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The current COVID-19 pandemic presents unprecedented new challenges to public

health andmedical care delivery. To control viral transmission, social distancing measures

have been implemented all over the world, interrupting the access to routine medical

care for many individuals with neurological diseases. Cognitive disorders are common in

many neurological conditions, e.g., stroke, traumatic brain injury, Alzheimer’s disease,

and other types of dementia, Parkinson’s disease and parkinsonian syndromes, and

multiple sclerosis, and should be addressed by cognitive rehabilitation interventions. To

be effective, cognitive rehabilitation programsmust be intensive and prolonged over time;

however, the current virus containment measures are hampering their implementation.

Moreover, the reduced access to cognitive rehabilitation might worsen the relationship

between the patient and the healthcare professional. Urgent measures to address issues

connected to COVID-19 pandemic are, therefore, needed. Remote communication

technologies are increasingly regarded as potential effective options to support health

care interventions, including neurorehabilitation and cognitive rehabilitation. Among them,

telemedicine, virtual reality, augmented reality, and serious games could be in the forefront

of these efforts. We will briefly review current evidence-based recommendations on the

efficacy of cognitive rehabilitation and offer a perspective on the role of tele- and virtual

rehabilitation to achieve adequate cognitive stimulation in the era of social distancing

related to COVID-19 pandemic. In particular, we will discuss issues related to their

diffusion and propose a roadmap to address them. Methodological and technological

improvements might lead to a paradigm shift to promote the delivery of cognitive

rehabilitation to people with reduced mobility and in remote regions.

Keywords: augmented reality, cognitive, COVID-19, rehabilitation, telemedicine, virtual reality

INTRODUCTION

Disorders of cognitive functions (language, perception, attention, memory, executive functions,
and praxis) are frequent following neurological damage of different etiology, with a significant
impact on independence, social relationships, school attendance, and employment opportunities,
ultimately leading to reduced quality of life. Cognitive impairment is a critical determinant of
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overall neurorehabilitation outcome, and cognitive rehabilitation
is an expanding clinical and research field.

Cognitive rehabilitation encompasses a wide range of
therapeutic cognitive interventions to achieve functional changes
by reinforcing, strengthening, or reestablishing previously
learned patterns of behavior or establishing new patterns of
cognitive activity or mechanisms to compensate for impaired
neurological systems (1). These interventions are based on
psychological theories and models of behavior and behavioral
change and on neuropsychological models of brain–behavior
interactions (2, 3), and can be conducted with paper–pencil tools,
computer programs, or, more recently, virtual reality (VR).

Several works explored the effectiveness of cognitive
rehabilitation. While some studies adopted a pragmatic
clinical focus, supporting the efficacy of neuropsychological
interventions (4, 5), other reports emphasized the lack of
methodological rigor of trial design, concluding that there
is insufficient evidence to guide the clinical practice (6–10).
To overcome these limitations, the Cognitive Rehabilitation
Task Force (CRTF) of the American Congress of Rehabilitation
Medicine, Brain Injury Special Interest Group, recently published
a systematic review of studies addressing cognitive rehabilitation
for people with two of the most frequent clinical conditions,
namely, stroke and traumatic brain injury (TBI) (11). The
authors evaluated 491 articles and made 29 recommendations for
evidence-based practice of cognitive rehabilitation that support
practice standards for (1) attention deficits after TBI or stroke;
(2) visual scanning for neglect after right-hemisphere stroke; (3)
compensatory strategies for mild memory deficits; (4) language
deficits after left-hemisphere stroke; (5) social communication
deficits after TBI; (6) metacognitive strategy training for deficits
in executive functioning; and (7) comprehensive–holistic
neuropsychological rehabilitation to reduce cognitive and
functional disability after TBI or stroke (11).

To be effective, cognitive rehabilitation should be intensive
and prolonged over time, but social events that reduce access
to care facilities hamper intensive and prolonged cognitive
rehabilitation, unless current protocols are modified. This is
the case we have been dealing with since December 2019,
when a pneumonia epidemic of previously unknown etiology in
China was related to SARS-CoV-2 infection. In March 2020, the
World Health Organization declared the COVID-19 pandemic
(12). Since then, the virus has spread widely and rapidly.
On June 4, 2020, more than 6 million cases of COVID-19,
and nearly 380 hundred deaths have been reported worldwide
(13). In the absence of an effective treatment against SARS-
CoV-2, the outbreak containment strategies mainly rely on
hygienic measures, extraordinary sanitization, and reduction of
interpersonal contacts through social distancing and quarantine
for infected people and their contacts (14). In this scenario,
healthcare systems need to reorganize quickly and deeply both
in the wards hosting COVID-19 patients and in the services for
patients with chronic diseases. Social distancing and quarantine,
indeed, abruptly interrupted access to routine medical care for
frail and vulnerable people, who are at an increased risk of
SARS-CoV-2 infection and related morbidity and death. Patients
with neurological diseases are among such frail patients because

of advanced age, comorbidities, or immunosuppression due to
treatments (15). In addition, the best medical practices have
also been suspended for patients whose doctors have been in
quarantine or for people with stroke and myocardial infarction,
who have not sought medical treatment for fear of social contact
(16, 17).

Therefore, timely measures are required to mitigate
the potentially harmful consequences of quarantine, and
telemedicine approach to achieve non-face-to-face consultations
has been proposed (18).

We will review features of telerehabilitation, VR, and other
technologies to achieve cognitive telerehabilitation (Table 1);
provide some suggestions to enhance cognitive rehabilitation
interventions during the COVID-19 pandemic; and propose
future implementations based on telemedicine and VR.

