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Abstract: As the number of stroke survivors is continuously growing, with an important number
suffering from consequent functional deficits, the rehabilitation field is facing more complex demands.
Technological progress gives us the opportunity to remotely assist patients while they exercise at
home through telerehabilitation (TR), addressing the problems of limited medical resources and staff,
difficult transportation, or living a long distance from rehabilitation centers. In addition, TR is a way
to provide continuity in long-term post-stroke recovery during the COVID-19 pandemic, which limits
traveling and human interaction. While the implementation of TR is increasing, the biggest challenges
are to raise patients’ acceptability of the new method and their motivation and engagement during
the program. In this review, we aimed to find methods to address these challenges by identifying the
patients who benefit the most from this therapy and efficiently organizing the space and technology
used for telerehabilitation. User-friendly technologies and devices along with therapists’ constant
support and feedback are some of the most important aspects that make TR an efficient intervention
and an alternative to conventional therapy.

Keywords: telerehabilitation; post-stroke recovery; robotic therapy; virtual reality; serious games

1. Introduction

Strokes are a frequent condition affecting 15 million people every year, of which
5 million survivors live with a consequent disability [1,2]. Healthcare and medical tech-
nologies have rapidly evolved in the last years, increasing the survival rate after stroke and
therefore raising the number of patients with infirmities [3,4]. Post-stroke patients usually
suffer from impaired motor function of one or more limbs, diminished sense of touch,
cognition or swallowing alterations and speech and language difficulties [5]. Motor deficit
of one of the upper limbs, present in about 80% of patients, is one of the most frequent con-
sequences of stroke, and produces a dire need of rehabilitation therapy [6,7]. Loss of upper
limb functionality severely impacts patients’ quality of life [6,8]. The average time hospital-
ized post-stroke patients spend training their upper limbs is insufficient for total function
recovery [7,9]. As a result of short hospitalizations and limited human resources avail-
able for face-to-face rehabilitation therapy, the majority of stroke survivors are discharged
with functional deficits and are in need of continuous recovery treatment [6,10]. Statistics
show that an important number of patients do not take part in rehabilitation programs
after the acute phase of a stroke [11]. It is considered that the best time to work with the
neuroplasticity and deficit recovery ability is within the first 6 months after a stroke [10,12].
However, there is evidence that also supports an intense recovery program during the
chronic phase of the disease [6,12]. Thereby, post-stroke rehabilitation has an important
role when applied in any stage of the disease, with its absence having consequences such
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as pathological motor pattern development, non-use of the affected limb, spasticity en-
hancement, joint rigidity, increased pain and disability [12–14]. In addition, rehabilitation
programs initiated in the clinic and continued at patients’ homes represent a therapeutic
alternative to hepatotoxic and nephrotoxic medications administered to relieve pain and
trophic effects [15,16].

Rehabilitation therapy has proven its efficacy when task-oriented and applied in
large doses, intensively, with many repetitions and continuously, in order to facilitate
relearning [7,12,17]. The results seem to be directly proportional to the training period [7,17].
For example, improvements of arm function have been obtained after sessions summing 3 h
or more per week [10]. Traditional exercises provided for patients upon discharge in order
to be practiced at home have low adherence because of motivation loss, lack of pleasure
while exercising and tasks that are either too hard or too easy [9]. Stroke rehabilitation
represents a complex field that brings together physiotherapy, occupational therapy, speech
and language therapy and neuropsychology [10]. As a result of the high costs of individual
therapy sessions provided by a specialist, this is not the standard approach to chronic
post-stroke patients.

Teletherapy represents an alternative in the form of a variety of communication
technologies, robotic devices or computer games used at home under the remote guidance
of the therapist, and is a promising option that can stimulate motivation and prevent
boredom [6,8]. Telerehabilitation (TR) implies access anytime and anywhere, through the
Internet and technology, to qualitative rehabilitation services of any kind: physiotherapy,
occupational therapy, speech and language therapy and neuropsychology [3]. It allows
patients to have continuity in the rehabilitation of their acute or chronic conditions in cases
of shortage of healthcare staff and medical resources, difficult transport, living in rural
areas with difficult access to rehabilitation centers or mobility and interpersonal contact
restrictions in the case of a pandemic [18].

The purpose of this literature review was to identify in the literature the main chal-
lenges that may be faced when trying to initiate post-stroke telerehabilitation with the
help of technology, and to contribute to the decision-making process in this emerging
field. According to this, the secondary objectives were represented by: identifying patient
categories who may benefit from telerehabilitation, the optimal organization of the patient’s
domestic space, the suitable choice of TR devices taking into account the patient’s needs,
the organizational needs of the therapist’s workspace, ways of increasing the patient’s
motivation and adherence to treatment and innovative methods in TR.

