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Virtual reality intervention in lower limb locomotor training for
patients with multiple sclerosis: a systematic review

Kholood Matouq Shalabi ™

ABSTRACT

OBJECTIVE: To assess the results of virtual reality rehabilitation (VRR) use in
locomotor training of lower limb motor skills for people with multiple sclerosis

(MS).

METHODS: This systematic review was done in accordance with the PRISMA
guidelines. The literature search was done using Embase, MEDLINE,
Physiotherapy Evidence Database (PEDro) and Google Scholar and articles from
1947 to 8th May 2020 were included. The keywords were “virtual reality”,
“motor learning” and “Multiple Sclerosis”. The identified studies were screened in
accordance with the inclusion criteria and pertinent data was retrieved. Studies
included diagnosis of MS on McDonald criteria and with use of VR for rehabilitation
wereincluded.

RESULTS: The results included a total of 10 studies in the systematic review.
These included five Randomized Controlled Clinical Trials, two prospective
interventional studies, one cross-sectional study, one retrospective study, and one
case series. The combined number of subjects from all studies included 376
patients diagnosed with MS. The research studies were published from 2007-
2020. The review identified that VR paired with robot-assisted walk training
significantly increased participants' 2-minute walk test scores and Paced Auditory
Serial Addition Task scores compared to controls for the | 0-meter walking test.

CONCLUSION: Virtual reality may have positive benefits on MS patients' quality
of life and lower limb learning and function along with improvements in the
cognitive abilities.

KEYWORDS: Virtual Reality (MeSH); Lower Limb (MeSH); Lower Extremity
(MeSH); Multiple Sclerosis (MeSH); Motor learning (Non-MeSH); Neuromuscular
illness (Non-MeSH); Video Games (MeSH).
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INTRODUCTION

ultiple sclerosis (MS) is a
complex illness of the central
nervous system (CNS), with

an estimated 2.8 million people living
with MS. The incidence rate worldwide
is 2.1 per 100,000 population per year.'
The burden has significant impact of the
cost of rehabilitation for these patients.
In developing countries, the prevalence
of this huge burden on individuals is
significant, especially where there is no
social security system in the country.

Presentation of MS varies from a minor
condition to severe disability. Even those
with minor disability, MS runs the risk of
having restricted ambulation.’

Furthermore, asymmetries in gait
including increase in the limb support
time, reduced speed and stride length
are the major issues faced by MS
patients. In addition, pervasive cognitive
deficits are common in the form of
deranged information processing speed,
concentration, and cognitive
capabilities, which are symptoms of
mobility issues in MS.>* Deterioration in
the physical abilities along with the
unpredictable and variable progressive
nature of the disease, make it necessary
to use human or technological assistance
to perform routine daily tasks. In
hospitals and specialized facilities,
numerous MS neurological disease
complications are treated as
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outpatients. However, the majority of
MS patients experience mobility,
geographic, or both limitations that
prevent them from receiving therapy at
a rehabilitation facility. As a result, there
is rising interest in developing fitness
efforts for MS patient rehabilitation.*

In the recent advancements virtual
reality (VR) is an effective tool for
improving real-world mobility in
individuals with flexibility deficits, as it
can imitate real-world obstacles and
provide adjusted performance
feedback.” Users can connect with
computers by using their senses to
explore virtual worlds with the help of
several sensory channels. The term
"immersion" describes how fully a
person feels involved or immersed in a
virtual world. Regarding human
behavior and cognition, VR offers a
variety of applications in technology,
industry, education, and health, where it
is crucial for both medical assessment
and treatment as well as for intellectual
assessment and therapy. VR can be used
to develop training and testing
environments for people that allow for
the precise manipulation of complex
incentive performances, allowing for
accurate representations and the
rehabilitation of human cognitive and
functional performance.’

By its capacity to provide adjusted
performance feedback and imitate real-
world obstacles, VR is an effective
technique for improving real-world
mobility in patients with flexibility
deficit.” Users can explore virtual
environments via a variety of sensory

258

KMUJ 2023, Vol. I5 No. 4


https://crossmark.crossref.org/dialog/?doi=10.35845/kmuj.2023.23348&domain=pdf&date_stamp=2017-01-14
https://doi.org/10.35845/kmuj.2023.23348
https://doi.org/10.35845/kmuj.2023.23348
mailto:drbadshahafsar@gmail.com
https://doi.org/10.35845/kmuj.2023.23348
https://doi.org/10.35845/kmuj.2023.23348

Virtual reality intervention in lower limb locomotor training for patients with multiple sclerosis: a systematic review"

Identification of articles via databases and registers
5 Records recognized from:
E Databases (n = 280)
1)
E I Records removed before screening:
E Duplicate records removed (n = 10)
a
Y Records screened:
Z (n = 270)
4
] Records omitted:
& ——— (n = 236)
T Due to predefined study criteria
t Reports intended for
= retrieval:(n=234)
3
o
] Reports not retrieved:

(n = 24)

a v
w
[a)
3 Studies included in the review:
2 (n = 10)