TELEMEDICINE AND
TELEREHABILITATION FOR COGNITIVE
DISORDERS

Telemedicine is a general term, first introduced in the 1970s,
to indicate the practice of medicine without the usual physical
interaction between a healthcare professional and a patient
using an interactive multimedia communication system (23).
Telemedicine includes the application of information and
communication technology (ICT) to the medical field to
guarantee remote assistance services based on the exchange of
clinical information and data within a network of professionals
or between professionals and clients (24). In parallel to
the classical doctor–patient relationship, telemedicine must
comply with all the rights and duties of any health act for
prevention, diagnosis, treatment, rehabilitation, and monitoring.
Telemedicine is not meant to replace traditional health services
but rather to integrate them to improve effectiveness, efficiency,
and appropriateness (25).

Stemming from the broader approach of telemedicine,
telerehabilitation is an alternative method of delivering
conventional rehabilitation services via ICT to patients allowing
them access to care at their homes or other locations (19, 26).
Telerehabilitation systems provide therapists with the possibility
of selecting the most appropriate approach for each individual
patient, monitoring execution and outcomes remotely, and
modifying the treatment accordingly. The COVID-19 pandemic
has accelerated this process and forced researchers and clinicians
to reshape the neurorehabilitation strategies with the use
of technologies (27) and to accelerate the development of
telemedicine for home care purposes, e.g., the use of low-cost
technologies such as smartphones or tablets for virtual medical
examination, counseling, and rehabilitation (15, 28).

Tele-health approaches were demonstrated to be feasible,
well-accepted, and effective in providing rehabilitation to chronic
neurological patients, increasing participation, and allowing the
continuity of care in an ecologic environment (29).

Telerehabilitation was initially aimed to improve motor
outcomes, but the interest in the treatment of cognitive deficits
has increased over the years. Studies ranged from pilot reports,
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TABLE 1 | Main methods and technologies for cognitive telerehabilitation.

Definition Advantages Limitations

Telerehabilitation The provision of

rehabilitation services via

telemedicine methods and

techniques (19)

Increases frequency of healthcare professional

contact

Facilitates intensive and prolonged programs

Allows the access to home-delivered care

Barriers to accessing technologies (e.g., lack of

computer or internet connection) in specific patient

groups (e.g., elderly people)

Virtual Reality A computer-based,

interactive, multisensory

environment that occurs in

real time, with which the

user can directly interact

(20)

Provides immediate feedback

Allows the adaptation to patient’s performance

Highly engaging

High level of ecological validity

Can be combined with other tools/devices

(e.g., electroencephalography, physiological

activity registration tools)

Technology requirements are often cumbersome

Limited availability (i.e., outpatient clinics)

Expensive hardware and software tools

Augmented

Reality

The overlaying of

computer-generated

imagery atop the real world

using a see-through display

(21)

Employs wearable devices

Allows the adaptation to patient’s performance

High patient engagement

Available for home-delivered care

Limited user’s immersion

Barriers to accessing technology

Serious Games Digital games whose

purpose is to reach a

specific goal (e.g., cognitive

rehabilitation) other than

entertainment (22)

Allows the adaptation to patient’s performance

High patient engagement

Affordable costs

Available for home-delivered care

Lack of immersion

Limited flexibility and customizing

assessing the feasibility of postoperative telerehabilitation
programs to improve cognitive outcomes in adult patients
with primary brain tumors (30), to systematic reviews and
meta-analyses focused on neurodegenerative disorders (31, 32),
stroke (33), and multiple sclerosis (34).

Telemedicine interventions were found not to be inferior
to conventional face-to-face approaches in terms of efficacy,
validity, reliability, and patients’ satisfaction, but the low number
of randomized controlled trials hampered definitive conclusions
(35, 36). Based on these promising results and forced by COVID-
19 contingency, new studies and a larger diffusion of cognitive
telerehabilitation approaches are expected.

VIRTUAL REALITY FOR COGNITIVE
REHABILITATION

Over recent years, researchers and clinicians proposed VR as a
new technology to implement innovative treatments in a broad
range of clinical areas, including mental health disorders (e.g.,
anxiety disorders, depression, schizophrenia, eating disorders),
pain management (37–41), motor and cognitive rehabilitation of
neurodegenerative disorders, TBI and stroke (42), and cognitive
domains (43–46).

VR allows the user to interact with, and become immersed in,
a computer-generated environment in a naturalistic way. The key
concepts that define VR are immersion (i.e., the extent to which
the user perceives himself in the virtual environment rather than
the real world), sense of presence (i.e., the subjective experience
of the user as being in the virtual world), and the possibility to
interact with the computer-generated environment (20, 47, 48).

VR has a number of advantages over traditional rehabilitation
approaches. First, VR has a high level of ecological validity

because of the sensorimotor interaction between the user and
the virtual environment, allowing to transfer skills from virtual
to real word. Second, the compliance and the satisfaction
of the patient when interacting with the enriched computer-
generated environment are higher than those with conventional
rehabilitation (49). Third, VR has the great advantage of
providing an immediate and direct feedback, so that the level
of difficulty of the therapy can be easily adapted to the patient’s
needs and severity (50), with positive effects on their sense of
efficacy. By providing quantitative outcome measures to patients,
VR supports better adherence to neurorehabilitation programs
than to traditional rehabilitation (51). Fourth, VR rehabilitation
programs can be applied without the direct supervision of
the therapist, but only with the presence of a caregiver (44),
addressing the patient’s need of autonomy. Fifth, VR allows
patients to perform basic daily living activities in a safe and
controlled environment, increasing engagement and motivation
(52). This is particularly important, considering that traditional
training programs are often repetitive and monotonous. VR
may engage the patient in an enriched environment and
stimulating activities, thus activating attention and motivation,
and facilitating neuroplasticity and functional recovery (53, 54).
VR research protocols are increasingly applied to rehabilitation,
as technology becomes more accessible and affordable, but VR is
not yet routinely used in clinical rehabilitation settings because
of several issues. The term VR is frequently used in the wrong
way, as some studies improperly define computer-based devices
providing stimuli on a monitor (e.g., video games), which clearly
lack two out of the three key features of VR, i.e., immersion and
presence. As gaming consoles are widely available, clinicians have
indeed started to use low-cost commercial immersive systems
designed for recreation as an alternative way of delivering VR
(55–57), but the lack of specific VR features may result in
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a limited therapeutic effect of these devices. Moreover, VR
systems are often cumbersome and expensive, thus hampering
the possibility to performVR rehabilitation interventions outside
the outpatient clinics (44). The possibility to perform immersive
VR-based rehabilitation programs at home is an important
challenge that should be addressed in the near future. Moving
from a single-user VR setting available in the clinic to a multiuser
one with remote connection between patients/caregivers and
therapists could be an important step toward the dissemination
of VR technologies (58).

