
Citation: Capelini, C.M.; Ferrero,

G.M.; Canzonieri, A.M.; Silva, R.P.;

Bando, M.O.; Rosa, R.M.; Ferreira,

C.R.; da Silva, T.D.; Ré, A.H.N.; Massa,

M.; et al. Comparison between Motor

Performance of People with Multiple

Sclerosis during a Virtual Reality Task

Practiced on Concrete and Abstract

Devices: A Cross-Sectional

Randomized Study. Brain Sci. 2024,

14, 916. https://doi.org/10.3390/

brainsci14090916

Academic Editor: Clara Grazia

Chisari

Received: 13 August 2024

Revised: 30 August 2024

Accepted: 4 September 2024

Published: 12 September 2024

Copyright: © 2024 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

brain
sciences

Article

Comparison between Motor Performance of People with
Multiple Sclerosis during a Virtual Reality Task Practiced on
Concrete and Abstract Devices: A Cross-Sectional
Randomized Study
Camila Miliani Capelini 1 , Giulianna Mendes Ferrero 2, Ana Maria Canzonieri 2, Roger Pereira Silva 2,
Mauricio Ossamu Bando 2,3, Renata Martins Rosa 1, Cintia Ramari Ferreira 2 , Talita Dias da Silva 4,
Alessandro Hervaldo Nicolai Ré 2 , Marcelo Massa 2 , Luciano Vieira de Araújo 2,
Fernando Henrique Magalhães 2,5,* and Carlos Bandeira de Mello Monteiro 1,2

1 Graduate Program in Rehabilitation Sciences, Faculty of Medicine, University of São Paulo (FMUSP),
São Paulo 01246-903, Brazil; carlosmonteiro@usp.br (C.B.d.M.M.)

2 Graduate Program in Physical Activity Sciences, School of Arts, Science and Humanities, University of São
Paulo (EACH-USP), São Paulo 03828-000, Brazil; alehnre@usp.br (A.H.N.R.); lvaraujo@usp.br (L.V.d.A.)

3 Brazilian Association of Multiple Sclerosis, São Paulo 04062-003, Brazil
4 Graduate Program in Bioengineering, University Brazil, Sao Paulo 05508-010, Brazil
5 Department of Physical Therapy, Faculty of Sciences and Technology (FCT/UNESP), State University of São

Paulo, Presidente Prudente 14884-900, Brazil
* Correspondence: fhmagalhaes@usp.br

Abstract: Multiple sclerosis (MS) is an autoimmune demyelinating disease of the central nervous
system with unknown etiology, resulting in various impairments that necessitate continuous reha-
bilitation to enhance functionality, quality of life, and motor function, including through Virtual
Reality (VR) therapy. Comparing tasks in virtual environments and their potential skill transfer to
real-world settings could aid in optimizing treatment programs to improve motor performance in
individuals with MS. This study aimed to determine whether practicing acquisition and retention
phases using two distinct interfaces (concrete—Touch Screen or abstract—Kinect system) affects
performance in a subsequent task using a different interface (transfer phase). A randomized clinical
trial was conducted with 56 volunteers with MS and 41 controls. Participants engaged in a computer
game where they burst as many bubbles as possible within 10 s per attempt. After the acquisition and
retention phases, all participants switched interfaces (e.g., those using Kinect switched to Touchscreen
and vice versa). Significant performance improvements were observed in both groups during the
acquisition phase, which were maintained in the retention phase. Although the abstract interface
was more challenging for both groups, only the MS group that practiced with the abstract interface
successfully transferred their improvements to the concrete interface. Thus, despite the increased
difficulty of the abstract task during practice, it led to better performance transfer when required to
complete a subsequent concrete task, suggesting that abstract devices may be beneficial in clinical
practice for improving motor function in people with MS.

Keywords: multiple sclerosis; virtual reality exposure therapy; learning; motor activity

1. Introduction

Multiple sclerosis (MS) is a progressive neurodegenerative disease of the central
nervous system (CNS) [1], characterized by symptoms such as muscle weakness, difficulties
in locomotion, and alterations in muscle tone [2–4]. Consequently, various interventions
aim to improve function, including medications and continuous rehabilitation programs [4].
One intervention that has gained traction for people with physical disabilities is Virtual
Reality (VR) [5–7].
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The effects of VR interventions for people with MS have been studied, revealing
positive outcomes in motivation [4], walking [8], and balance [9,10]. A systematic review by
Casuso-Holgado et al. (2018) [11] on the effectiveness of VR training for gait rehabilitation in
MS showed positive results. Furthermore, a review by Massetti et al. (2016) [12] concluded
that VR is a viable alternative to traditional rehabilitation, aiding in the improvement of
motor and cognitive deficits. Recently a systematic review and meta-analysis highlights
the potential of VR-based rehabilitation to enhance cognitive function and mood in people
with MS, suggesting it could be an effective treatment option in the future [13].

Despite existing studies on the use of VR in MS, there remains a gap in the literature
regarding the comparison of performance between abstract tasks (without physical contact)
and concrete tasks (with physical contact). Monteiro et al. (2013) [14] noted that in abstract
environments, characteristic of VR tasks, participants simulate task performance, resulting
in a different spatio-temporal organization of movement compared to natural (concrete)
environments, particularly among individuals with movement disorders. For instance,
using a device like the Kinect, which involves no physical contact, provides abstract
information and may result in different performance outcomes compared to the same task
performed with a Touch Screen, which offers more concrete information through physical
contact [14–16]. Tactile feedback in concrete tasks includes sensations of touch, temperature,
and surface friction [17], which can positively influence performance.