Figure |: The PRISMA flow diagram of the study

pathways, making it possible to get help
from the VR mode of treatment. Gains in
functional and brain reconfiguration can
only be achieved with the use of cutting-
edge rehabilitation techniques that
require extensive task-specific practice,
such as constraint-induced movement
therapy (CIMT), robotics, and virtual
reality training.” Shalabi conducted a
review of the empirical literature and
concluded that healthy people with a
non-dominant hand tended to learn
motor skills more effectively than those
with a dominant hand in terms of
practice, transfer, and learning.®"'

The results of many studies on MS
patients who underwent diverse levels
of trainings have shown improvements
in head control®, gait”, and upper limb
function, from minutes to few days.Iz
These studies also found that the ability
to create new motor skills was intact in

the early stages of MS", that may be
compromised in more advanced stages
of MS.® To enhance the learning of
sequential events, such as spatial and
temporal control, for rehabilitation
among stroke patients, a custom video
game technology was presented.” In
neuro-rehabilitation, VR has also been
used as an active treatment tool."” Video
games and automated analysis tools,
according to Davison etal., can speed up
the evaluation of rehabilitation
strategies."®

VR can help with high-intensity, task-
oriented multisensory feedback training
when it comes to motor learning. The
utility of a VR approach for balance and
gait training in stroke patients'’”',
Parkinson disease patients” and older
individuals™™ has been thoroughly
evaluated in several rigorous studies and
meta-analyses. However, the role of VR

in locomotor training to improve motor
learning in MS patients is limited.
Furthermore, to the knowledge of the
author there are no systematic reviews
available of the topic. Therefore, the aim
of this systematic review was to assess
the studies on motor learning with VR
environment in MS patients. The
purpose of the systematic review was to
assess the evidence supporting the use
of VR technology to assist patients with
postural control problems during
neurological rehabilitation.

METHODS

Literature search

The literature was systematically
searched according to the Preferred
Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) criteria for
conducting this systematic review.” For
the determination of virtual reality and
locomotor function in MS a review was
conducted for numerous databases such
as Embase, MEDLINE, Physiotherapy
Evidence Database (PEDro) and Google
Scholar from 1947 to 8" May 2020.
Figure | presents the PRISMA flow
literature search and the comprehensive
research process. For the identification
of studies, various terms like “virtual
reality”, “virtual reality exposure
therapy/virtual reality
therapy/computer interface”, “video
game/ gaming”, “balance/postural
balance/postural control”,
“walking/motor skills/motor
learning/motor activity and “multiple
sclerosis” were combined. The inclusion
criteria for the systematic review were
all the data considering virtual reality
therapy used in motor skills
improvement in multiple sclerosis
patients. Only studies written in the
English language were included. All the
randomized control trials and
prospective studies were included. The
exclusion criteria were animal-based
studies, duplicate publication, general
review studies, and book chapters.
There were four phases for the
screening and selection of studies
including identification, screening,
eligibility, and inclusion. Two
independent researchers examined the
titles and abstracts. The papers that
were determined to be pertinent based
on the standards; the same two
reviewers screened the full-text. Senior
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Table I: Characteristics of the included studies and participants.