Among graphic immersive techniques, augmented reality
(AR) is another novel technological system that enhances the
sensory experience of the real environment by inserting virtual
elements to the view of the physical environment, usually using
a camera, smartphone, or other vision devices (21). In contrast
to VR, AR environment is not completely computer generated
but is a combination of real and virtual objects in a physical
environment (59). The amplification of sensory experience
through AR was found to be associated with a significant
improvement of the ecological validity of treatments of various
health disorders (60). AR-based treatment has been proposed for
phobic disorders and stroke (61, 62).

More recent approaches include serious games (SGs), i.e.,
interactive computer applications, in which education and
learning, not entertainment, are the primary goals (63, 64).
Due to their design, games can offer challenging, rewarding,
motivating, and engaging experiences that can be shared with
other players in the form of points or ranking. Indeed, the
interactive nature of the games enables constructive, situational,
and experiential learning opportunities that can be easily

adopted for rehabilitation purposes, despite not having been
fully designed for rehabilitation goals (65). SG-based treatments
derive from the combination of specific elements of computer
cognitive training with motivational aspects of games (66).
Similar to AR, SGs are characterized by an immersive level
of each environment that can range from the complete VR
to the real environment (67). Hence, the smaller computation
time required to model the 3D environment of AR and SG
may make them more cost effective in comparison to VR
(61). Most SG-based cognitive treatments have been directed to
healthy older adults or patients with mild cognitive impairment
or Alzheimer’s dementia (68). The fact that elderly people
could have difficulties in interacting with tools designed for
the game (69) has determined a recent interest to develop
SGs specifically designed for these populations (66). Since
cognitive rehabilitation adopts a restitution-based approach,
in which impaired functions, either physical or cognitive, are
recovered through intense and continuous stimulation (70),
SG-based interventions are particularly useful to this end, being
available also for home-based rehabilitation (71). Cognitive
treatments using SGs have been developed also for stroke,
TBI, brain tumors (72) and cerebral palsy (73). In conclusion,
even if SG systems are appealing because of their low cost,
their diffusion is partially limited because of the lack of
customization and of rehabilitation theoretical models behind
their development. The smaller computation time required to
model the 3D environment of AR and SG may make them
more cost effective in comparison to VR (61), overcoming
some VR limitations and providing another option for remote
cognitive rehabilitation.

FIGURE 1 | Issues related to cognitive telerehabilitation and possible solutions. VR, virtual reality.
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DISCUSSION

The current health system contingency due to the COVID-19
pandemic requires an acceleration in the use of telemedicine to
enable cognitive neurorehabilitation outside the traditional
settings (e.g., hospital, rehabilitation centers, private
practice) and in an ecologic environment. Teletherapy may
replace and complement in-person treatment to mitigate
constraints on service delivery that currently limit access
to cognitive rehabilitation care. Telemedicine, VR, AR, and
SGs are promising tools for remote-delivered cognitive
rehabilitation programs. There are, however, a number of
open questions that hamper these approaches to become a
valid complement to standard care of patients with cognitive
deficits. We propose a roadmap to address these issues
(Figure 1).

First, evidence supporting telerehabilitation and VR for
cognitive rehabilitation is still preliminary, and a larger number
of studies focusing on the validity, reliability, effectiveness, and
efficiency of these techniques and approaches are needed. The
use of VR therapy is indeed far from becoming widespread
beyond the research setting, thus limiting its translation into
the ordinary clinical setting (74). Another point that limits the
spread of telerehabilitation and VR for cognitive rehabilitation
beyond the research setting is that these techniques have no
specific effect on a single (e.g., executive, visuospatial, and
memory) domain, but they are rather intended to stimulate
at the same time multiple domains to achieve high levels
of ecological validity. The development of more targeted and
specific VR and telerehabilitation techniques to be compared
with “traditional” ones could offer challenging opportunities
for future research. Moreover, the lack of specific clinical
training in VR therapy could be another issue that hampers its
diffusion (75). The identification of specific health professional
figures (e.g., neuropsychologists) to be adequately trained
could be a possible solution. An important point to be
investigated to contribute to the dissemination of VR therapy
is the tolerance of VR interventions, i.e., the gradual decrease
in effect due to the lack of novelty of the experience. A
critical component is safety and tolerability: VR sickness and
boredom should be monitored to avoid dropouts and lack
of compliance.

Second, the high cost of the hardware and software required
for these techniques is still a bottleneck that impedes their
wide application outside the experimental setting. Moreover,
these costs are covered neither by health systems and private
insurance nor by tax refund. Studies exploring their cost–
benefit profiles in terms of reduced direct and indirect costs
related to cognitive deficits might help overcome this issue.
A wider diffusion of hardware platforms and the use of open
software might consistently reduce these costs, in analogy
to what happened in recent years with mobile phones and
consumer technology.

Third, a high-speed Internet connection is of paramount
importance to improve telerehabilitation and remote

monitoring from the therapist, but in some areas, it may not
be available.

Fourth, the digital divide in some countries/regions, in
older adults, and in some classes of people might reduce
the wide application of cognitive telerehabilitation. A
specific figure, i.e., the neuropsychologist with expertise in
these techniques, including the ability to remotely monitor
the correct application of cognitive telerehabilitation at
home, educate caregivers, and help them to solve technical
issues, would be important to reduce the effects of this
digital divide.

