Wii Fit balance training for healthy
women also found similar results: significant sensorimotor improvement in unilateral stance
and limb strength®. Nitz et al. concluded that these findings might not be surprising because
the activities included in the Wii Fit training (such as yoga, balance, aerobic, and strength
activities) involved considerable single-limb balance requirements and body weight—resistance
movements®®. Although the aforementioned studies®®*’ investigated the effects of exergaming
on balance in various sensory conditions with m-CTSIB, sensory reweighting following the
trainings has not been proposed in these papers.

In contrast to these results, Yen et al.** demonstrated that VR balance training
significantly improved sensory reweighting in older adults with Parkinson’s disease when both
visual and somatosensory inputs were unreliable. They have suggested that the VR training
might be especially beneficial for fall prevention within this high-risk target group, as similar

conditions may also occur in reality due to various extrinsic environmental risk factors
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(inappropriate footwear, poor lighting, slippery surfaces, loose rugs, or uneven steps)®*. Other
studies have found significant improvement in the eyes closed condition on the unstable surface
following a Wii Fit balance training among young adults®® and healthy adults®®. According to
these studies®®, the reason for the improved vestibular function might be due to the quick
displacement of CoG in different directions, causing rapid changes in the head position.
Similarly, during pretest measurements in this study, closing the eyes on the foam surface
resulted in a statistically significant increase in the sway scores in the ML direction; however,
post-training measurements did not show deteriorated sway results. The reason for this might
be that after the training, participants shifted to the remaining, accurate source of sensory
information, and mainly relied on the vestibular system. Another possible explanation might be
that during exergaming, participants had to complete several tasks containing movements such
as reaching out and lateral steps while they needed to often change their head position.

Santos et al.!’” have suggested that VR therapy enables patients to become immersed in
an imaginary world, in which environmental perception is altered by artificial stimuli, thus
resulting in a sensory conflict that can act on the vestibulo-ocular reflex (VOR). The central
nervous system reacts to a vestibular stimulus by reflexes such as the VOR, which stabilizes
vision during head motion, and the vestibulospinal reflex, which induces a compensatory body
motion to stabilize the head and body and prevent falls'%. Thus, types of exergames that require
head movements in particular (rotation, lateral flexion, flexion) while players’ eyes are focusing
(gazing) at one point can function as VOR training. Based on this study’s results, the applied
Kinect games might improve sensory reweighting in favor of relying on vestibular inputs. In
this study, while participants were playing the exergames, they had to keep their eyes on the

screen while performing various head and limb movements.

5.2.3 Lessons learned from Kinect exergames

Games such as 20, 000 Leaks, River Rush, Reflex Ridge, Super Saver Football mini-
game, Space Pop, and Skiing might especially challenge the VOR because they require frequent
head displacement movements. Additionally, these games could also improve stability in the
lateral direction because of frequent weight shifting and sideward stepping. According to

Swanenburg et al.!?®

, exergaming that requires active stepping movements and that involves
moving game projection is usable and facilitates gaze stability during head movements, which
resulted in improved gait in healthy older adults. As balance is determined by various factors
and maintained by complex processes, designing a balance training program requires precisely

defining which target components or systems ought to be trained. Health care professionals
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might use exergames that could display participants’ changes of postural sway, reaction time,
and limit of stability in various directions. Games which can train VOR by gaze stability during
head movements should be provided for continuous monitoring to track players’ head
movements. As falls occur mostly during activities of everyday life, exergames should be
designed to involve functional movements that represent motions from daily life: alternately
raising the feet from the ground (e.g., stair-stepping, stepping out of the bathtub), or reaching
movements forward and sideways (e.g., taking an item off a shelf below and above shoulder

height, cleaning a window, hanging out the washing).
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6. LIMITATIONS AND CONCLUSIONS

6.1 Limitations in the study of the conventional balance training versus the
Kinect exergaming program

One limitation to this study is that no sample calculus has been made and gender
distribution is unequal. Moreover, to set up a more precise treatment regimen with Kinect
games, further research would be necessary on investigating the exact amount of time,
frequency, and regularity of trainings since our aim is to provide long-lasting balance
interventions. In addition, another limitation is that no further follow-up results have been

performed, which could verify the lasting effects of our trainings.

6.1.1 Conclusions in the study of the conventional balance training versus the Kinect
exergaming program

Several studies investigated the effects of the custom-made Kinect game training for
older adults®*®?. According to our present results, the commercially available Kinect games are
able to fulfill the requirements of a functional balance training, since these games make their
players to move in functional movement patterns, while participants’ attention is directed to
problem-solving and throughout entertaining tasks. We choose balance tests to get an objective
estimation about our volunteers’ postural control, which are based on movements performed in
everyday life and the games, players played. For this reason, Kinect game training is a suitable

tool for training postural control of healthy older adults.

6.2. Limitations of the Kinect exergaming usability study

This usability study has encountered certain limitations as no sample size calculation
was performed, and due to the lack of a control group and the relatively small sample size, the
results should be interpreted cautiously. Therefore, these findings are not conclusive. Recruiting
volunteers via local paper announcements for exergaming was not sufficient to get the attention
we had hoped for. We believe that to attract more participants for future balance training
programs, other types of advertisements should be used to generate interest. Posts on social
media with video demonstrations and trials could raise interest especially among the youth, who
could encourage their older relatives to participate. In this study, only older women participated,
but to examine whether there is a gender difference in sensory reweighting following
exergaming, future studies should also include a group of male participants. Investigating the

effects of exergaming in older individuals with vestibular dysfunctions could also be beneficial,
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as this population is especially at risk of falling. Although there are studies that have described

the positive effects of exergaming on balance ability!!%-!!!

and on higher-order cognitive
functions!!? when training independently at home, this study could not have been performed
using a home-based exergame program. The reason for that is that the applied commercially
available Kinect games are in English and no Hungarian translation is available. Therefore,

participants needed assistance with starting and setting up the games, as well as technical help.

6.2.1 Conclusions of the Kinect exergaming usability study

In this usability study, women’s sway path decreased in the ML direction not only on
the firm surface with eyes open, but also on the foam surface with eyes closed as a result of
following the Kinect exergame training. These findings might support the idea that although
the Kinect exergame training did not specifically contain direct challenging sensory tasks (e.g.,
tilting or unstable surface or closed eyes exercises), the reduced sway results suggest that
exergames could additionally result in sensory reweighting. The reason for this might be that
the games contained tasks that needed constant gaze stabilizing and frequent head
displacements. Therefore, this study’s improved sway results in the ML direction might

contribute to decreased risk of falls among older women.
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Is Kinect Training Superior to Conventional
Balance Training for Healthy Older Adults
to Improve Postural Control?

Mariann Sdpi, PT! Andrea Domijdn, PT, PhD? Anna Fehér-Kiss, PT! and Sandor Pintér, MD, PhD?

Abstract

Objective: To investigate the effects of balance training 1o improve postural control in adults older than 60. Our
aim was to find out if Knect training is superior 1o the conventional balance training in aspects of functonal
balance tests and posturography measurements testing postural stability through visual feedback.