Publication

Study design &

Study

Number of

Year Sy population duration participants EleibICACEIteria ST AR
a) Confirmed diagnosis of MS. - . .
Al Sharman Observational cross 40; MS: 20; b)  Ability to walk independently. K _u”_mmhMWw_o_ﬁMMWM _m:ﬂ__“_ww, stroke, vestbuar dysfunction. or
etal, 2019 | Jordan sectional design; MS August 2016- age and gender ©) No exacerbation of symptoms <30days b) W..mmﬂgnm of ORTM mmvm:.n conditions
P . &M August 2017 matched controls: | d) Age > 18 years P - - .
participants . . c) Presence of severe cognitive deficits or behavioural
20 e) Capacity to give informed consent disorders
f)  No experience of Wii Balance Board
a) Age 20-60 years;
Prospective b) Confirmed diagnosis of MS.
_:nmﬂ_,u\m:zo:N_ study: c) Medically stable < 6 months. a) Diagnosed with another disease that affects balance.
Gutierrez et N . v 50; experimental d) Impaired balance of demyelinated lesions by MRI. b) Relapse in the month before baseline or during the
al,, 2013 Spain MS in wmnoﬂa_:m to NR group: 25; e) EDSS score of 3-5. intervention process
829 the revised L control: 25 f) Hauser ambulatory index > 4. c) Received steroid cycle before beginning evaluation
McDonald criteria
001 g MMES=24. protocol.
h) No visual deficits.
i) _Internet connection at home.
. . X ) i a) Severe disability (EDSS>6.5),
12 tal . . a atients affecte: according to Lublin criteria. ical impairment of vision > |; visual acuity <
Leocani et Italy Prospective NR 24; MS patients: P ” aMs ding to Lubl B Cl I imp P FS> | | ty < 7/10
al., 2007 interventional study; 12; control: 12 N o N A
c) _Impairment in right upper limb motor function.
. a) Confirmed diagnosis of MS. (Thompson et al., 2018); .
Wmﬂ_,«._ﬂ. _Wq“m_mm_“dmn_&:m. November 60; Experimental b)  Stable in therapy at least < 6 months. ”vv Mwmmﬂww w:MM.AN__\m M thmmm.nln Iness
Maggio et Ital mmno:amw 2017- 0_._0 “.vuo Control ©)  Mild/moderate cognitive impairment (MoCA >18) (Ng etal., c) MS clinical or :mu _“1»&40_0 ical relapse in last 6 months
al., 2020 Y 4 November up: =% 2015); inical or newroracio ogl pe ! -
progressive Group: 30 . o d) Expanded Disability Status Scale (EDSS) >7 (MeyerMoock,
Ms 2018 d) Absence of severe medical and psychiatric illness. Feng, Maeurer, Dippel, & Kohlmann, 2014)
! e) Auditory and visual disturbances) 2 » DIPPel, ' )
a) MS relapse during the 3 months
Single-blind, RCT; . . . . . b) Psychiatric disorders drugs abuse
. ; a) Diagnosis of primary progressive Secondary progressive, R
primary progressive, | November N L c) Changes in MS symptoms.
Munari et secondai 2016 to 17, RAGT + VR relapsing-remitting MS d) Contraindications to RAGT.
al., 2020 *' Iealy ro, 1mmm_,_ﬂm November group: 8, RAGT b)  EDSS score between 3-6. e) Neurological/orthopedic conditions
. Wm_mmﬂ: ._.m_B_nn_: 2017 group: 9 ©) Mini-Mental State score > 24 f) Omamomww:_._n_m\:m:_\w athy/joint
psing 2 d) Age > |8 yearsand <65 years N pathy/joint.
MS g) Cardiovascular co-morbidity.
h) concurrent participation other studies
w““ﬂ.__ﬂ_,ﬂmmh‘_.mn_é a) The diagnosis of definite relapsing-remitting MS according to a) Relapses < 3 months,
Ozkul et al., Single-blinded RCT Y the revised McDonald criteria 2010 b) Having a disease in which exercise was contraindicated,
3 Turkey NR group: |7; Balance . i . .
2019 training groun: 17 b) 18-65 years of age c) Having orthopedic, vision, hearing, or perception
8 8rouP: 17 | &) An Expanded Disa Status Scale (EDSS) score under 6 roblems
Control group: 17 P Y P
R 3 EDSS score 3.6, Ambuion nde (i tomoderas | ) Govele o 1o st i e v
1 Italy P . NR impairment) " 8 gait, and major dep i
al, 2015 design; relapsing- S N b) Botulinum toxin injection within the past four months or
remitting MS b) Mini-mental state examination score > 24 functional surgery in the past six months.
Single-blind RCT a) A diagnosis of relapsing-remitting multiple sclerosis a) Chronic medical illnesses, severe visual deficits, severe
Peruzzi et design with 25; control group: b) An expanded disability status ataxia, or severe depression.
al.. 20163% Italy assessments pre- NR I'l, experimental c) Scale-EDSS score between 3 and 5.5 b) Botulinum toxin injection within the past four months or
v and post- group: 14 d) A mini-mental state examination score of 26 or above functional surgery in the past six months.
intervention e) No relapses within the six months before the study. c) Concurrent physical therapy for duration of the study.
2-period crossover a) 18-50 years (inclusive); a relapsing/remitting/ secondary Mvv _Wm_w_wmmM” MM.M“MM“M”Mm%ﬁﬁﬂﬂ“m:ﬂanﬂwﬁwzn treatments
Prosperini pilot RCT; MS 36; 1:1 progressive MS course s ymptor X
) . c) Seizures, severe blurred vision, concomitant otological or
etal, 2013 Italy according to 24 weeks (Experimental: b) An EDSS score < 5.5 vestibular diseases (non-Ms related); psychiatric disorders
i McDonald Revised Control) c) Ability to walk without resting for at least 100 meters R . : psyc
. B X or severe cognitive impairment; and cardiovascular and
Criteria d) Presence of an objective balance disturbance respiratory disorders
62; Traditional a) Were 18 years of age or older
. . | September physical therapy b) Documented diagnosis of MS . . .
St |usn [ Sewopmevechat | a0Ting | (038 CARE | 9 Mo dagresi crr for
February 2016 | physical d) Completed at least three physical therapy sessions Y sig P 4
Therapy (N=34) e) One documented functional outcome after course of PT
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Table Il a: Intervention characteristics and outcomes

