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Background: Virtual reality (VR) training using modern game consoles is an innovative
rehabilitation method for fall-prone elderly people. The aim of this study was to assess the
effectiveness of VR training using the “Xbox 360 Kinect” in people over 60 years of age.
Materials and methods: The study involved 23 people, including 19 women and 4 men
(mean age 75.7448.09 years). The following functional tests were employed as research instru-
ments: the 6-minute walking test (6MWT), the Dynamic Gait Index (DGI), the tandem stance
test (TST), the tandem walk test (TWT), and the Beck Depression Inventory (BDI). A “spring
hand dynamometer” was also used. The participants underwent 30-day VR training using an
Xbox 360 Kinect. They trained 3 times a week, with each exercise lasting 30 minutes.
Results: The SMWT (P<<0.001), the DGI (P=0.008), the TST (P<<0.001), the TWT (P=0.002),
and the BDI (P<0.001) outcomes were significantly improved. There were differences in the
results for the strength of the “pressing muscles” in the right (P=0.106) and left (P=0.043) hands
of the participants. Both participants under 80 years of age and those aged 80 years and over had
visibly better results on the 6SMWT (P<<0.001 and P=0.008, respectively), the TST (P<<0.001
and P=0.008, respectively), and the BDI (P=0.003 and P=0.012, respectively).

Conclusion: Training based on VR increases the possibilities of motor training and can help
reduce the risk of falls by improving the static and dynamic balance.

Keywords: virtual reality, Xbox 360 Kinect, elderly people

Introduction

The aging of societies is a global phenomenon. The lengthening of the average human
lifespan and the consequent increase in the advanced-age population can be ascribed
to general improvements in social and living conditions and to progress in rehabilita-
tion and medical science.!

Falls are defined as unintentional events that result in a person coming to rest
inadvertently on the ground, floor, or other lower level, without any specific physical
forces coming into play. Falls are numbered among the so-called geriatric giants. They
may result in the limitation of patients’ independence and their long-term immobiliza-
tion, which can predispose them to various complications and clinical pathologies. All
these entail either a risk of hospitalization or longer and more costly hospital stays,
leading in consequence to the lowering of patients’ quality of life and their untimely
death. Proneness to falls is underlain by numerous factors and is mostly observed in
people over 65 years, since the efficiency of the balance control system substantially
decreases with age.*™

Some of the factors predisposing elderly people to falls include sex and age, as
well as a number of external (behavioral, environmental, and socioeconomic) and
internal (health-related) factors.?
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The fall risk factors associated with involutional changes
involve a slowdown in nerve conduction velocity and the
longer reaction time that results from this, motor coordination
difficulties, impairment of superficial and deep sensation,
impaired distance visual acuity, impairment of peripheral
vision, impairment of hearing, worse spatial imagination,
a decrease in the strength and tension of the lower limb mus-
cles, degenerative changes in the ligament—tendon system,
and changes in gait patterns (walking in shorter steps, not
taking the feet off the ground, a slowdown and uncertainty
in the cyclic and alternating movements of the limbs and
torso, the lengthening of the double support phase, limited
rotation of the knee and hip joint, increased physiological
postural deflection, and postural bending with the center of
gravity shifted forward).>

Postural balance is the ability to hold the body in a par-
ticular position against gravity after any destabilizing stimuli
cease. With age, we start to lose dynamic and static balance
control, which depends on our ability to maintain our center
of gravity and to counteract the destabilizing external force.
Furthermore, components of the posture control system
degenerate, such as skin proprioceptors, muscles, joints,
ligaments, organs of sight, the vestibular system, and the
central and peripheral nervous systems.>*¢

Risk factors for fall associated with pathological states
include nervous system disorders (transient cerebral isch-
emia, post-cerebral stroke symptoms, Parkinson’s disease,
epilepsy), diseases of the sense organs (glaucoma, cataract,
maculopathy, Méniére’s disease, and labyrinthitis), muscu-
loskeletal disorders (joint and spine degenerative diseases,
inflammation of muscles and joints, deformation and diseases
of feet, osteomalacia, osteoporosis), cardiovascular disease
(arrhythmia, having recently suffered a heart attack, ortho-
static hypotony), as well as digestive and urinary disorders
(diarrhea, constipation, urinary incontinence, nocturia).
Other conditions that predispose to falls include metabolic
disorders such as hypoglycemia, anemia, water—electrolyte
disturbances, malnutrition and dehydration, hypothyroidism,
mental disorders (anxiety, depression, delirious states, and
dementia), as well as feelings of pain and fatigue.>*