Materials and Methods: Thirly subjects participated in the Kinect training group (29 women and 1 man),
practiced Kinect Adventures and Sports, 23 volunteers (22 women and 1 man) attended the conventional
balance traiming, and 22 participants (18 women and 4 men) were allocated to the no-intervention control
group. Both interventions lasted for 6 weeks, three times a week, and 30 minutes per session. The Four-Square
Step Test, Functonal Reach Test, Timed Up and Go test, Timed Up and Go cognitive dual-task test were
measured, and for the assessment of the limit of stability (LOS), we used computerized posturography. Mea-
surements were taken before the training at baseline and 6 weeks afier (follow-up) the interventions. Statistical
analysis was done through two-factor mixed analysis of varance and Newman—Keuls post hoc test.

Results: Both training groups showed progress in the follow-up measurements; however, more statistically
significant improvements were found in favor of the Kinect balance training group (Timed Up and Go test
[P<0.05], Timed Up and Go cognitive dual-task test [P <0.05], Four-Square Step Test [P <0.05], Functional
Reach Test [P <0.05], LOS movement velocity [P<0.05]).

Conclusion: Our results suggest that Kinect balance training may be a preferable and safe method for the
healthy older adults to improve postural control and reduce the possibility of falling.

Keywords: Virtual reality, Aged, Physical therapy modalities, Postral balance

Introduction exact canse of balance dysfunctions® Previous literature®
indicates that with increased age, components of the neuro-
Ln.'mr.: SURROUNDED WITH 21$T CENTURY technology in - muscular, sensory, and cognitive systems, which are the
a fast-paced. rapidly changing computerized world and  main constituents for the appropriately functioning balance,
environment, even ow instinctively trusted balance abiliies  become decreased. Moreover, balance is also influenced by
are unsteady. Balance impairments among older populations constantly changing factors such as the environment (poor
resulting serious adverse effects such as falls are wellknownin  lightning, crowded spaces. and slippery support surface) or
gerarics. .-‘m:nrdmg to the Instimte of Health Metrics and  the individual’s emotional and general physical status.*
Evaluation.' the fifth cause of death and disability was falls in  Deficiency of any of these components may remain unde-
Hungary, where among 100,000 people, 1045 citizens suffered  tected until the first experience of a fall. Therefore, to reduce
injury or died due to falls. Therefore. early morbidity, immo-  the effects of age-related changes on balance, choosing a
bility, premamre nursing home placement. or surgical inter- waining method that improves all levels of the impaired
ventions are serious conditions that older adults deal with, balance is essential.
The reason for decreased balance abilities is often mult- For the prevention and delay of serious consequences of
factorial, meaning that it is difficult to determine only one  falls due to postural control impairments in older age, there

Llcpmncm of Orthopaedics, Physiothempy Centre, University of Szeged, Sm_gpd Hungary.
Lk‘pu.m'ncm of Physiotherapy, tuult_',' of Henlth Sciences and Social Studies, University of Szeged, Szeged, Hungary.
; I)c‘pd.m'ncm of Traumatology, Faculty of Medicine, Univemsity of Szeged, Szeged, Hungary.
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have been several attempts in physiotherapy doring the last
decades. Vanous smdies confirmed that physical exercise
training,” aquatic gymnastics” strength training,” and Tai
Chi* are effective balance enhancement methods designed
for older adults. Furthemore, according 1o Rogge et al?
balance training and physical exercising'” can develop older
adults” cognitive functions as well.

Dual tasking is frequent in daily life. Maki et al."' de-
seribed that neural structure theories propose that dual-task
interference effects appear since there are competing de-
mands for specific neural pathways within the brain. Ex-
ergames can alse be considered dual task, in which subjects
have orm two asks via cognitive and motor perfor-
mances'” simulizneously, which is beneficial for training
postural control,

When active videogame devices were meleased shortly,
they gained popularity in balance rehabilitation too, although
these products primarily did nol serve any therapeutic pur-
pose. In a review by Kinne et al,” several studies had
compared the effects of Nintendo™ Wii™ games with con-
ventional balance exercising among healthy older adults.
Commercially available Kinect games contain whole-body
movements based on visual feedback in a realistic virtual
environment, and therefore, they may improve physical and
cognitive parts of postural control as well. Another advan-
tage of Kinect gaming is that plavers do not nead any hand-
held controller o practice sporting activities and their basic
mowements such as ski, t2nnis, and foothall, and that expe-
riencing these sports can become realistic via visual feed-
backs in a virtual environment compared with a conventional
training. In addition to that, Kinect games are operating with
rewarding mechanisms: players are given reward points Lo
motivate them during the games.

Only few studies investigated the effects of commercially
available Kinect gaming (raining either versus an exercise
training or a comventional physical therapy or a no-
intervention control group on balance improvement in the
sume target population, !5

To our knowledge. this is the firstarticle that compares the
effects of these different (ypes of raining groups at the same
time in healthy older adults focusing on only the fanctional
balance tests completed with posturography measurement
testing postural stability through visnal feedback. To inves-
tigate if the Kinect training program is more effective than
the conventional balance training, it is essential o apply
various balance tests that represent balance abilities of ev-
eryday life movements or body movement patierns. There-
fore, the aim of our smdy was to confirm that the Kinect
Iraining using commercially available games might be more
prominent than conventional balance training on improving
functional balance of healthy older adults.

Methods
Participants

Healthy community-dwelling older adults (free from
known musculoskeletal, neurological, and cardiopulmonary
disorders), older than 60, were recruited (n= 117) (Fig. 1) for
our study on improving balance abilities through local an-
nouncements in senor centers of the city Szeged. Hungary.
Exclusion criteria included sel Freported cognitive impairment.
disorders of the heart and circulatory system, musculoskeletal,
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respiratory, and automumune diseases, neurological condi-
tions, hearing or vision loss, artificial limbs or prosthetics,
sores on lower limbs or feet or corns, and taking medica-
tion that could affect the poswral control. On the arrival of
subjects (on a first-come. first-served bhasis), participants
were enrolled to the Kinect training group or the conven-
tional balance training group or to the no-intervention con-
trol group. Subjects were kept unaware about the method of
allocation and ahout different types of groups, but the anthors
were nol Minded to the group assignment. Qur volunteers
were informed about the start and procedure of the study one
by one.

Our participants performed casual daily activities but did
nol participate in any organized physical raining exercise
program, To avoid any bias, for the duration of our study we
asked our participants not to be engaged parallel in any other
structured physical exercise or balance training program. The
Ethics Committee of the University of Szzped. Hungary,
approved the swdy (registration no. 1252015 SZTE). A
signed informed consent was obtained from all individuals
before their participation in the research. All procedures
were performed according to the Declaration of Helsinki.
Our study ran between July and November 2015,

Intarvantion

The Kinect training group. Prior the smdy, the partici-
pants did not have any experience with exergames, thus
before the very first training, the group was given an intro-
ductory demonstration on how to play the gesture-controlled
videogames. Subjects were trained with the Microsoft Xbox
360 Kinect (Redmond, WA) videogames. Kinect is a motion-
sensing input device produced by Microsoft for Xbox 360
videogame consoles and is based armmd an RGB camera,
providing among others full-body 3D motion captume. The
pictures of the game were projected on the wall, and with the
help of the Kinect sensor. Before the training, we conducted
a pilot testing exergaming session where subjects were
grouped inte matched pairs based on age, physical abilities,
understanding the tasks in the vitual environment, and
summed points reached in the pilol gaming session.

