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Summary

Objectives: Parkinson's disease (PD) is a
progressive
neurodegenerative
disorder
characterized by motor clinical alterations
among others. Postural problems have serious
consequences for patients, not only limiting
their daily life but also increasing some risks,
like the risk of fall. Inadequate postural control
and postural instability is a major problem in PD
patients. A Virtual Motor Rehabilitation System
(VMR) has been tested in patients with PD in
the intervention period. Our purpose was to
analyze the evolution of the spatial postural
control during the intervention period, to see if
there any changes caused precisely by this
intervention.
Methods: Ten people with PD carried out 15
virtual rehabilitation sessions. We tested a
groundbreaking system based on Virtual Motor
Rehabilitation in two periods of time (baseline
evaluation and final evaluation). In the training
sessions, the participants performed a
customizable treatment using a low-cost
system, the Active Balance Rehabilitation
system (ABAR). We stored the pressure
performed by the participants every five
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hundredths of a second and we analyzed the
patients’ pressure when they maintained their
body on the left, on the right, and in the center
in sitting position. Our system was able to
measure postural control in every patient in
each of the virtual rehabilitation sessions.
Results:
There are no significant differences in the
performance of postural control in any of the
positions evaluated throughout the sessions.
Moreover, the results show a trend to an
improvement in all positions. This improvement
is especially remarkable in the left/right
positions, which are the most important
positions in order to avoid problems such as
the risk of fall. With regard to the suitability of
the ABAR system, we have found outstanding
results in enjoyment, success, clarity, and
helpfulness.
Conclusions: Although PD is a progressive
neurodegenerative disorder, the results
demonstrate that patients with PD maintain or
even improve their postural control in all
positions. We think that the main factor
influencing these results is that patients use
more of their available cognitive processing to
improve their postural control. The ABAR
system allows us to make this assumption
because the system requires the continuous
attention of patients, promoting cognitive
processing.

Methods Inf Med

1. Introduction
Parkinson's Disease (PD) is a chronic and a
progressive neurodegenerative dysfunction
which shows the loss of cells in the substantia
nigra of the basal ganglia and produces
alterations in the motor system [1]. The
prevalence of PD in developed countries is
around 0.5-1% in people ranging from 65 to 69
years old, with a significant increase of 3% in
people over 70 years old [2]. PD is known to
be affected by age, gender, and geographical
areas [3].The incidence rate of PD in the world
is approximately 8 to 18 per 100,000 person
per year, with significant increases in people
over 60 years old and a higher incidence in
men compared to women [4]. In 2013, the
incidence rate in the United States was over
one million people diagnosed as having PD [5].
In Europe, in 2005, the incidence rates
fluctuated from 108 to 257 per 100,000 and 11
to 19 per 100,000 per year [6]. In Asia (China
and Taiwan), the incidence rates were
between 1.5 and 8.7 per 100,000 people per
year, with an increase of 94.5 per 100,000 and
100.2 per 100,000 in people ranging from 70 to
79 years old [7]. The estimated incidence for
the year 2030 is 8.7 million people globally [8].
Due to these astonishing future incidence
rates, it is necessary to develop novel
techniques in the rehabilitation process.
Patients with PD suffer alterations which
can be classified as non-motor [9] and motor
clinical features [10]. Non-motor dysfunctions
are: 1) neuropsychiatric symptoms [11]; 2)
sleep disorders [12]; 3) fatigue [13]; 4) sensory
symptoms [14]; 5) autonomic dysfunctions [15];
6) gastrointestinal symptoms [16]; 7) cognitive
impairments [17]; 8) affective symptoms [18];
and 9) lesser known symptoms such as visual
burning or weight loss [19].
Motor symptoms are known by the
acronym TRAP disorders: 1) tremors; 2) rigidity;
3) akinesia/bradykinesia; and 4) postural
control. TRAP, combined with flexed posture
and freezing of gait are the main dysfunctions in
patients with PD [20].
The main disorder in patients with PD is
tremor, with a 70% of PD cases that suffer this
alteration [21]. Tremor is a rhythmic back and
forth movement that is shown in different parts

