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Purpose: To evaluate the performance improvement of individuals with hemiparesis cerebral
palsy (CP) using a virtual task.

Participants and methods: Twenty individuals were selected and distributed into two groups.
The experimental group (CP group) comprised ten individuals with a medical diagnosis of CP,
and ten individuals with typical development (sex- and age-matched) composed the control
group (TD group). Both groups followed the same intervention protocol, which included a
virtual coincident timing task: the participants performed upper limb movements in front of a
computer’s webcam and interacted with the task with the aim of virtually intercepting spheres
that fell in four rows following the rhythm of a pre-selected song during an §-minute period.
To verify the influence on a real task, pre- and posttests were performed in a similar task, but
with physical contact (using the spacebar on the keyboard of a computer). To analyze the data, we
evaluated the variable, constant, and absolute errors during the task and in the pre- and posttests.
Results: The results showed that there was an improvement in performance between the
pre- and posttests; that is, after practicing the task in an environment without physical contact,
there was a performance improvement in posttests in the real task, but only for the CP group.
Moreover, there were significant differences in precision and accuracy between the two groups,
with worse performance in the CP group.

Conclusion: Individuals with CP presented better performance in the real task after practice
in a virtual reality task, albeit with worse performance compared with individuals with TD.
This is an interesting result that supports the possible use of virtual tasks for the rehabilitation
of individuals with CP.

Keywords: cerebral palsy, motor performance, virtual reality, motor disability, spastic cerebral

palsy

Introduction

Cerebral palsy (CP) is defined as a group of permanent disorders of movement and
posture, resulting from a non-progressive lesion in the brain in the phase of structural
growth and functional development.' Motor disorders are commonly associated with
changes in sensation, learning, body perception, communication, and behavior, in
addition to secondary complications such as epilepsy and musculoskeletal disorders
that impair the individual’s functional performance.!

The difficulties in motor function are variable and result in the individual’s inability
to maintain their posture and perform normal movements,>* causing limitations in
most daily life activities and restricting their social participation.”® Thus, individuals
with CP need to participate in a multidisciplinary rehabilitation program that should
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consider several targets, including environmental and per-
sonal factors.’ Therefore, the rehabilitation can be considered
a long and arduous process for many individuals with dis-
abilities, and as such, clinicians need to face the challenging
task of searching for a variety of appealing, meaningful, and
motivating intervention tools that may be adapted and graded
to facilitate this process.'’

Under this context, with the growing accessibility of
computer-assisted technology, rehabilitation programs
increasingly use virtual reality (VR) environments to
enhance task practice.!"™'* Additionally, VR has recently been
explored as an intervention specifically to improve motor
function in children with CP.°

VR is defined as “the use of interactive simulations cre-
ated with computer hardware and software to present users
with opportunities to engage in environments that appear
to be and feel similar to real-world objects and events”.!
According to the literature,”>!7 some of the advantages of
VR include the ability to practice at home (ie, online), inde-
pendently or in interaction with others (eg, e-games), and
with or without the supervision of a professional. However,
it should be noted that VR as an intervention for individuals
with CP is relatively new, and although research is rapidly
evolving, its benefits and limitations have not been exten-
sively researched.'!®

In systematic literature reviews, Chen et al*!° examined
the effect of VR function in children with CP and found
that VR is a viable intervention to improve arm function,
ambulation, and postural control. However, the authors also
stressed that the reasons why VR works remain unknown and
highlighted the need for a more vigorous research design to
make a conclusive recommendation.

Despite the positive research using VR in the treatment of
individuals with CP, de Mello Monteiro et al* suggested that
this theme should be viewed with some reservations. These
authors have examined whether performance improvements
in the virtual environment generalize to the real environment
in individuals with CP while performing two coincident
timing tasks, one with physical contact and the other without
physical contact. The authors found that for individuals with
CP, as well as their typically developing peers, coincident
timing improved with practice on both tasks. However, the
authors also suggested that these improvements were spe-
cific to the practice environment, stressed that there was no
transfer of learning between environments, and indicated the
importance of further research to deeply investigate this issue.

In this sense, it is important to emphasize the distinction
between practicing a task in an environment with physical

contact (more real characteristics) or without physical con-
tact (more virtual characteristics). In environments without
physical contact, participants perform a given task, but the
goal is often relatively abstract and directed toward intan-
gible objects, which can directly influence performance.
When performing a task in an environment without physical
contact, space-time organization differs from that in a real
environment, especially among individuals with movement
disorders.?%%!

