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Parkinson’s disease is a long-term and progressive degenerative disorder of the nervous

system, affecting primarily motor coordination, noticeable as a tremor in one hand.

Recent studies reported on positive outcomes of intensive physiotherapy of upper

extremities. We built a telerehabilitation system with virtual pick and place tasks for small

scale hand movements, and designed a pilot study to find whether such exergaming as

a telerehabilitation service provides comparable outcomes as an outpatient exergaming

service. A non-randomized pilot trial was designed. Hospital outpatients (28/40) with

Parkinson’s disease were recruited. Those meeting the inclusion criteria were divided into

two groups; seven outpatients were assigned to the home (H) group and 21 outpatients

to the hospital (URI) group. Both groups received 10 days of exergaming over the

course of 2 weeks, each daily session lasting a maximum of 1 h. Primary outcomes

were clinical tests; Box and Blocks Test (BBT), Jebsen Hand Function Test (JHFT), and

Unified Parkinson’s Disease Rating Scale (UPDRS part III) were carried out before and

after the study. Secondary outcomes were hand kinematics and exergaming results;

number of successfully moved objects and task time. Statistical analysis was carried

out to find significant (p < 0.05) differences and Cohen’s U3 was used to determine

effect sizes. The differences between the groups in gender (p = 0.781), age (p =

0.192), and duration of the disease (p = 0.195) were tested with Bartlett’s test and no

statistical differences were found with an F test. Both groups demonstrated statistically

significant improvements in clinical test UDPRS III (p = 0.006 and p = 0.011) and the

hospital group also in BBT (p = 0.002) and JHFT (p = 0.015) and with UDPRS III

and JHFT even in favor of the home group (χ2 = 5.08, p = 0.024, χ
2 = 7.76, p =

0.005). Nevertheless, the exergaming results show significant improvement after training

(U3 > 0.86). Exergaming has already been suggested as an effective approach in the

planning of rehabilitation tasks for persons with Parkinson’s disease. We have prepared

a pilot study demonstrating that exergaming at home with telerehabilitation support may

provide comparable clinical outcomes. The study shall be followed by a randomized
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study with higher statistical power to provide clinical evidence. Nevertheless, carrying

out even part of the rehabilitation program at home is crucial for the development of

future telerehabilition clinical services.

Clinical Trial Registration: www.ClinicalTrials.gov, identifier: NCT03175107.

Keywords: perception, Parkinson’s disease, exergaming, virtual reality, (tele)rehabilitation, object manipulation

INTRODUCTION

Parkinson’s disease (PD) is a slowly progressing degenerative
disease of the extrapyramidal system with an unknown cause.
The disease often affects people in midlife, between 35 and 60
years of age, with men more likely to become ill than women
(1). The main clinical signs of PD are muscle stiffness (rigidity),
slowness of movement (bradykinesia), hand tremor, and postural
disorders. The disease typically affects the patient’s daily activities
and thus, their quality of life at different ages. Currently, the
degeneration of dopaminergic neurons that trigger changes in
the basal ganglia network is treated with levodopa/dopamine
(2). However, this may cause a decrease in responsiveness to
the medication over time. At the same time, physiotherapy is
becoming important in individual treatment of people with PD
as they retain more than ¾ of all activities (3, 4). Balance,
posture, and mobility related functions often impact the quality
of life, as the functions of upper extremities are highly related
to participation.