Reference Intervention Mode of application and outcome Mnm_mm or Key Outcome Reported limitations
used measure questionnaires used
a) Both groups had a practice related improvement in performance (p <
.001, time required to complete VR game; p < .001, errors recorded) | a) Cross sectional design
Non-immersive | Each participant was asked to perform | The Arabic version of the | b) No significance b/w the MS & control with respect to extent of b) Less sample size
VR system the game for five times (blocks). Each Modified Fatigue Impact improvement in performance across blocks (VR game p=.08; errors c) Only relapsing remitting MS
Al (Nintendo Wii block lasted for 2 min with total Scale (MFIS); Arabic recorded p=0.44) individuals with minimal disability
Sharman Plus & Balance practice of 10 min. A baseline block version of the c) No interaction effect between block and group for both of the participated in the study
Mﬁ al, 2019 Board, large was performed and discarded from Montréal Cognitive outcome measures (time to complete VR game, p=0.07; errors d) Factors influencing motor learning
standard LCD, | analysis. Participants were allowed to Assessment (MOCA) total recorded, p= 0.27) such as sleep disturbances,
and its software | rest between blocks if needed score d) Significant correlations b/w performance as indicated by change in depression, and anxiety have not
number of errors and MOCA score (p = —0.75, p<0.001) and MFIS been assessed
score (p=0.55, p=0.011).
Control A computerised dynamic
Pts (CG; n = 25) received post-urography and a) There was a significant difference between the experimental group and ) i
: . - A a) Non-probabilistic sampling
physiotherapy treatment twice/week clinical outcomes (Berg treatment group with respect to Compues to-SOT (P<0.001); PREF. b) The research was not blind
Tele (40 min/session). Treatment was based | Balance and Tinettti VISUAL (P<0.001); VESTIBULAR (P<0.001); MTC (p=0.003); BBS
L X . c) No follow-up was performed to
rehabilitation on low-loads strength exercises (10 scales); fatigue self- (P<0.001); TT (P<0.001) .
. . ) ' A ) ’ h . conclude that the improvements
Gutierrez | treatment using | min/session), proprioception & gait perceived b) No difference between the groups with respect to VISUAL (p=0.095); ) )
e - ) f remained stable over time
etal, 2013 | the Xbox 360 facilitation exercises (20min/session). was taken into account SOMATOSENSORIAL (p=0.734) )
’ A ‘ ) ) ) ) d) The size of the treatment effect was
2829 console Muscle-tendon stretching (10 with an analogue visual c) There was a significant difference between two groups with respect to not evaluated
monitored via min/session). scale; CES (p=0.000); PREF (p=0.000); VEST (p=0.000); MCT (ms) o
X . o e) The VR system proposed activities
videoconference | Intervention The Sensory Organisation (p=0.003) were not specifically designed to
Tele-rehabilitation using Xbox 360® Test (SOT) and the Motor | d) There was no difference between groups are observed in ViR P Y cesig
console. Pts attended 40 sessions, 4 Control Test (MCT) were (p=0.095); SR (p=0.734)
sessions/week (20 min per session). used
Pre-training Performance
a) Both MS and control groups were less precise in planes involving depth
(vertical & horizontal) compared to frontal (controls: P=0.0002;
MS:P=0.0018).
b) The MS group performed worse than control participants (P=0.0056).
Post-training Performance
a) Both patients and control participants were significantly less precise in
Individuals performed a motor-tracking the depth planes compared to the frontal (controls: P = .006; MS: P =
task with their right upper limb, .0005).
. following the trajectory of an object b) Compared to control participants, MS group performed significantly
motor-tracking ) . I . _ I
. ) projected on a screen along with online worse in frontal plane (P=0.015); differences were not sigl
Leocaniet | task usinga visual feedback on hand position from a NR depth planes NR
al., 2007 '? | virtual reality P pth p! :

object

sensor on the index finger. A
pretraining test (3 trials), a training
phase (12 trials), and a post training
test (3 trials) were administered.

Post-training Improvement

a)
b)
9
d)

e)

Significant difference between 2 groups was observed in depth planes,
improvement in 9 (75%) control & in 4 (33.3%) MS pts (P=0.04).
The mean improvement was significantly different from 0 in both
groups and all planes (P<0.04), except in MS patients in the depth
planes

Improvement in control was slightly higher in depth planes.
Improvement in MS patients was significantly higher in frontal
plane(P=0.039).

MS group improved less compared to control in depth planes
(P=0.03).
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Control
A traditional rehabilitation training,

face-to-face approach b/w patient & a) No significant difference was observed between the groups with
therapist. Tasks were presented usinga | Control Trunk Test respect to the CONT TK (p=0.85; Zeta=0.17) and TUG SX (p=0.13;
Maggio M Semi-immersive | pencil-and-paper method to stimulate (CONT TK); Timed Up Zeta=0.85)
umOﬁ al., 2020 | yirtyal reality cognitive skills. and Go test (TUG); b) A significant improvement was observed in TUG DX (p=0.00; NR
Experimental group Tinetti Test Zeta=0.20); TINETTI B (p=0.00; Zeta=0.56) and TINETTI G
VR training, consisted of providing pt. (p=0.00; Zeta=0.24)
with CR in the VR system, BTS-Nirvana
(Figure 1).
a) Group comparison showed a significant change on 2MWT (p = 0.023;
Z:-2.269)
b) No significant post-training effects were observed for RAGT group
RAGT was performed on a G-EO The Paced Auditory Serial c) Significant improvement in the PASAT score for the RAGT + VR group 2) The sample size is sm
System (Reha Technology, Olten, Addition Task (PASAT), after treatment (p = 0.012; Z: -2.521) and on the 2MWT (p = 0.012; b) Fully immersive VR 3m<‘v_,o<_n_m a
Switzerland). The 2-Minutes Walk Test Z:-2.524) complete simulated experience
Each session lasted up to 40 minutes: 5 | (2MWT), The Phonemic Secondary Outcomes through the support of multiple
Robot-assisted minutes for positioning the patient on Fluency Test (PFT), The a) Significant post-treatment improvement for the RAGT group were sensory output devices to enhance
) it trainin the device, 30 minutes for RAGT, and 5 | Novel Task, The Digit found in the MSQOL-54 MHC (p = 0.018; Z:- 2.375), MSQOL-54 stereoscopic view of the
Munari D mm_>mq g minutes for removing the patient from | Symbol (DSymb), The PHC (p = 0.017; Z:-2.384), IOMWT (p = 0.018; Z:~2.371), and BBS ‘eoscop o cof
w_a al., 2020 Mo_j_u_:vma with the device. The body weight support Multiple Sclerosis Quality (p =0.016;Z:-2.414) ﬂmnM_ﬁMMMm_ummn_ _.Mm:m,\mﬂ_g“\w_ﬂw“ °
virtual reality protocol was gradually set to 2 weeks Of Life-54 (MSQOL-54), b) Group comparison showed significant improvement on PFT (p = and haptic n_m<_.nmm
at 30% 186 of body weight, 2 weeks at | The 10-Meter Walking 0.012; Z:-2.521) and the NT-IR after treatment (p = 0.012; Z:-2.521) ) Thelackofa *o__o«?c_u assessment
20%, and 2 weeks at 10%. The RAGT | Test (I0OMWT), The Berg 402 and at follow-up (p = 0.012; Z:-2.521; p = 0.012; Z:-2.521) for at 3 or more months after training
+ VR group underwent training on Balance Scale (BBS),Gait the RAGT + VR group. is needed to further assess the
the same device (GE-O System) analysis and Stabilometric | ¢) Significant improvements were found in the MSQOL-54 PHC ist f the training effect
engendered by non-immersive VR. assessment. composite (p = 0.017; Z:-2.384) and the MSQOL-54 MHC composite persistence of the training efiec
(p = 0.018; Z:-2.371).
d) Significant changes were found on IOMWT (p = 0.012; Z:-2.251) and