Given this context, the present work intends to analyze
the effect of short-term practice using a non-immersive VR
task on the performance of individuals with CP. For this,
individuals with CP and with typical development (TD) per-
formed a pretest in a physical contact task and then carried out
a similar practice task in a more virtual environment (without
physical contact).?*?! After practice, the groups returned to
the device with physical contact to see if their performance
had improved.

Based on CP difficulties such as spasticity, reduced
range of motion, and changes in posture and movement, we
hypothesized that the CP group would perform poorly com-
pared with the TD group throughout the research protocol;
however, because of the difficulty in practicing without
physical contact, both groups (CP and TD) would show
performance improvement at the moment they perform the
task in the posttest (with physical contact).

If the hypothesis is verified, it will offer support for the
use of tasks without physical contact (with more virtual
features) as a rehabilitation program for individuals with CP,
offering a conceptual theoretical basis for future work and
clinical interventions.

Participants and methods

Participants

Twenty individuals (children and adolescents) aged
6-19 years were selected (the WHO classifies subjects aged
up to 19 years and 364 days as adolescents).?? The experi-
mental group consisted of ten individuals with a diagnosis
of CP, with spastic hemiparetic functional impairment. The
control group consisted of ten individuals with TD. The
groups were matched by age and sex, and both were subjected
to the same protocol.

The criteria for inclusion in the CP group were individuals
with a clinical diagnosis of CP and motor characteristics of
mild spastic hemiparesis, classification of gross motor func-
tion in stage I or II according to the Gross Motor Function
Classification System (GMFCS),?* and Manual Ability
Classification System (MACS) classification level I or I1.%
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The following subjects were excluded from the study:
those who did not understand the proposed task after three
attempts, those with comorbidities that impeded the per-
formance of the activity (skeletal muscle deformity), and
individuals who underwent a chemical block or surgery of
the upper limbs <6 months prior to the study.

This study was approved by the Uninorte Ethics Com-
mittee of the Bardo do Rio Branco Faculty under protocol
1.996.775 and was conducted in accordance with the Decla-
ration of Helsinki. Participants or their legal representatives
(for minors) signed the informed consent form.?

Instruments

Two different software programs were used, one that pro-
vided the task of coincident timing in an environment with
physical contact (more real characteristics) for the pre- and
posttests, and another, “MoveHero”, that provided the
intervention through a virtual task. Both programs were
developed by the Research and Technological Applications in
Rehabilitation (Grupo de Pesquisa e Aplicagdo Tecnologica
em Reabilitacdo) group of the School of Arts, Sciences, and
Humanities of the University of Sao Paulo.”’

Coincident timing software — real task
A coincident timing task is used to understand the human
visuo-motor system, including how motor control processes

information involved in intercepting a moving object.?’” In this
study, the coincident timing software used three-dimensional
images (Figure 1) and enabled the task to be performed by
pressing the space bar on a keyboard. The coincident timing
task was based on the Bassin and Reeve?® Anticipation
Timer and has been used worldwide by many authors?-2%30
to assess and verify motor learning based on the performance
obtained by decreasing errors or the variability of errors.
According to de Mello Monteiro et al,*! a decrease in errors in
accomplishing the target proposed in the coincident timing
task can be considered a performance improvement.

For the coincident timing software, ten spheres that
turned on a red light were displayed on the computer screen
in sequence until the last sphere was reached, which was
considered the target (Figure 1). The participants received
immediate feedback on the correctness or error of the task
performance, either through different sounds (auditory
interaction — differentiated sounds for correctness or error) or
through images that changed color (visual interaction — green
for correctness and red for an error). The individuals were
instructed to place their hand next to the computer keyboard’s
space bar and were told that when the first/top sphere was
activated, they could move their hand when they felt it was
appropriate to touch the space bar exactly at the moment the
last sphere (target sphere) was activated (lit). This task was
applied in the pre- and posttest protocols. It is important to

Figure | lllustrative drawing of the coincident timing task.

Notes: (A) Demonstration of error performed by the participant on each attempt (red light — unsuccessful). (B) Demonstration of hit performed by the participant on each
attempt (green light — successful). (C) An example of a participant performing the task using the space button of the keyboard. (D) Initial position of the hand.
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emphasize that individuals with CP were instructed to use
the paretic upper limb (limb with greater difficulty) and the
control group used the same upper limb as their correspond-
ing peer in the CP group.