The voluntary activities of patients have proven to contribute
to the functional improvement of movement, physical capacity,
and other manual activities; balance, walking, reaching, grasping,
etc. Exercise based computer games have been introduced to
rehabilitation programs (5) and a promising approach seems to
be rapidly developing. Several reports on functional progress
and performance have been published, but an insufficient
number of studies have been dedicated to safety and clinical
benefits. Most of the studies have used commercial games
for the world-wide public, and those were often found to be
too complex (5). Some exceptions also considered safety and
functional outcomes (balance, dynamic gait, and quality of life)
with commercial outfits (Kinect AdventuresTM), reported in a
feasibility study on positive outcomes (6). Positive effects of
computerized cognitive training on several clinical outcomes
were examined in older adults (7) and positive cognitive effects
of video games have also been reported (8). Most of these studies
have been dedicated to postural activities, balance (9), and a
large range of motion movements using commercially available
“exergames” and motion capture equipment (e.g., Kinect). In
spite of the wide-use of commercial motion capture systems
at home, the telerehabilitation of patients with neuromuscular
diseases or disorders can present a safety issue. Particularly in
a standing position, a standing frame is almost essential in
(sub)acute stroke rehabilitation (10). Rehabilitation of upper
extremities has been successfully implemented; no need for
standing frame, no safety issues in the seated position (11, 12) in
particular for telerehabilitation (13, 14). However, the majority of
neuromuscular disorders may involve spasticity and may require
additional passive or even active robotic equipment (e.g., ArmeoR

ArmotionTM, Motore++, InMotion WristTM, ArmAssistR, etc.),
most of these are too complex, too expensive, or simply present
a safety hazard for independent home use. (Tele)rehabilitation of
the upper extremities in persons with PD rarely requires an active
exoskeleton, but rather uses exergames (15). For persons with PD,
accurate movements such as grasping and fine finger motions
may present even more important tasks and may significantly
contribute to the improvement of their quality of life, particularly
when the medication plan remains unchanged. Such small range
of motion tasks are feasible without a robotic device, and make
use only of the tracking camera (16), gloves (17), or even
electroencephalography (18).

Preliminary studies combining virtual reality technology
with physiotherapy in persons with PD and older adults offer
promising results (19, 20) in terms of feasibility, but were carried
out in a supervised laboratory environment and thus do not
provide a sufficient link between motor learning and clinical
application. Therefore, we designed equipment specifically for
clinical settings. Our goal based small virtual object manipulation
task targets hand and finger dexterity in persons with PD (21).
Furthermore, the technical solution has been implemented in
the experimental telerehabilitation process. Before performing
a large-scale study, we carried out an early non-randomized
clinical study to check whether participants who had been
discharged from hospital and continued treatment at home
demonstrated similar clinical outcomes as outpatients without
changing the medication plan.

MATERIALS AND METHODS

Study Design and Regulation
An experimental study with patients with PD was designed
(Figure 1). Participants were included in the study according to
the inclusion and exclusion criteria. Baseline clinical assessment
was carried out on the day when all participants were still
inpatients. On the same day, the patients were discharged from
the hospital and allocated to two different groups by selection
according to their location of residence and available technical
equipment. Both the home (H) group and outpatient (URI)
group participated in the post-treatment clinical assessment at
the outpatient hospital. Primary outcome measures were clinical
tests with questionnaire results as a supplement. Exergaming
results were considered to be secondary outcome measures.

(Tele)rehabilitation System
The telerehabilitation system was designed as a client-server
model; a server and database running the front-end interface for
a therapist working remotely, and client with the exergame, with
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FIGURE 1 | CONSORT flow diagram.

data synchronization occurring after the accomplished session
(16). The client software was running on the bare-bone computer
(Intel NUC i7, Win10 OS) and was designed and programmed in
the Unity3D (Unity Technologies, CA, USA) environment. The

designed virtual environment (VE) consisted of a simulated grass
floor, hidden reflecting walls, and a model of a treasure chest
on the left for right-handed or on the right for the left-handed
participants. We placed 10 virtual cubes of various colors in
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the VE, but the same physical model (weight, bounce stiffness,
material, and size) to ensure repeatability of the process.