Addressing these points requires the involvement of a
number of stakeholders, including patient associations, health,
informatics, and scientific societies, but may result in a consistent
improvement in cognitive rehabilitations strategies in that
carrying out interventions at home is even more important
because the generalization of the results to daily life activities
is one of the most critical elements for the success of the
intervention. Addressing the abovementioned issues may lead to
a wider application of teletherapy, e.g., to the still unexplored
area of behavioral and psychological symptoms of dementia
(BPSD) management. Because of the limited benefits of the
pharmacological and nonpharmacological interventions (e.g.,
environmental redesign, validation therapy, and behavioral
management techniques) for BPSD (64), telemedicine, and
VR may offer new options for this condition. Preliminary
results are, indeed, encouraging, either for patients (76, 77) or
caregivers (78–80).

Methodological and technological improvements might
survive the end of the COVID-19 pandemic and result
in a cost-effective and sustainable paradigm shift for
remote delivering of health services to people with reduced
mobility and access to hospitals and rehabilitation centers,
and in remote regions not covered by these facilities.
Adapting healthcare facilities during the COVID-19
pandemic through new technology could help support the
cognitive and psychosocial needs of both patients and their
families (81).

DATA AVAILABILITY STATEMENT

The data analyzed in this study is subject to the following
licenses/restrictions: The datasets generated for this study
are available on request to the corresponding author.
Requests to access these datasets should be directed to
ST, stefano.tamburin@univr.it.

AUTHOR CONTRIBUTIONS

The study has been designed by EM, CZ, CC, and ST. Data have
been gathered and analyzed by EM, CZ, SB, AF, RG, GS, CC, and
ST. The manuscript has been drafted by EM, CZ, SB, AF, CC, and
ST. SB, RG, GS, CC, and ST revised the manuscript. All Authors
approved the final version of the manuscript.

Frontiers in Neurology | www.frontiersin.org 5 September 2020 | Volume 11 | Article 926

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


Mantovani et al. Cognitive Telerehabilitation and COVID

REFERENCES

1. Bergquist TF, Malec JF. Psychology: current practice and training issues

in treatment of cognitive dysfunction. NeuroRehabilitation. (1997) 8:49–

56. doi: 10.3233/NRE-1997-8107

2. Cicerone KD, Dahlberg C, Kalmar K, Langenbahn DM, Malec

JF, Bergquist TF, et al. Evidence-based cognitive rehabilitation:

recommendations for clinical practice. Arch Phys Med Rehabil. (2000)

81:1596–615. doi: 10.1053/apmr.2000.19240

3. Cappa SF, Benke T, Clarke S, Rossi B, Stemmer B, van Heugten CM, et al.

EFNS guidelines on cognitive rehabilitation: report of an EFNS task force. Eur

J Neurol. (2005) 12:665–80. doi: 10.1111/j.1468-1331.2005.01330.x

4. Turner-Stokes L, Pick A, Nair A, Disler PB, Wade DT.

Multi-disciplinary rehabilitation for acquired brain injury in

adults of working age. Cochrane Database Syst Rev. (2015)

12:CD004170. doi: 10.1002/14651858.CD004170.pub3

5. Rogers JM, Foord R, Stolwyk RJ, Wong D, Wilson PH. General and

domain-specific effectiveness of cognitive remediation after stroke: systematic

literature review and meta-analysis. Neuropsychol Rev. (2018) 28:285–

309. doi: 10.1007/s11065-018-9378-4

6. Bahar-Fuchs A, Clare L, Woods B. Cognitive training and

cognitive rehabilitation for mild to moderate Alzheimer’s disease

and vascular dementia. Cochrane Database Syst Rev. (2013)

6:CD003260. doi: 10.1002/14651858.CD003260.pub2

7. Bowen A, Hazelton C, Pollock A, Lincoln NB. Cognitive rehabilitation

for spatial neglect following stroke. Cochrane Database Syst Rev. (2013)

7:CD003586. doi: 10.1002/14651858.CD003586.pub3

8. Rosti-Otajärvi EM, Hämäläinen PI. Neuropsychological rehabilitation

for multiple sclerosis. Cochrane Database Syst Rev. (2014)

2:CD009131. doi: 10.1002/14651858.CD009131.pub3

9. Kumar KS, Samuelkamaleshkumar S, Viswanathan A, Macaden AS.

Cognitive rehabilitation for adults with traumatic brain injury to

improve occupational outcomes. Cochrane Database Syst Rev. (2017)

6:CD007935. doi: 10.1002/14651858.CD007935.pub2

10. Alzahrani H, Venneri A. Cognitive rehabilitation in Parkinson’s disease: a

systematic review. J Parkinsons Dis. (2018) 8:233–45. doi: 10.3233/JPD-171250

11. Cicerone KD, Goldin Y, Ganci K, Rosenbaum A, Wethe JV, Langenbahn

DM, et al. Evidence-based cognitive rehabilitation: systematic review of the

literature from 2009 through 2014. Arch Phys Med Rehabil. (2019) 100:1515–

33. doi: 10.1016/j.apmr.2019.02.011

12. World Health Organization (2020). Available online at: https://www.who.int/

dg/speeches/detail/who-director-general-s-opening-remarks-at-the-media-

briefing-on-covid-19-11-march-2020 (accessed June 03, 2020).

13. European Centre for Disease Prevention and Control. (2020). Available

online at: https://www.ecdc.europa.eu/en/geographical-distribution-2019-

ncov-cases (Accessed June 4, 2020).

14. Centers for Disease Control and Prevention. Public Health Recommendations

for Community-Related Exposure. (2020). Available online at: https://www.

cdc.gov/coronavirus/2019-ncov/php/public-health-recommendations.html.

(Accessed May 05, 2020).

15. Bloem BR, Dorsey ER, Okun MS. The coronavirus disease 2019 crisis as

catalyst for telemedicine for chronic neurological disorders. JAMA Neurol.

(2020). doi: 10.1001/jamaneurol.2020.1452. [Epub ahead of print].