MoveHero software — virtual task
MoveHero is a game that presents falling spheres on the
computer screen, in four imaginary columns, with a musical
rhythm selected by the researcher. This is also considered a
coincident timing task; the action is to react (using the upper
limbs) and not let the balls pass from the fixed targets. The
spheres should only be intercepted when they reach the tar-
gets allocated in parallel (at two height levels), two on the
left (left position targets A and B) and two on the right of
the participant (right position targets C and D), as shown in
Figure 2. The virtual contact was performed by the avatar
of the individual, that is, a representation of the individual
appeared on the computer screen. The individual moved their
arms in front of the webcam to coincide with the moment
the ball touched the target. The individuals were positioned
at a distance of 1.5 m from the computer monitor and they
waited for the balls to drop (which fell randomly on each
target). The avatar’s hand should reach the target sphere along
with the arrival of the ball. Thus, the game requires that the
participant has a strategy of anticipation of the movement.
The game offers feedback on correctness and error by
means of changing the spheres’ color (green for correct and

Figure 2 lllustrative drawing of the MoveHero software.

ared line for error) as well as a number (+1) that appears next
to the sphere when it is correctly reached inside the target.
In addition, in the upper left corner of the screen, the total
score of 10 points for each correct task is visible, generating
a maximum total of 690 points per song used. The practice
time was 8 minutes (four songs of 2 minutes each). In this
cross-sectional protocol, no upper limb constriction was used
during VR practice, and to allow functionality, coherence,
and involvement in the proposed task, the individuals used
both upper limbs; that is, the spheres on the right side were
to be hit by the right upper limb and those on the left side
by the left upper limb.

Procedures and design

Individuals performed the task individually in a quiet room,
with only the experimenter who provided the instructions.
The computer was positioned on a desk. The individuals
remained seated with the seat height adjusted according to
individual needs. The functioning of the game and interfaces
(touchscreen for the pre- and posttest and webcam for the
practice of the task in a virtual environment) was clarified
verbally and by a demonstration.

To match our objective, we used a protocol that allowed
us to measure the improvement in coincident timing (accu-
racy and precision of movement) in a real environment to
compare the performance pre- and posttest after practice of
a similar task in a virtual environment (ie, all individuals

Pontos: 220

Pontos: 30

Notes: (A) Demonstration of hit performed by the participant (green light). (B) Error performed by the participant (red light).
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Figure 3 Design of the study.

executed the 1-day protocol with the pretest on a real task

followed by virtual task performance and a posttest on the
same real task executed previously).

In this protocol, the individuals initially performed a pretest
with five attempts at the coincident timing task (0.5 seconds
velocity between the turning on of each sphere) using the
touchscreen (environment with tactile feedback — real) as the
interaction device. After the pretest, they all performed the vir-
tual task practice using MoveHero (without tactile feedback)
for 8 minutes (four songs of 2 minutes each). Immediately
after practice using MoveHero, the individuals performed five
more trials in the posttest on the same initial task (with physi-
cal contact). Then, we applied a modification of the task to
assess performance adaptation (ie, if good performance could
be maintained after a change in task). For the modified task,
after the first posttest, they performed five more attempts in a
second posttest phase with a velocity increase (increase in the
velocity of the task of 0.25 seconds between the turning on
of each sphere). The design of the study is shown in Figure 3.

Data analysis
The coincident timing was provided as the time in milliseconds
considering the error from the target; that is, the more distant
the touch was from the target, the greater the error in millisec-
onds. The timing error was defined as the difference between
the time that the target sphere was turned on and the time that
the key was triggered (real coincident timing). In the case of
MoveHero (virtual task), the timing error was defined as the
difference between the time the ball hit the target sphere and the
time the individual managed to hit the target with the avatar’s
hand. As used by de Mello Monteiro et al,***' Quadrado et al,’!
and Bezerra et al,* the error time in milliseconds can be used to
analyze the constant error (CE), which evaluates the directional
tendency of the movement; the absolute error (AE), which
demonstrates the accuracy of the movement; and the variable
error (VE), which identifies the accuracy of the movement
(for details about these errors, see de Mello Monteiro et al?').
CE, AE, and VE were used as dependent variables for both
the coincident timing task and MoveHero.