The interaction object with the VE and the virtual object
was a real hand-sized virtual model of the participant’s hand
(left or right). The participants could see the projection of their
real hand and fingers as an avatar, a model of the metal hand.
The kinematics of the virtual hand were adequately similar to
the movement of the real hand and fingers. The movements
of the real extremity were tracked by a small, mouse-sized
infrared camera (Leap Motion Controller—LMC, Leap Motion
Inc., CA, USA), that can detect 3D hand movement as well as
the movements of fingers. The camera connects to the high-
speed USB 3.0 port of the computer and requires a suitable
graphic adapter (e.g., Nvidia GeForce series). The infrared
camera requires light calibration or constant light conditions to
operate properly with the pre-calibrated settings. The control
software was written in C# using the LMC libraries within
the MonoDevelop open-source environment (22). The assessed
parameters were used to calculate the participant’s performance.
The recorded time and number of cubes placed successfully
into the virtual chest were displayed to inform the participant
about their performance. All parameters, including the hand
kinematics, were simultaneously recorded on the local computer
as an ASCII (∗.txt) file and later sent to the remote server
(Figure 2).

10Cubes game (Figure 2): The goal of the exergame was
simple. Pick up and place 10 cubes, one by one into the open
treasure chest within 2min. One cube at a time should be picked
up with a pincer grasp. If the participant completes the game
before the time elapses, they receive a time bonus. If not, then
the number of collected cubes counts as the final score.

Participants
Twenty-eight persons (12 males and 16 females) with PD
participated in the study. All participants were initially involved
in the same rehabilitation program at the hospital. Inclusion
criteria comprised: (a) Parkinson’s disease or Parkinsonism
with functional disorders in the upper extremities and minor
problems with daily activities; (b) participants at level 2–
3 according to the Hoehn and Yahr Scale (23). All tests
were performed in the morning about 1–2 h after taking the
medication to assure equal conditions for all participants. The
recruited participants were divided into two groups according
to their place of residence and the technical capabilities of
their home:

• Seven patients in the home (H) group; three males and four
females, 62.3± 7.3 years old, seven had the right side affected,
with a duration of PD 5.8± 2.5 years.

• Twenty-one patients in the outpatient hospital (URI) group;
nine males and 12 females, 69.5 ± 5.8 years old, three had the
left side affected, 18 had the right side affected, and one had
both sides affected, with a duration of PD 6.4± 4.5 years.

The study was approved by the local ethics committee and all
participants provided a written consent for the publication of any
potentially identifiable images or data included in this article.

Research Protocol
The participants of the URI group were comfortably seated in

front of the 22
′′

computer screen placed on a table. The LMC
was placed on the desk in front of the participant (see Figure 2
right). Window blinds were used to assure appropriate constant
lighting conditions. The participants of the H group were asked

to sit comfortably in front of the 22
′′

monitor or 32
′′

TV screen
and put the LMC on a small even surface above the subject’s knees
in order to cover the optimal working space (see Figure 2 left).

A skilled occupational therapist explained the goal of the study
and the procedure of the task to each of the participants at
the start of session zero (the trial session at the hospital). The
therapist or the participant him(her)self-started the application,
if computer skills allowed. The participants of the H group
managed the application by themselves or were provided
assistance by a relative or a caregiver.

The goal of the task was to pick up and place 10 small
virtual cubes lying around the virtual environment into the open
treasure chest by the more affected hand. If both or neither of
the hands were affected, then the participant would use his/her
dominant hand. For the purpose of the study, themodel of virtual
cubes used the same weight, material, and bouncing factor of the
cubes and light conditions.

The participants of both groups were involved in the identical
protocol. Differences in environment and equipment were
unavoidable among the home participants. Each participant
received 10 training therapies with the 10 Cubes exergame over
the course of 2–3 weeks. Each session lasting ∼30min (max.
1 h) with breaks. Within the session, participants managed to
accomplish the 10 Cubes task five times. Short breaks of 1–2min
between the trials were compulsory.

Before commencement of the sessions, the participants
received a baseline clinical assessment. The clinical tests UPDRS
motor function part (24), Jebsen Hand Function Test (25), and
Box and Blocks Test (26) were carried out. All participants
took the same tests at the post-treatment clinical assessment. All
clinical tests were carried out by a skilled occupational therapist.