One aim of the rehabilitation of elderly patients is to slow
down involutional processes and, if possible, to improve
physical and mental fitness. Regular health training for people
over 60 years should improve basic elements of physical
fitness: oxygen efficiency, muscle strength and power as
well as suppleness, balance and motor coordination. The
type, intensity, and frequency of activity should be tailored
individually, depending on patients’ current health status

and physical fitness. The recommendations of the American
College of Sports Medicine and of the American Heart
Association suggest that regular physical activity should
include elements of weight and endurance training, stretch-
ing, and balance exercises.’

From the point of view of rehabilitation, it is important
that not only traditional approaches are employed (based on
regular training, taking into account contraindications against
physical exercise and having eliminated factors that increase
potential risk), but that physiotherapeutic interventions are
also undertaken to complement patients’ main problems
with everyday functioning. It has been demonstrated that
function-oriented exercises minimize the risk of falls, on the
whole improving balance, gait parameters, and the muscle
strength of the lower limbs.?

Modern interactive forms of physical fitness based on
virtual reality (VR) training are playing an increasingly
important role in the rehabilitation of older individuals.

VR is an interactive computer-generated experience
based on the visual representation of objects, spaces, and
events.” VR can also be described in terms of I?: Interaction +
Immersion + Imagination.'” VR can be presented in two
ways: as a realistic world (a computer simulation) or as a
fictional world (computer games). Computer technology is
employed to create the effect of a 3-dimensional, interac-
tive world where all objects, events, and feelings perceived
through the senses seem real and present.’

VR rehabilitation can be implemented through personal
computers (PCs), mobile devices, video game consoles, or
specialist equipment dedicated to particular dysfunctions.
The portability of a console, its relatively small size, and its
endurance mean that each patient can have a small virtual
rehabilitation room in his or her home. The Xbox Live
service also enables remote control of such therapy. Another
advantage of console-based rehabilitation is that reinforced
biofeedback can be used to mobilize the nervous system to
regenerate. !

Aim of the study

The aim of this study was to assess the effectiveness of
VR training using the “Xbox 360 Kinect” in the context of
reducing the risk of falls among elderly people.

Materials and methods

The study was conducted in accordance with the Declara-
tion of Helsinki. The protocol of this study was approved
by the Bioethical Commission of the Pomeranian Medical
University in Szczecin (covered for blind review) (permission
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number KB-0012/45/16) and by the director of the daytime
social welfare institution “Dom Kombatanta i Pioniera Ziemi
Szczecinskie;j”.

Material

The study involved 23 residents of the daytime social welfare
institution “Dom Kombatanta i Pioniera Ziemi Szczecinskiej”
in Szczecin, Poland. Men made up 17.4% of'the study sample
(4 subjects), and women made up 82.6% (19 subjects). The
mean age was 75.7418.09 years. The respondents were also
described in terms of their general health and concomitant
diseases. The general characteristics of the study sample are
shown in Table 1.

All participants gave their voluntary written informed
consent for inclusion in the study and confirmed that they
had been informed in detail about how the study was to be
conducted, that they could quit the study at any moment
without giving a reason and without suffering any negative

Table | General characteristics of the study sample

Characteristics of the study

sample (n=23)
Sex n %
Women 19 82.6
Men 4 17.4
Age (years)
<80 14 60.9
=80 9 39.1
Concomitant diseases
Hypertension 18 78.26
Ischemic heart disease 8 34.78
Diabetes 8 34.78
Urinary disorders 2 8.70
Digestive disorders 10 43.48
Motor system diseases 18 78.26
Neurological diseases 4 17.39
Other diseases 8 34.78
Other Mean +SD
Age (years) 75.74 8.09
Height (cm) 162.22 491
Weight (kg) 68.91 9.07
Body mass index (BMI) 21.25 2.80
SBP (mmHg) 135.39 12.42
DBP (mmHg) 80.91 10.32
Heart rate 74.70 10.31
Number of diseases 3.30 1.49
Number of drugs taken 3.48 1.73

Abbreviations: n, number of participants; SBP, systolic blood pressure; DBP,
diastolic blood pressure

consequences, and that they could ask questions and receive
responses.