For the coincident timing task, the results were obtained
using blocks (average of five trials in each) for all phases

of the study (pretest, posttest, and posttest with a velocity
increase). For the MoveHero task, the mean number of
attempts for each position of the balls (the mean of positions
A and B was considered the left position, and the mean of
positions C and D was considered the right position) was
obtained. The dependent variables (CE, AE, and VE) were
subjected to one-way ANOVA with the following factors:
two between-group factors (CP and TD) and two within-
block factors, with repeated measures in the last factor
(blocks). In the block factor for the coincident timing task,
separate comparisons were made for the study phases: pre- vs
posttest and pre- vs posttest with a velocity increase. In the
MoveHero task, to assess the effect of training (improve-
ment of performance with practice) in both groups, separate
comparisons were made for the different songs: song 1 (S1)
vs song 2 (S2); S2 vs song 3 (S3); and S3 vs song 4 (S4), as
well as for the different positions (left and right). Post hoc
comparisons were performed with the least significant dif-
ference test. Partial n?> was used to calculate the effect size,
where 1 ’=0.01 was considered a small effect, n ’=0.06 a
moderate effect, and 1 ’=0.14 a large effect.” Values of
P<0.05 were considered significant. The statistical package
used was SPSS (IBM Corporation, Armonk, NY, USA),
version 20.0.

Results

The coincident timing task was applied in three different
phases to evaluate the effect of practice on the VR task: 1) in
the pretest phase, five attempts at the velocity of 0.5 seconds
between the turning on of the spheres; 2) in the posttest phase,
five trials at the same velocity as the pretest; and 3) in the
posttest phase, five trials with a 0.25-second velocity increase
(VI) between the turning on of the spheres.

Coincident timing — pre- vs posttest
The results were obtained using blocks (five trials each) for
all phases of the study (pretest, posttest, and posttest with VI).

Constant error

The CE analyzes the anticipation or delay in the reaction in
the assigned task; in this case, this was conducted by com-
paring the pre- and posttest phases of the coincident timing

Neuropsychiatric Disease and Treatment 2019:15
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® CP WM TD

Time (milliseconds)

T
Pretest Posttest Posttest-VI

Figure 4 Mean and standard error representation of the CE of the CP and TD
groups in all phases of the experiment.

Abbreviations: CE, constant error; CP, cerebral palsy; TD, typical development;
VI, velocity increase.

interface. ANOVA did not indicate significant effects or
interactions for blocks or groups. These results indicate that
both groups showed a tendency to delay the contact, without
significant differences from the start to the end of the test.
The mean and standard error values are shown in Figure 4.

Absolute error

For the AE, there were significant effects of blocks
(F,,5=5.01, P=0.041, n; =0.25) and groups (F ,=7.83,
P=0.014, ni =0.34) and a marginally significant interaction
115=4.28, P=0.056, ni =0.22),
as shown in Figure 5. These results indicate that there was

between blocks and groups (¥

performance improvement between the pre- and posttests;
that is, after practicing the MoveHero task, performance
improvement occurred. However, the post hoc test indicated
that this improvement in performance was significant only
for the CP group. In addition, the CP group had a worse AE

AE
600 =
®@CP B TD
™ 500 =
©
c
O 400 = }
(3]
9
= 300
E [ ]
@ 200 =
£
= 100 =
0 | | | |

T
Pretest Posttest Posttest—VI

Figure 5 Mean and standard error representation of the AE of the CP and TD
groups in all phases of the experiment.

Abbreviations: AE, absolute error; CP, cerebral palsy; TD, typical development;
VI, velocity increase.

than the TD group. The mean and standard error values are
shown in Figure 5.

Variable error

Similar to the AE, there were significant differences
for blocks (F, ;=6.22, P=0.025, n; =0.29) and groups
(F, ;5=6.23, P=0.025, 17; =0.29) regarding VE. These results
show that there was an improvement in the VE between the
pre- and posttests, and the CP group presented a worse VE
when compared with the TD group (Figure 6).

Coincident timing — pre- vs posttest with
a velocity increase

Constant error

ANOVA showed a significant effect for blocks (¥, | =9.09,
P=0.008, nf} =0.36), without an effect for groups, as well as
no significant interaction between blocks and groups. These
results indicate that both groups showed a tendency to delay
the contact and that both groups improved the CE from the
pretest to posttest with VI. The mean and standard error
values are shown in Figure 4.