Data Assessment
Clinical Outcomes
The clinical test Box and Blocks Test (26) is a low cost
standardized rehabilitation measure that assesses unilateral gross
manual dexterity. It is intended for evaluation of daily living
activities, coordination, and dexterity of upper extremities. The
participant moved blocks one by one from one compartment to
another in 60 s. The outcome of the test was equal to the number
of blocks, with more blocks indicating better function.

The Jebsen Hand Function Test (25) is a comprehensive
rehabilitation measure test for uni-manual hand functions for
the assessment of daily living activities. It comprises of seven
sub-tests for dominant and non-dominant hands (writing a
letter, card turning, picking up small objects, stacking checkers,
stimulated feeding, moving light and heavy objects). The sub-
tests measure speed, not the quality of movement. The outcome
of each sub-test is the time taken to complete the task. Total score
is the sum of times, with a lower score indicating better function.
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FIGURE 2 | Participants at exergaming in home (left) and hospital (right) environment. Both groups used the same 10Cubes game and LMC. The telerehabilitation

system for the home group recorded the data locally and transferred afterwards to the server.

TheUPDRS (24) is a tool for general assessment of Parkinson’s
disease. We used only the motor function part III in the study
in order to assess speech, facial expression, tremor at rest, action
tremor of hands, rigidity, finger taps, hand movements, rapid
alternating movements of hands, and actions related to balance
and posture. Each point is graded from 0 (no impairment) to 4
(severe impairment). Therefore, a higher score indicates greater
disability and zero points indicates the absence of disability.

After the study, the participants were asked to fill out
the 39-Item Parkinson’s Disease Questionnaire (PDQ-39) (27).
However, we considered the results with precaution (28).

Exergaming Results
The kinematics of the hand were tracked by the LMC and
analyzed online by computing the position of the cubes and
determining the (un)successfully handled cubes, and monitoring
the remaining time and offline analysis of the entire hand
kinematic (22). The observed outcomes were the number of
successfully picked and placed cubes and the remaining time.

Sample Size Considerations
We set the confidence level to 95% in order to keep the average
clinical value within expected limits. With an expected 10%
margin of error and a population size of 40, we estimated that
29 participants would be required for the preliminary non-
randomized study.

Statistical Data Analysis
Differences between the H group and URI group in terms of
gender, age, and duration of the disease were statistically checked
for equal variances and normal distribution with Bartlett’s Test
and compared with an F-test (Matlab, MathWorks Inc., Natick
MA, USA). Mean values and standard deviations were computed
for the number of cubes and remaining time for each of the 10
sessions/days. Additionally, the statistical differences between the
1st and 10th sessions were tested with the Kruskal-Wallis Test,
a non-parametric method. The significance level was set to p =

0.05. Matlab Statistical Toolbox (MathWorks Inc., Natick MA,
USA) was used to manage and transform data, and to calculate

TABLE 1 | Analyzing differences between the home (H) group and hospital (URI)

group.

Variable URI group H group Bartlett’s

test (χ2/p)

F-test

(p-value)

Gender (M/F) 9/12 3/4 0.025/0.875 0.781

Age (mean/SD) 69.48 (5.78) 62.29 (7.32) 0.522/0.470 0.192

PD (years) 6.38 (4.48) 5.83 (2.48) 2.026/0.155 0.195

the statistics. Effect sizes were determined with Cohen’s U3 (29)
analysis with the Measures of Effect Size (MES) Toolbox (30).
The U3 defines the proportion of data from one group that were
smaller than the median values of the other group. There was no
effect at U3 = 0.5 and maximal at 1 when all group data at post-
assessment were above the median of the data at baseline or 0
when all group data were below the median of the data at baseline
(effect size: small 0.4/0.6, medium 0.3/0.7, and large 0.2/0.8).