2. Search Strategy and Article Selection

We searched the PubMed, ScienceDirect, Web of Science, Scopus and Cochrane Library
databases in June 2021 using the following keywords: stroke, telerehabilitation, the Boolean
operator “AND” and the publication time frame 2009–2021. Only full-text articles written
in English were consulted. The search produced a total of 978 results. We removed the
duplicates, the articles that had no full-text availability and the ones that were not written
in English. We excluded letters, protocols, abstracts of unpublished studies, conference
papers and case reports, as well as the studies that had no clear objectives or those that
solely studied the efficacy of the interventions. The inclusion criteria were: written in
English, full-text available, involving post-stroke patients with subsequent disabilities,
intervention through telerehabilitation, overcoming or discussing the challenges of TR
implementation. The articles were consulted in full-text, together with their references
when clarifications were needed. A total of 46 publications were selected.

3. Who Can Benefit from TR?

Many studies (Table 1) have assessed the efficacy of TR on different deficits in chronic
stroke and the most agreed-upon conclusion was that there is no inferiority in com-
parison with usual care on patient autonomy, activities of daily living and motor func-
tion [5,11,19,20]. However, there are no clear recommendations made in this field because
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of the heterogeneity of existing data. Therefore, more studies are needed in order to have a
complete image of the most suitable ways to use TR in stroke rehabilitation.

Table 1. Patients with various disabilities who can benefit from TR.

Studies Exercises Results

Hemiparesis/upper limb
most studies, diverse
methodology [21–23];
reviews [5,7,14,23,24]

Constraint—induced movement
therapy (CIMT) [25–27];

heterogeneous exercises [21–23];
biofeedback [17]

comparable with
face-to-face therapy

Hemiparesis/lower limb

few studies;
not represented

primary objective;
reviews [5,23]

heterogeneous exercises
favorable telerehabilitation

results;
low costs

Aphasia
comparative studies [28];
randomized controlled

trials [29–32]
various interventions controversial results

Gait disorder
Balance

few studies and
reviews [5,24,33]

gait exercises;
exercises for improving balance

favorable results
assessment: Berg balance
scale, time up and go test,

modified Falls efficacy scale,
motricity Index

Psycho-emotional and
cognitive disorders

secondary objectives;
few studies and

reviews [5,22,24,32]

cognitive therapy [32];
diverse therapy

improvements in depression
and cognition [22];

cognitive function [24];
functional communication [5]

Using TR could make it possible to discharge patients from rehabilitation clinics
after they have become accustomed to the therapeutic exercises and provide continuity
of treatment by using telecommunication technology [5]. In this way, we appreciate that
the chances to lose the improvements gained during hospitalization are reduced and the
patients can benefit from a guided rehabilitation process in the comfort of their homes.
Research suggests that the less motivated patients, those with a low degree of autonomy,
and those who have difficulties using technology benefit more from in-person therapy,
while highly motivated patients, and patients accustomed to the internet and different
devices benefit most from TR because they can exercise as long as they want to, without
the time restrictions of face-to-face training or in-clinic programs [6].

4. How to Organize TR at Patient’s Home?

Telerehabilitation can use virtual reality technology, and regarding post-stroke patients,
a rigorous assessment is needed before therapy onset. The evaluation is essential for therapy
settings and outcome establishment. It requires at least a few sessions of exergames to be
performed by the patient before home training, so they can be familiarized with virtual
reality technology. It is essential for patients to learn from the physiotherapist how to
correctly perform the exercises as a complement to the virtual assistance provided by the
technology used [34,35].

An important aspect and challenge of the implementation of TR is the spatial planning
of a patient’s home where the training will take place. The risk of fall or injury during
exercise has to be reduced to a minimum and redressing support in case of balance loss or
standing up after a fall has to be assured [36]. Probably due to safety procedures, some
studies found balance to be one of the outcomes where TR did not prove its efficacy [11];
however, there are some research results that suggest the opposite [33,37]. Therefore,
when the exercises performed at home target walking and balance, it is of importance to
ensure the safety of therapy sessions with the presence of a family member or another
informal caregiver who can supervise, support and help the patient in case of loss of balance
(Figure 1). Moreover, the family member can help in establishing the communication with
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the rehabilitation team. The exercising room has to be spacious enough in order to maintain
a minimum of 2 m between the patient and the surrounding furniture during the entire
time of walking and balance training.

Figure 1. Safe space for TR practice at home.