Absolute error

For the AE, there were significant differences between blocks
(£,,,=20.2, P<0.001, n; =0.56), marginally significant dif-
ferences between groups (¥, | =4.29, P=0.055, n; =0.21),
and a significant interaction between blocks and groups
(F1’16=4.57, P=0.048, n,z) =0.22), as shown in Figure 5.
These results indicate that there was a performance improve-
ment between the pre- and posttest with VI; however, the
post hoc test indicated that this performance improvement
was significant only for the CP group. In addition, the CP
group presented a worse AE than the TD group only in the

VE
600 =
®@CP HTD
m 500 =
T
c
O 400=
o
?
= 300
E
GE’ 200 = E
= 100+ E i
| ]
0 T T T
Pretest Posttest Posttest—VI

Figure 6 Mean and standard error representation of the VE of the CP and TD
groups in all phases of the experiment.

Abbreviations: CP, cerebral palsy; TD, typical development; VE, variable error;
VI, velocity increase.

submit your manuscript

422

Dove

Neuropsychiatric Disease and Treatment 2019:15


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove Martins et al
VE AE
900 - 900 -
7 800 - 7 800 -
2 7004 2 700+ { } }
S 600+ 8 600 - {
& 500 ) % ¢ i i i ® 500 - *
= 400+ [ % = 400 - E [ {
E 3004 E 3004
g 2004 £ 200+
£ 100 - = 100 4
0 | | | | | | | | | | | 0 | | | | | | | | | | |
N N N N
SO S SO S o
N @Q N Q)Q NV @Q N @Q N @Q‘ N Q_\Q‘ A\ Q_\Q N Q.\Q‘

—100 =
—200 =
-300 =
—400 =
—500 =
—600 =
—700 =

Time (milliseconds)

CE

-800 =T

N N
R

e CP

1 1
YV SV
o)
RN
& &

> &
9 9

St
&

L] L]
% D
é,i‘%(\\%
\/Q;\Q

B TD

Figure 7 Mean and standard error representation of VE, AE, and CE of both CP and TD groups in all phases of the experiment.
Notes: ‘Left’ represents positions of the balls A and B together and ‘Right’ represents positions C and D together. “S” represents each song they played. There were 4 songs

and they are represented as S| (song 1), S2 (song 2), S3 (song 3), and S4 (song 4).

Abbreviations: AE, absolute error; CE, constant error; CP, cerebral palsy; TD, typical development; VE, variable error.

pretest block. The mean and standard error values are shown
in Figure 5.

Variable error

A significant difference was found for blocks (F=5.58,
P=0.031, n; =0.26), and a marginal difference was found
116=3-69, P=0.073, n; =0.19). These results

show that there was an improvement in the VE from pretest

for groups (F'

to posttest in both groups, and the group with CP had a worse
VE when compared with the TD group, but only in the pretest
block (Figure 6).

MoveHero
The results obtained during the MoveHero task performed
between the pre- and posttest phases are shown below.

Song | vs song 2

There were no significant effects or interactions between S1
and S2 for the CE or AE; however, there was an effect for
the VE (F, .=6.13, P=0.023, n; =0.25), as VE was lower for

1,18

S2 (M=446 ms) than for S1 (M=540 ms). No effects were
found for groups (Figure 7).

When comparing the right and left positions of the fall-
ing spheres, no significant effects were found for positions
or groups (Figure 7).

Song 2 vs song 3
ANOVA did not find any significant effects for songs, groups,
or positions of the ball.

Song 3 vs song 4
Similar to the comparison between S2 and S3, there were no
significant effects for songs, groups, or positions of the ball.

Discussion

The present study proposed to evaluate performance improve-
ment in individuals with CP and TD during practice in a
non-immersive virtual environment (task without physical
contact), by comparing pre- and posttest performance in a
real task (with physical contact), in order to verify whether

Neuropsychiatric Disease and Treatment 2019:15
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practicing a virtual task provides benefits in a similar task
in a real environment.

The results showed that there was an improvement in
performance between the pre- and posttests; that is, after
practicing the task in an environment without physical contact,
provided by MoveHero, there was a performance improve-
ment in both posttests (posttest 1 after practice and posttest 2
with a velocity increase) in the real task, but only for the CP
group. This is an interesting result that leads to the possible use
of virtual tasks for the rehabilitation of individuals with CP.