Considering the above deliberation, we conducted this study to evaluate individuals
with MS and a control group of typically developing individuals during the performance of
similar tasks with two different forms of interaction (interface devices) in a motor learning
protocol. One device involved movements without touching the screen (abstract task),
while the other required direct contact (concrete task).

The primary objective was to determine if there are performance differences when the
same task is performed using different interfaces: abstract or concrete. Additionally, our
protocol aimed to establish whether the acquisition and retention phases with a specific
interface influence subsequent performance with a different interface (transfer phase). We
hypothesized that, in all protocols, the control group would outperform the MS group.
Furthermore, we anticipated that the task performed with the abstract interface would
pose greater difficulty during acquisition and retention for both groups, but would result
in better performance during the transfer to the concrete interface.

2. Materials and Methods

This study was a randomized clinical trial conducted at ABEM—the Brazilian Multiple
Sclerosis Association, located in São Paulo, SP. Fifty-six volunteers diagnosed with multiple
sclerosis (MS), confirmed by a specialist and through clinical and neuroimaging exams,
participated in the study, along with 41 volunteers without MS, who comprised the control
group (CG). All participants selected for the study signed an informed consent form, which
was previously approved by the Research Ethics Committee of the Faculty of Medicine of
the University of São Paulo (CAAE: 89788518.5.0000.0065, approval date: 21 June 2018).

The inclusion criteria for participants with MS were: a diagnosis of Multiple Sclerosis,
an age range between 20 and 60 years, an Expanded Disability Status Scale (EDSS) score
between 0 and 8, and the absence of an outbreak in the previous two months. The exclusion
criteria included difficulty playing computer games due to motor limitations (fatigue,
deformity, or muscle weakness in the upper limbs that prevent wave movement) and visual
impairments (optic neuritis and diplopia).

2.1. Randomization

After the recruitment process, the volunteers were included in the protocol following
the inclusion criteria. Next, the terms of consent and assent were presented to participants
as well as the procedures and objectives of the study.

Subsequently, the participants from both MS and Control Group were randomly al-
located into two subgroups (Kinect and Touchscreen) with a 1:1 ratio defined by website
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(randomization.com) by an independent researcher who was not involved with the recruit-
ment of participants nor the evaluations, with the aim of keeping the process as a blind
distribution.

• Kinect Interface (Ki)—Abstract Task: Participants used a wave movement to complete
the task during the acquisition and retention phases, followed by a transfer to the
Touchscreen interface.

• Touchscreen Interface (Ts)—Concrete Task: Participants used hand movements to
touch the screen and complete the task during the acquisition and retention phases,
followed by a transfer to the Kinect system interface.

2.2. Assessment Scales

The Expanded Disability Status Scale (EDSS) [18] was used to classify MS-related
disability, along with various physical assessments, including the Modified Fatigue Impact
Scale (MFIS) to assess fatigue [19], the Box and Block test to assess manual dexterity [20],
and Functional Reach to evaluate individual stability [21–23]. Additionally, the Divided
and Alternating Attention Test (TEADI and TEALT) was used for psychological assessment,
measuring the ability to divide attention, i.e., the individual’s capacity to respond to more
than two stimuli simultaneously during the task [24].

2.3. Task Description

The computer game titled Reaching Bubbles (developed by the Information Systems
group of the School of Arts, Sciences, and Humanities, EACH-USP) was used. The task
presented 126 bubbles on the computer screen, arranged in lines and columns (Figure 1).
The objective was to burst as many bubbles as possible within 10 s (per attempt) until a
total of 300 bubbles was reached.
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Figure 1. Representation of a participant with Multiple Sclerosis performing the Reaching Bubbles
task using the Kinect system (A); (B) participant using a touchscreen device.

2.4. Protocol

A short-term motor learning protocol was employed to explore whether tasks per-
formed in a virtual environment can transfer to the real world and vice versa, including
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acquisition, retention, and transfer phases, as demonstrated in studies by Monteiro et al.
(2014), Silva et al. (2020), and Monteiro et al. (2017) [14,25,26]. Individuals with MS and
a control group (typically developing individuals) were assessed while performing sim-
ilar tasks using two different interface devices. One group used the Kinect system with
wave movements (abstract) while the other group used a Touch Screen with finger contact
(concrete) and, after these phases, all participants switched interfaces for the transfer phase,
with those who used Kinect moving to Touch Screen and vice versa.

Participants performed the Reaching Bubbles game for as many attempts as necessary
to reach 300 bubbles in the acquisition phase. After a 10-min rest period, participants
moved to the retention phase, aiming to burst 150 bubbles. At the end of the protocol,
participants were required to burst 150 bubbles in the transfer phase (using a different
device). Figure 2 represents the study design.
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2.5. Data Analysis

Participant characteristics (age, sex, type of MS, time since diagnosis) and clinical
evaluations using functional scales were analyzed through descriptive statistics. A one-way
ANOVA was conducted to determine whether there were significant differences in the
mean scores on the functional scale and in age across the interface groups (Kinect (Ki)
and Touchscreen (Ts)). For comparisons between groups, interfaces, and attempts, the
dependent variable used was the number of bubbles burst. The dependent variables were
analyzed using a 2 (group: MS, CG) × 2 (Interfaces: Kinect, Touchscreen) × 2 (Attempt)
ANOVA with repeated measures on the last factor. For the Attempt factor, separate com-
parisons were made for acquisition (first acquisition attempt—FA versus last acquisition
attempt—LA), retention (LA versus retention attempt—R), and transfer (LA versus transfer
attempt—T). Post hoc comparisons were performed using the Tukey–HSD test (p < 0.05).