Clinical tests were statistically examined separately for the H
group and URI group. Data obtained in both groups were tested
for normality and equality of variances with Bartlett’s test. If the
homogeneity of variances test did not fail (χ2, p < 0.05), we
used the Student’s t-test to compare the means of the clinical
baseline and post-assessment. We hypothesized that clinical tests
related to small object manipulation with hands or fingers can
demonstrate statistically significant progress for both groups.
Additionally, the effect sizes were examined by Cohen’s U3. The
statistical differences of the mean values between the H and URI
groups were tested with the Kruskal-Wallis Test.

RESULTS

Participants Characteristics
All 28 participants entering the study accomplished the 10
sessions according to the protocol and completed the assigned
baseline and post-treatment clinical tests. The statistical test does
not reject the null hypothesis that the variances in gender, age,
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TABLE 2 | Results of the clinical tests in both groups at baseline and post-treatment.

Hospital URI group Home (H) group Interaction

Baseline Post Baseline Post Kruskal-Wallis

Test Mean SD Mean SD Mean SD Mean SD χ
2 p-value

BBT 44.6 9.3 49.1 9.8 52.9 12.9 56.6 13.6 3.38 0.066

UPDRS III 31.2 10.9 28.8 10.9 24.6 6.3 22.9 7.3 5.08 0.024*

JHFT 67.7 24.4 63.2 25.9 50.8 13.5 44.5 9.8 7.76 0.005*

Bartlett’s T-Test Cohen’s Bartlett’s T-Test Cohen’

χ
2/p-value p-value U3 CI [x-y] χ

2/p-value p-value U3 CI [x-y]

BBT 0.052/0.820 0.003* 0.57 −7.37 0.017/0.896 0.204 0.42 −10.09

UPDRS III 0.0001/0.997 0.005* 0.33 0.77 0.110/0.739 0.011* 0.43 0.55

JHFT 0.066/0.797 0.068 0.26 −0.38 0.559/0.455 0.015* 0.29 1.70

*p < 0.05 statistical significant difference.

and duration of the disease are equal across H and URI groups
(Table 1).

Clinical Outcomes
The variances of the clinical tests at baseline and post-assessment
were tested with Bartlett’s test (χ2

< 1, p > 0.05) and the equal
variance t-test was used to test the data. Significant improvements
of function were found after the training with at least two clinical
tests (Table 2). The URI group improved their score for all three
clinical tests, BBT, UPDRS III, and JHFT, at post-assessment
(Figure 3). The mean differences in the BBT and the UPDRS III
were also statistically confirmed with p < 0.003 and p < 0.005,
respectively. In the H group, improvements of function were
found with all three tests, but changes were statistically significant
for UPDRS III (p < 0.011) and JHFT (p < 0.015). The analysis
of the effect sizes showed medium (U3 = 0.33) to large (U3 =

0.26) changes in JHFT, while changes in BBT scores were small
in the H and URI groups (U3 = 0.43, U3 = 0.57, respectively)
at post-assessment.

The statistical differences in clinical scores between the H and
URI groups were tested with the non-parametric Kruskal-Wallis
Test for interactions due to unequal sample sizes. The JHFT and
UPDRS III indicated significant differences (χ2 = 7.76, p= 0.005,
χ
2 = 5.08, p= 0.024, respectively) of means between the H group

(mean 44.5 vs. 50.8 s, 22.9 vs. 24.6 s) and the URI group (mean
63.2 vs. 67.7 s, 28.8 vs. 31.2 s) as shown in Table 2.

Figure 4 shows the outcomes of the seven sub-tests for the
dominant/affected hand (writing a letter—WAL, card turning—
CARDT, picking up small objects—SOP, stacking checkers—
STCHK, stimulated feeding—STFEED, moving light objects—
MLO and moving heavy objects—MHO). Both groups achieved
lower scores (improvement) at post-assessment. Larger changes
can be noticed for the H group, particularly in the sub-tests that
require small object manipulation (MLO, WAL, SOP).