16. Montaner J, Barragàn-Prieto A, Pérez-Sánchez S, Escudero-

Martínez I, Moniche F, Sánchez-Miura JA, et al. Break in

the stroke chain of survival due to COVID-19. Stroke. (2020)

51:2307–14. doi: 10.1161/STROKEAHA.120.030106

17. Solomon MD, McNulty EJ, Rana JS, Leong TK, Lee C, Sung SH,

et al. The Covid-19 pandemic and the incidence of acute myocardial

infarction. N Engl J Med. (2020) 383:691–93. doi: 10.1056/NEJMc

2015630

18. Grossman SN, Han SC, Balcer LJ, Kurzweil A, Weinberg H,

Galetta SL, et al. Rapid implementation of virtual neurology

in response to the COVID-19 pandemic. Neurology. (2020)

94:1077–87. doi: 10.1212/WNL.0000000000009677

19. Brennan D, Tindall L, Theodoros D, Brown J, Campbell M, Christiana D,

et al. A blueprint for telerehabilitation guidelines. Int J Telerehabil. (2010)

2:31–4. doi: 10.5195/IJT.2010.6063

20. Burdea G, Coiffet P. Virtual reality technology. Presence Teleoperators Virtual

Environ. (2003) 12:663–4. doi: 10.1162/105474603322955950

21. Tarr MJ, Warren WH. Virtual reality in behavioral neuroscience and beyond.

Nat Neurosci. (2002) 5:1089–92. doi: 10.1038/nn948

22. Zyda M. From visual simulation to virtual reality to games. Computer. (2005)

38:25–32. doi: 10.1109/MC.2005.297

23. Bird KT. Telemedicine; concept and practice. In: Bashshur RL,

Armstrong PA, Youssef ZI, editors. Telemedicine: Explorations in the

Use of Telecommunications in Health Care. Springfield, IL: Charles C.

Thomas. (1975), p. 89–112.

24. World Health Organization. Telemedicine: Opportunities and Developments

in Member States: Report on the Second Global Survey on eHealth. (2010).

Available online at: http://ec.europa.eu/information_society/activities/health/

policy/telemedicine/index_en.htm. (Accessed May 05, 2020).

25. Nesbitt TS, Hilty DM, Kuenneth CA, Siefkin A. Development of a

telemedicine program: a review of 1,000 videoconferencing consultations.

West J Med. (2000) 173:169–74. doi: 10.1136/ewjm.173.3.169-a

26. Winters J. Telerehabilitation research: emerging opportunities. Annu Rev

Biomed Eng. (2002) 4:287–320. doi: 10.1146/annurev.bioeng.4.112801.121923

27. Bartolo M, Intiso D, Lentino C, Sandrini G, Paolucci S, Zampolini M,

et al. Urgent measures for the containment of the coronavirus (Covid-

19) epidemic in the neurorehabilitation/rehabilitation departments in the

phase of maximum expansion of the epidemic. Front Neurol. (2020)

11:423. doi: 10.3389/fneur.2020.00423

28. Platz T, Sandrini G. Specialty grand challenge for neurorehabilitation research.

Front Neurol. (2020) 11:349. doi: 10.3389/fneur.2020.00349

29. Isernia S, Pagliari C, Jonsdottir J, Cadtiglioni C, Gindri P, Gramigna C,

et al. Efficiency and patient-reported outcome measures from clinic to home:

the human empowerment aging and disability program for digital-health

rehabilitation. Front Neurol. (2019) 10:1206. doi: 10.3389/fneur.2019.01206

30. van der Linden SD, Sitskoorn MM, Rutten GM, Gehring K. Feasibility

of the evidence-based cognitive telerehabilitation program Remind for

patients with primary brain tumors. J Neurooncol. (2018) 137:523–

32. doi: 10.1007/s11060-017-2738-8

31. Cotelli M, Manenti R, Brambilla M, Gobbi E, Ferrari C, Binetti G, et al.

Cognitive telerehabilitation inmild cognitive impairment, Alzheimer’s disease

and frontotemporal dementia: a systematic review. J Telemed Telecare. (2019)

25:67–79. doi: 10.1177/1357633X17740390

32. Dial HR, Hinshelwood HA, Grasso SM, Hubbard HI, Gorno-Tempini

ML, Henry ML. Investigating the utility of teletherapy in individuals

with primary progressive aphasia. Clin Interv Aging. (2019) 14:453–

71. doi: 10.2147/CIA.S178878

33. Laver KE, Adey-Wakeling Z, Crotty M, Lannin NA, George S, Sherrington C.

Telerehabilitation services for stroke. Cochrane Database of Syst Rev. (2020)

1:CD010255. doi: 10.1002/14651858.CD010255.pub3

34. Yeroushalmi S, Maloni H, Costello K, Wallin MT. Telemedicine and multiple

sclerosis: a comprehensive literature review. J Telemed Telecare. (2019)

26:400–13. doi: 10.1177/1357633X19840097

35. Duncan C, Dorrian C, Crowley P, Coleman R, Patterson V. Safety and

effectiveness of telemedicine for neurology outpatients. Scott Med J. (2010)

55:3–5. doi: 10.1258/RSMSMJ.55.1.3

36. Tchero H, Tabue Teguo M, Lannuzel A, Rusch E. Telerehabilitation for stroke

survivors: systematic review and meta-analysis. J Med Internet Res. (2018)

20:e10867. doi: 10.2196/10867

37. McCann RA, Armstrong CM, Skopp NA, Edwards-Stewart A, Smolenski

DJ, June JD, et al. Virtual reality exposure therapy for the treatment of

anxiety disorders: an evaluation of research quality. J Anxiety Disord. (2014)

28:625–31. doi: 10.1016/j.janxdis.2014.05.010

38. Li J, Theng YL, Foo S. Game-based digital interventions for depression

therapy: a systematic review and meta-analysis. Cyberpsychol Behav Soc Netw.