3. Results

A total of 97 individuals participated in this study, with 56 in the MS group and 41
in the control group (CG). Table 1 provides the characterization of the sample within the
groups and subgroups (Kinect—Ki and Touchscreen—Ts), according to sex, age (mean and
standard deviation), functional and cognitive tests, time since diagnosis of the disease and
previous experience with computer and games. There were significant differences between
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MS and Control groups regarding Box and Block test, functional reaching—anterior and
lateral left. No significant difference between and subgroups of interfaces were found. The
tests TEALT and TEADI were classified as “Superior: 1; Average Superior: 2; Average: 3;
Average Inferior: 4; Inferior: 5” (Table 1).

Table 1. Characterization of the Sample by Subgroups.

MS Group Control Group

Ki Ts Ki Ts

n 26 30 21 20

Sex (n)
- Female 19 19 14 12
- Male 7 11 7 8

Age (mean ± SD) 44.65 ± 10.43 44.03 ± 10.87 41.05 ± 10.81 40.89 ± 11.82

Box and blocks (mean ±SD) 37.9 ± 9.5 35.7 ± 9.4 * 42.6 ± 4.8 41.7 ± 6.6 *

Functional reaching—anterior (mean ± SD) 34.7 ± 8.9 30.0 ± 7.9 * 33.9 ± 6.3 37.3 ± 5.1 *

Functional reaching—lateral right (mean ± SD) 25.6 ± 7.4 24.0 ± 6.7 27.8 ± 5.7 26.8 ± 5.2

Functional reaching—lateral left (mean ±SD) 25.3 ± 6.0 22.3 ± 6.5 * 25.7 ± 5.0 26.6 ± 3.7 *

EDSS (mean ±SD) 3.5 ± 2.1 3.6 ± 2.3 - -

MFIS (mean ±SD) 29.6 ± 14.2 34.8 ± 19.5 - -

TEADI (n)

- -

1 3 1
2 4 7
3 0 0
4 8 3
5 11 14

TEALT (n)

- -

1 3 2
2 3 4
3 0 1
4 7 8
5 13 10

Time since diagnosis (n)

- -

Up to 1 year 3 1
From 1 to 3 years 1 4
From 3 to 5 years 4 3

From 5 to 10 years 10 6
Over 10 years 8 15

No information 1

Experience with computer (n)
Yes 25 23 17 17
No 3 4 0 1

Experience with games (n)
Yes 14 8 10 5
No 14 19 7 12

Abbreviations: MS = Multiple Sclerosis; Ki = Kinect; Ts = Touchscreen; n = sample size; SD = Standard Devia-
tion); alternate attention test—TEALT; divided attention test—TEADI. * means p-value < 0.05 between MS and
Control Groups.

The performance results in the virtual game Reaching Bubbles during each motor
learning phase are shown in Figure 3. The number of bubbles burst in the first attempt (FA)
and last attempt (LA) of the acquisition phase reflects the total number of bubbles burst in
a single attempt (10 s), within the protocol of 300 bubbles in the acquisition phase.
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the number of bubbles burst from Retention (R) (M = 100 ± 2) to Transfer (T) (M = 95 ± 2).
Additionally, the control group burst a greater number of bubbles (M = 103 ± 3) than the
MS group (M = 92 ± 2). Although there was no interaction between Attempt and Interface,
the post hoc test revealed that the group which performed the acquisition and retention
phases on the touchscreen (M = 109 ± 3) showed decreased performance when transferring
to the Kinect (M = 83 ± 2). Conversely, the group that performed acquisition and retention
on the Kinect (M = 91 ± 3) exhibited improved performance when transferring to the
touchscreen (M = 106 ± 2).

To further assess whether performance in the transfer phase was better than in the first
trial for both groups and sequences, we conducted separate comparisons between the first
attempt (FA) of acquisition and Transfer (T) for each group and sequence. An independent
samples t-test indicated a significant difference for the MS group between the FA of the Ts
Group and T of the Ki Group on the touchscreen (p < 0.001), but no significant difference
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was found between the FA of the Ki Group and T of the Ts Group on the Kinect. For the
CG, significant differences were observed for both conditions (p = 0.040 and p < 0.001,
respectively).

3.4. Correlation Analysis

A correlation analysis considering attempts LA, FA, R, and T, as well as the improve-
ment in the number of bubbles burst from the first to the final practice blocks (difference
LA—FA), was performed to identify which factors (EDSS; age; anterior, right, and left
functional reach; alternate attention test—TEALT; divided attention test—TEADI; manual
dexterity test—Box and Block; modified fatigue impact scale—MFIS) were correlated with
the degree of learning during practice for the MS group.

The results showed that the older the participant, the lower was their performance in
the first and last block of attempt at the acquisition phase of the game. The EDSS pointed
out that, the more severe the impairment from MS, the worse the performance in the last
block of acquisition and in the retention phase. The tests TEALT and TEADI were classified
as “Superior: 1; Average Superior: 2; Average: 3; Average Inferior: 4; Inferior: 5”, and the
results showed that, the lower the classification, the worse the performance in the task.
Regarding functional reach and Box and Block test, those positively correlated mainly with
transfer of the task, in which, the higher the functional reach and the score in the Box and
Block, the better the performance in the transfer phase of the task. Lastly, the higher the
fatigue impact (MFIS), the worse the performance in the transfer test. These results are
presented in Table 2.