of the body [22]. It is the most common
symptom of PD, and, therefore, it is crucial to
detect and analyze it. According to the
Movement Disorder Society (MDS) consensus
statement [23], tremor in PD is classified in
three types. The First is rest tremor (RT), which
is an oscillatory involuntary movement that is
produced on the affected body segment when it
is relaxed and supported by a surface [24]. The
typical modal frequency of RT ranges from 4 to
6 Hz [25]. RT typically occurs in hands, legs,
and different parts of the face such as the chin,
lips, or jaw. The second type is postural tremor
(PT), which is produced when a specific body
part maintains a posture in a stable position
against gravity [26].The third type is kinetic
tremor (KT), which is a contraction of a muscle
in relation to an action, such as holding a cup.
The range of modal frequency is usually from 5
to 12 Hz [27].
Rigidity is defined by the improvements of
resistance in different parts of the body in
patients with PD, with passive movements of
the limbs (flexion/extension or rotation in a joint)
that have been produced in neck, shoulders,
hips, wrists, or ankles [9].
Akinesia/Bradykinesia is the slowness of a
specific movement that is related to difficulties
in thinking, starting an action, and producing an
action. This fluctuation is shown with rapid and
repetitive movements of the hand and
reductions of amplitude and slowness of the
heel [9].These symptoms are produced by
muscle weakness, rigidity, tremor, movement
variability, and slowing of thought [28]. In
patients with PD, this disturbance produces a
significant impact on basic activities of daily
living (ADL-dressing, eating, bathing etc.) and
instrumented activities of daily living (IADLshopping, food preparation, housekeeping,
laundry, etc.) [29].
Postural control is a motor skill that is
determined by the sensorimotor system, which
analyzes sensory information from visual,
somatosensory, vestibular, and auditory
systems. This ability produces the capacities to
align the body and to stabilize the body's center
of mass [30].
The Unified Parkinson’s Disease Rating
Scale (UPDRS) is the clinical scale that is most
widely used by neurologists, researches,
clinical specialist, etc. to assess non-motor
experiences and motor experiences of daily
living in PD [31, 32]. In the section three (Motor
examination), UPDRS measures different
aspects such as tremor at rest, posture,
postural stability, etc. using a five-point Likert
scale (from 0 "normal" to 5 "severe").
Unfortunately, since this test has inter-subject
rating variability inconsistencies [33] and the
symptoms of patients with PD change
throughout the day, this test quantifies the
result only at specific instant of time. Therefore,
we propose to quantify spatial postural control
by using low-cost technological systems.

1.2 Related Work
Traditional rehabilitation techniques include: 1)

resistance training sessions of quadriceps
muscle size, muscle force, and mobility [34, 35];
2) motor training sessions based on gait patterns
and dynamic range of distances [36]; 3) auditory
cues related to balance rehabilitation using
bobath, relaxation, or stretching [37].
Virtual Motor Rehabilitation (VMR) is
composed of a group of novel and customized
systems that focus on rehabilitation sessions in
patients with PD, stroke patients, patients with
multiple-sclerosis, etc. [38, 39, 40, 41]. In the last
few years, the use of VMR with visual and
auditory feedback for improving balance control
in subjects with PD in training sessions has
become a promising research area [42, 43]. The
validation obtained using VMR systems confirms
that the use of these techniques in therapeutic
sessions is a good complement for reinforcing
the traditional methods [44-47]. Recent studies
using low-cost technology in the rehabilitation of
patients with PD show good improvements in
motor and non-motor skills, with an increase in
ADL [48]. The use of Xbox Kinect in the training
sessions produces improvements and stimulation
of motor and cognitive tasks, providing greater
stability in PD [49, 50]. In [51], the Nintendo Wii
was used to test the short-term benefits in motor
and non-motor therapies. The results showed
positive enhancements in ADL in PD (using the
UPDRS scale) in the intervention and follow-up
assessments. The Nintendo Wii Balance
Board (WBB), together with customizable and
motivating Virtual Environments, produces good
results in balance and gait in patients with PD
[52, 53], however, there is no study that
evaluates spatial postural control using VMR
systems in this population.

2. Objectives
In this study, we tested and analyzed spatial
postural control in patients with PD in the
intervention period. For this purpose, we tested
the participants using a novel and customizable
low-cost tool, the Active Balance Rehabilitation
(ABAR) system. To do this, we stored the
pressure that the participants performed in each
session on the WBB on the left, on the right and
in the center in the sitting position. Rest and
kinetic tremors and postural control are the most
recognized symptoms in patients with PD. [54,
55, 56].