The participants were in a stable phase of any disease they
suffered from and were qualified for the study by a physician
and a physiotherapist.

Methods

Functional capacity was assessed using the “6-minute
walking test (6MWT)”, which allows assessment of the
functioning of all the organs and systems involved in physical
exercises (the respiratory system, the cardiovascular system,
the systemic and peripheral circulation system, nervous and
muscle structures, and muscle metabolism). The test is per-
formed in a corridor at least 30 m long. The patient covers
the route at his or her own pace, while a physiotherapist
measures the time using a stopwatch and sums up the totals.
The patient rests during the trial. Both before and after the
test, the patient’s blood pressure and pulse are measured.
It is recommended that the patient rests in a sitting position
for 10 minutes before the test and does not undertake any
physical activity 2 hours prior to the test.

The potential risk of falls in the sample was evaluated
using the “Dynamic Gait Index (DGI)”, which consists
of 8 trials that differ by the additional activities that are
performed during the gait: walking a straight 20 m stretch at
a changing pace while turning the head right and left, looking
up and down, looking back, walking through obstacles, pass-
ing by obstacles, walking up and down the stairs. The patients
who obtained scores of 18 or less were those at greatest risk
of falling. Those who scored 19-21 were regarded as being
at a moderate risk of falling, while those scoring 22-24 were
classified as being at minimal risk of falling.

Static balance and the risk of falling in our advanced-age
patients were assessed using the “tandem stance test (TST)”.
This can only be performed by patients who are able to adopt
a heel-to-toe position. When trying to take the testing posi-
tion, subjects may initially support themselves, ceasing the
support when they hear a signal. The test involves patients
maintaining a balanced heel-to-toe position for 10 seconds
with a physiotherapist standing close by. The test ends after
10 seconds or when the patient uses his or her arm to gain
support or takes a step. The results are interpreted as follows:
maintaining the position for 10 seconds is taken as indicating
normal balance, while maintaining the position for less than
3 seconds indicates a high risk of falls.

Balance and coordination during gait (dynamic balance)
was evaluated using the “tandem walk test (TWT)”, which
estimates the risk of falls in elderly people. This test is not
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used on individuals with dementia, those needing another
person’s assistance, or those using orthopedic devices, such
as crutches or walking frames. To perform the test, a 2 m
long, 5 cm wide line is drawn on flat ground. The patient’s
task is to walk along the line in such a way that during
each step, the heel of one foot touches the toes of another.
The patient makes 10 such steps forward in that way, and
this is repeated twice. The walking time and the number of
mistakes are assessed, with only the best trial being consid-
ered. During the trial, the patient may not look at the feet or
use balance reactions excessively. The patient is scored as
follows: 5, the patient is able to take seven steps without a
break, placing the feet correctly and with good coordination;
4, the patient is able to take more than three steps, placing
the feet correctly, but with poor coordination; 3, the patient
is able to take more than three steps, placing the feet partially
correctly; 2, the patient is able to take two or three steps,
but places the feet outside the line; 1, the patient is able
to take one step; 0, the patient is unable to take even one
step along the line (he or she requires assistance or takes
sideways steps).

To assess depressive disorders, the “Beck Depression
Inventory (BDI)” was employed. This is a 21-item self-rated
scale. Each item is given a score from 0 to 3, depending on the
severity of the symptoms. For each item, the patient chooses
the one response that best reflects his or her state in the last
30 days. In this study, patients with total scores of 50-65
were regarded as having severe depressive episodes. Patients
with scores of 27-49 and 12-26 points were, respectively,
considered as having moderate and mild depressive episodes.
Patients with lower scores (0—11) were considered as lacking
depressive symptoms. The test results did not serve to give
an unambiguous diagnosis of depression.

The following research materials were used in our
study:

1. A “Microsoft Xbox 360 Sensor Kinect video game
console” with a high-definition multimedia interface
monitor. The sensor contains 2 cameras, an infrared (IR)
light source, an accelerometer, an internal computer that
controls an array of 4 microphones recording the sound
that arrives from all directions, and a motor that allows
the sensor’s head to be drawn aside. The first camera is a
Red-Green-Blue (RGB) camera used to process the visual
image (eg, to recognize the parts of the body) and to mark
colors and texture on the virtual elements. The second
camera is a part of the sensor subsystem that gathers infor-
mation about depth. The subsystem measures distance by
means of structured light. An IR light source projects a

cloud of points at certain distance from a recorder. The
position of this cloud is recorded by the camera equipped
with an infrared filter. This information about the distance
from all points allows, for example, the person’s posture
to be recognized and his or her movements to be identi-
fied. The IR light source makes it possible to “transfer”
the player’s silhouette to the figure on the monitor.