5. How Can Technology Contribute to Rehabilitation Progress?

Nowadays, there is a continuous growth in the number of people of all ages that use
communication technologies, the majority having at least a mobile phone if not also a tablet
or a computer [4]. Health professionals often make incorrect assumptions about patients’
interest and abilities regarding TR, especially when it comes to the elderly, cognitively im-
paired patients, people coming from underprivileged environments or those with financial
problems. These assumptions have frequently been misleading as these patients managed
to conform to and involve themselves in TR [36]. One study showed that for the older
population, the most reliable way to deliver telemedicine was through a mobile phone,
which was probably the most accessible and easy to use kind of all devices [1]. However,
multiple types of devices were used during TR, most of them being already present in
patients’ homes or easily acquirable (Figure 2).

One of the most used ways to replace traditional exercises that take place in a physio-
therapy room is through serious games. These games are designed to target functionality
and performance in order to accomplish their purpose of enhancing the user’s various
skills [19]. Moreover, when developing such games for rehabilitation, the programmer,
by respecting the relearning process and constant feedback necessities [19], may create
an intelligent application that can be in some cases a better substitute of human guidance
because the equipment such as video camera and sensors can become flawless assessors
and tireless helpers. Furthermore, the permanent online storage of acquired data permits
previously written algorithms to process and analyze information based on current experi-
ence [13]. The programmed artificial intelligence being able to analyze hundreds of data
inputs from multiple sources at the same time could provide the specialist with a quicker
and more informed therapy solution.

Besides the patient-side technical equipment and training space, a special workspace
for the therapist has to be set up (Figure 3). The minimal equipment needed by the
therapist for TR coordination is a data server, a computer, a tablet or a telephone, camera,
headphones, a stable internet connection and a private workspace [36].
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Figure 2. Devices used for TR at the patient’s home.

Figure 3. Therapist’s private workspace and data server room.

One issue that has to be addressed when it comes to TR is data security and network
safety during data transfer from patients’ devices to the local server and to the clinician’s
workstation [5]. Therefore, it is appropriate to work together with an IT professional
for the development, administration and support of the entire data system in order to
assure security, reliability, data integrity and redundancy of both server-side and client-
side applications. Special measures should be taken in order to assure the security of
patients’ personal and clinical data by regularly testing the system infrastructure and the
data storage center for security flaws (Figure 4).
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Figure 4. TR network setup.

TR has the potential to contribute to the standardization of rehabilitation services and
to offer objective monitoring with long-term data storage and follow-up [4,36].

6. Telerehabilitation during COVID-19

Efficient ways to substitute hands-on physical examinations and physiotherapy have
to be found by making use of novel technology, robots, sensors or informal caregivers [5].
Rozevink et al. adapted their study protocol [6] during the COVID-19 pandemic in order
to be able to measure impaired arm functionality after the intervention and to comply with
the prevention of SARS-CoV-2 transmission. They delivered the needed equipment to
every patient and, together with a family member, made a video call. During the call, with
the help of the caregiver, they performed the tests and completed the final evaluation and
study protocol.

During the COVID-19 pandemic, a significant decline was observed in cases in stroke
units [38] and post-stroke patients referred to rehabilitation clinics [39]. The causes were
the reluctance to visit the emergency department, various medical system limitations,
patients’ will to avoid prolonged contact with the health system or family reluctant to
accommodate the visiting restrictions imposed by the epidemiological situation [39]. The
fact that neurorehabilitation was not of high priority during the pandemic in order to
decrease the overload of the medical system negatively impacted stroke patients and
responsible health professionals [13,40]. Medical resources were preferentially concentrated
in treating COVID-19 patients. The number of beds available in rehabilitation clinics
was drastically decreased in order to assure social distancing, patients with COVID-like
symptoms were not eligible for any rehabilitation treatment, some rehabilitation activities
were temporarily stopped and patients were prematurely discharged for epidemiological
reasons [36].

Telemedicine is probably the medical field with the most rapid and complex devel-
opment during the COVID-19 pandemic. For many health services, it became a necessity
in order to maintain social distancing and decrease the risk of viral transmission while
meeting the constant demands of healthcare [40–42]. During the COVID-19 pandemic,
telerehabilitation is a solution to continue the recovery of post-stroke patients without the
consumption of protective equipment, while limiting viral transmission risk in a group
that is already vulnerable [43,44].

Lately, TR implementation has been performed in a stressful period and has been a chal-
lenge for the health professionals without experience. Previous contact with telemedicine, a
well-prepared IT department and management involvement have made TR implementation
easier [36].

Assenza et al. explored patients’ and professionals’ perception of a TR intervention
during COVID-19 lockdown through questionnaires. Remotely delivered therapy was
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introduced in order to substitute traditional rehabilitation during the period of travel
restrictions and social distancing requirements. Patients received it with a high level of
skepticism and low adherence. Healthcare professionals also had a moderate level of trust
in the benefits of TR and reported the lack of physical contact as an important limitation
to their work. However, rehabilitation specialists with previous experience with remotely
delivered therapy trusted its efficacy more than those without experience [41]. These results
make it clear that TR is a field that needs more practiced and trained medical personnel to
manage the implementation of any level of this new therapy option.