Table 2. Correlation analysis. Adapted from [27].

Age EDSS TEALT TEADI
Anterior

Functional
Reach

Lateral
Functional

Reach
(Right)

Lateral
Functional

Reach
(Left)

Box
Block
Test

MFIS

Diff r 0.086 −0.19 −0.063 −0.002 −0.074 −0.061 −0.264 −0.214 −0.075

p-value 0.541 0.181 0.668 0.991 0.6 0.664 0.056 0.124 0.595

FA r −0.369 ** −0.168 −0.24 −0.316 * 0.237 0.252 0.360 ** 0.385 ** 0.001

p-value 0.006 0.239 0.096 0.027 0.087 0.068 0.008 0.004 0.997

LA r −0.350 * −0.464 ** −0.376 ** −0.387 ** 0.2 0.235 0.1 0.199 −0.099

p-value 0.01 0.001 0.008 0.006 0.151 0.09 0.475 0.153 0.483

Retention r −0.267 −0.512 ** −0.509 ** −0.397 ** 0.246 0.372 ** 0.244 0.268 −0.117

p-value 0.056 0 0 0.005 0.079 0.007 0.082 0.054 0.408

Transfer r −0.119 −0.249 −0.191 −0.353 * 0.502 ** 0.295 * 0.385 ** 0.389 ** −0.290 *

p-value 0.4 0.082 0.194 0.014 0 0.034 0.005 0.004 0.037

Abbreviations: Diff: difference from first to last attempt of acquisition phase; FA: first attempt of acquisition
phase; LA: last attempt of acquisition phase; TEALT: alternate attention test; TEADI: divided attention test; MFIS:
modified fatigue impact scale. An asterisk (*) indicates p < 0.05, while two asterisks (**) indicates p < 0.005.

4. Discussion

Considering the results, our hypothesis was partially confirmed. The control group
demonstrated better performance throughout most of the protocol, and the task performed
with the Kinect system presented greater difficulty in both acquisition and retention for both
groups, with better transfer performance to the touchscreen. However, this improvement
in performance during the transfer phase was only observed in the MS group. These results
will be discussed in detail below.

4.1. Comparison between Groups (MS and Control Group)

The results indicated that in both interfaces (Kinect—Ki and Touchscreen—Ts), there
was an improvement in game performance for both groups (MS and CG), as evidenced
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by the increase in the number of bubbles burst from the first to the last attempt of the
acquisition phase. Moreover, during the retention phase, there was no difference between
performance in the last acquisition attempt (LA) and retention (R), suggesting that partici-
pants maintained the skill acquired during the acquisition phase across both interfaces (Ki
and Ts).

As hypothesized, the CG outperformed the MS group in most protocol phases, mean-
ing that individuals without MS burst more bubbles in the game than those with MS.
Leocani et al. (2007) [28] corroborate these findings, having used a task that required
tracking a target object projected on a screen, and demonstrated that the MS group’s per-
formance was inferior to that of the control group. Dana et al. (2019) [29] also found a
lack of precision during a computerized visual stimulus with a manual response applied
to people with MS, further showing that motor deficits were more pronounced in the MS
group compared to the CG. Additionally, our findings revealed a correlation between MS
assessment scales and game performance, indicating that higher age and lower scores
in various functional tests (e.g., box and block test, functional reach, and attention) were
associated with poorer task performance.

These results align with existing literature, which suggests that motor impairments in
MS, such as muscle weakness [30], fatigue [3,31], and spasticity [32], as well as difficulties
in executive functions like attention, memory, concentration, and processing speed [2],
could account for the poorer performance in the MS group. Moreover, the inconsistency in
performance and inaccuracy in executing motor tasks that require time synchronization
may be related to changes in the central nervous system of individuals with MS, resulting in
slower and delayed responses that affect task effectiveness [29]. In this context, Guimarães
et al. (2012) [33] and Binétruy et al. (2016) [34] observed that people with MS experience
deficits in information processing speed, mainly due to reduced nerve conduction speed
secondary to demyelinating lesions.

4.2. Comparison between Interfaces (Kinect and Touchscreen)

Regarding the different interfaces, our results showed that the concrete task (touch-
screen) led to better performance, with both groups bursting more bubbles in the touch-
screen interface compared to Kinect during the acquisition and retention phases. This
improvement is likely to be due to the use of tactile sensations characteristic of touchscreens,
which enhances the sensitivity to stimuli and provides a more efficient communication
channel, leading to better performance [35,36].

Despite better performance in the concrete task, we observed that both groups practic-
ing the touchscreen task during acquisition and retention showed worse performance when
transferring to Kinect. However, both groups that practiced acquisition and retention with
the Kinect system showed improved performance when transferring to the touchscreen
interface. This transfer of performance is evident when comparing the retention and trans-
fer phases for both groups. Notably, the influence of practicing an abstract task first was
more pronounced in the MS group. Specifically, individuals with MS who began practice
with Kinect (abstract first) demonstrated better subsequent performance on the touchscreen
compared to those with MS who started practice on the touchscreen (i.e., practice with
Kinect led to an increase in performance during the touchscreen transfer, with a higher
value compared to the group with MS that started on the touchscreen).

