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Current guidelines against spread of coronavirus (COVID-19) interrupt non-essential

rehabilitation services. Thus, individuals with physical disabilities such as children with

cerebral palsy can no longer benefit from physical rehabilitation during this undetermined

period. Using either a synchronous or asynchronous format, in collaboration with a

therapist via telerehabilitation, we suggest that active video games and low-cost virtual

reality are a promising delivery mode for at-home rehabilitation in the context of a

global pandemic. This therapeutic modality, incorporated into an at-home individualized

treatment plan, provides a means to lessen the impact of an interruption in rehabilitation

services while not loosing the pre-pandemic, in-person physical activity gains. Growing

evidence supports active video games and low-cost virtual reality as viable therapeutic

interventions for children with physical disabilities. These technologies are especially

well-accepted by pediatric populations for the ludic and motivating features that lend

themselves to nearly seamless incorporation into telerehabilitation. Advantages for

rehabilitation of active video games and low-cost virtual reality include a rich, challenging,

multi-modal training environment in which high numbers of movement repetitions can

be accomplished, and a unique opportunity to foster engaged practice actions that

go beyond household activities. We offer suggestions for the clinician about how

to adopt active video games and low-cost virtual reality into your practice during a

global pandemic.
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INTRODUCTION

Current strategies to combat the Coronavirus (COVID-19) involve flattening the incidence curve
and reducing the rate of spread, such as social distancing, school closures, and confinement of
the population (1–3). While these preventives measure effectively reduce the rate of COVID-19
on a population scale, individuals with physical disabilities and their families are facing unique
challenges, including disruption of daily routines, and limited access to rehabilitation programs
(4). The World Confederation for Physical Therapy among several other professional associations
worldwide recommends to either stop or post-pone rehabilitation services that are considered
non-essential (5). In a recent survey of health professionals across 35 European countries (6),
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rehabilitation outpatients’ activities were stopped in 83%
of countries, with an estimated range of 1.3–2.2 million
Europeans deprived of rehabilitation services. The negative
consequences of such an interruption is especially high for
children with physical disabilities; a vulnerable population for
which these critical services bring access to valuable resources
that are essential to maintain physical abilities during natural
development and prevent secondary complications. There are
some important parallels to the global trends in aging and the
increased prevalence of multiple chronic conditions that sparked
development of a subfield in rehabilitation science at the nexus
of new technologies, aging and disability (7). This perspective
focuses directly on the impact of the COVID-19 response for
children with physical disabilities. We propose that in-home
therapy which enlists engaging technologies such as active video
gaming and low-cost virtual reality, offers a promising solution to
minimize the impact of long-term interruptions in rehabilitation
services. Active video gaming is defined as video games that
require interactive physical activity beyond being controlled
passively through conventional hand controller (8). Virtual
reality in the context of a rehabilitation program is described as
an intervention delivered through virtual reality platforms that
involves real-time simulation of an engaging environment and
allows the user to interact via multiple sensory channels (9).
These possible therapeutic modalities may be an ideal means to
maintain and even advance gains achieved through in-person
therapy and thereby prevent further functional decline likely to
ensue as a consequence of interruptions in rehabilitation services.

Among children with physical disabilities typically followed
by rehabilitation specialists, cerebral palsy (CP) is the most
common neuromotor disorder in children (10) with a prevalence
ranging from 1.5 to 2.5 per 1,000 live births (11–13) and an
estimated lifetime cost of 1 million dollars (14). Children with
CP and other pediatric populations with physical disabilities have
a wide range of impairments, including muscle tone disorders
(15), reduced sensation (16, 17), reduced aerobic capacities (18),
and cognitive deficits (19, 20). Ultimately, these physical and
mental impairments negatively affect most activities of daily
living; this inevitably leads to reduced levels of participation
in both leisure and physical activities (21, 22). Unfortunately,
sensorimotor impairments very often perpetuate a lifetime cycle
of degeneration of health status (18).