3. Methods
3.1 Participants
We recruited patients with PD who use technical
assistance (a cane, crutches, or a walker) or who
do not use technical assistance for the
experiment. Our study was approved by the
Research Ethics Committee of Clínica de Aragón
(CEIC), Zaragoza, Spain and was performed
following the ethical standards of Declaration of
Helsinki (DoH) [57]. Each participant signed a
specific consent form before the experiment.
Ten patients with PD (4 males, 6 females;

79.60±5.80 years) performed the experiment to
test spatial postural control in the sitting
position, with a mean average related to the
number of falls of .47, a mean and a standard
deviation score of calf circumference of
33.58(4.26), and a mean of a body-mass index
of 27.14(4.26). The Hearing deficit/Non-Hearing
deficit was 1/9 and the Visual deficit/Non-Visual
deficit was 7/3.
Cognitive, functional, and emotional
impairment clinical tests were calculated at the
baseline evaluation: 1) the Mini-Mental state
examination with a mean and a standard
deviation score of (MEC-Lobo; 28.20(4.55))
[58]; 2) the Barthel index [59], with a mean and
a standard deviation score of 76.29(17.87); 3)
Lawton’s Philadelphia Geriatric Center Morale
Scale [60] with a mean and a standard
deviation score of (PGCMS; 08.86(3.72)); and
4) the Charlson comorbidity index [61] with a
mean and a standard deviation score of (CCI;
4.30(1.42)).
Other parameter measures were: 1)
number of drugs (8.34(3.53)), education,
rural/urban area, therapist's time, and technical
assistance in sessions.
The study was carried out using within the
following criteria. The inclusion criteria were: 1)
signed written informed consent before
participating in the study; 2) age≥18 years and
≤92; gait instability; 3) mild-moderate cognitive
impairment (MEC-Lobo [58]) > 23; 4)
comprehension of the instructions provided by
the ABAR system; and 5) patients with PD with
moderate visual/auditory injuries. The exclusion
criteria were: 1) patients with PD with severe
visual/auditory injuries; 2) traumatological injury
that had not been solved before; and 3) refusal
of the patient with PD. The details of the
characteristics of the participants are shown in
Table 1.

3.2 ABAR system
The ABAR system is composed of two levels of
difficulty that are related to the weighttransferences that the participants perform in a
specific session: the high level is composed of
four Virtual Environments (VE) to carry out
weight-transferences in the standing position;
and the low level is composed of two VE to
make weight-transferences in the sitting
position. These VE were designed with the
assistance of clinical specialist in the
rehabilitation of patients with PD, specifically
therapists and geriatricians.
The hardware devices of the ABAR system
are the following: 1) the Nintendo WBB which is
an affordable, portable, and accessible device
(<$100USD) that can be used to measure
reaction forces when subjects are using it.
Using this device it is possible to obtain similar
outcomes to the commercial laboratory force
platforms. It is composed of a platform with four
uni-axial transducers located at the corners of
the board, that capture the pressure that the
subjects perform in the sitting position; 2) a lowcost bluetooth dongle to establish the

Table 1 Detailed Characteristics of the Participants. This table shows the global information of the participants of the study: age, gender, disease
duration, weight, height, and technical assistance (CA: Cane; C: Crutches; W: Walker).
Subject ID

Gender

Age (years)

Disease
duration
(years)

Weight

Height

Technical
assistance

Number of
drugs

Education

Rural/urban
area

01

F

71

.4

62

1.62

NO

3

Secondary

Urban

02

F

79

2

85

1.7

C

12

Primary

Urban

03

M

92

0.2

71

1.65

C

6

Secondary

Urban

04

M

75

10

75

1.78

NO

10

Primary

Urban

05

F

82

5

60

1.51

CA

7

Primary

Urban

06

F

82

10

64

1.53

CA

15

Primary

Urban

07

M

76

15

53

1.62

CA

10

Primary

Urban

08

F

78

1

82

1.56

W

7

Primary

Urban

09

F

77

.6

65

1.53

CA

5

Primary

Urban

10

M

84

1

80

1.68

CA

8

Higher

Urban

79.60(5.80)

4.52(5.29)

69.70(10.58)

1.62(.09)