the BBS (p = 0.011; Z:-2.539) after treatment.
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Table Il b: Intervention characteristics and outcomes

Reference

Intervention
used

Mode of application and
outcome e

Scales or questionnaires used

Key Outcome

Reported limitations

Ozkul et
al., 2019

Immersive
virtual reality,
Balance training
group

Exercise training started with
Pilates based core stability
training in both IVRG and
BTG. Pilates training took
about 30 min. After Pilates, |10
min of rest and then 20 min of
IVR or balance training (BT)
were applied in each session.
The RAGU (Augmented
Reality Applications in
Rehabilitation) was used for
the IVR System study.

The system (RAGU) included
two games for improving
balance (Fig. 6).

The Berg Balance Scale (BBS) and posturography
(Biodex Balance System-BioSwayTM), Timed Up
and Go (TUG)

Test, Fatigue Severity Scale (FSS),

a) Balance: Postural stability on eyes closed-firm
surface condition was significantly larger in the IVRG
than in the CGv. Improvements of postural stability
on the right foot were significantly larger in both
training groups than CG (p < 0.0001 between IVRG
and CG, p < 0.0001 between the BTG and CG).

b) Functional mobility: Functional mobility under all
conditions were significantly greater in both training
groups than the CG (p < 0.000! between the IVRG
and CG, p < 0.0001 between the BTG and CG).

c) Fatigue: Post hoc tests with Bonferroni correction
indicated that decrements of fatigue severity in both
training groups were significantly larger than the CG
(p < 0.0001 between the IVRG and CG, p < 0.0001
between the BTG and CG).

a) lIts sample size is small and thus, has
low statistical power.

b) The follow-up was not performed, so
we could not comment on the
permanence of the effects.

c) there was not a group that received
only Pilates training.

d) We did not investigate the effects of
VR on the activities of daily living in MS
patients.

Peruzzi A
etal., 2015
"

Trade mill
training and VR-
based
intervention

The participants walked on
the TM while watching a VR
environment representing a
tree lined trail. Subjects were
required to pass obstacles
(puddles and logs) appearing
on the trail.

Subjects were asked to walk
overground in the gait analysis
laboratory under two
conditions: a) at comfortable
speed (single task and dual
task condition).

The six-minute walk test (6MWT) was used to
assess walking endurance.

The Four-Square Step Test (FSST), a timed test
consisting of stepping over

an obstacle was used to evaluate obstacle
negotiation, The EDSS was assessed at each
evaluation

session by the same physician.

Joint kinematics and kinetics:

Joint kinematic and kinetic parameters during ST did not
show significant changes in the most affected side. In DT,
the maximum value of hip extension at terminal stance in
the most affected side showed an increase, although not
significant, between Pre and F-Up (Pre: 14.5 + 5.1 deg,
F-Up: 18.2 + 5.4 deg; p = 0.07). The maximum ankle
plantar-flexion during the pre-swing phase increased in
the least affected side (Pre: 6.4 + 6.9 deg, Post: 12.6 =
7.2 deg, F-Up: 1.8 = 7.2 deg; p = 0.07).

Performance and impairment -based measures:
The distance walked during the 6MWT tended to
increase by 8% at Post and by 23% at FUp, which
reflects improved endurance. Time to execute the FSST
significantly decreased by 22% at Post (p=0.02) & 37%
at F-Up (p=0.02).

The sample size was limited.
This was an open label pilot study

Peruzzi A
etal., 2017

33

VR based
treadmill
training vs
treadmill
training

Control group: A treadm
based rehabilitation programs;
Experimental group: a six-
weeks VR based

treadmill training and a six-
weeks treadmill training
program on gait measures of
Persons with MS. To evaluate
the effects of the training, a
gait analysis was performed
pre and post intervention
under single and dual task
conditions.