Subjects participated in the training sessions three times a
week for 6 weeks (altogether 1B times), conducted by
physiotherapists. Each training session took 30 minutes for
each of the participants. During the 30-minute activity, there
was ~ l-minute transition time between the games, when
playvers could take a rest. Games that require more predict-
able movements and more simple elements (e.g., bowling or
football. skiing. and just dance) were played in half of the
total game time and those games that necessitate higher at-
tention and fast reaction times (200000 Leaks, Space Pop,
Reflex Ridge, River Rush) were chosen to play for the sec-
ond hal T of one training session. Participants plaved the same
type of games in the same order on each gaming day to aveid
hias. Relying on the methods of previous studies' ™ ™' that
effectively used Kinect games for mhabilitation or improv-
ing balance in our research, we applied games that also
contain patterns of everyday functional movements, which
model usual natural motions, that is, reaching and leaning to-
ward something. upper hmb movements while static standing,
weight shifting, forward, backward, and side stepping, squat-

ting, lunging. and hopping. Players” adaptation and progression
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Assassad for aligibility: community dwalliing older
adults, above the age of 80. Exclusion criteria
incheded seif-reported cognitive iImpairment,
disorders of the hean and circulatory systam,
musculoskeletal, respiratory, autoimmurne
disgases, neuralogical conditions, hearing ar
vigion loss, artificial imbs or prosthetics, sores on
lowver limbs or feet or comns, taking medication
that could affect the postural control, (n=117)

Excluded (n=27)

+ Duie 10 exchision criléda
(n=24)

+ Declined to panicipate (1=2}

Allocated 1o Kinect traineng group
{n=30)
+ Participated in baseline tesling
and received alocated
inervantion [n=20)
+ Did not receive allocated

Allpcated to convendional balence
training (n=30}
+ Participated in baseling testing and
recaived aliocated inereention
(=23
+ Did not recaive allocatad
intervention due to kss of interest
and scheduling problems (n=7)

Allpcated to contrel

gresp (n=30}

+ Oid not panicipale
ither in baseina or
Toliow-up testing dus
1o loss of intenast and
scheduling problems

(=8}

Lost Io folow-up (n=0)

Lost fo follow-up (n=0)

Last 1o follow=up (n=0}

Analysed (n=30) Anakysed (n=23) Analysed (=22}
+ Excluded from analysis » Excluded from analysis » Exgluded from analysis
{give ressons) {n=0) {give reasons) (n=0) [give reasons) (n=0)

FIG. 1. Flow chart of participant”s allocation process.

wene alsoconsiderad, and them fore, the level of difficulty of the
games was continuously set during the training.

Conventional balance training group.  Befome the training,
we conducted a pilot testing balance training session where
subjects were grouped into matched pairs based on age,
physical abilities, and understanding the exercises, Partici-
pants who performed conventional balance training were
trained for 6 weeks, three tmes a week (aliogether 18
trainings). During the interventions, volunteers were in-
structed by a physiotherapist on how to complete the exer-
cises. The balance training was performed in an exercise
room at a clinical physiotherapy department. On the basis of

the smudies of Zhuang et al." and Halvarsson et al,™ our
training targeted balance control in specific situations that
can occur in daily life, such as obstacle couse, applying
cognitive tasks with simultaneously performed phvsical ex-
ercises. On the abovementioned methods of researches, ™™
our training consisted of three parts: the first few minutes of
the training session contained light warm-up execises (arm,
leg and neck movements, marching in place ) followed by the
main part of the training. where participants performed static
and dynamic balance exercises that also included reaching
and leaning, weight shifting, forward, backward, and side
stepping, change of direction exercises, squatting. lunging,
and hopping tasks. The sessions ended with a few minotes
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lasting cool-down part. including stretching and breathing
exercises.

Control group.  Members of the contral group received no
balance training, only pre- and postmemsurements (in 6
weeks).

Outcamea measures

The cutcome measures were recorded before the training
(at baseline) and at the subsequent days of the latest training
sessions (ol the end of the sixth week) by the physiothem-
pists. Balance outcomes included Four-Square Step Test
(FS5T), Functional Reach Test (FRT), Timed Up and Go
Test (TUG), Timed Up and Go duml-task (TUG-cog), and
Limits of Stability (LOS} test measured on NeuroCom Basic
Balance Master™. The deskiop configuration of this device
uses a fixed dual-force plate to measure the vertical forces
exerted through the subject’s feet to measure center of
gravity (COG) and postural control.

In performing the FSST. stepping over a cane clockwise
and coumter clockwise in a certain time needs moving for-
ward, backward, and sideways.” During the recording of the
FRT. participants have to reach in forward direction as far as
it is possible from a stable, standing position, without step-
ping out of the baseline position.~ As for the TUG test.
subjects have o get up from a chair, walk armmd an object
3 maway from the starting position, get back to the chair, and
sit down. ™ The same is required in the TUG-cog. in whicha
cognitive sk is added. ™ Both tests measure the lime needed
o perform the instructions. During the LOS test. partici pants
were required to stand on a force platform with their arms at
their sides to the trunk and while watching a computer
monitor, subjects were cued to move the humanoid owand
the target, the representation of their COG i eight directions
(ie., forward, forward-right, right, backward-right, back-
ward, backward-left, left, and forward-left) within a given
time. ™ Reaction time (LOS-RT) and movement velocity
(LOS5-V) were measured.

The average of three trials of distance (FRT). of time
(F55T., TUG, TUG-cog, LOS-RT), and of velocity (LOS-V)
was nsed.

Data analysis

All analyses wemr performed using Statistica 13. Datasets
were checked for nomal distribution using the Kolmogorov—
Smirnov test. Sample demographics (age, body mass
index [BMI]. gender distribution) were compared using
independent-samples -tests. Baseline differences in balance
parameters between the groups (Kinect vs. conventional vs.
control}) wene tested using one-way analysis of variance
(ANOWV A). Effectiveness of the different trainings on bal-
ance parameters measured by FSST. FRT, TUG and TUG-
cog, LOS-RT. and LOS-V was tested using two-factor mi xed
ANOVA with time (pre vs. post) as the within-subjects
factor, and group (Kinect vs. conventional vs. control) en-
tered as the between-subjects factor. All values are given
as mean tstandard deviation. The post hoc test was the
Newman—Keuls test. A value of P<0.05 was taken as a
significant training effect. and P<0.10 was interpreted as a
statistical trend.

SAPI ET AL.

Results

Alwogether 75 subjects participated in our smdy (Fig. 1).
without any dropouts.

Damographic data

The demographic characteristics of participants in the
three groups are presented in Table 1. There were no sig-
nificant differences between the training and control groups
in age, sex distribution, and BMI (P <0.05).

Effacts of traling on functional parformance
balance lests

At baseline evaluation of the fimctional performance
balance tesis. there were no significant differences between
the three groups.

Our results showed a significant interaction of tmex
group for the parameters of FSST (F(2,146)=4.37, P <0.05)
and FRT (F(2,146) = 3.65, P<0.05). The results of FSST and
FRT (Fig. 2) compared with the baseline in the conventional
training group and in the control group emad eed unchanged.
while these values decreased significantly in the Kinect
fraining growp.