Aside from sensorimotor impairments, limited participation
is attributed to a number of obstacles including: personal,
socioeconomic status and environmental factors (23). Other
hindrances include lack of community programs that cater to
children with disabilities (24, 25), limited resources to adapt
the environment (26) and lack of accessibility to resources for
the parents (27). In the current global pandemic, confinement
can accentuate these obstacles, thereby reducing opportunities to
socialize with peers and to engage in adapted physical activities.
These lost opportunities can further generate a vicious cycle
of functional decline. Traditional, face-to-face rehabilitation
interventions aim to reduce the impact of sensorimotor
impairments and provide a means to circumvent these obstacles
and assuage the effects of deconditioning to some extent,
with some interventions being more effective than others (28).

However, given that accessibility to face-to-face programs is
greatly limited by the global pandemic, there is an urgent need
for a creative solution to the interrupted services, but with full
recognition that deferral of the rehabilitation specialists’ role to
that of a parent is not a desirable solution.

Recently, an expert group of clinicians, researchers and
outpatient health program leaders proposed telerehabilitation as
a promising strategy to maintain rehabilitation services during
this unprecedented time (5). Telerehabilitation is defined as the
provision of rehabilitation services via telemedicine methods
and techniques (29). This is an ideal strategy to address health
issues in low and middle-income countries and remote areas
with perpetual restricted access to rehabilitation services (30, 31).
This will not only benefit the children with physical disabilities
to preserve social contact with their therapist, and maintain
improvements already realized, but it could simultaneously
reduce the burden on parents. However, telerehabilitation
also presents several challenges including: limited training,
knowledge and technology/equipment needed for both clinicians
and parents as well as a structured therapy intervention (5).
Telerehabilitation could be used to facilitate the delivery of
rehabilitation services remotely, and the inclusion of active
video games and/or low-cost virtual reality, that uses either a
synchronous or asynchronous format, in collaboration with a
therapist could provide a unique and engaging substitute for
in-person services in the current global pandemic.

ACTIVE VIDEO GAMES AND LOW-COST
VIRTUAL REALITY: A POTENTIAL
SOLUTION FOR IN-HOME
REHABILITATION

Active video games and low-cost virtual reality have the potential
to engage school-age children and adolescents afflicted by
physical disabilities to be physically active while sheltered at
home and to continue their engagement with rehabilitation using
technology-enhanced game-like interventions. Video games has
a large penetration rate in the general population, with over
70% of U.S. families including a child who plays video games
(32). Virtual reality, often delivered through low-cost systems,
and active video games have increasingly been adopted in
rehabilitation practices to mitigate sensorimotor impairments
especially for children with CP (28, 33–35). The range of
virtual reality technology used for rehabilitation purposes is
wide and encompasses video games available commercially to
custom-made virtual reality applications specifically designed
for rehabilitation applications and with varying degrees of
immersion. To demonstrate how rehabilitation services can be
offered at home using a virtual reality platform, we focus on
systems and applications easily adapted to the home context,
including commercially available active video games and low-
cost virtual reality applications (AVG/VR). We acknowledge that
expensive and research-only virtual reality system may not be
a suitable option to reach a large population of children with
physical disabilities.

Frontiers in Neurology | www.frontiersin.org 2 December 2020 | Volume 11 | Article 601898

https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Demers et al. Pediatric Neurorehabilitation During COVID-19

FIGURE 1 | Advantages and limitations of various therapeutic modalities. From left to right: Definition of the therapeutic modalities; list of advantages; list of

disadvantages. The combination of AVG/VR with telerehabilitation can be useful to target motor learning principles, such as task-specificity and motivation, to

ultimately individualized interventions delivered at home and minimize limitations. We acknowledge that combining these 3 therapeutic modalities can still present

limitations, such as limited training for clinicians. Resources such as the Classification Framework by Gavin and Levac (46) can help to address common limitations.

How Can Active Video Games and
Low-Cost Virtual Reality Applications Drive
Retention of Motor Skills?
AVG/VR, grounded in principles of experience-dependent
neural plasticity and motor learning, offers many advantages
to deliver rehabilitation interventions at home. These include:
intrinsic motivation, task salience, number of repetitions,
intensity and duration, and challenging practice along with
the provision of augmented feedback (36). Amidst the current
confinement, AVG/VR enables a unique opportunity for skills
practice that goes beyond simple household activities; these
are engaging skills such as running on the beach, sword
fighting or various outdoor sports. A recent study showed that
children with physical disabilities are most likely to demonstrate
improvements when participating in interventions that are
structured, motivating and incorporate various recreation
activities (37). Gamification elements, known to drive interest
and engagement, are important features of AVG/VR. These very
features are more likely to encourage children to be physically
active, maintain attention and actively participate in play that is
disguised as a rehabilitation program, performed at home and
without the formal structure imposed by the rehabilitation setting
itself (38–40). Empirical evidence supports progressive practice,
that is engaging for the learner and optimally adapted to the