The six-minute walk test (6Mwt) [27] and the
10mwt were used to assess walking endurance and
speed, respectively; the timed up and go (TUG)
[28] was used to assess mobility and the Berg
balance scale (Berg) [29] was used to assess
balance; the four square step test — (FSST)[30], a
timed test consisting of stepping over an obstacle,
was used to evaluate obstacle negotiation [16,31].
Disability was assessed using the EDSS.

a) Both the experimental and control group significantly
improved gait speed, cadence & stride length in ST &
DT.

b) A trend towards larger stride length was observed in
VR-TT vs TT group post training in ST and DT.

c) Experimental group also showed a significant
increase of the knee and hiprange of motion of the
MA side in ST, and of the hip range of motion of the
MA side in DT.

d) Significant greater improvements were observed in
the VR-TT group post training in the hip flexor
power in the MA side in both ST (B: -(0).797,
Cl95%: [-1.319-0.276], p"40.004) and DT conditions
(B: -0.603, Cl 95%: [-1.028—-0.179], p40.007).

a) This is a small feasibility

b) study with a fairly reduced sample size.

c) The groups were not matched at
baseline, therefore, some of the
improvements or lacks may need to be
taken with caution.

d) We did not include measures to
explore specific changes in cognitive
function, which may allow for further
understanding of the changes due to
the motor-cognitive interference
training
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Prosperini
Letal.,
2013 %

Group A: |2-
week period of
home-based
Wii Balance
Board System
(intervention),
followed by 12-
week
(observation)
Group B:
patients were
given the
treatment
period in
reverse order.

During the |2-week active
period, each patient was
submitted to daily sessions
(with the exception of the
weekend) of home-based
training with WBBS, each
lasting 30 minutes.

Primary endpoint was mean difference in static
standing balance measures (ie, COP path) at T|
and T2

visits, as compared with baseline (T0) evaluation.
Secondary endpoints were the mean differences in
clinical scales (FSST and 25-FWT) and in self-
administered questionnaire (MSIS-29) at T| and T2
visits, as compared with to baseline (TO) evaluation.

a)

b)

<)

d)

e)

The simple contrast analyses revealed that WBSS
training was effective in all endpoints, regardless of
the order of treatment.

In group A, there was a significant improvement in
CORP path, FSST, and MSIS-29 at the end of
intervention period and a trend toward a return to
baseline values at the end of the observation period.
A residual effect on primary endpoint was found in
group A even at the end of the observation period.
In group B the improvement in walking speed after
WBBS training reached statistical cance (P <
.05)

At the end of the 24-week study period, there was a
proportion of non-fallers (n = 17, 50%) greater than
that one (n = 12, 35%) relative to the 12 weeks
before the study entry (P = .048 by the McNemar—
Bowker test). No accidental falls were reported by
patients while performing WBBS training.

a)

b)

9)

d)

The small sample size, absence of
blindness, and the study design lacking
a washout period.

Data regarding the occurrence of
accidental falls prior to study
enrolment were not reliably captured,
therefore affecting a consistent
comparison with respect to study
period

Lower extremity strength was not
measured; hence, we cannot assess
whether muscle reinforcement may
have played a role in determining the
balance improvement.

Last, an evaluation of sitting balance
performance is lacking,

Streicher
etal 2018
54

Computer
Assisted

Environment
system

Physical therapy sessions
lasted approximately

60 minutes regardless of the
setting. Traditional physical
therapy in a gym consisted of
stretching, balance and

gait training, and strengthening
exercises. During exercise on
the CAREN system, four
applications were

commonly used for gait and
balance training (Figure 2),
occasionally with additional
gait or balance exercises

Berg Balance Scale (BBS): To test standing balance;
Timed

25-Foot Walk (T25FW): To measure of maximum
gait velocity

on a short distance; Timed Up and Go test

(TUG): To measure dynamic balance in which an
individual stands up from a chair, walks 3 meters,
then turns around and walks back to the chair and
sits down. The individual is timed from the
moment their pelvis lifts off the chair until their
pelvis reaches the chair again when sitting down;
and 6-Minute Walk Test (6MWT): To measure
both gait velocity and endurance, where the total
distance walked in 6 minutes is measured. The
6MWT is able to discriminate

between healthy individuals and those with multiple
sclerosis

a)

<)

There was a statistically significant improvement on
the BBS between baseline and at the end of
treatment, both for patients who received tra nal
PT (n=25, P<0.001, d=0.41), and for patients who
received PT in CAREN system. (n=31, P<0.001,
d=0.44).

The TUG task showed minimal change after
traditional physical therapy (n=28, P=0.98,
d=0.055), while CAREN users had a significant
improvement (n=33, P=0.0021, d=0.29).

The within-group difference on the T25FW was not
statistically significant after traditional PT (n=27,
P=0.42, d=0.001), while there was a statistically
significant improvement after CAREN PT compared
to baseline (n=33, p=0.0048, d=0.28).

There was slight decrease in performance in the
6MWT after traditional physical therapy (n=12,
P=0.74, d=0.038). CAREN users showed significant
improvement (n=18, P=0.0012, d=0.34).

2

b)

<)

Randomization was not possible due to
it was a retrospective chart review.
Baseline differences between the
CAREN group and the traditional
physical therapy group at baseline
exceeded the reported minimum
clinically importance difference values
for both the T25FW and the 6MWT, in
favor of the CAREN group, although
the P values do not reach statistical
significance.