We observed significant interaction timex group for the
parameter of TUG, there was a significant difference among
the three experimental groups (F{2,1460=3.46. P <0.05).
Time needed for the execution of the TUG test showed
significant improvement in both the Kinect training group
(P<005) and in the conventional balance training group
(P<005) compared with the follow-up data of the control
group. While both training groups showed improvements in
TUG test, we detected a significant decrease of the time of
TUG (P=0.05) performance after the training compared
with the baseline in the Kinect group only (Fig. 3). The
control group displaved nonsignificant detedoration during
the 6-week period.

The time nesded for the test with an additional cognitive
task (TUG-cog) increased in all groups before the training,
although this change was not significant, just a statistical
trend (P<010). However, after the training programs, the
effect of the additional cognitive task showed no deterioa-
tion in the results of both intervention groups (P00 10).

Mixed ANOVA revealed significant interaction timex
group for the parameter of TUG-cog (Fi2.146)=3.48.
P<0.05). The time of TUG-cog presentation decreased in
both intervention groups, but this change was significant only

TasLE |. DEMOGRAPHIC DATA OF THE GROUPS

Kinect Conventional

balance balance

training training Control

group group group P
N 30 23 2 =005
Age (vears) 695724660 69122419 67.1825.56 »005
Sex distnbution 1729 W23 418 =005

{male/ fernale)

BMI {kg/m™) 26212260 25952260 27.09125.45 =005

BMIL body mass index.
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FIG. 2. The effect of the three types of intervention on postural control. The time of FSST (mean £5D) before and after
the different trmining programs. Statistically significant difference (P<0.05) in comparison with the preintervention data
{asterisk). The distance data of FRT (mean £5D) before and after the different traimng programs. Statisticall v signi ficant
difference (F-<0.05) in comparison with the preintervention data (asterisk). FRT. Functional Reach Test; FSS5T. Four-

Square Step Test; 5D, standard deviation.

after the Kinect training compared with the baseline data
(P<0.05) (Fig. 3).

Effacts of training on computarized postumgraphy tast

Baseline and follow-up levels of the training groups and
the control group are summarized in Table 2. There were no
significant differences between the three groups at baseline
evaluation,

LOS-RT showed a significant training effect (time x group
interaction, F(2,146)=6.75, P<005). Reaction time in-
creased in the control group, while this value in the Kinect
training group slightly decreased.

We observed significant changes with respect to LOS-V
test (tmexgroup interaction, F2.146)=502, P<0.05).
Both the Kinect (P<0.05) and the conventional balance
training group (P <0.05) significantly increased the velocity
of LOS performance compared with the control group data,
although only in the Kinect group was the movement ve-
locity significantly higher (P<0.05) after than before the
training.

Discussion

The objective of our study was to confirm our hypothesis
that Kinect training using commercially available games can

B & Kinect
=% Conventional
14} S5 Control
13
12 FIG. 3. The effect of the three types
of intervention on postiral control.
=M The time data of TUG and TUG-cog
@ test (mean 50 before and after the
o 10 different training programs. Statisti-
E cally significant differences (P<0.05)
F g in comparison with the control (circle)
and statistically significant di ferences
B (P<005) in comparison with the
premtervention data (astersk). TUG.
7 Timed Up and Go Test; TUG-cog.
Timed Up and Go dual-task.
]
5
Before  Follow-up Before  Follow-up
TG TUG-cog
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TABLE 2. EFFECTS OF THE 6-WEEK TRAINING PROGRAM ON COMPUTERIZED POSTURODGRAPHY TEST
Parameter Crromip Pre (mean+5D) Post (mean £8D) Time  group interaction, P
Limit of stability test Kinect (n=30) 1.0410.63 0.8910.54 0001

Reaction time () Conventional (n=23) 0,941 0.62 100+ 0.50

Contral (n=22) 0911051 1.04+0.62
Limit of stability test Kinect (n=30) 309+ 1.38 384+ 184 0007
Welocity (mJs) Conventional (n=23) 3.55+ 1.61 37714738

Control (n=22) 305t 1.59 2821 1.15

P values refer to level of significance of the ime < group interacton of two-factor mixed ANOVA with time (pre vs. post) as e within-
subjects factor and group (Kinect vs. conventional vs. control) enered as the between-subjects factor.

AMOV A analysis of vardance; SID), standard deviation.

be more effective than a conventional balance training fo-
cusing on improving balance of healthy older adults. Ac-
cording to our results, both trmining groups” balance tests
improved with superiority of the Kinect training group,
whereas the control group emained unchanged.

Effects on functional performance balance tests

To our knowledge, there is no study that applied these tests
to investigate the effect of an exergame balance training
applving commercially available Kinect games to improve
healthy older adults’ balance abilities. However, Keogh
et al.® used FSST to assess dynamic balance abilities among
older adults, who practiced Nintendo Wi Sports Games. In
their study, the gamer group’s post-training results rema ned
unchanged compared with the control groop without train-
ing. As opposed to that, our results showed statistically
significant improvement in the FSST only in the Kinect
training group. The reason behind our result could be that the
stepping movements in the FSS5T wem also the basis of
games participants plaved (i.e.. 20,00 Leaks, Space Pop).
On the contrary, in the study of Chen,™ the developed Kinect
exergames showed no significant change in FSS5T among
older pm]gle:.

iervla™ described that there was no statistically signifi-
cant enhancement in the FRT. neither in the Kinect raining
group nor in the controd group without intervention. In
contrast with that our results sugeest statistically significant
improvement in the FRT in the Kinect training group, while
the values of the conventional tmining group and the control
group remained unchanged. The shorter wtal time of the
intervention and the lower sample size can be the reason why
the FRT did ot show mny change in Biervla's stdy.™
Meanwhile, after the developed Kinect exea-g?m Lminings
among older aduls of Sato et al. ** and Chen,” FRT showed
significant improvement in the exergaming groups’ post-
raining results, and no difference was detectable in the
ocontrol group in Sato’s sudy.

Based on Biervla's'® findings, there was no statistically
significant decrense in the time scores of TUG, neither in the
Kinect training gmu:p nor in the control group. In a smdy by
Karahan et al..~ the TUG results showed statistically sig-
nificant improvement only in the Kinect training group, bat
no relevant decrease in time in the home exercise
group. Bacha et al." investigated the effect of Kinect
training and the conventional physical therapy tmining on
the Mini-BESTest. including the evaluation of the TUG. with
the conclusion that both groups showed statistically signifi-

50

cant improvement compared with their baseline results. Our
scores of the TUG presented both in the Kinect and in the
conventional traimng group statistically significant en-
hancement compared with the control group. Furthermore.,
compared with the baseline results of the TUG time scores. a
statistically significant decrease was shown only in the Ki-
necl trafing growugp.

For our study, we also applied the TUG test with an ad-
ditional cognitive task resulting in increased test times in all
groups. The intervention groups’ postdraining Lme Soores
presented enhancement. moreover, the results confirmed
statistically significant improvement in the Kinect training
group. To our knowledge, themr is no research with similar
study design that investigated the balance tests with an added
cognitive task. Bacha et al.'® measured the effects of the two
trainings on cognition and they found significant improve-
ment in both groups” results, although for the assessment of
the postural contmol the anthors applied the Mini-BESTest.
According to Pichierri et al,” exergames can be consid-
ered dual tasks since the games are performed by a man—
videogame interface, requiring cognitive and motor
functions simultaneously. The TUG test with an additonal
cognitive @k is also a dual task and therefore, our results
can confinn that the Kinect training has a major effect on
performance with high cognitive and motor demands.