Mean ±STD

communication with the WBB and the ABAR
system; 3) a 2.1 speaker system to emit sound
cues if they are necessary in the active
sessions; and 4) a large 47" TV.
The weight-transferences that the ABAR
system allows are medio/lateral and
anterior/posterior weight-transferences
in
customizable sessions. To achieve these, we
designed our system to be able to store the
data related to the pressure from each session
and to internally establish the limits of the
weight distribution in medio/lateral and
antero/posterior transferences.
In the virtual rehabilitation sessions, the
therapist can select different options to
customize the intervention phase. These
parameters are the following: auditory feedback
to reinforce the movements in the sitting
position, volume, number of sessions to
perform, and rest periods between sessions.
During the session, the therapist can select
the number of minutes that the participants
must perform. This time parameter indicates the
number of seconds that the patient with PD has
to reach the different targets that the VE shows.
Other parameters that the ABAR system
offers are: the volume (increase/decrease in the
level of volume), which is a great option for
patients with moderate auditory injuries; the
number of total training sessions in the
intervention phase; and the rest period (in
minutes). The details of the parameters of the
training sessions are shown in Table 2.
The low level in our system is programmed
to capture the level of pressure that the patient
with PD performs in the training session. For
this, we designed and programmed specific
algorithms to store the types of pressure that
the patients perform on the four uni-axial
transducers of the WBB on-line.

3.3 Protocol
The study was performed in a small metropolitan
hospital. The intervention sessions that the
patients with PD carried out consisted of 15
rehabilitation sessions using the ABAR system in
the sitting position, distributed in 2/3 sessions per
week.
The rehabilitation sessions consisted of
traditional and virtual rehabilitation, specifically
30 minutes using our system and 30 minutes in
traditional rehabilitation, performing the same
weight transferences in sitting position, with rest
periods between VE of approximately five
minutes. At the end of the first session, the
patients with PD were invited to respond to the
Suitability Evaluation Questionnaire (SEQ) [62].
The SEQ is based on the Short Feedback
Questionnaire (SFQ) designed by Kizony et al.
[63], and it tests the usability, security, and

8.34(3.53)

acceptance of VMR systems. Figure 1 shows
patients with PD playing with the ABAR system.
The pressures that the ABAR system
stored were based on five positions depending
on the target that was shown: left, center, and
right for medio/lateral weight transferences and
left, center, right, up, and down for
antero/posterior weight transferences.
The ABAR system stores the center of
pressure (COP) of the patients twenty times per
second. We use this measure for evaluating
postural control.
The system induces the participants to
maintain postural control in the different
positions in order to achieve the goal. Our
technological system stores the position of the
COP of the patient every five hundredths of a
second in every session.
When the participants maintained the
position to achieve the targets, we selected the
pressure that the participants performed when

Figure 1 Patients with PD using the ABAR system

they maintained their body in these positions to
be able to achieve the virtual target. Thanks to
that, we could analyze their postural control.
Afterwards, we analyzed the range of weighttransferences, measuring the variation of the
COP.
This information was used to analyze and
to compare the evolution of spatial postural
control, the tremors in each session, and the
distribution of the center of mass throughout the
sessions. Thanks to this information, we were
able to determine if the patients with PD
increased their motor recovery in postural
control.

3.4 Data Analysis
In this study, we analyzed the data by using
SPSS 15.0. The analysis was carried out with a
dependent sample t-test. Our results are
normally distributed with a significance value
>.05 using the Shapiro-Wilk test [64]. We
selected this test with eleven grades of freedom
because the number of participants was less
than thirty subjects.
We confirmed that the p-value in the
intervention period (initial and final evaluation)
was greater than the type I error rate with a
level of significance of .05.

4. Results
The results obtained in patients with PD in
Baseline and Final Evaluation (intervention
period) have not shown any statistical
difference on the left, on the right, and in the
central position.
The results show improvements in the
intervention period. At the final evaluation the
results were as follows: for left spatial postural
control, the result ranges from 4.30 to 4.13; for
central spatial postural control, the result ranges
from 4.11 to 3.99; and for right spatial postural
control, the result ranges from 4.49 to 4.12. The
mean final result shows a trend to improvement
in spatial postural control (from .043 to .041).
The results in Table 2 show the average and
the standard deviation of the participants in
baseline and final evaluation for left, right, and
central postural control once we analyzed the
pressures performed when the participants
maintained their body in these positions.
Figure 2 shows the global average on the
left, on the right, and in the center position
regarding the postural instability that the
participants had in each session of the
experiment. The results for the suitability of the
ABAR system for specific items were:
enjoyment-Q1 (4.35(.9)), success (4.23(1.09)),
clarity-Q6 (4.58(.73)), and helpfulness-Q11
(3.88(.98)).