This finding is the most significant result of our study and could be considered a pre-
liminary step toward indicating that practicing an abstract task may improve performance
in a subsequent concrete task for individuals with MS. The Kinect system, being relatively
abstract with intangible objects, may present a more challenging task (as evidenced by both
groups’ poorer performance during Kinect practice). This difficulty during an abstract task
could facilitate sensorimotor adaptation and lead to better performance in a subsequent
concrete task.

This conclusion is supported by studies comparing the performance of individuals
with altered posture and movement in two tasks differing in degrees of abstraction (concrete
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vs. abstract). Freitas et al. (2019) [15] and Massetti et al. (2018) [12] (Duchenne muscular
dystrophy), Moraes et al. (2020) [37] (Autism spectrum disorder), Leal et al. (2020) [38] and
Monteiro et al. (2014) [14] (Cerebral palsy), and Trevizan et al. (2018) [39] (Amyotrophic
lateral sclerosis) found similar results, where individuals with disabilities demonstrated
performance transfer to a concrete task after practicing a similar task on a more challenging
abstract device, such as Kinect or a webcam. These findings support the generalization of
this effect to other populations with neurological disorders, suggesting that VR abstract
devices could enhance functional abilities in real-life tasks. Furthermore, these results
encourage the development of new research protocols for other neurological disorders.

4.3. Limitations and Future Studies

While our study yielded interesting results regarding the use of VR for individuals
with MS, several limitations should be noted: (1) the lack of familiarity with devices without
physical contact could have influenced the results; (2) our findings may not be generalizable
to other VR tasks, so future studies are needed to reinforce our findings; (3) we used a
non-immersive VR task but, with the growing adoption of immersive VR technologies,
such as VR headsets, future studies should compare abstract and concrete tasks in these
fully immersive environments. Exploring these advanced environments could significantly
enhance our understanding of how different VR settings impact adaptation and learning
processes; (4) our study yielded interesting results using a VR task to assess motor perfor-
mance in people with MS. However, we did not examine the potential effects and influence
of cognitive function and mood, which could have provided valuable insights. Future
research should explore these aspects to gain a more comprehensive understanding, and
(5) we did not analyze movement patterns during task execution, a critical aspect that could
provide valuable insights into how individuals adapt and develop compensation strategies.
Understanding these patterns is essential for optimizing rehabilitation approaches. There-
fore, we recommend that future studies include kinematic assessments to capture these
important dynamics.

5. Conclusions and Clinical Applications

Based on our results, both groups (MS and CG) showed improved performance re-
gardless of the device used (concrete or abstract), although people with multiple sclerosis
performed worse than the control group across all protocols. However, the most signif-
icant result for clinical application was observed in the transfer phase, where practice
with the Kinect system (abstract) showed a positive transfer to the touchscreen (con-
crete) only in the MS group. Thus, the implementation of an VR task that requires
abstract movements, i.e., without touch, can be considered a promising approach in
clinical practice, as it might enhance performance in individuals with MS when they
need to transfer the acquired abilities to real-life tasks. Free access options, such as the
ones available at www.movehero.com.br/en, accessed on 15 October 2024 and https:
//paterland.com/en-GB.htm, accessed on 15 October 2024, would be of great benefit for
people with MS as well as other populations of people with neurological disorders.

Author Contributions: Conceptualization, C.M.C., R.M.R., T.D.d.S., A.H.N.R., M.M., F.H.M. and
C.B.d.M.M.; Data curation, G.M.F., A.M.C., M.O.B., C.R.F., T.D.d.S., A.H.N.R., M.M., L.V.d.A. and
C.B.d.M.M.; Formal analysis, C.M.C., G.M.F., A.M.C., M.O.B., R.M.R., C.R.F., T.D.d.S., A.H.N.R.,
M.M., L.V.d.A. and F.H.M.; Funding acquisition, C.B.d.M.M.; Investigation, C.M.C., G.M.F., A.M.C.,
R.P.S., M.O.B., R.M.R. and C.R.F.; Methodology, G.M.F., A.M.C., R.P.S., M.O.B., R.M.R., C.R.F.,
T.D.d.S., A.H.N.R. and F.H.M.; Project administration, C.B.d.M.M.; Resources, C.B.d.M.M.; Software,
R.P.S., T.D.d.S., L.V.d.A. and C.B.d.M.M.; Supervision, F.H.M. and C.B.d.M.M.; Validation, G.M.F.,
A.M.C., R.P.S., C.R.F., T.D.d.S., A.H.N.R., M.M., L.V.d.A., F.H.M. and C.B.d.M.M.; Visualization, R.P.S.;
Writing—original draft, C.M.C., R.M.R., T.D.d.S., A.H.N.R., M.M., F.H.M. and C.B.d.M.M.; Writing—
review and editing, C.M.C., G.M.F., A.M.C., R.P.S., M.O.B., R.M.R., C.R.F., T.D.d.S., A.H.N.R., M.M.,
L.V.d.A., F.H.M. and C.B.d.M.M. All authors have read and agreed to the published version of the
manuscript.

www.movehero.com.br/en
https://paterland.com/en-GB.htm
https://paterland.com/en-GB.htm


Brain Sci. 2024, 14, 916 10 of 11

Funding: This study was financed in part by the Coordenação de Aperfeiçoamento de Pessoal de
Nível Superior (CAPES)—Brazil—Finance Code 001.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Research Ethics Committee of the University of São Paulo (CAAE:
56691722.9.0000.0068, approval date: 21 June 2018).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The raw data supporting the conclusions of this article will be made
available by the authors on request.