According to Monteiro-Junior et al.,*” during exerpames,
participants move in a simulated virwal environment. where
they need o perform random. constantly changing elements
(open wsk). Kinect training can provide open asks, and they
may improve cognitive fimetions, since individoals need to
understand and interact with a virtual environment context.
Physical exercise and cognitive stimulation performed to-
gether show the potential that exergames may provide a new
strategy to stimulate neuroplasticity and improve cognitive
functions.™ As a resull of exergaming containing anticipated
visual tasks in a virtial environment, cognitive processing.
and movements concurrently, therefore it might provide the
possibility of trining visuomotor integration.

Effact on posturography test

We have not found any study o far that has been con-
ducted on improving postural control through conventional
and Kinect balance training in older adults that applied
MeuroCom Basic Balance Master for the evaluation of LOS.
As stated by Bowrelle et al * the LOS test is associated with
cognitive functionality. and they found that this evaluates
miotor and cognitive capabilities to respond to the complex
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task of initiating a movement with cerlain accuracy. in Author Disclosure Statement

function of a visual stimulus. Faraldo-Garcia et al™ con-
cluded that aging affects the reaction time, the movement
velocity of the LOS performance. During LOS test. we
found that both interventions enhanced the reaction time
and the summed velocity compared with the follow-up re-
sults of the control group. Moreover, post-training results of
the Kinect training compared with its baseline improved
significantly.

The central nervous sysiem regulates movements and
stability by using two main postural strategies (o mainiain
(proactive) and to restore (reactive) postural control™ In
older adults preparing for an external, predictable perturba-
tiom, anticipatory postural adjustments (APAs) and com-
pensatory postumal adjustments (CPASs) to restore balance are
significantly delaved,” and impairment in visual and cog-
nitive function can also be detected due 1o aging,™ msulting
in the enhanced risk of falls. APAs can be considered the first
line of defense against falling, followed by CPAs, and both
play an important role in maintaining balance ™ To our
knowledge, there is no functional balance test or posturo-
graphy test for the direct evaluation of APAs. Whereas
Hwang et al.™ found comelation between the APAs mea-
sured with Electromyography and the TUG and the TUG-
cognitive tests. Findings by Bacha et al'® suggest that both
conventional physical therapy and Kinect training enhance
APAS, and therefore, due 1o our results of the TUG and TUG-
cof we suspect that Kinect training intervention might have
maore effect on APAS than the conventional balance training.

One limitation to this swdy is that no sample calculus has
been made and gender distribution is unequal. Moreover, o
sel up a more precise trestment regimen with Kinect gares.
further research would be necessary on investigating the
exact amount of time, fequency, and regularity of trainings
since our aim is o provide long-lasting balance interven-
tions. In addition, another limitation is that no further foll ow-
up results have been performed which could verify the
lasting effects of our trainings.

Conclusion

Several smdies investigated the effects of the custom-
made Kinect game training for older adulte 3¢ According
to our present results, the commercially available Kinect
games are able to fulfill the requirements of a functional
balance traimng. since these games make their players to
move in functional movement patterns, while participants’
attention is directed o problem solving and throughout en-
tertaining tasks. We choose balance tests to get an objective
estimation about our volunteers” postural control, which are
based on movements performed in evervday life and in the
games, plavers plaved. For this reason, Kinect game training
i5 a suitable tool for training postural control of healthy older
adults.
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Abstract

Background: Older adults tend to expenence difficulties in switching quickly between vanous relizble sensory mputs, which
ultimztely may contbute to an increased nsk of falls and mpunes. Sideward falls are the most frequent cause of hip fractures
among older adults. Recently, exergame programs have been confirmed as beneficial tools for enhancing postural control, which
can reduce the risk of falls. However, studies to explore more precisely which mechamsm of exerganing divectly influences older
women’s ability to balance are still needed.

Objective: Chr aim was to evaluate, m a sngle-group pretest/posttest/follow-up wsability study, whether Emect exergame
balance traming nught have a beneficial mmpact on the sensory rewerghting 1n women aged over &0,

Methods: A total of 14 healthy women (mean age 69.57 [SD 4.66] vears, mean body mass index 26.21 [SD 2.6] kg,"m-'j-
participated 1n the study. The volunteers tramed with the commercially available games of Emect for Xbox 360 console 3 times
(30 mimates/session) a week over a 6-week penod (total of 18 visits). Participants’ postural sway in both the anteroposterior (AF)
and mediclateral (ML) directions was recorded with NewroCom Balance Master 6.0, To assess and measure postural sensory
reweighting, the Modified Climical Test of Sensory Interaction in Balance was used, where voluntesrs were exposed to vanous
changes m visual (eyes open or eves closed) and swface condriions (firm or foam surface).

Results: In the ML direction, the Einect exergame traming caused a sigmificant decrease m the sway path on the fom swface
with the eyes open (P=.001} and eyes closed (P=.001), and on the foam surface with the eyes open (P=.001) ard eves closed
(P=_001) conditions compared with baselme data. The follow-up measurements when compared with the baseline data showed
a sigmficant change in the sway path on the firm swface with the eves open (P=.001) and eves closed (P=.001) condihons, as
wall 2z on the foam surface with the eves open (P=003) and eves clozed (P=001) condinons. Bezides, on the firms surface, there
were no sigmficant differences in sway path vahues mm the AP dwection between the basehne and the postraming measuwrements
(eves open: P=49; eves closed: P=18). Likewise, on the foam surface, there were no sigmficant differences 1n sway path values
i the AP diection under both eves open (P=24) and eves closed (P=84) condiions.

Concluzions: The mmproved posturography measurements of the sway path m the ML dwection might suggest that the Einect
exergame balance traming may have effects on sensory reweighting, and thms on the balance of women aged over 60. Based on
these results, Kinect exergammg may provide a safe and potentally useful tool for improvimg postural stabality in the crueial ML
direction, and thus 1t may help reduce the sk of fallng.
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Infroduction

Slipping, fumbling, or any other kind of an unintentional loss
ofbalance, which results m a fall and subsequent hosprialization
due to myury, is a serious global concern for people over the
age of 60 according to the World Health Organization [1].

It has been shown that age-related deficits can manifest m
cogmttve finction [2], n newomuscular control mechanisms
[3.4], and in the following 3 sensory systems: the visual [5], the
somatosensory [6], and the vestibular [7]. Vanous studies have
shown that older mdividuals have a tendency to use
propricception rather than visual and vestibular cues for postural
motor control. Tlis dependence on the proprioceptive system
also increases with age [3,5]. In dvect contrast to thus, Haibach
et al [9] found that older adults tend to rely more heavily upon
therr visual mput rather than the other sensory systems to
compensate for age-related deficiencies.

According to previous studies [10,11], adults tend to experience
difficulties in switching quickly between vanous reliable sensory
inputs, which ultimately may contrbute to an mereased nisk of
fall=. However, Allison et al [12] suggest that this particular
process 15 not impaired among the target population as a direct
result of aging. Regardless of whether sensory reweighting
deteriorates or remains unchanged with age, therapists should
aim to plan programs that can develop these previoushy
mentioned sensory systems and thus decrease the nsk of falls.