The 39-Item Parkinson’s Disease Questionnaire (PDQ-39)
was filled by seven participants from the H group. The
participants in general had severe difficulties with mobility, body
discomfort, and also with emotional well-being (Figure 5). They

did not feel stigmatized or lack of social support. The participants
managed activities of daily living.

Exergaming Results
The participants of both groups have improved their exergame
score, particularly the number of successfully placed cubes
(Figure 6). The performance of the H group was alsomuch faster,
with more than 25 s remaining at the last session. All changes
were substantially large (Cohen’s U3 > 0.814). The URI group
did not manage to save extra time (U3 = 0.5), however, some
individuals in this group performed faster and saved up to 70 s
(Figure 6).

Themean values between theH andURI groups were different
for collected cubes as well as for the remaining time at post-
assessment. The statistical differences between the groups were
shown by the Kruskal-Wallis test (Table 3) for cubes (interaction,
χ
2 = 24.62, p = 6.98∗10−7) and remaining time (interaction, χ2

= 11.33, p= 0.0008).

DISCUSSION

Safety, usability, and the patient’s perception, particularly of
telerehabilition, are major challenges of using novel technological
solutions and methods in rehabilitation. The primary goal of
telerehabilitation has always been the safety of participants.
Technical safety is nowadays not questionable (Medical Device
Regulation, 2020/561) (31), but rather acceptance, feasibility of
the approach in remote or home environment, and clinical
evidence. This may present a challenge in gait and balance
training (32) but feasible and promising for the rehabilitation
of upper extremities, particularly in the seated position. The
patients improve the range of motion, grip muscle strength,
coordination, movement velocity, and fine and gross dexterity.
They can use non-immersive serious games or virtual reality and
contactless measuring equipment (33). The gaming approach is
often found to be motivating and challenging for patients, while
game diversity and fun is of great importance (34). Fernández-
González et al. reported on promising results using the LMC in
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FIGURE 3 | The outcomes of the clinical tests Box and Blocks Test (BBT), Unified Parkinson’s disease rating scale (UPDRS) part III, and Jebsen Hand Function Test

(JHFT) for the home and hospital (URI) groups before the commencement of the training and post-assessment.

FIGURE 4 | Shows the outcomes of the seven sub-tests of the Jebsen Hand Function Test for dominant/affected hand (WAL, writing a letter; CARDT, card turning;

SOP, picking small objects; STCHK, stacking checkers; STFEED, stimulated feeding; MLO, moving light; MHO, moving heavy objects).

patients with PD in the randomized control study. Significant
improvements with clinical tests were observed despite the small
number of participants. Our findings with a larger hospital
group are in accordance with the reported results. The patients
significantly improved their Box and Blocks Test score with
dominant/more affected hand and UPDRS III scores using
similar equipment with the virtual pick and place task. A
substantial improvement (Cohen’s U3= 0.26) of JHFT outcomes
was reported, but the statistical test showed marginal differences
(p= 0.068). Insight into the sub-tests demonstrates progress with

moving light objects, picking up small objects, and writing a
letter. Further improvements in other sub-tasks would require
additional exergames targeting different movements, cognition,
and perception (35). The home group achieved a lower score in
the moving light objects and picking up small objects sub-tasks
and statistically significant improvement after the training (p =

0.015). The reason for better performance can be found in other
sub-tests, i.e., writing a letter and stimulated feeding, the various
tasks they usually do at home. The home group showed mean
functional improvement of fine movements and gross manual
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FIGURE 5 | The outcomes of the Parkinson’s Disease Questionnaire (PDQ-39) for the home group only.

dexterity with BBT, but statistically insignificant due to the high
dispersion and small sample size.