2. A “spring hand dynamometer” for measuring the strength
of the hand’s pressing muscles (the grip strength). The
measurement involves clenching the hand on the handle
of'the device as strongly as possible. The gauge indicators
show the result in kilograms.

3. A“Geonaute ONrhythm 410 Pulsometer with a telemetry
strap” enabled us to measure the patient’s pulse. It was
not necessary for the patients to wear the pulsometer on
their wrists, because the range of the sensor on the strap
is about 2 m. Monitoring the patient’s pulse enabled us
to immediately interrupt the measurement if necessary.

4. A “Beurer’s electronic manometer” for measuring pulse
and blood pressure, which allowed the measurement of
the diastolic and systolic blood pressure and pulse.

5. “Auxiliary materials” included colored tape 5 cm wide,
measuring tape, and a stopwatch.

Study design

The research procedure consisted of 3 stages with different
methodologies. Before entering the study, each patient was
informed of its nature, course, and purpose.

In the first stage of the study, we employed the standard-
ized research instruments: the 6MWT, the DGI, the TST, the
TWT, and the BDI. We also measured the strength of the
right and left hands using the spring hand dynamometer. Each
patient had to meet the inclusion criteria in order to pass to
the second stage.

All candidates were selected in strict accordance with the
inclusion and exclusion criteria. The inclusion criteria were
that the patient was sufficiently healthy to participate in the
study; had sufficient intellectual capacity to notice, analyze,
perceive, and adapt to changes in the environment, to prop-
erly interpret information and carry out the tasks in a logical
manner; was over 60 years of age; completed the 6MWT,
scored 19-24 on the DGI, scored over 10 seconds on the
TST, and scored 27 points or less on the BDI. The exclusion
criteria were that the patient lack sufficient health to partici-
pate in the study; had concomitant diseases that would be a
threat to the patient’s health or life during physical exercise
(eg, unstable ischemic heart disease, being in the early phase
after myocardial infarction, considerably hypertrophied heart
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muscle, symptoms of myocardial ischemia during low load
exercises, arrhythmia, or conduction disorders occurring or
becoming more severe even at low exercise load, tachycardia
at rest, paroxysmal atrial fibrillation, multifocal R-on-T
ventricular premature beats, heart defect, myocarditis or
pericarditis, cardiomyopathy, decompensated circulatory
insufficiency or coronary insufficiency at rest, pharmaco-
logically uncontrolled hypertension, aortic aneurysm, acute
aortic syndrome, venous thromboembolism, substantial
limitation of pulmonary ventilation capacity, respiratory
insufficiency, pulmonary embolism, acute mental disorders,
neoplastic disease, uncompensated diabetes, weight exceed-
ing 160% of normal, inflammation, epilepsy, or severe
labyrinth disorders); failed to complete the 6MWT, scored
below 19 points on the DGI, below 10 on the TST, or over
27 on the BDIL.

The second stage of the study involved 30 days of VR
training with the Xbox 360 Kinect. During training, each
patient had their pulse monitored by means of a watch with
a Geonaute ONrhythm 410 telemetry strap, and blood pres-
sure was measured using an electronic manometer from
Beurer prior to warm-up. In the same part of the project,
the patients performed 12 exercises 3 times per week, each
lasting 30 minutes.

The training consisted of the warm-up, football, bowling,
and downhill skiing games in the Kinect Sports series for
the Xbox 360 Kinect Sensor. Each player could choose
from a dozen or so games, both full games (6) and shorter
ones (12), which differed in terms of duration and number
of repetitions. The subjects could also choose the number of
players (from 1 to 4) and competitors (computer, friends, or
people on the Internet).

Each game began when the patient confirmed his or her
readiness to play by raising one hand over the head. One
element that was helpful to the players was that comments
were shown on the screen. No one was permitted to pass
between the movement sensor and the player during play, as
this would halt the match and require it to be restarted.