Acknowledgments: The authors are thankful to all participants for their invaluable contribution.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Callegaro, D.; Goldbaum, M.; Morais, L.; Tilbery, C.P.; Moreira, M.A.; Gabbai, A.A.; Scaff, M. The prevalence of multiple sclerosis

in the city of Sao Paulo, Brazil, 1997. Acta Neurol. Scand. 2001, 104, 208–213. [CrossRef] [PubMed]
2. Alves, B.; Angeloni, R.; Azzalis, L.; Pereira, E.; Perazzo, F.; Rosa, P.C.; Feder, D.; Junqueira, V.; Fonseca, F. Esclerose múltipla:

Revisão dos principais tratamentos da doença. Saúde E Meio Ambiente Rev. Interdiscip. 2015, 3, 19–34. [CrossRef]
3. Khan, F.; Amatya, B.; Galea, M. Management of fatigue in persons with multiple sclerosis. Front. Neurol. 2014, 5, 177. [CrossRef]
4. Lozano-Quilis, J.A.; Gil-Gomez, H.; Gil-Gomez, J.A.; Albiol-Perez, S.; Palacios-Navarro, G.; Fardoun, H.M.; Mashat, A.S. Virtual

rehabilitation for multiple sclerosis using a kinect-based system: Randomized controlled trial. JMIR Serious Games 2014, 2, e12.
[CrossRef]

5. Tortora, C.; Di Crosta, A.; La Malva, P.; Prete, G.; Ceccato, I.; Mammarella, N.; Di Domenico, A.; Palumbo, R. Virtual reality and
cognitive rehabilitation for older adults with mild cognitive impairment: A systematic review. Ageing Res. Rev. 2024, 93, 102146.
[CrossRef]

6. Maggio, M.G.; Cezar, R.P.; Milardi, D.; Borzelli, D.; De Marchis, C.; D’Avella, A.; Quartarone, A.; Calabro, R.S. Do patients with
neurological disorders benefit from immersive virtual reality? A scoping review on the emerging use of the computer-assisted
rehabilitation environment. Eur. J. Phys. Rehabil. Med. 2024, 60, 37–43. [CrossRef] [PubMed]

7. Potcovaru, C.G.; Salmen, T.; Bigu, D.; Sandulescu, M.I.; Filip, P.V.; Diaconu, L.S.; Pop, C.; Ciobanu, I.; Cinteza, D.; Berteanu,
M. Assessing the Effectiveness of Rehabilitation Interventions through the World Health Organization Disability Assessment
Schedule 2.0 on Disability-A Systematic Review. J. Clin. Med. 2024, 13, 1252. [CrossRef]

8. Baram, Y.; Miller, A. Virtual reality cues for improvement of gait in patients with multiple sclerosis. Neurology 2006, 66, 178–181.
[CrossRef] [PubMed]

9. Eftekharsadat, B.; Babaei-Ghazani, A.; Mohammadzadeh, M.; Talebi, M.; Eslamian, F.; Azari, E. Effect of virtual reality-based
balance training in multiple sclerosis. Neurol. Res. 2015, 37, 539–544. [CrossRef]

10. Gutierrez, R.O.; Galan Del Rio, F.; Cano de la Cuerda, R.; Alguacil Diego, I.M.; Gonzalez, R.A.; Page, J.C. A telerehabilitation
program by virtual reality-video games improves balance and postural control in multiple sclerosis patients. NeuroRehabilitation
2013, 33, 545–554. [CrossRef]

11. Casuso-Holgado, M.J.; Martin-Valero, R.; Carazo, A.F.; Medrano-Sanchez, E.M.; Cortes-Vega, M.D.; Montero-Bancalero, F.J.
Effectiveness of virtual reality training for balance and gait rehabilitation in people with multiple sclerosis: A systematic review
and meta-analysis. Clin. Rehabil. 2018, 32, 1220–1234. [CrossRef]

12. Massetti, T.; Favero, F.M.; Menezes, L.D.C.; Alvarez, M.P.B.; Crocetta, T.B.; Guarnieri, R.; Nunes, F.L.S.; Monteiro, C.B.M.; Silva,
T.D.D. Achievement of Virtual and Real Objects Using a Short-Term Motor Learning Protocol in People with Duchenne Muscular
Dystrophy: A Crossover Randomized Controlled Trial. Games Health J. 2018, 7, 107–115. [CrossRef] [PubMed]

13. Zhang, J.; Wu, M.; Li, J.; Song, W.; Lin, X.; Zhu, L. Effects of virtual reality-based rehabilitation on cognitive function and mood in
multiple sclerosis: A systematic review and meta-analysis of randomized controlled trials. Mult. Scler. Relat. Disord. 2024, 87,
105643. [CrossRef] [PubMed]

14. de Mello Monteiro, C.B.; Massetti, T.; da Silva, T.D.; van der Kamp, J.; de Abreu, L.C.; Leone, C.; Savelsbergh, G.J. Transfer of
motor learning from virtual to natural environments in individuals with cerebral palsy. Res. Dev. Disabil. 2014, 35, 2430–2437.
[CrossRef]