It has been confirmed that commumity-dwelling women over
the age of 65 are at least two tumes as likely fo suffer up
fractures due to a fall when compared with men [13]. In one
study [14], osteoporosis-related fractures m Hungary were
imvestizgated and offered meidence data not only on hip, but also
on several factures between 1999 and 2003, when the fotal
population was approximately 10 million mhabitants. According
to the data reported m this 5-year period, 404,380 Hungaran
women and 206,009 men over the age of 50 had at least one
fracture. A possible reason behind this phenomenon nught be
attnbuted to the difference between each gender’s change m
the level of sex hormones durng vanous stages m life. The
changes may cootribute to older women having a2 more
sigmificant decrease in bone muneral density [15]. Besides
age-related hormonal changes, multitasking increases women's
gait varability, and thes has a direct relationship to the
prevalence of falls [16]. Furthermore, elderly women with an
abnormal balance while walking are more likely to fall [17].
Accordmg to the findings of Qazm et al [18], a state
posturography test demonstrated that the mediolateral (ML)
component of postural sway is most strongly associated with
long-term fracture nisk in postmenopansal women. In addition
to that, sideward falls are the most frequent cause of hup
fractures among older adults [19], meaning that it is of key
importance to detect with poshwography the gquantifiable
information on body sway that cammot be wisible to the
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chmicians’ naked eyes [20]. Signs of mstalulity are sometimes
not immediately apparent m the chmeal sethng, but sensitive
measurements, such as postural sway, can pradict the ikehhood
of falls [18]. For thus reason. 1t 15 essenfial to implement trammng
programs that improve sensormotor confrol in the eritical ML
Fecently, exercize games that are played in a virtuzl, but rezlishe
emironment {exergames) have become popular m vanous fields
of research. The use of different types of virtual reality (VE)
systems has been considered a beneficial methed to improve
health gains in different populations and pathelogical condibions
[21]. Aceording to cwmrent systematic reviews, wideo
game-based traimmgs help support physical health [22-25] and
cognitive fanchions among older adults [26-28]. In the last
decade nonmmmersive VE. (without the use of a head-mounted
device) exergame trammings with the Emeet system have been
proven to be favorable in improving postural control among
older adults [29-33]. A recent study revealed smiznificant affects
on balance in older adults who had VE exercice raimng versus
an inactive confrol group [34], as well as a comrentional exercise
tramnimg group [35]. However, the exact mechanism of acton
of exergaming in improving the balance abality of older adults
is a complex process that remains unelear [26]. Thus, in order
to provide sound recommendations for their clinical use, the
authors suggested conducting finther studies to explore more
precisely which mechanism of exergaming directly influsnces
an older individual’s ability to balance (in other words, what
are the causes of the observed changes or what ame the
improvements from exergame interventions).

It has been suggested that one of the underlying effects of
exergames mught onginate from sensory reweightng. Body
sway-based assessments such as the Sensory Orgamzation Test
or the Modified Clmical Test of Sensory Interaction in Balance
(m-CTSIB) are sensitive tocls for measunng sensory feedback
reactions and processes dunng  static  stance.  These
measurements can confirm chanpges in senscry reweizhtng
following exergaming m patients with Parkinson disease [36],
m healthy and young adults [37,38], in older adults [359], m
healthy women [40], and in women with fibromyalga [41].

In the past 3 wears, the effect of exergammmg on sensory
reweighhing among older women has recerved hittle attention
despite its elimieal mmportance for physiotherapists. Because of
the limited mamber of studies avalable on this topic, this
usability study 15 focnsed on examimng the potenfial effacts of
a EKinect exergame traiming on sensory reweighting and balance
n the ML direction in healthy older women.

Methods

Participants

For the pwpose of this study, healthy, commumity-dwelling
older women above the age of 50 were recruited w1a local
announcements m the senior centers within the city of Szeged,
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Hungary. Exclosion enteriz mehuded self-reported comorbidities
(such a5 cogmifive mmpanment; disorders of the heart
circulatory, mmsculoskeletal, and respwatory  aibments;
autormmnne diseases; and neurclogical condifions), heanng or
wision loss, prosthetics or artificial imbs, wounds or corns on
loweer extremifies, and the use of medication that could affect
balance or participation in other crganized physical traiming
exerclse programs. Twenty active, commumiy-based vohmteer:
signed up for the trammmg program:; however, due to the
exclusion critenna, only 14 of them could participate m the study.
Thes study was performed according to the Declarmfion of
Helzink: and was approved by the Ethics Computtee of the
Unmversity of Szeged, Hungary (registration Mo, 1235/2013
SZTE}. All participants gave thewr signed mformed consent
before parhicipating m the tainmg program

Training Protocol

The applied equipment comsists of 2 mwton-sensing RGE
camera named Kinect (v]), an Ebox 360 console, and video
game= developed by Microsoft. Dhuning the trainmg, pictures of
the game’s scene and a plaver's avatar were projected onto the
wall via the camera’s full-bedy 30 mofion capture.

Before the training program commenced volunteers had not
had anyv expenience with exergames or any of the previoushy
mentioned devices, and so 1t was important to have an
mnfroductory mesting prior to the first traimng session where
inshuctons were given on how to play the gesture-controlled
wideo games and an opportunity to experience them first-hand.
The tramming took place at Albert Szent-Gydrgy Chmeal
Center's Physiotherapy Department 3 tmes a week over a
f-week period (total of 18 visits). These sessions were assisted
by physiotherapusts. Participants were mstructed to wear a
comfortable cutfit and safe footwear for the 30-mimmte traimns.
Games were chosen based on the type of mevements thewr
performance required, with the main aspect being that zames
had to contaimn patterns of everyday funchonal movements which
modeled uwsual frequent nztural metens. Commercially
available KEmect games were playved by the particrpants which
demanded continnal displacement of the participants" center of
gravity (COG), transference of weizht between lower limabs
and lateral tumk bending and frequent sidesteps. The motor
stmmulaton dunng gameplay required balanced reachons and
contimnons postiral adjustments associated with fast movement
of the legs and armas. Durng the first half of the training
sessions, games that consisted of more foreseeahle movements
and simple elements (eg, football, sking) were played. Other
more complex games that needed higher cognifive attention and
fast reaction (20.000 Leaks, Space Pop, Reflex Fadge, River
Bush) were selected to be played m the second half of the
taming sessons. All participants played the same type of games
n pairs, in the same order on every raimm g occasion, but were
pever allowed to play the same game on 2 consecutive training
sessions. Durmg the tramming, the plavers’ adaptation and
progression, as well as the level of difficulty of the game, were
continnously recorded and modified based on each participant’s
overall ranking m the game. Between each game, there was
approximately 2 l-minute transihon iime so that plavers could
take a short break.
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Measurement

In general, m order te assess an indmidual’s abibity to both
mtezrate vanous senses of balanes and compensznon, whals |
ormoere of these senses may be lackng [33], NewroCom Balance
Master 6.0 (Clackamas) and the m-CTSIB [42-44] were used.
The postwrography mezsurements were performed at 3 separate
mitervals: before the first rammung, after the completion of the
trammmg program (pestirmining), and & weeks after the last

tramng session (follow-up).