In the “football” game, the patients played the role of
active team players. The active player was the one who had
possession of the ball. Players were able to kick the ball; to
take free, corner, and penalty kicks; to kick from the goal; to
perform throw-ins; and to block opponents’ shots. All these
were performed through the movements of the lower and
upper limbs and, where necessary, by leaning to the side.
The purpose of the game was to score goals and ultimately
to win the match. The lower limbs were the most active
parts of the body.

One game that strongly activated the upper limbs was
bowling, in which the player rolls a bowling ball down a
lane toward 10 pins positioned at the end of it, the objective
being to knock down as many pins as possible. Each game
consisted of 10 frames, in each of which the bowler had
2 chances to knock down the pins. The ball could be thrown
fast, slow, freely, with a twist, or in such a way that it dam-
aged the bowling lane’s surface, and all of these possibilities
were regulated by the speed and rotation of the bowler’s
upper limb. The precision of a throw and the trajectory of the
bowling ball were controlled by markers one-third of the way
along the bowling lane. Depending on the player’s actions,
1 of 7 markers was highlighted. The bowler could choose
the arm used to bowl by shifting the arm through 90°. The
winner was the one who knocked over the most pins in the
least number of attempts.

The final game was downhill skiing. This involved the
entire body, especially the torso and the spine-stabilizing
muscles and the lower limbs, as the body was slightly bent
in a squatting position. The upper limbs were less involved
(pushing off with the ski poles at the start). The players’
task was to ski as fast as possible without missing any of the
15 gates along the route. Turns were performed by bending
the body to the left or the right, while lowering the shoulder
on the same side. It was also possible to ski faster by bend-
ing forward (the maximum speed was described as 150
km/h). The player could choose 1 of the 3 routes and could
select the experience level of the computer opponent. Once
the finishing line had been crossed, the skiing time and the
number of missed gates were shown on the screen. For each
missed gate, the player was punished by having 2 seconds
added to his or her time. The player with the shortest total
time for 2 downhill runs was the winner.

The third stage of the study followed the same pattern
as the first stage.

Statistical analysis was performed using a licensed copy
of Statistica 12 (StatSoft, Tulsa, OK, USA). The results
were generally shown as mean and standard deviation. The
normality of the distribution was assessed using the Shapiro—
Wilk test, and the quantitative data was assessed using the
Mann—Whitney U-test. The differences before and after the
training sessions were assessed using the Wilcoxon matched-
pairs test for dependent variables. The level of significance
was set at P=0.05.

In the first part, we examined the relationship between the
results of the tests before and after the training sessions. In the
second part, the participants were divided into age groups:
group 1 comprised individuals below 80 years and group 2
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included patients aged 80 years and older. We then investi-
gated the relationships between the age groups and the test
results before and after the training sessions.

Results
Analysis of the mean test results is shown in Table 2.

After the training sessions, the number of meters cov-
ered by participants in the 6MWT significantly increased
(P<<0.001) and the probable risk of falls decreased (P=0.008).
Furthermore, there was a statistically significant improve-
ment in static balance as assessed by the TST (P<<0.001)
and in dynamic balance measured by the TWT (P=0.002).
There was also a significant decline in the tendency toward
depressive disorders (P<<0.001). Only the strength of the
pressing muscles in the right hand did not improve as a result
of VR training.

The next analysis considered the age of the patients, who
were divided into those aged below 80 years and those aged
80 years or more. In both these groups, the results of the
6MWT (P<0.001 and P=0.008, respectively) and the TST
(P<<0.001 and P=0.008, respectively) considerably improved,
and the tendency toward depressive disorders noticeably
reduced (P=0.003 and P=0.012, respectively). The TWT
results (P=0.012) were only better in the patients aged less
than 80 years, while the DGI results (P=0.043) only improved
in the patients aged 80 years or more. VR training did not
enhance the strength of the pressing muscles in either of the
patients’ hands. The data analysis is illustrated in Table 3.

There were no statistically significant relationships
between the age of the participants and the results observed
before and after the training sessions (Table 4).

All the participants stated that VR training was a way for
them to halt the process of digital exclusion, and that it helped
them adapt to training with modern technologies.