individual’s capability and the environmental context (41–43).
AVG/VR provides the opportunity to customize progressions in
task difficulty by incorporating spatial and temporal constraints
(40) and to encourage sufficient movement repetitions to drive
positive experience-dependent neuroplastic changes (36, 44,
45). Furthermore, meaningful performance feedback can be
provided in the form of augmented information about the
outcome of the movement and/or the elements of motor
performance (17). Feedback type and delivery schedule can be
manipulated with AVG/VR. Unlike most tasks performed in the
real-world, feedback can be amplified to highlight components
of movement performance and quality (44). The numerous
benefits of AVG/VR can help clinicians to offer motivating
and challenging in-home rehabilitation interventions using a
technology often familiar to children and their families.

Despite the advantages of AVG/VR for rehabilitation,
commercially available active video games are primarily designed
for the general population and have limitations that should be
acknowledged (Figure 1). Foremost, despite the popularity of
these commercial video games, some consoles were discontinued
(i.e., WiiTM and Kinect) by gaming companies over the last few
years. While the consequences for clinicians remains unclear,
this may have an important impact on the sustainability of
this technology in rehabilitation (47). Nonetheless, the large
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penetration rate of commercial video games consoles such as
the WiiTM facilitates its accessibility. Another limitation is that
many active video games do not all offer sufficient control over
the difficulty progression and the task difficulty level may not
be suitable for children with more severe motor impairments
(48). This stresses the importance of rehabilitation specialists,
such as occupational and physical therapists, in the selection
of appropriate platforms to best accomplish the individualized
treatment goals and for implementing an appropriate level of
progression in task difficulty and specification of constraints.
When incorporated into a comprehensive treatment plan that
includes individualized goals, interventions using AVG/VR can
promote the consolidation and retention of motor skills acquired
through in-person therapy and in so doing, prevent functional
decline mediated by the interruption of vital therapy services.

Evidence of the Effectiveness of Active
Video Games and Low-Cost Virtual Reality
in Children With Physical Disabilities
There is growing evidence that supports the use of AVG/VR
in children with physical disabilities to achieve improvements
across the domains of the International Classification of
Functioning, with the bulk of evidence coming from studies
of children with CP (28, 33, 40, 46, 49–52). Several studies
report the possibility to attain light to moderate levels of
physical activity while playing various active video games such
as boxing and dancing (53, 54). Active video game practice
has been shown to improve voluntary weight shift control
while standing for children with CP during a skiing game and
standing balance following a short intervention (55, 56). Some
preliminary evidence supports the use of AVG/VR to improve
upper limb function in children with CP as demonstrated by
either kinematic analyses (54, 57) or clinical measures (46, 49,
58–60). Lastly, interventions using AVG/VR can facilitate the
transfer of motor skills to the real-life situation, as evidenced by
completion of activities of daily living (54, 61, 62). AVG/VR has
potential to preserve prior functional improvement and prevent
an inevitable decline that will likely occur after a prolonged
period in which physical activity is limited (63). While the
results are encouraging, the level of evidence is still limited
and cannot be generalized across conditions and to all severity
of physical disabilities. Moreover, these results were done in a
controlled environment with supervision of a clinician ensuring
a high adherence and motivation. To reduce the impact of these
limitations, the combination of telerehabilitation and AVG/VR,
which may facilitate improvements beyond simple maintenance
by providing a means to deliver challenging and motivating task-
oriented practice and allow the clinician to track progress. To
date, many studies from different research groups demonstrate
the feasibility to deliver in-home rehabilitation using AVG/VR
(either with or without telerehabilitation) for children and
adolescents with physical disabilities (64–68). These studies,
along with the increasing evidence to support the use of AVG/VR
for pediatric physical rehabilitation highlight the potential that
this emergent technology has if delivered in participants’ home

to improve task outcomes and motor function in the current
global pandemic.