Both groups of participants substantially improved their game
scores and managed to save extra time. In fact, the home group
was successful in gaming and their mean remaining time at the
end of the trial was more than 25 s, meaning that the members
of this group mastered the game. On the other hand, we have
noticed that seven patients in the hospital were even better and
two patients hardly managed to complete the game. This resulted
in a great variation of results and may suggest that some patients
have a more impaired pinching function than others. Also, the
home group may have improved the response time of fingers
to a stimulus quicker through the sessions (35). Even if we
assume that the home group performs more physical reality tasks
than the hospital group, Wang et al. demonstrated comparable
outcomes with the virtual reality tasks (19). Visual motion stimuli
contributed to the improvement of movement speed in persons
with PD in the short-term. Recently, researchers (36) have
demonstrated quantitatively positive results for upper extremities
with immersive virtual tasks also using the LMC. Significant
improvements of strength, fine and gross coordination, dexterity,
and speed of movement were shown. The findings on comparable
outcomes with the physical world lead to the validation of fully-
immersive VR Box and Blocks Test (37). The authors suggested
that virtual BBT could be used as a reliable indicator and may
be accepted by clinicians and patients. However, the outcomes
of our previous randomized control study show that there is

no functional difference between immersive and non-immersive
virtual tasks, except motivation (21). Motivation (38) could have
an important impact on final results in both groups, home
and hospital.

Exergaming as Telerehabilitation Service
The LMC has previously been integrated into the home
virtual rehabilitation system for stroke survivors (39). The
system comprised simple goal oriented tasks for finger
flexion/extension, wrist movement, and reaching with changing
difficulty levels. The outcomes demonstrated improvement of
upper extremity function and increased intrinsic motivation
level. The participants maintained motivation for 12 weeks
which could have an important impact on adherence and motor
outcome. Motivation in chronic stroke can also be maintained
by multi-user exergames (40). The outcomes of a study with
KinectTM (Microsoft, Inc., USA) suggested that the participants
spent more time in multi-user training and achieved a higher
Fugl-Meyer Assessment of Motor Recovery After Stroke Upper
Extremity score. An interesting approach to involve active
participation was the use of electroencephalography as neuro-
feedback to control the interaction with the system (18). Such
equipment can also be used for monitoring, despite the fact that
the don and doff as well as the operation may present a technical
issue for patients at home. Our study is focused on persons with
PD who may not experience spastic movements and functional
progress due to the progressive disease. However, the core of
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FIGURE 6 | The boxplots for the number of successfully placed cubes and the remaining time for home and hospital (URI) groups. The mean values for both groups

per sessions are also presented.

TABLE 3 | Statistical differences between the hospital (URI) group and the home

(H) group in exergaming.

Variable Cohen’s U3 Kruskal-Wallis

URI group H group χ
2 p-value

Number of cubes 0.867 0.857 24.62 0.00007*

Remaining time 0.500 0.814 11.33 0.0008*

Additionally, the effect sizes (Cohen’s U3) for baseline and post assessment is shown.

*p < 0.05 statistical significant difference.

our telerehabilitation exergaming was in accordance with recent
developments and studies; exergaming should be motivating,
easy to use, and demonstrate comparable clinical effectiveness as
the training in the hospital.

Limitations
The system was designed as an easy-to-use, simple tool and does
not require any special knowledge or technical skills. Despite
simplification with a design devoid of an additional user interface
for settings, it was not an easy task for the participants with PD
to run the application. Data loss was prevented by saving them
locally then uploading to the server afterwards.

We have noticed that successful collection of cubes before the
elapsed time sweeten the pot. However, we are aware that the
game score cannot be of relevant information for the clinician,

but rather a good indicator of participant motivation/effort. We
could also have applied the intrinsic motivation inventory to both
groups (41).

The recruited number of patients of this mean age would
have been enough for the estimated statistical power (0.8) with
alpha set to 0.05. They could have been randomized into two
groups, even 10 participants per group would have made the
two independent sample study possible. Unfortunately, not all
patients were eligible for the trial and we ended up with only
seven who were capable of handling the technology. Although we
found significant differences in outcomes across the groups with
medium effect size, the small sample size in H group is a limiting
factor. Consequently, there is a high risk of bias. A non-negligible
factor would be the lack ofmotivation, ability to perform required
exercises, poor sensibility or muscle tone.