Table 2 Spatial postural control, average test scores: baseline (T0), final (T1).
Baseline Evaluation (T0)

Final Evaluation (T1)

p-value

Left postural control

4.30(.004)

4.13(.005)

.393

Central postural control

4.11(.005)

3.99(.006)

.896

Right postural control

4.49(.004)

4.12(.005)

.142

Mean±STD

4.30(.004)

4.08(.005)

some risks, like the risk of fall. Inadequate
postural control and postural instability are major
problems in PD patients. Postural control shares
cognitive resources with other processes, and
performance of postural tasks is often limited by
other cognitive tasks. In this study, we propose
the ABAR system, which has virtual
environments follow a scheme similar to
commercial video games. This system requires
the patients to focus more on their cognitive
processing in order to achieve the objectives of
the games. Thus, we think that a scheduled
rehabilitation program with ABAR could allow
patients to maintain their postural control and
even improve it.

influences these results is that patients use
more of their available cognitive processing to
improve their postural control [65].
Since the participants using the ABAR
system perform specific postural tasks, patients
with PD, who have postural instability and
cognitive dysfunction [66, 67], will need to
increase their cognitive processing by
performing more cognitive tasks. At the present
time, we are designing a new protocol to test
our experiment with more sessions. We
consider that a greater number of sessions will
produce statistically significant results.
The SEQ results indicated that patients
with PD felt well, showing remarkable results in
enjoyment, success, clarity, and helpfulness.
We think that this is due to the fact that our
system was designed specifically for patients
with neurological disorders to perform weighttransferences.
To our knowledge, this is the first study that
proposes a virtual rehabilitation system that
supposes that patients with PD in virtual
environments specifically require better
cognitive processing to maintain or even
improve postural control in the sitting position.
To promote cognitive processing, the
system requires the continuous attention of
patients in order to achieve the objectives of the
games.
One of the main limitations of the study is
the small sample size. Since the small sample
limits the strength of the results, we are
currently designing a new study with a larger
sample. In this new study, we will also analyze
the impact of the number of sessions evaluating
how it affects the patients' performances.

ABAR offers tools to measure the postural
control of patients; therefore, we can evaluate
their performance through the sessions of the
study.
Our proposal is in line with the growing
scientific evidence that technology helps patients
in their rehabilitation. Rehabilitation programs are
currently changing, and they often integrate
technology to increase the performance of the
programs.
The results demonstrate that patients
maintain their postural control in the three
positions. After fifteen sessions, there were no
statistically significant differences in the
performance of postural control in any of the
three positions. However, the results do indicate
a trend to improvement in all the positions. This
trend to improvement is especially remarkable in
the left/right positions, which are the most
important positions to avoid problems like the risk
of fall. We think that the main factor that

Figure 2 Mean and standard deviation of spatial postural control in the training sessions.
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5. Discussion
Adequate postural control is essential in daily
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Another limitation of the study is the lack of
measures that determine the impact of the
rehabilitation system in the ADL. Measures
such as the number of falls would help to
evaluate how the improvements are transferred
to real life. Therefore, more measures are being
considered for the new study in order to focus
on measuring the ecological validity of the
rehabilitation system.

3.

4.
5.

6. Conclusions
The goal of this paper is to evaluate the
evolution of postural control in PD patients
using a virtual reality-based system that
attempts to focus more specifically on their
cognitive processing in order to maintain or
improve their postural control.
Postural control is evaluated in three
positions: left, central, and right. The central
position is the position of the patient resting in
the sitting position. The left/right positions are
the bigger weight-transferences to the left/right
that the patient can carry out in a controlled and
stable way while seated. One of the advantages
of ABAR is the capacity to determine the
left/right position for each patient in each
session through a previous calibration.
The ABAR system allows us to
demonstrate that the use of VMR improves
postural control in patients with PD because our
system requires the continuous attention of
patients, promoting cognitive processing.
The results of this study encourage us to
continue along this line, especially considering
the high prevalence of PD, (PD affects
approximately 1% to 2% of the population over
65 years old [68]). In addition, we plan to extend
the study to other patients with limited cognitive
processing due to neurological impairments.
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