The Balance Master 6§.0°s sofiware provided the locaiion of
both the COG and center of pressure across all tests for the
m-CTSIB. The m-CTSIB test was mmhally developed by
Shumwray-Cook and Horak [45] to differentiate sensory
(somatosensory, visual, and westibular) mputs mmroled
postural stability during a steady-state balance assessment, and
1t explored balance on vanous swface types, with and without
vision, usmg 4 sensory conditions: (1) firm surface, eves open;
(2} firm swrface, eves closed; (3) foam surface, eves open; and
(4) foam =wface, eves closed The results provided by the
Balance Master 6.0°s software package gave 3 measurements
of COG (3 » 10 5)in the anteropostenior (AF) and WL directions
[353]. Based on a previous study [43] with elderly females in all
4 sensory conditions, this test had good to excellent reliabality
of ML (intraclass comrelation coefficient 0.88-0.93) and AP path
length (intraclass comrelation coefficrent 0.85-0.907.

For the assessment of balance on the foam swiface, 2 NeuroCom
square foam balance assessment pad (size 46 = 46 = 13 cm)
was used. Dhuring the assessments, the base of support was fixed
and participants stood comfortably barefooted with arms to ther
side and their feet next to a mark on the platform. The
mezsurements took place in a qmet room away from distrachions.

Data Analvsis: Sway Path

The followms equations were apphed to calculate the sway
paths 1 the ML and AP direstions

n—1

—
5y =Z e ATRCE ) L

=1
n=1

= =
Sy T W [..TH-]_ =X )=

=1
where 15 the total mumber of samples; 715 the sample mumber;
5 15 the path length of ML ways; and =, i the path length of
the AP displacements of COG.

The followmg stanistical analysis was conducted nsing Stahshica
13 software (StatSoft). All sets of data were checked for nommal
distbution using the EKolmogorov—Smimov test. Factorial
analysis of vanance was used to amalyze sway data of the
m-CTSIB test on firm and unstable (foam) surfaces to evaluate
the main effects and the influences of the 2 visual conditions
{eves open and eves closed) at all 3 fime condibons (baseline,
after the traming, follow-up) as within-subjects factors. All
vahues are given as mean (SD). The post hoe test was the
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Nevman—Eeuls test. A level of sigmficance of P=05 was
applied

Results

Creerall 14 female volunteers (mean age 69.57 [SD 4.68] vears,
mezan body mass index 2621 [SD 2.6] kg,"m:l} participated m
the study without any dropouts.

Changes in Sway Path During Quiet Stance in the ML
Direction

In the MI. direcion the KEmect exerzame traiming caused a
sigmficant decrease in the sway path on the firm swiace with

eyes open (P 001) and eves closed (P=.001). and on the foam
surface with eves open (P=001) and eves closed (P-001)

Sipietal

condihons compared with the baseline data. The follow-up
measurements when compared with the baselme data alse
showed sigmficant change in the sway path on the firm surface
with eves open (P=_001) and eves closed (P=-001), and on the
foam surface with eves open (P=003) and eves closed (P-_001;
Figures | and ). There were no significant differences in sway
path vahies on the firm swface between eyes open and eves
closed condibions dunng the baseline (P=£81), after the traming
(P=30), and follow-up (P=48) evaluzhons. However, on the
foam swrface, results showed a sipmificant inferaction of
vision * tume for the sway path (F70:6=3.70, P=102). Before the
trainmg, the sway path on the foam (umstable} surface wath eves
closed was significantly longer (P= (1), whereas after the
trammg the absence of visual information did not result in a
sigmficant merease (P=_16) of the sway path (Fizure ).

Figure 1. The effect of the Kmect maining on sway path (mean [SD]) in the ML direction when standinz on the firm surface with open and closed eyes.
Statistically siznificant differences m sway path with eyes open (P<2.001) and eyes closed (P=.001) postoaming conditons compared with the baseline
data (asterisk). The follow-up measurements when compared with the baseline data showed statistically significant change in sway path on the firm
surface with eyes open (P<001) and eyes closed (P< 001) (asterizk). ML: mediolateral.
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Figure 2. The effect of the Kinect training oo sway path (mean [SD]) in the ML direction when standing on the foam surface with open and closed
eyes. Starisdcally sipnificant differences in sway path with eyes open (P=001) and eves closed (P01} postiraining conditions compared with the
baseline data. The follow-up measurements when compared with the baseline data showed statistically significant changes in sway path with eyes open
(P=0403) and eyes closed (P< 001) (astenisk). Statistically significant difference in sway path during baseline measurements with eyes closed (P<.001)

comparzd with the eyes open condition (circle). ML: mediolateral
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Changes in Sway Path During Quiet Stance In the AP
Direction

On the firm surface, there were no sigmficant differences m
sway path values in the AP direction between the baseline and
the postraining measwements (Figure 3; eves open: P=40;
eyes closed: P=_18). Likewise, on the foam surface, there were
no sipnificant differences m sway path vahies in the AP duecton

I s jmir oy 20213550 TERS

under both eves open (P=24) and eyes closed (P=384)
copdinons. Duneg follow-up measurement=, 2 mam effect of
vislon was noted; in other words, closmg the eves resulted n a
sigmficant increase of the swray path (P= 001 ; Figure 3). On the
unstzble foam swface, a main effect of vision was observed and
the absence of visual mformation sigmificantly mcreased
(P=001) the sway path length in 3]l ime conditions (Figure 4.
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Figure 3. The effect of the Kinect training on sway path (mean [SD]) in the AP direction when standing on the firm surface with open and closed eyes.
No statistically significant differences in sway path values on the firm surface between the baseline and pestiraining measurements (gves open [F=48]
and eyes closed [P=18]). Statistically significant differences (P<.001) in comparison with the baseline measurement (asterizk) and in comparison with
the open eye condiden (circle) (P 001). AP: anferoposterior.
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Figure 4. The effect of the Kinect maining on sway path (mean [SD]) in the AP direction when standing on the foam surface with open and closed
eyes. Statistically significant differences (P<.001) in comparison with the open eye condition (circle). AP: ateroposterion
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Discussion

Principal Findings

Severzl studies have previously confinmed the beneficial effects
of exergames on postwral comfrol ameong older adults
[22,23.26.29 31-35]. This usalality siudy shows that a simple
Einect game—based balance traming mught be beneficial for
older women by improving balance in the ML direction. This
study also demonstrates that exergaming might have a favorable
effect in regards to the specific process of adjusting the sensory
contibutions to balance control [46], namely, sensory
rewelghting.

Increased Lateral Stability

Based on our study results, an important finding is that the sway
path in the ML direction on firm and foam swfaces, with eves
open and closed, mmproved statistically sigmificantly, whereas
no sigmficant change was detected m the AP dwechon
However, decreased sway path indicates improved stability m
the ML drection, which was concluded by Qazm et al [18] as
the strongest component of postural sway predicting fractures
in postmenopausal women. According to previous studies m
the elderly populztion [47-4%], ML swray can often be associated
with nsk of falls due to decreased proprioception and lower
extremuty muscle weakness m the lateral direction [30]. In hight
of the present findings followmg the traming, improved sway

b g jmir g 2021352 TEES

™™

59

Posttraining

Follow-up

results mn the ML diection were observed when participants
were standing on the foam swface with their eves open.
Signaficant decrease of ML sway mught also implicate an
improvement m propricceptive function following the Kinect
trainmg. This finding is sinmlar to the results of Sadeghi et al
[51], which suggest that Emect exergamung can improve
proprioception by providng visual feedback and challenging
motor skills and visual coordmation.