(2014) 17:519–27. doi: 10.1089/cyber.2013.0481

39. Välimäki M, Hatonen HM, Lahti ME, Kurki M, Hottinen A,

Metsaranta K, et al. Virtual reality for treatment compliance for

people with serious mental illness. Cochrane Database Syst Rev. (2014)

10:CD009928. doi: 10.1002/14651858.CD009928.pub2

40. Ferrer-Garcia M, Gutiérrez-Maldonado J, Riva G. Virtual reality based

treatments in eating disorders and obesity: a review. J Contemp Psychol. (2013)

43:207–21. doi: 10.1007/s10879-013-9240-1

Frontiers in Neurology | www.frontiersin.org 6 September 2020 | Volume 11 | Article 926

https://doi.org/10.3233/NRE-1997-8107
https://doi.org/10.1053/apmr.2000.19240
https://doi.org/10.1111/j.1468-1331.2005.01330.x
https://doi.org/10.1002/14651858.CD004170.pub3
https://doi.org/10.1007/s11065-018-9378-4
https://doi.org/10.1002/14651858.CD003260.pub2
https://doi.org/10.1002/14651858.CD003586.pub3
https://doi.org/10.1002/14651858.CD009131.pub3
https://doi.org/10.1002/14651858.CD007935.pub2
https://doi.org/10.3233/JPD-171250
https://doi.org/10.1016/j.apmr.2019.02.011
https://www.who.int/dg/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19-11-march-2020
https://www.who.int/dg/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19-11-march-2020
https://www.who.int/dg/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19-11-march-2020
https://www.ecdc.europa.eu/en/geographical-distribution-2019-ncov-cases
https://www.ecdc.europa.eu/en/geographical-distribution-2019-ncov-cases
https://www.cdc.gov/coronavirus/2019-ncov/php/public-health-recommendations.html
https://www.cdc.gov/coronavirus/2019-ncov/php/public-health-recommendations.html
https://doi.org/10.1001/jamaneurol.2020.1452
https://doi.org/10.1161/STROKEAHA.120.030106
https://doi.org/10.1056/NEJMc2015630
https://doi.org/10.1212/WNL.0000000000009677
https://doi.org/10.5195/IJT.2010.6063
https://doi.org/10.1162/105474603322955950
https://doi.org/10.1038/nn948
https://doi.org/10.1109/MC.2005.297~
http://ec.europa.eu/information_society/activities/health/policy/telemedicine/index_en.htm
http://ec.europa.eu/information_society/activities/health/policy/telemedicine/index_en.htm
https://doi.org/10.1136/ewjm.173.3.169-a
https://doi.org/10.1146/annurev.bioeng.4.112801.121923
https://doi.org/10.3389/fneur.2020.00423
https://doi.org/10.3389/fneur.2020.00349
https://doi.org/10.3389/fneur.2019.01206
https://doi.org/10.1007/s11060-017-2738-8
https://doi.org/10.1177/1357633X17740390
https://doi.org/10.2147/CIA.S178878
https://doi.org/10.1002/14651858.CD010255.pub3
https://doi.org/10.1177/1357633X19840097
https://doi.org/10.1258/RSMSMJ.55.1.3
https://doi.org/10.2196/10867
https://doi.org/10.1016/j.janxdis.2014.05.010
https://doi.org/10.1089/cyber.2013.0481
https://doi.org/10.1002/14651858.CD009928.pub2
https://doi.org/10.1007/s10879-013-9240-1
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Mantovani et al. Cognitive Telerehabilitation and COVID

41. Triberti S, Repetto C, Riva G. Psychological factors influencing the

effectiveness of virtual reality-based analgesia: a systematic review.

Cyberpsychol Behav Soc Netw. (2014) 17:335–45. doi: 10.1089/cyber.2014.0054

42. Moreno A, Wall KJ, Thangaveluf K, Craveng L, Ward E, Dissanayakaf NN. A

systematic review of the use of virtual reality and its effects on cognition in

individuals with neurocognitive disorders. Alzheimers Dement (N Y). (2019)

5:834–50. doi: 10.1016/j.trci.2019.09.016

43. Gamito P, Oliveira J, Coelho C, Morais D, Lopes P, Pacheco J, et al. Cognitive

training on stroke patients via virtual reality-based serious games. Disabil

Rehabil. (2017) 39:385–88. doi: 10.3109/09638288.2014.934925

44. Tieri G, Morone G, Paolucci S, Iosa M. Virtual reality in cognitive and motor

rehabilitation: facts, fiction and fallacies. Expert Rev Med Devices. (2018)

15:107–17. doi: 10.1080/17434440.2018.1425613

45. Maggio MG, Maresca G, De Luca R, Stagnitti MC, Porcari B, Ferrera

MC, et al. The growing use of virtual reality in cognitive rehabilitation:

fact, fake or vision? A scoping review. J Natl Med Assoc. (2019) 111:457–

63. doi: 10.1016/j.jnma.2019.01.003

46. Wiley E, Khattab S, Tang A. Examining the effect of virtual reality therapy on

cognition post-stroke: a systematic review and meta-analysis. Disabil Rehabil

Assist Technol. (2020) 2:1–11. doi: 10.1080/17483107.2020.1755376

47. Weiss P, Kizony R, Feintuch U, Katz N. Virtual reality in neurorehabilitation.

In: Selzer M, Cohen L, Gage F, Clarke S, Duncan P, editors. Textbook of

Neural Repair and Rehabilitation. Cambridge, MA: Cambridge University

Press (2006). p. 182–97.

48. Gaggioli A, Keshner E, Weiss PL, Riva G. Advanced Technologies in

Rehabilitation. United States: IOS Press (2009).