Table 2 Test results before and after the training sessions

Discussion

In this study, we examined the effects of VR training using
the Xbox 360 Kinect Sensor. We made use of tests for mea-
suring balance and the risk of falls in elderly people, which
can also be used to estimate general fitness. Dynamic stability
was assessed by the DGI and the TWT, and static stability
by the TST. The TST and the TWT were significant indica-
tors of the elderly subject’s functioning, especially in terms
of their stability and fall prevention. Our study provided
evidence that VR training can improve postural stability.
Similar results have also been obtained by other researchers
who evaluated the risk of falls during VR training by means
of various tests, such as the Berg Balance Scale,'>'® the
Activities-specific Balance Confidence Scale,' the Fullerton
Advanced Balance Scale,'* the Timed Up and Go test,!#16°19
and the Tinetti Test.!>820

In our study, the 6MWT revealed a considerable improve-
ment in the patients’ physical status. Parallel results based
on the same test were reported by Deskur-Smielecka et al 2!
Karttunen et al?*> reported that the walking distance and
functioning improved during walking rehabilitation with
the use of the 6MWT among elderly individuals after stroke.
Perkowski et al*® indicated a positive correlation between the
6MWT and upper and lower limb strength test scores.

In the study presented here, there was a statistically
significant improvement in dynamic balance as assessed by
the TWT after the training sessions only among those aged
below 80 years. Research results obtained by other authors
showed that the TWT is not sensitive enough to detect older
adults who are at risk of falls.*

Our findings demonstrated a statistically significant
improvement in static balance as assessed by the TST after
the training sessions both in the group of people below and
over 80 years of age. Other studies reported that standing

Before training (n=23) After training (n=23) P-value

Mean +SD Mean +SD
6MWT 173.70 64.76 21543 65.75 <0.001
DGI 20.39 1.73 2091 1.65 0.008
TST 12.96 3.18 17.00 4.97 <0.001
TWT 3.70 0.70 4.26 0.62 0.002
BDI 16.52 7.69 11.91 5.84 <0.001
Dynamometer right hand 13.09 5.76 12.74 5.45 0.106
Dynamometer left hand 12.57 5.57 12.09 5.0 0.043

Abbreviations: 6MWT, 6-minute walking test; BDI, Beck Depression Inventory; DGI, Dynamic Gait Index; TST, tandem stance test; TWT, tandem walking test; n, number

of participants.
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Table 3 Test results before and after the training sessions, by age

Age <80 years (n=14) Age =80 years (n=9)
Before training After training P-value | Before training After training P-value
sessions sessions

Mean +SD Mean +SD Mean +SD Mean +SD
6MWT 188.57 71.67 227.86 77.38 <0.001 150.56 46.87 196.11 3831 0.008
DGl 20.50 1.87 20.79 1.81 0.068 20.22 1.56 2111 1.45 0.043
TST 13.64 3.69 17.57 5.98 <0.001 11.89 1.90 16.11 2.89 0.008
TWT 3.86 0.66 4.43 0.51 0.012 3.44 0.73 4.00 0.71 0.068
BDI 14.29 7.16 10.57 6.39 0.003 20.00 7.53 14.00 4.39 0.012
Dynamometer right hand | 13.86 6.8l 13.36 6.45 0.109 11.89 3.62 11.78 3.49 0.655
Dynamometer left hand 12.57 5.27 12.07 5.1 0.067 12.56 6.33 12.11 5.42 0.423

Abbreviations: 6MWT, 6-minute walking test; BDI, Beck Depression Inventory; DGI, Dynamic Gait Index; TST, tandem stance test; TWT, tandem walking test; n, number

of participants.

balance task performance evaluated by the TST was not
related to age.”

In Poland, computer and console systems are possibly
not as developed in terms of technology and marketing as
in Japan, China, and the US. There has also been a lack of
research in Poland concerning console games. Our study
employed the Xbox 360 Kinect, the same tool as was used
in the studies of Hsieh et al,* Sin et al,>” and Lee.?® The lit-
erature also contains publications describing the use of the
PlayStation 2,27! the 3D Virtual Reality Kayak Program,*
and the VR-based Balance Rehabilitation Unit.>* The majority
of researchers who examined the use of VR for balance
rehabilitation in elderly people employed the Nintendo Wii
system323337 with the Wii Balance Board module.!¢384
Some other results worth mentioning are those obtained by
authors who assessed general fitness in elderly patients after
stroke incidents'®?7%7 and those with Parkinson’s***142 or
Alzheimer’s disease,* with the use of functional tests and VR.