Hereby, we suggest a randomized clinical trial, possibly multi-
center to provide clinical evidence. Results can also be supported
with the intrinsic motivation inventory to assess the patients’
psychological behavior.

Implications for Prospective Studies
The aim of this preliminary non-randomized study was to
demonstrate that the location of supplemented occupational
therapy is marginal and that the telerehabilitation approach
may significantly change such therapy programs in the future.
However, as the study did not provide sufficient clinical evidence,
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prospective randomized clinical trials in telerehabilitation
settings are essential.

CONCLUSION

The telerehabilitation system was initially designed for the
proposed study; simple virtual reality task for small range
of motion and precise manipulation, without specific user
interface, short term evaluation protocol, and easy-to-use
hardware and software. Indeed, small and precise movements
are important and valuable for the daily life activities of
persons with PD. Such activities increase participation and
may potentially influence the progress of PD. The outcomes
of the pilot study demonstrated comparable clinical outcomes
indicating that part of the occupational therapy can be
provided as telerehabilitation service. A limitation of such
studies is often the small number of eligible participants.
However, the COVID-19 pandemic and continuous pressure on
rehabilitation centers have irrevocably altered the approach, the
technology and its digital adoption for health care professionals
and patients.
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using virtual reality task can improve balance in patients with

stroke. Disabil Rehabil. (2012) 34:13–8. doi: 10.3109/09638288.2011.

583308

11. Piron L, Turolla A, Agostini M, Zucconi C, Cortese F, Zampolini M,

et al. Exercises for paretic upper limb after stroke: a combined virtual-

reality and telemedicine approach. J Rehabil Med. (2009) 41:1016–102.

doi: 10.2340/16501977-0459

12. Rogers JM, Duckworth J, Middleton S, Steenbergen B, Wilson PH. Elements

virtual rehabilitation improves motor, cognitive, and functional outcomes in

adult stroke: evidence from a randomized controlled pilot study. J Neuroeng

Rehabil. (2019) 16:56. doi: 10.1186/s12984-019-0531-y

Frontiers in Neurology | www.frontiersin.org 10 March 2021 | Volume 12 | Article 625225

https://www.frontiersin.org/articles/10.3389/fneur.2021.625225/full#supplementary-material
https://doi.org/10.1136/jnnp.2003.020982
https://doi.org/10.1016/S0301-0082(99)00067-2
https://doi.org/10.3109/09638288.2010.533245
https://doi.org/10.1136/jnnp.2007.131045
https://doi.org/10.1186/1743-0003-11-33
https://doi.org/10.1016/j.physio.2013.10.003
https://doi.org/10.1371/journal.pone.0040588
https://doi.org/10.1515/ijdhd.2011.003
https://doi.org/10.1186/s12984-020-00725-y
https://doi.org/10.3109/09638288.2011.583308
https://doi.org/10.2340/16501977-0459
https://doi.org/10.1186/s12984-019-0531-y
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Cikajlo et al. Exergaming in Parkinson’s Disease

13. McCue M, Fairman A, Pramuka M. Enhancing quality of life through

telerehabilitation. Phys Med Rehabil Clin N Am. (2010) 21:195–205.

doi: 10.1016/j.pmr.2009.07.005

14. Adams JL, Myers TL, Waddell EM, Spear KL, Schneider RB. Telemedicine: a

valuable tool in neurodegenerative diseases. Curr Geriatr Rep. (2020) 9:72–81.

doi: 10.1007/s13670-020-00311-z

15. Gandolfi M, Geroin C, Dimitrova E, Boldrini P, Waldner A, Bonadiman

S, et al. Virtual reality telerehabilitation for postural instability in

Parkinson’s disease: a multicenter, single-blind, randomized, controlled

trial. Biomed Res Int. (2017) 2017:7962826. doi: 10.1155/2017/79

62826
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