49. Gamito P, Oliveira J, Santos N, Pacheco J, Morais D, Saraiva T, et al. Virtual

exercises to promote cognitive recovery in stroke patients: the comparison

between head mounted displays verses screen exposure methods. Int J Disabil

Hum Dev. (2014) 13:337–42. doi: 10.1515/ijdhd-2014-0325

50. Lohse KE, Hilderman C, Cheung KL, Tatla S, Van der Loos HF. Virtual

reality therapy for adults post-stroke: a systematic review and meta-analysis

exploring virtual reality environments and commercial games in therapy. PLos

One. (2014) 9:e93318. doi: 10.1371/journal.pone.0093318

51. Teo W-P, Muthalib M, Yamin S, Hendy AM, Bramstedt K, Kotsopoulos

E, et al. Does a combination of virtual reality, neuromodulation and

neuroimaging provide a comprehensive platform for neurorehabilitation?

- a narrative review of the literature. Front Hum Neurosci. (2016)

10:284. doi: 10.3389/fnhum.2016.00284

52. Laver KE, Lange B, George S, Deutsch JE, Saposnik G, Crotty M.

Virtual reality for stroke rehabilitation. Cochrane Database Syst Rev. (2017)

11:CD008349. doi: 10.1002/14651858.CD008349.pub4

53. Danzl MM, Etter NM, Andreatta RO, Kitzman PH. Facilitating

neurorehabilitation through principles of engagement. J Allied Health.

(2012) 41:35–41.

54. Matamala-GomezM,MaistoM,Montana JI, Mavrodiev PA, Baglio F, Rossetto

F, et al. The role of engagement in teleneurorehabilitation: a systematic review.

Front Neurol. (2020) 11:354. doi: 10.3389/fneur.2020.00354

55. Lange B, Koenig S, Chang CY, McConnell E, Suma E, Bolas

M, et al. Designing informed game-based rehabilitation tasks

leveraging advances in virtual reality. Disabil Rehabil. (2012)

34:1863–70. doi: 10.3109/09638288.2012.670029

56. Lupinacci G, Gatti G, Melegari C, Fontana S. Interactive design

of patient-oriented video-games for rehabilitation: concept

and application. Disabil Rehabil Assist Technol. (2018) 13:234–

44. doi: 10.1080/17483107.2017.1306592

57. Sokolov AA, Collignon A, Bieler-Aeschlimann M. Serious video games and

virtual reality for prevention and neurorehabilitation of cognitive decline

because of aging and neurodegeneration. Curr Opin Neurol. (2020) 33:239–

48. doi: 10.1097/WCO.0000000000000791

58. Wiederhold BK. Are we ready for online virtual reality therapy? Cyberpsychol

Behav Soc Netw. (2018) 21:341–2. doi: 10.1089/cyber.2018.29114.bkw

59. Riva G, Baños RM, Botella C, Mantovani F, Gaggioli A. Transforming

experience: the potential of augmented reality and virtual reality

for enhancing personal and clinical change. Front Psychiatry. (2016)

7:164. doi: 10.3389/fpsyt.2016.00164

60. Chicchi Giglioli IA, Pallavicini F, Pedroli E, Serino S, Riva G. Augmented

reality: a brand new challenge for the assessment and treatment

of psychological disorders. Comput Math Methods Med. (2015)

2015:862942. doi: 10.1155/2015/862942

61. Khademi M, Hondori HM, Dodakian L, Cramer S, Lopes CV. Comparing

“pick and place” task in spatial augmented reality versus non-immersive

virtual reality for rehabilitation setting. Conf Proc IEEE Eng Med Biol Soc.

(2013) 2013:4613–16. doi: 10.1109/EMBC.2013.6610575

62. Zhou RJ, Hondori HM, Khademi M, Cassidy JM, Wu KM, Yang DZ,

et al. Predicting gains with visuospatial training after stroke using an

EEG measure of frontoparietal circuit function. Front Neurol. (2018)

9:597. doi: 10.3389/fneur.2018.00597

63. Manera V, Ben-Sadoun G, Aalbers T, Agopyan H, Askenazy F,

Benoit M, et al. Recommendations for the use of serious games in

neurodegenerative disorders: 2016 Delphi panel. Front Psychol. (2017)

8:1243. doi: 10.3389/fpsyg.2017.01243

64. Zucchella C, Sinforiani E, Tamburin S, Federico A, Mantovani E, Bernini S,

et al. The multidisciplinary approach to Alzheimer’s disease and dementia.

A narrative review of non-pharmacological treatment. Front Neurol. (2018)

9:1058. doi: 10.3389/fneur.2018.01058

65. Gamito P, Oliveira J, Morais D, Rosa P, Saraiva T. Serious games for serious

problems: from ludicus to therapeuticus. In: Kim JJ, editor. Virtual Reality.

Rijeka: InTech Publishing (2011). p. 527–48. doi: 10.5772/12870

66. Robert P, König A, Amieva H, Andrieu S, Bremond F, Bullock R,

et al. Recommendations for the use of serious games in people with

Alzheimer’s disease, related disorders and frailty. Front Aging Neurosci. (2014)

6:54. doi: 10.3389/fnagi.2014.00054

67. Rouse R, Engberg M, JafariNaimi N, Bolter J. MRX: an interdisciplinary

framework for mixed reality experience design and criticism. Digital

Creativity. (2015) 26:175–81. doi: 10.1080/14626268.2015.1100123

68. McCallum S, Boletsis C. Dementia games: a literature review of dementia-

related serious games. In: Ma M, Oliveira MF, Petersen S, Hauge JB, editors.

Serious Games Development and Applications. Berlin; Heidelberg: Springer

(2013). p. 15–27 doi: 10.1007/978-3-642-40790-1_2

69. Wollersheim D, Merkes M, Shields N, Liamputtong P, Wallis L, Reynolds F,

et al. Physical and psychosocial effects of Wii video game use among older

women. iJET. (2010) 8:85–98.