15. de Freitas, B.L.; da Silva, T.D.; Crocetta, T.B.; Massetti, T.; de Araujo, L.V.; Coe, S.; Dawes, H.; Caromano, F.A.; Monteiro,
C.B.M. Analysis of Different Device Interactions in a Virtual Reality Task in Individuals with Duchenne Muscular Dystrophy—A
Randomized Controlled Trial. Front. Neurol. 2019, 10, 24. [CrossRef]

16. Monteiro, C.B.M.; Jakabi, C.M.; Palma, G.C.S.; Torriani-Pasin, C.; Junior, C.M.M. Motor learning in children with cerebral palsy. J.
Hum. Growth Dev. 2010, 20, 250–262. [CrossRef]

17. Park, E.S.; Park, C.I.; Cho, S.R.; Lee, J.W.; Kim, E.J. Assessment of autonomic nervous system with analysis of heart rate variability
in children with spastic cerebral palsy. Yonsei Med. J. 2002, 43, 65–72. [CrossRef] [PubMed]

https://doi.org/10.1034/j.1600-0404.2001.00372.x
https://www.ncbi.nlm.nih.gov/pubmed/11589649
https://doi.org/10.24302/sma.v3i2.542
https://doi.org/10.3389/fneur.2014.00177
https://doi.org/10.2196/games.2933
https://doi.org/10.1016/j.arr.2023.102146
https://doi.org/10.23736/S1973-9087.23.08025-5
https://www.ncbi.nlm.nih.gov/pubmed/37971719
https://doi.org/10.3390/jcm13051252
https://doi.org/10.1212/01.wnl.0000194255.82542.6b
https://www.ncbi.nlm.nih.gov/pubmed/16434649
https://doi.org/10.1179/1743132815Y.0000000013
https://doi.org/10.3233/NRE-130995
https://doi.org/10.1177/0269215518768084
https://doi.org/10.1089/g4h.2016.0088
https://www.ncbi.nlm.nih.gov/pubmed/29608336
https://doi.org/10.1016/j.msard.2024.105643
https://www.ncbi.nlm.nih.gov/pubmed/38735202
https://doi.org/10.1016/j.ridd.2014.06.006
https://doi.org/10.3389/fneur.2019.00024
https://doi.org/10.7322/jhgd.19963
https://doi.org/10.3349/ymj.2002.43.1.65
https://www.ncbi.nlm.nih.gov/pubmed/11854935


Brain Sci. 2024, 14, 916 11 of 11

18. Kurtzke, J.F. Rating neurologic impairment in multiple sclerosis: An expanded disability status scale (EDSS). Neurology 1983, 33,
1444–1452. [CrossRef] [PubMed]

19. Pavan, K.; Schmidt, K.; Marangoni, B.; Mendes, M.F.; Tilbery, C.P.; Lianza, S. Multiple sclerosis: Cross-cultural adaptation and
validation of the modified fatigue impact scale. Arq. Neuro-Psiquiatr. 2007, 65, 669–673. [CrossRef]

20. Mendes, M.F.; Tilbery, C.P.; Balsimelli, S.; Moreira, M.A.; Cruz, A.M. Box and block test of manual dexterity in normal subjects
and in patients with multiple sclerosis. Arq. Neuro-Psiquiatr. 2001, 59, 889–894. [CrossRef]

21. Duncan, P.W.; Weiner, D.K.; Chandler, J.; Studenski, S. Functional reach: A new clinical measure of balance. J. Gerontol. 1990, 45,
M192–M197. [CrossRef]

22. Brauer, S.; Burns, Y.; Galley, P. Lateral reach: A clinical measure of medio-lateral postural stability. Physiother. Res. Int. 1999, 4,
81–88. [CrossRef]

23. Thompson, M.; Medley, A. Forward and lateral sitting functional reach in younger, middle-aged, and older adults. J. Geriatr. Phys.
Ther. 2007, 30, 43–48. [CrossRef] [PubMed]

24. Oliveira Gomes, J.; Rueda, F.M. Teste de Atenção Dividida (TEADI) e Teste de Atenção Alternada (TEALT); Casa do Psicólogo: São
Paulo, Brazil, 2010; Volume 15, pp. 419–420.

25. da Silva, T.D.; Ribeiro-Papa, D.C.; Coe, S.; Malheiros, S.R.P.; Massetti, T.; Meira Junior, C.M.; Nicolai Re, A.H.; Collett, J.; Monteiro,
C.B.M.; Dawes, H. Evaluation of speed-accuracy trade-off in a computer task to identify motor difficulties in individuals with
Duchenne Muscular Dystrophy—A cross-sectional study. Res. Dev. Disabil. 2020, 96, 103541. [CrossRef]

26. de Mello Monteiro, C.B.; da Silva, T.D.; de Abreu, L.C.; Fregni, F.; de Araujo, L.V.; Ferreira, F.; Leone, C. Short-term motor learning
through non-immersive virtual reality task in individuals with down syndrome. BMC Neurol. 2017, 17, 71. [CrossRef] [PubMed]

27. Capelini, C.M. Analysis of Motor Performance in Virtual Reality Tasks in People wih Multiple Sclerosis. Ph.D. Thesis, University
of São Paulo, São Paulo, Brazil, 2022.