In this sense, Golomb et al** conducted a pilot study
with individuals with hemiplegic CP and found that the use
of video game therapies can cause significant gains in the
function of the paretic upper limb. Additionally, Weightman
et al® and Preston and Ehrsson* highlighted that VR is a valu-
able tool to improve upper limb functions, whether the VR is
used at home or in a school context. Their results pointed to
significant improvements in arm kinematics. Using functional
magnetic resonance imaging, You et al*® verified that there
is a development of new motor skills in the paretic limb of
children with CP after practicing a virtual task.

Although it was not the goal and cannot be verified in
this pilot study, the processes of functional improvement
induced by VR may be linked to neural modifications, which
should encourage future work with VR in CP. Shin et al*’
verified changes in neural plasticity related to a virtual task
as part of rehabilitation therapy in individuals with CP. Fur-
thermore, Collange Grecco et al*® compared the effects of
anodal vs sham transcranial direct current stimulation (tDCS)
combined with VR training for improving gait in children
with CP. Their results showed that after the intervention
with active tDCS associated with VR, children with CP had
better performance regarding gait velocity, cadence, gross
motor function, and independent mobility compared with the
children who underwent sham tDCS.

Could you please change this sentence to: It is worth men-
tioning another interesting point of the results obtained with the
use of VR in this work. The CP group seemed to have lower
accuracy and movement time compared with the TD group
during the coincident timing practice, which was expected
and was observed in previous research studies?** but during
the MoveHero practice, this difference was not observed.
Considering that in the MoveHero task, both the CP and TD
groups performed similarly, we can speculate the following:
1. Level of function: The recruited individuals with CP had

amild level of change in gross motor function (GMFCS

and MACS levels I and II). Although they presented
inferior performance compared with the control group in

the real coincident timing (with physical contact), they
were able to adapt to the virtual task. Chen et al*® found
that individuals with CP (hemiplegic) who presented less
damage in functionality and a better understanding of the
task favored performance improvement, presenting better
results after an intervention through VR. In the study by
Do et al,*" VR programs were found to be capable of
changing motor skills (motor performance) in individuals
with hemiplegic CP. Likewise, Pourazar et al** showed
significant improvements in a group of children with CP
after an intervention program using VR.

. Engagement: The practice of a more motivating task

probably provided greater interest to individuals with CP,
and in this way, they managed to obtain values close to
those of the individuals with TD during the MoveHero
practice. Although engagement appeared to be the same
for both groups, the TD group (due to their normal pattern
of movement) already had great performance from the
beginning of the practice, probably because it was a very
easy task for them. As a result, the engagement only
maintained the good performance of the TD group. Other
studies used a motor learning protocol and only used the
coincident timing as a laboratory task, which increased
the difficulty of engagement and made it impossible to
practice for a long period of time.?**' However, the task
proposed by the MoveHero software provides a greater
engagement, probably due to the number of spheres,
songs used, and the existence of an avatar. In this sense,
it can be speculated that the involvement and engagement
of CP individuals is an essential factor in the use of VR
in rehabilitation. The greater the child’s motivation to
perform the task was, the greater the level of engagement
during practice and the better the performance during the
task.'"* Other studies have reinforced that the motivation
of children with CP promotes greater engagement and
emphasized that motivation and engagement are essential
factors of VR.%19:4445

. In this context, Harris and Roxborough® explored the

degree of motivation of 16 children with CP during VR
play sessions. The Pediatric Volitional Questionnaire
was used to measure children’s motivation. Different
VR environments produced varying levels of volitional
behavior, and the features of environments that produced
higher levels of volition included challenge, variability,
and competition. The authors highlighted that the overall
volitional scores of children with CP indicated that VR
play is a motivating activity and thus has potential as a
successful intervention tool.
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Another factor that may have contributed to engage-
ment during the virtual task and provided similar perfor-
mance between CP and TD groups in this pilot protocol
was the use by MoveHero of songs during practice. As
noted by Grahn,*® music is organized in time and has
rhythmic beats that occur at predictable and consistent
intervals. This quality allows music to be used as a marker
of time and rhythm, thus providing suggestions for the
predictability of motor movements.* Therefore, the musi-
cal thythm could become an auditory cue to engage corti-
cal control of movement, which in turn might potentially
enhance motor movement.*’ Furthermore, the literature
has suggested that music may support training because
the sequential and rhythmic structures of music facili-
tate the planning and training of the performance of the
required movements, in addition to promoting a relaxed
and positive emotional state during the VR movements.*