Improvement in Sensory Reweighting

An mportant finding of this paper is that the Einect exergame
trainmng program significantly reduced postoal sway on the
foam swrface with the eves closed Under this condifion of the
m-CTSIB, the central nervous system mostly relies on vestibular
information [45]. In the review by Tahmosybayat et al [32] no
exergame study has been presented that would tram and assess
sensory infegrafion and sensory rewelghting. Moreover, the
authors suzgested that the elements of sensory integration are
too unsafe to be trammed by distwbed sensory inputs during
exergames. However, Roopchand-Martin et al [39] have
examined the changes in m-CTSIB results following the
Mintendo Wi Fit balance traming in commmumty-dwellng adults
aged over 60. They found no significant results on the foam
surface with the eves closed condition after the traimngz. By
contrast, 2 Kinect-based phy=ical exercise balance mtervention
in women with fibromyalgia has revealed sigmficant
improvemsents i the m-CTSIE with eves closed on foam
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surfaces [41]. Another stady [40] that exapumed the Wi Fit
balance traiming for bealthy women also found silar results:
sigmficant sensonmotor improvement in umlateral stance and
limb strength. Mitz et al [41] concluded that these findmgs might
not be swpnsing because the activities included in the Wi Fit
traiming (such as yoza, balance, aerobic, and strength actovities)
unolved considerable smgle-limb balance requrements and
body  weight-resistance  movements.  Although  the
aforementioned studies [40.41] mmweshgated the effects of
exergammng on balance In vanous sensory condifions with
m-CTSIB, sensory reweighting following the traimngs has not
been proposed m these papers.

In confrast to these results, Yen et al [36] demonstrated that VR
balance traimmg significantly improved sensory reweighting m
older adults with Parkmson disease when both visual and
somatosensory inputs were unreliable. They have suggested
that the VE taimmg mught be especially beneficial for fall
prevention within this high-nisk target group, as =smmlar
condifions may alse ocour m reality due to varous extrinsic
emvronmentzl nsk factors (nappropriate footwear, poor
Lighting, shppery swfaces, loose mgs, or uneven steps) [36].
Crther studies have found significant mmprovement in the eves
closed condition on unstzable swrface followms 2 Wi Fit balance
trammng among young adults [37] and healthy adults [38].
Accordmg to these studies [37,38], the reason for the improved
vestibular finction might be due to the quick displacement of
COG in different directions, causing rapid changes in the head
postiion. Similarly, dunng pretest measurements m this study,
closing the eyes on the foam swface resulted in a statistically
significant increase m the sway scores in the ML direction;
however, postiraining measurements did not show detenorated
sway results. The reason for this might be that after the traimng,
participants shifted to the remaming, accurate source of sensory
informzton, and mainly relied on the vestibular "5-'“1'E|:|:|.Anaﬂ:|m’
possible explanaton mught be that dunng exerpaming,
participants had to complete several tasks contaimng movements
such as reaching out and lateral steps while they needed to often
change therr head position.

Santos et al [53] have suggzested that VR therzpy enables patients
to become immersed mn an mmagmary world, m whch
emvronmental perception 1= altered by arbificial sopmli, thus
resulting in a sensory conflict that can act on the vestobulo-ocular
reflex (VOR). The central nervous system reacts to vestibular
stomulus by reflexes such as the VOE, which stabilizes vision
duning head motion, and the vesobulospinal reflex, wiuch
induces a compensatory body motion to stabilize the head and
body, and prevent falls [54]. Thus, tvpes of exergames that
require head movements in particular (rotation, lateral flexion,
flexion) while players” eves are focusing (gazing) at one pomt
can function as VOR traming. Based on this study's results, the
apphed Emect games might improve sensorv reweighting m
favor of relving on vestibular mputs. In this study, while
participants were playing the exergames, they had to keep their
eyes on the screen while performing vanous head and lmb
movements.

bt gemen jminorg 2021350 TRES

60

Sapi et al

Lessons Learned From Kinect Exergames

(Games such as 20, 000 Leaks, River Bush, Reflex Fadpe, Super
Saver Football mumi-game Space Pop, and Sking mught
especially challenge the VOE because they requre frequent
head displacement movements. Additonally, these pames could
also improve stability in the laterzl direction because of frequent
weight shifing and sdeward stepping. Accordng to
Swanenburg et al [55]. exergaming that requires active stepping
movements and that invelves moving game projection 1s usable
and facilitates gaze stzbility duning head movements, which
resulted in improved gait in healthy older adults. As balance 1=
determined by various factors and mammtzmed by complax
processes, desizming a balance tainmg program requires
precisely defining which target components or systems ought
to be tramed. Health care professionals mught use exergames
that could display participants” changes of postural sway,
reaction time, and hmit of stability in vanous divections. Games
which can framn VOF. by gaze stability duning head movements
should be provided for confimnons momtonng to track players’
head movements. As falls ocour mostly dwing actrities of
everyday bife, exergames should be desigmed to inwvelve
fimctional movements that represent mottons from daily bife:
alternately raising the feet from the growund (eg, stair stepping,
stepping out of the bathtub), or reaching movements forward
and sideways (eg, taking an item off a shelf below and above
shoulder height, cleaming a window, hanging out the washing).
Limitations

Thes usability study has encountered certain himutations as no
sample size calmulation was performed, and due to the lack of
a confrol group and the relatmvely small sample size, the results
should be mterpreted cautiously. Therefore, these findings are
not conclusive. Fecrmiting wohmteers via local paper
announcements for exergaming was not sufficient to get the
attention we had hoped for. We beheve that to atiract more
participants for foture balance fraiming programs, other types
of advertisements should be used to generate interest. Posts on
sorial media with video demonstrations and trals could rase
interest especially among the vouth, who could encourage their
older relatives to participate. In this study, only older women
participated, but to examme whether there 15 2 gender difference
in sensory rewelghting following exergammg, fuhwe studies
should also meclude a group of male participants. Investigating
the effects of exerganung in older mdriduals with vestibular
dysfunctons could alse be benefimal, as this populahon 15
especially atnsk of fallimg. Although there are studies that have
desenbed the positive effects of exergaming on balance abihity
[36,57] and on ugher-crder cogmitive fimctions [38] when
tramng mdependently at bome, this study could not have been
performed using 2 home-based exergame program. The reazon
for that 15 that the apphed commereially avalable Kinect pames
are in Enghsh and no Hunganan translation 15 available.
Therefore, participants needed assistance with stariing and
seting up the games, as well as techmical help.

Conclusions

In this wsability study, wonsen's sway path decreased m the ML
direction not cnly on the firm surface with eves open. but also
on the foam surface with eyes closed as a result of following

WK Seriow Games 2021 [vol & |&5s 3| «27EES [p. B
{ipage mussher ot i cltation purposes)



IMIF. SERIOUS GAMES Sapi1 et al

the Kinect exergame traimng. These findmgs might support the  sensory reweighting. The reason for thus maght be that the games
idea that although the EKinect exergame traiming did not contained tasks that needed constant gaze stabilizing and
specifically contain drect challenging sensory tasks (eg, ilting  frequent kead displacements. Therefore, this study’s improved
or unstable surface or closed eves exercises), the reduced sway  sway results in the ML direction might contnbute to decreased
results suggest that exergames could addifionally result m sk of falls among older women.
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