DISCUSSION AND RECOMMENDATIONS
FOR CLINICAL PRACTICE

More than ever, children with physical disabilities whose
accessibility to rehabilitation services is limited, are more likely
to adopt sedentary behaviors (69). Sedentary behavior, physical
inactivity and health deconditioning are also likely to be
exacerbated due to the confinement and school closures. We
propose to leverage AVG/VR to deliver in-home rehabilitation
to: (1) minimize the impact of limited rehabilitation services,
(2) encourage children with physical disabilities to be physically
active within their home environment, and (3) maintain a level
of function during this unprecedented global pandemic. With a
growing evidence-base in support if AVG/VR in children with
physical disabilities, in-home rehabilitation using AVG/VR offers
new opportunities to integrate key principles of experience-
dependent neuroplasticity and motor learning in the home
environment to drive retention of motor skills (i.e., intrinsic
motivation, task salience, number of repetitions, intensive and
challenging practice, provision of augmented feedback).

Clinicians play a crucial role in selection of an appropriate
platform and games to meet individual rehabilitation needs and
goals. Clinicians can work with parents and children to explore
suitability of various games and consoles already available to
the home environment. While frequent follow-up may not be
possible, clinicians can offer guidelines on intensity of physical
activity, the nature of movement, amount and frequency of active
movement and adjustment to the therapeutic goals for each child
(70). Results from a recent cross-sectional survey suggests that
only ∼50% of clinicians have clinical experience using active
video games or virtual reality, with lack of knowledge about
virtual reality systems, and time to implement them into practice,
identified as important barriers to address (71). Resources and
knowledge tools can be used to support clinical decision-
making about AVG/VR and facilitate the integration into clinical
practice. Among already available resources, the “Kinecting with
Clinicians” resource (72) and the Nintendo WiiTM game analysis
(73) can be used for clinicians to weight the pros and cons of two
commercially available active video games. It is also important to
note that while the WiiTM and the Kinect are discontinued, other
platforms and devices, such as the PlayStation R©VR and SteamVR
platforms, are currently available, which offer a wide range of
active video games that could also be used for rehabilitation
purposes. The evolution in AVG/VR technology is rapid and
progresses faster than the evidence, which remains a challenge
for clinical practice. Two frameworks could help to guide clinical
decision-making in gaming choices for therapeutic use: the
Classification Framework of pediatric virtual reality systems (46),
and the systematic framework (74). As an example, we use the
Classification Framework (50) to illustrate how frameworks can
be used to guide clinical practice, once AVG/VR systems available
in the home environment have been identified. Clinicians can
use this framework to identify and select systems and games that
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can provide multisensory feedback, the opportunity to perform
3D movement to interact with the virtual environment and
consistent practice repetitions. As a second step, clinicians can
use the seven categories of the framework, such as the ability
to manipulate and measure therapeutically relevant variables or
the specific movement capacities required, to quickly identify
which system meets the needs of the child they are working
with or of their current settings. We encourage clinicians to
become familiar with AVG/VR prior to adopt it with a child
to minimize technical difficulties. When available, the use of
clinical champions can also help to foster the development of
knowledge and skills of clinicians and facilitate implementation
of AVG/VR (75). The choice of platforms and systems often
relies of the game consoles available at home. Nonetheless,
games incorporating physical activity available on popular
gaming consoles (e.g., NintendoWiiTM, PlayStation R©VR) should
be prioritized since they are user-friendly, interactice and
were developed specifically to entice children and adolescents
for continuous usage. Guidelines about telerehabilitation from
professional associations can be valuable resources help address
common barriers to telerehabilitation and facilitate the delivery
of remote rehabilitation services (76, 77). To better support
clinicians who wish to integrate VR into their practice, our
ongoing work includes a systematic review to describe different
platforms and active video games in relation to the principles of
motor learning (Prospero registration: CRD42020151982).

The past few months taught us that people around the
world can develop creative solutions to adapt to the COVID-19

pandemic. The use of AVG/VR could be one creative and
evidence-based solution to guide clinicians in the delivery
of challenging and motivating in-home physical rehabilitation
activities to drive a positive impact on the lives of children with
physical disabilities.
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