In addition, with respect to motor function in CP, the
literature has identified a link between music and body
reactions for rehabilitation purposes. Music is known to
increase mobilization of the proposed activity by increas-
ing concentration, such that the beat of the music itself
coincides with the increased performance of the patient.?
In terms of coordination, the synchronization between
the sounds and gestures induced by music has also been
successfully used to teach brain-damaged patients to
improve their performance of movements.*

4. Patterns of movement: Another possibility is that when
us device that needed more global movements with
the participation of more proximal movement patterns,
participants with CP were able to adapt more to the task
and, therefore, presented similar performance to that of
the group with TD. That is, the coincident timing with
the use of the keyboard required fine control of functions,
and thus, there was a greater accuracy of movement. de
Mello Monteiro et al* used the same keyboard task with
individuals with CP and found similar results, with the
TD group always showing better performance.

Fernani et al*® compared the accuracy and velocity of
movement in individuals with CP and found that there is
greater difficulty in movement during tasks that require
more precision of movement than velocity. We can specu-
late that coincident timing with the use of the keyboard
needs more precision and fine movement, while MoveHero
has the characteristic of velocity with overall movements.
Moreover, in the keyboard task, the individuals with CP
had to control their movement to touch the space bar, which
requires coordination, acceleration, and deceleration of the

movement. By contrast, for the required movement using a
webcam, the CP individuals only had to wave their hands in
front of the camera in the correct places to achieve the task,
which requires more velocity than fine movements and coor-
dination, corroborating the findings of Fernani et al.’*® Thus,
this better functionality in velocity and overall movements
may have been responsible for the best performance in the
MoveHero task.’® In this sense, it should be noted that such
findings reinforce what has been reported in the literature,
which indicates that the execution of overall movements is
easier to perform when compared with the execution of finer
movements in individuals with CP.%0-2

In this context, our results reinforce the findings of
Gaillard et al,>> who noted that in individuals with CP,
kinematic abnormalities were more pronounced in the distal
segments (elbow flexion—extension, pronosupination, and
wrist flexion—extension). The authors indicated that this
finding may be related to muscle weakness and to increased
muscle tone being more prominent distally and having a
higher influence on distal movements.

Furthermore, compensatory movement is frequently
observed and may be accompanied by poor functional
outcomes in individuals with CP.** However, despite the
difficulties related to these patterns of movement, here we
reinforced the functional capability, which may have allowed
the participants in the present study to achieve the task’s goals
in the virtual task even using compensatory movement.>*>
Thus, the functional movement of the upper extremity to
achieve a virtual target may have positively impacted per-
formance and enhanced functional capability.

Despite the interesting results found in this research, we
emphasize that this was a pilot project, and thus, the results
should be considered carefully in light of certain limitations.
First, the greatest limitation is certainly the small number
of participants, which diminished the sensitivity of the tests
(ie, some marginal differences were observed between the
groups during songs and for the positions of the falling
spheres — see Figure 7 —but due to the number of participants,
these differences were not significant). A second limitation is
that the protocol was short term without any familiarization
(only demonstration and verbal explanation), which could
have influenced the results. To address this limitation, a
long-term protocol (training study) should be organized. The
third limitation is the lack of a crossover design. In such a
study, a group of individuals with CP would begin with VR
training, while another group began with real training; after a
period of interventions, both groups would change practices,
which would provide a better understanding of the influence
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of VR on CP. The fourth limitation was the necessity of other
clinical assessments, such as visual and cognitive assess-
ments, to better characterize the sample and understand the
results. Fifth, we did not control compensatory movements,
and this could have influenced the results. However, as
our focus was on task improvement, future studies aiming
at qualitative assessment should examine the influence of
patterns of movement during the VR task in individuals with
CP. Moreover, considering the above limitations, further
studies with a greater number of participants organized with
a long-term crossover protocol are needed to verify whether
independent variables such as gender, hemiplegic side, age,
or functional classification influence the results.

Conclusion

Individuals with CP presented better performance after
practicing a VR task, albeit with worse performance than
individuals with TD. Therefore, based on the VR character-
istics of motivation, engagement, and effectiveness, VR may
be effective for promoting motor performance improvement
of individuals with CP.
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