Our findings demonstrated that regularly playing console
games had a significant effect on the patients’ emotional
sphere. We noticed a decrease in BDI scores, which should be
interpreted as a lower proneness to depression. According to
Kempen et al,* a history of falls, limited functional capacity,
the feeling of fear, and depressive symptoms observed in old
people correlate with their avoidance of physical activity and
fear of falling. There are also studies describing VR tools
whose aim is to minimize the fear of falls* and chronic
pain,*® and to improve the quality of sleep in elderly disabled
people.”” Based on their analysis of research into the reduc-
tion of depressive symptoms by means of VR, Zeng et al*®
described that, in most cases, VR had a positive impact on
the physical and mental state of the participants. Only one
study did not confirm the superiority of VR training over
traditional exercises.

Taking the above mentioned findings into account, we
should mention other benefits that arose from our elderly

Table 4 Differences between the mean results before and after the training sessions, by age

Age <80 years (n=14) Age =80 years (n=9) P-value

Before and after training sessions Before and after training sessions

Mean +SD Mean +SD
6MWT 39.29 23.11 45.56 29.42 0.612
DGl 0.29 0.47 0.89 0.93 0.103
TST 3.93 2.67 4.22 2.11 0.586
TWT 0.57 0.51 0.56 0.73 0.803
BDI -3.71 3.52 —6.00 4.6l 0.229
Dynamometer right hand -0.50 1.09 —0.11 0.78 0.295
Dynamometer left hand —-0.50 0.85 —0.44 1.42 0.536

Abbreviations: 6MWT, 6-minute walking test; BDI, Beck Depression Inventory; DGI, Dynamic Gait Index; TST, tandem stance test; TWT, tandem walking test; n, number

of participants.
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subjects’ use of console games. All the participants in our
study regarded VR training as a good way to prevent digital
exclusion. As indicated by Flynn et al** and Rand et al,
VR training is perceived by elderly people as something
fun that motivates them to undertake activity. Moreover,
the technologies discussed here are safe and affordable and
can be successfully used by elderly people in their home
environment.*

The limitation of the present study is the fact that we did
not evaluate the patients’ cognitive status using a standard-
ized scale in reference to the inclusion criteria. The only
prerequisite was the patient’s ability to understand and follow
verbal instructions and carry out the tasks in a logical manner.
It would be worth evaluating whether a mild cognitive decline
is related to exercise capacity.

Another limitation is that the participants in our study
were not divided into study and control groups, and no com-
parative analysis was performed. Research of this type has
been conducted by Bieryla and Dold,' Franco et al,'> Maillot
et al,’® and Rendon et al.** Nonetheless, despite numerous
reports showing that therapy with console games is a more or
less effective way of restoring functional capacity in elderly
people, some investigators still retain doubts about it. On the
basis of her literature review concerning the use of Nintendo
Wii, Taylor®' deduced that there have been too few random-
ized studies of elderly people so far to unambiguously state
that it is a tool suitable for balance exercises.

Van Diest et al,> who went through publications
about video game console technologies and their impact
on elderly people’s ability to maintain balance, has made a
similar point. These authors believe that it is impossible to
say which technologies have the best influence on patients.
Kiper et al,> on the other hand, maintain that training based
on modern computer technologies, video, and robots has
positive effects, especially in the case of people with neu-
rological disorders, those who have had strokes, and those
with disturbed function of the upper and lower limbs. These
authors emphasize the innovative character of the studies
of these issues and believe that the difficulties associated
with collecting study samples may result from potential
participants’ health conditions, reluctance, and fear of new
technologies. In their meta-analysis of the effectiveness of
a VR intervention in improving balance in adults, Booth
et al** have pointed to the substantial inconsistencies of the
results of experimental and control studies. Molina et al>
assert that VR research should be continued and conducted
on even larger study samples, in order to obtain higher
methodological quality and thus provide stronger scientific

evidence, because the effect of using console games on the
physical functioning of elderly people remains unclear. Some
researchers agree that training with reinforced feedback in
a virtual environment helps to maintain functional capacity
and may be an element of comprehensive physiotherapeutic
intervention; however, they do not believe that it has been
unambiguously established that VR can serve as an alterna-
tive to conventional kinesiotherapy.

Conclusion
VR training increases the possibilities of motor training and
can help reduce the risk of falls by improving the static and
dynamic balance.

The conclusions of our research are limited by the size of
the study sample. In further research on this topic, it would be
sensible to examine the effectiveness of the training method
in individuals with and without a history of falls.
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