70. Wolf SL, Blanton S, Baer H, Breshears J, Butler AJ. Repetitive task

practice: a critical review of constraint-induced movement therapy in

stroke. Neurologist. (2002) 8:325–38. doi: 10.1097/00127893-200211000-

00001

71. Manera V, Petit PD, Derreumaux A, Orvieto I, Romagnoli M, Lyttle G,

et al. ‘Kitchen and cooking,’ a serious game for mild cognitive impairment

and Alzheimer’s disease: a pilot study. Front Aging Neurosci. (2015)

7:24. doi: 10.3389/fnagi.2015.00024

72. Van der Kuil MN, Visser-Meily J, Evers AW, Van der Ham IJ. A

usability study of a serious game in cognitive rehabilitation: a compensatory

navigation training in acquired brain injury patients. Front Psychol. (2018)

9:846. doi: 10.3389/fpsyg.2018.00846

73. Lopes S, Magalhães P, Pereira A, Martins J, Magalhães C, Chaleta

E, et al. Games used with serious purposes: a systematic review of

interventions in patients with cerebral palsy. Front Psychol. (2018)

9:1712. doi: 10.3389/fpsyg.2018.01712

74. Mishkind MC, Norr AM, Katz AC, Reger GM. Review of virtual

reality treatment in psychiatry: evidence versus current diffusion

and use. Curr Psychiatry Rep. (2017) 19:80. doi: 10.1007/s11920-017-

0836-0

75. Wiederhold BK, Riva G. Virtual reality therapy: emerging topics

and future challenges. Cyberpsychol Behav Soc Netw. (2019)

22:1. doi: 10.1089/cyber.2018.29136.bkw

76. MoyleW, Jones C, Dwan T, Petrovich T. Effectiveness of a virtual reality forest

on people with dementia: a mixed methods pilot study. Gerontologist. (2018)

58:478–87. doi: 10.1093/geront/gnw270

77. Ferguson C, Shade MY, Blaskewicz Boron J, Lyden E, Manley NA. Virtual

reality for therapeutic recreation in dementia hospice care: a feasibility

study. Am J Hosp Palliat Care. (2020) 37:809–15. doi: 10.1177/10499091209

01525

78. Griffiths PC, KovaleaM,HigginsM, Langston AH,Hepburn K. Tele-Savvy: an

online program for dementia caregivers. Am J Alzheimers Dis Other Demen.

(2018) 33:269–76. doi: 10.1177/1533317518755331

Frontiers in Neurology | www.frontiersin.org 7 September 2020 | Volume 11 | Article 926

https://doi.org/10.1089/cyber.2014.0054
https://doi.org/10.1016/j.trci.2019.09.016
https://doi.org/10.3109/09638288.2014.934925
https://doi.org/10.1080/17434440.2018.1425613
https://doi.org/10.1016/j.jnma.2019.01.003
https://doi.org/10.1080/17483107.2020.1755376
https://doi.org/10.1515/ijdhd-2014-0325
https://doi.org/10.1371/journal.pone.0093318
https://doi.org/10.3389/fnhum.2016.00284
https://doi.org/10.1002/14651858.CD008349.pub4
https://doi.org/10.3389/fneur.2020.00354
https://doi.org/10.3109/09638288.2012.670029
https://doi.org/10.1080/17483107.2017.1306592
https://doi.org/10.1097/WCO.0000000000000791
https://doi.org/10.1089/cyber.2018.29114.bkw
https://doi.org/10.3389/fpsyt.2016.00164
https://doi.org/10.1155/2015/862942
https://doi.org/10.1109/EMBC.2013.6610575
https://doi.org/10.3389/fneur.2018.00597
https://doi.org/10.3389/fpsyg.2017.01243
https://doi.org/10.3389/fneur.2018.01058
https://doi.org/10.5772/12870
https://doi.org/10.3389/fnagi.2014.00054
https://doi.org/10.1080/14626268.2015.1100123
https://doi.org/10.1007/978-3-642-40790-1_2
https://doi.org/10.1097/00127893-200211000-00001
https://doi.org/10.3389/fnagi.2015.00024
https://doi.org/10.3389/fpsyg.2018.00846
https://doi.org/10.3389/fpsyg.2018.01712
https://doi.org/10.1007/s11920-017-0836-0
https://doi.org/10.1089/cyber.2018.29136.bkw
https://doi.org/10.1093/geront/gnw270
https://doi.org/10.1177/1049909120901525
https://doi.org/10.1177/1533317518755331
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Mantovani et al. Cognitive Telerehabilitation and COVID

79. Hopwood J, Walker N, McDonagh L, Rait G, Walters K, Iliffe S, et al.

Internet-based interventions aimed at supporting family caregivers of

people with dementia: systematic review. J Med Internet Res. (2018)

20:e216. doi: 10.2196/jmir.9548

80. Kovaleva M, Blevins L, Griffiths PC, Hepburn K. An online

program for caregivers of persons living with dementia: lessons

learned. J Appl Gerontol. (2019) 38:159–82. doi: 10.1177/07334648177

05958

81. Maggio MG, De Luca R, Manuli A, Calabrò RS. The five ’W’ of cognitive

telerehabilitation in the Covid-19 era. Expert Rev Med Devices. (2020) 17:473–

5. doi: 10.1080/17434440.2020.1776607

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2020 Mantovani, Zucchella, Bottiroli, Federico, Giugno, Sandrini,

Chiamulera and Tamburin. This is an open-access article distributed under the

terms of the Creative Commons Attribution License (CC BY). The use, distribution

or reproduction in other forums is permitted, provided the original author(s) and

the copyright owner(s) are credited and that the original publication in this journal

is cited, in accordance with accepted academic practice. No use, distribution or

reproduction is permitted which does not comply with these terms.

Frontiers in Neurology | www.frontiersin.org 8 September 2020 | Volume 11 | Article 926

https://doi.org/10.2196/jmir.9548
https://doi.org/10.1177/0733464817705958
https://doi.org/10.1080/17434440.2020.1776607
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

	Telemedicine and Virtual Reality for Cognitive Rehabilitation: A Roadmap for the COVID-19 Pandemic
	Introduction
	Telemedicine and Telerehabilitation for Cognitive Disorders
	Virtual Reality for Cognitive Rehabilitation
	Discussion
	Data Availability Statement
	Author Contributions
	References