Dosing’ of the physical therapy
interventions favored the CAREN user
group over the traditional therapy
group
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writers were contacted to resolve any
differences in order to qualify the
inclusion. Studies with individuals who
had received a medical diagnosis of MS
based on the updated McDonald criteria
were included. In addition, an Extended
Infirmity Status Scale of 6 (Ability to
move 100 meters at a minimum when
resting or using one twig or support)
were included. Studies with individuals
having other neurological or
musculoskeletal issues, uncorrected
eyesight problems that interfered with
walking, or those who were severely
injured were excluded. Furthermore,
articles with any training for motor
learning using any VR system and skill
acquisition, inter-limb learning transfer,
learning retention in lower limbs and
learning transfer (or learning
generalization) were thoroughly
evaluated.

Data extraction

The same two reviewers extracted the
data out. The study characteristics,
publication year, study position, sample
size, participant age, gender, level of
disability, period of iliness, study design,
learning task type, intervention,
comparator, outcome variables, and
results of the outcome measures were
allincluded in the data extraction sheets.
Any disagreements on the withdrawal of
a document were settled through
consensus or by involving a senior
researcher.

RESULTS

In this review study, a total of 280 articles
were searched in different databases
search. There were 10 duplicates found
from different databases after searching
the titles. Further, abstracts were
screened and additionally 236 were
rejected based on the inclusion and
exclusion criteria. Thirty-four studies
were subsequently subjected to full-text
screening, 24 of which were disregarded
due to unavailability of the full text
retrieval. Eventually, this systematic
review comprised of 10 studies. Because
of the diverse study methods of the
manuscript, and lack of comparison
analysis, only the descriptive analyses of
the retrieved articles were reviewed.
Details of features and methods for the
studies selected are given in Table |. This
review comprised of |0 studies with 376
participants and included randomized

control trials (n=5), prospective
interventional studies (n=2), cross-
sectional studies (n=1), retrospective
study (n=1), and case series (n = ).
Due to the high levels of heterogeneity
in all PICOS (Population, Intervention,
Comparison, Outcomes, and Study)
characteristics, comparison were made
among the trials.

Characteristics of the included
studies and participants

Most of the studies (n = 6; 60%) were
from ltaly, with the remaining studies (n
= |) from Jordan, Spain, Turkey, and the
United States. The studies were
released between 2007 and 2020. The
characteristics of the included studies
arelisted in Table .

Features of interventions or VR
systems

The intervention group made use of
non-immersive, semi-immersive, and
immersive systems, as well as computer-
assisted rehabilitation systems, robot-
assisted gait training, treadmill training,
motor-tracking tasks, home-based
intervention, and tele-rehabilitation
treatment.'" 7’ Depending on the
nature and viability of the study, the
control group had regular physical
treatment, conventional rehabilitation,
exercise, regular treadmill training, or
no intervention. With the aid of disease
and region-specific scales, the
effectiveness of VR for the patients was
evaluated. Table Il gives a thorough
overview of VR.

Motor skill performance

The results in the improvement of
motor skills performance are variable
among different articles. In terms of VR
gaming, Al-Sharman et al. found no
significant differences (p = 0.8) between
the groups. For the purpose of
enhancing motor abilities, however,
tele-rehabilitation management using an
Xbox 360 console under
videoconference supervision was
remarkably successful.” As comparison
to the control, the motor-tracking task
utilizing a VR object produced improved
performance in all planes, depth planes,
and frontal planes.” The control trunk
test and timed up-and-go test, which
measure locomotor function, showed
that semi-immersive VR did not improve
it, although the Tinetti score was higher

(P = 0.00) in the intervention group
compared to the control group.” The 2-
minute walk test score and |0-meter
walking test score considerably
increased with robot-assisted gait
training combined with VR compared to
the control (Table ).

Cognitive or functional outcomes

VR games significantly increased MS
patients' ratings on the Modified Fatigue
Impact Scale (p = 0.01 1) and Montreal
Cognitive Assessment (p 0.001).”> The
Berg Balance Scale and Phonemic
Fluency Test scores were significantly
higher after robot-assisted gait training
mixed with VR compared to the control
group.” In addition, immersive VR was
successful at increasing postural stability
on a hard surface with the eyes closed,
right foot postural stability, and
functional mobility in all situations.”

While 6-minute walk-based endurance
was dramatically increased and the time
to perform the Four Square Step was
greatly reduced post-intervention.
However, treadmill training and VR-
based interventions did not significantly
improve joint kinematic and kinetic
characteristics.' However, as compared
to the control group, hip flexor strength,
hip range of motion, and knee flexibility
all increased.” The Wii Balance Board
System (WBBS) group had a reduced
percentage of non-fallers and accidental
falls, and more successful for static
standing balance measurements and
walking speed.” The Berg Balance Score
was dramatically raised by the
Computer-Assisted Rehabilitation
Environment system. The timed up-
and-go test score, the distance walked in
25 feet, and the duration of a 6-minute
walk, however, did not show any
significance improvement (Table I1)."

Sensory outcomes

In comparison to the control, the
videoconference-monitored tele
rehabilitation using the Xbox 360
console was more successful at
highlighting somatosensory and other
sensory responses.” When paired with
VR, robot-assisted gait training
significantly increased performance on
the Paced Auditory Serial Addition Test
in comparison to the control group
(Tablell).”