28. Leocani, L.; Comi, E.; Annovazzi, P.; Rovaris, M.; Rossi, P.; Cursi, M.; Comola, M.; Martinelli, V.; Comi, G. Impaired short-term
motor learning in multiple sclerosis: Evidence from virtual reality. Neurorehabil. Neural Repair 2007, 21, 273–278. [CrossRef]

29. Dana, A.; Rafiee, S.; Gholami, A. Motor reaction time and accuracy in patients with multiple sclerosis: Effects of an active
computerized training program. Neurol. Sci. 2019, 40, 1849–1854. [CrossRef]

30. Hoang, P.D.; Gandevia, S.C.; Herbert, R.D. Prevalence of joint contractures and muscle weakness in people with multiple sclerosis.
Disabil. Rehabil. 2014, 36, 1588–1593. [CrossRef] [PubMed]

31. Broch, L.; Simonsen, C.S.; Flemmen, H.O.; Berg-Hansen, P.; Skardhamar, A.; Ormstad, H.; Celius, E.G. High prevalence of fatigue
in contemporary patients with multiple sclerosis. Mult. Scler. J. Exp. Transl. Clin. 2021, 7, 2055217321999826. [CrossRef]

32. Rizzo, M.A.; Hadjimichael, O.C.; Preiningerova, J.; Vollmer, T.L. Prevalence and treatment of spasticity reported by multiple
sclerosis patients. Mult. Scler. 2004, 10, 589–595. [CrossRef]

33. Guimaraes, J.; Sa, M.J. Cognitive dysfunction in multiple sclerosis. Front. Neurol. 2012, 3, 74. [CrossRef] [PubMed]
34. Binetruy, M.; Chopard, G.; Laurent, E.; Galmiche, J.; Vandel, P.; Moreau, T.; Magnin, E. Slowing of information processing speed

without motor slowing in multiple sclerosis observed during two crossing-off tasks. Rev. Neurol. 2016, 172, 225–230. [CrossRef]
[PubMed]

35. Yano, H.; Ogi, T.; Hirose, M. Development of Haptic Suit for whole human body using vibrators. Trans. Virtual Real. Soc. Jpn.
1998, 3, 141–147. [CrossRef]

36. Spence, C. Crossmodal attention and multisensory integration: Implications for multimodal interface design. In Proceedings of
the 5th International Conference On Multimodal Interfaces, Vancouver, BC, Canada, 5–7 November 2003; p. 3.

37. de Moraes, I.A.P.; Monteiro, C.B.M.; Silva, T.D.D.; Massetti, T.; Crocetta, T.B.; de Menezes, L.D.C.; Andrade, G.P.R.; Re, A.H.N.;
Dawes, H.; Coe, S.; et al. Motor learning and transfer between real and virtual environments in young people with autism
spectrum disorder: A prospective randomized cross over controlled trial. Autism Res. 2020, 13, 307–319. [CrossRef] [PubMed]

38. Leal, A.F.; da Silva, T.D.; Lopes, P.B.; Bahadori, S.; de Araujo, L.V.; da Costa, M.V.B.; de Moraes, I.A.P.; Marques, R.H.; Crocetta,
T.B.; de Abreu, L.C.; et al. The use of a task through virtual reality in cerebral palsy using two different interaction devices
(concrete and abstract)—A cross-sectional randomized study. J. Neuroeng. Rehabil. 2020, 17, 59. [CrossRef]

39. Trevizan, I.L.; Silva, T.D.; Dawes, H.; Massetti, T.; Crocetta, T.B.; Favero, F.M.; Oliveira, A.S.B.; de Araujo, L.V.; Santos, A.C.C.; de
Abreu, L.C.; et al. Efficacy of different interaction devices using non-immersive virtual tasks in individuals with Amyotrophic
Lateral Sclerosis: A cross-sectional randomized trial. BMC Neurol. 2018, 18, 209. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1212/WNL.33.11.1444
https://www.ncbi.nlm.nih.gov/pubmed/6685237
https://doi.org/10.1590/S0004-282X2007000400024
https://doi.org/10.1590/S0004-282X2001000600010
https://doi.org/10.1093/geronj/45.6.M192
https://doi.org/10.1002/pri.155
https://doi.org/10.1519/00139143-200708000-00002
https://www.ncbi.nlm.nih.gov/pubmed/18171486
https://doi.org/10.1016/j.ridd.2019.103541
https://doi.org/10.1186/s12883-017-0852-z
https://www.ncbi.nlm.nih.gov/pubmed/28410583
https://doi.org/10.1177/1545968306294913
https://doi.org/10.1007/s10072-019-03892-6
https://doi.org/10.3109/09638288.2013.854841
https://www.ncbi.nlm.nih.gov/pubmed/24236496
https://doi.org/10.1177/2055217321999826
https://doi.org/10.1191/1352458504ms1085oa
https://doi.org/10.3389/fneur.2012.00074
https://www.ncbi.nlm.nih.gov/pubmed/22654782
https://doi.org/10.1016/j.neurol.2015.12.008
https://www.ncbi.nlm.nih.gov/pubmed/26993566
https://doi.org/10.18974/tvrsj.3.3_141
https://doi.org/10.1002/aur.2208
https://www.ncbi.nlm.nih.gov/pubmed/31566888
https://doi.org/10.1186/s12984-020-00689-z
https://doi.org/10.1186/s12883-018-1212-3

	Introduction 
	Materials and Methods 
	Randomization 
	Assessment Scales 
	Task Description 
	Protocol 
	Data Analysis 

	Results 
	Acquisition 
	Retention 
	Transfer 
	Correlation Analysis 

	Discussion 
	Comparison between Groups (MS and Control Group) 
	Comparison between Interfaces (Kinect and Touchscreen) 
	Limitations and Future Studies 

	Conclusions and Clinical Applications 
	References