Quality of life
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The Multiple Sclerosis Quality of Life-54
was used to measure participants'
quality of life, and the combination of
robot-assisted gait training and VR
considerably improved it compared to
the control group.” When compared to
the control, immersive VR considerably
reduced the severity of weariness (Table
.”

DISCUSSION

Techniques for virtual neuro-
rehabilitation for MS patients are
currently gaining popularity.”*** VR
programs are being used more
frequently in rehabilitation facilities to
enhance motor skills.® There is
discrepancy on how to employ VR in a
domestic environment and no standard
protocol for neuro-rehabilitation are
available. There is argument that the use
of TR can be efficient, effective, and
increases the compliance of therapy.
Compliance can be easily observed, with
regular video conferences to provide
immediate feedback. Most researchers
recommend that when using tele-
rehabilitation with VR in a home-based
setting, treatment plans can be observed
by at least one caregiver for safety
concerns.” Also, it is important to
remember that during the tele-
rehabilitation process, suitable and
accurate instructions for timely
compensatory corrections should be
considered.

Recently the non-pharmacological
approaches has been brought to light by
the ineffectiveness or due to the subpar
efficacy of pharmaceutical treatments
for cognitive and motor deficits in the
rehabilitation of patients with MS or
similar diseases.” Evidence from the
literature suggests that virtual gaming
methods are useful for reducing social
disadvantages and enhancing MS-related
limitations.”” A flourishing exercise
training business is being driven by a
variety of VR technologies, including
cellphones, personal computers,
commercial systems (such the Nintendo
Wii, Xbox 360, and Home balance),
custom-designed devices, or modified
video games. These VR equipments will
enhance Patients' engagement, activity
levels, energy, and sense of well-being in
the home environment.”***’ MS patients
can themselves train their motor abilities
and engage with others by using virtual

gaming approaches.”’ Other
neurological problems such as cerebral
palsy,” Parkinson disease™™, autism™*,
Down's syndrome, " and stroke “* can
also be managed using virtual gaming
strategies. Consequently, neuro-
rehabilitation programs are among the
most well-liked treatments for
minimizing MS-related disability with
less social drawbacks. This systematic
review imply that VR has extra
advantages for cognitive and motor
rehabilitation, particularly when used in
conjunction with other treatments.

Most studies included individuals
provided they met the updated
McDonald and Lublin criteria for MS
diagnosis and had an EDSS score of less
than 5. This means that the MS diagnosis
is based on the McDonald criteria and
Lublin criteria.” Similar findings were
found by Massetti et al. after conducting
a systematic review.**' Due to the fact
that most of the included research were
from Italy, VR approaches received
more attention there.

The included studies employed a variety
of VR approaches, including semi-
immersive, tele-rehabilitation,
immersive, and immersive techniques
(Table 11).33 In two trials, "™ where
conventional treadmill training served as
the control group, the VR-based
treadmill training was compared. The
superiority of the VR-based treadmill
training was demonstrated in an RCT
with a bigger sample by Peruzzi et al.” In
addition to increasing hip flexor power
and knee/hip range of motion, the VR
treadmill technique also resulted in a
longer stride length in the VR group.""

The review found that the robot-
assisted gait training and the motor-
tracking task employing a VR object
were the most effective methods for
enhancing motor abilities in
videoconference-monitored tele-
rehabilitation using the Xbox 360
console.”* Also, the VR method group
saw improvements in their scores on the
Montreal Cognitive Assessment, Berg
Balancing Scale, Modified Fatigue Impact
Scale, and Phonemic Fluency Test.*”
The VR-based rehabilitation strategies
were successful in improving the MS
patients' quality of life, however only one
study assessed this. The patients' higher
quality of life implied that their social

interactions and routine activities had
improved.” Contrarily, the gaming VR
method was reported to be ineffectual
in one of the studies.” In general, our
results agreed with those of Massetti et
al. where there is trend towards
improvement and beneficial outcome in
terms of compliance and social
acceptability. In conclusion, VR-based
neuro-rehabilitation improved the
motor and cognitive results in MS
patients.” Virtual reality (VR) has been
proposed as a potential substitute for
conventional motor rehabilitation
regimens.

Future research perspective

There is need to standardize the
protocol of VR in MS patients by
conducting larger multi-centric RCTs.
Moreover, there was no standard
method of reporting the findings, and
comparison with existing
pharmaceutical treatments is required.
Furthermore, most of the studies are
from developed countries due to the
reason of high cost of the VR and
affordability issue needs to be addressed
for low and middle-income countries
and RCTs needs to be conducted in
underdeveloped countries as well.
There is need to compare VR
approaches on a single platform and
provide data that will help doctors and
physical therapists improve patient
outcomes. The clinical outcomes may be
influenced by VR technology or
immersion degree, although this is
uncertain. To confirm these findings,
further investigation is necessary.

CONCLUSION

Rehabilitation using cutting-edge VR
tools could improve MS patients'
outcomes by enhancing lower limb
function and learning along with the
quality of life. In addition, it increases
motivation and involvement of MS
patients by enhancing their receptivity to
therapy. Home based therapy is
cost/time effective and convenient for
both patient and the rehabilitation team.
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