7. The Acceptability, Accessibility and Usability of Telerehabilitation

Some patients may consider TR inferior to conventional face-to-face rehabilitation
and be reluctant to accept it [11,41]. Being, for many, a new approach, researchers were
confronted with skepticism from patients and their families, while therapists have the
mission to persuade users about the new concept and its advantages [36].

In order to accept different new technologies as part of their recovery process, patients
need to trust their therapist and be open to novelty. The presence of fear that the devices
are too fragile and that they may get damaged during exercises can decrease acceptability
for patients unfamiliar with technology [9]. The teletherapy system should fulfill some
basic requirements such as assuring user safety, being user-friendly, not needing frequent
technical maintenance, and requiring minimal home reorganization and investment [13].

One study based on questionnaires distributed to patients, caregivers and healthcare
professionals found that the possibility of using the e-rehabilitation program on different
devices (phone, tablet and computer) was considered positively for accessibility. Another
preference of patients and caregivers was small and easy to use devices [45]. Researchers
also noted the patients’ preference for the application interface. The most suitable interface
is a calm interface without bright, fast-moving images [9]. The existence of user support in
any form was also stated as being a priority [45], including in the transition period from
conventional therapy to the new therapy [9]. Another identified factor that counted for the
acceptance of rehabilitation through technology was the way the devices fit into patients’
homes [9].

Teletherapy solves the problem of transportation and has few restraints on location
and time of performance, therefore improving accessibility of rehabilitation services [12].

8. Engagement and Motivation in Telerehabilitation

Patients’ perception of TR is generally good, with positive satisfaction reports [11].
Keeping the post-stroke patient engaged and motivated through the rehabilitation process
seems to be one of the most challenging parts of telerehabilitation [6]. The lack of com-
pliance with the therapy protocol can reach 70% of cases when the training is performed
at home without direct supervision [12]. Many factors such as a small variety of games
or exercises, poor structure of the intervention, too challenging or too easy tasks, the
lack of feedback or poor-quality feedback can negatively affect patients’ motivation [9].
Therefore, when it comes to telerehabilitation, it seems that the focus should not only be on
high-performance technology, but also on therapists who should be ready to adapt and
modify the therapy and handle a disengaged, demotivated, frustrated or bored patient.
The communication skills of therapists may be challenged in different ways from situations
encountered during face-to-face rehabilitation, and their training in this field may be op-
portune. One study showed that the system used for TR motivated the patient if it reported
their real-time progress to the therapist and permitted the latter’s prompt and regular
intervention [17]. Another benefit of the patient’s constant contact with a therapist has
been the improvement of the social isolation feeling and overall mood [12]. The absence of
a social network and human interaction represents a risk factor for stroke recurrence, its
presence being associated with better clinical progress during TR due to socially offered
support and motivation [2]. The consistency of post-stroke patients’ treatment depends



Appl. Sci. 2021, 11, 10116 8 of 12

on the integration of the training in their daily routine, and for this, shorter trainings with
a higher frequency were preferred [9].

During our literature review, we identified a variety of reasons that explained the
cases of low compliance with TR that specialists faced. The most frequent are: an elderly
population with no experience with technology or reluctance to it, lack of time for exercise
at home, absence of a caregiver to provide assistance during training, lack of specialist
supervision, cognitive impairments after stroke and bad internet connection. Therefore,
one important aspect is the thorough selection of patients with additional attention given
to aspects that may lead to low compliance.

9. Innovation in Telerehabilitation

Numerous technologies and devices were recently developed in order to assist re-
habilitation in hospital setting or at home [46]. In Table 2, we list the technologies that
successfully addressed the challenges of TR by trying to minimize its shortcomings com-
pared with face-to-face rehabilitation.

The continuous feedback of the therapist during in-clinic training of a spastic limb
is missing during classical home training. The visual information provided by EMG or
sensor assessment helps the patient to perform the movements correctly and efficiently
while also increasing their motivation [6,17,47].

The stimulation of the sense of touch, usually done by the therapist during in-person
sessions by touching the patient at key moments in order to rectify, explain or encourage
patient’s movement, is also missing during teletherapy, and patients perceive this as a
limitation. Handelzalts et al. addressed this limitation by using vibrations generated by
a wearable device [44].

Aphasia can accompany acute stroke symptoms in 20–40% of cases, and although
there is an important number of patients that recover due to early neuroplasticity, speech
impairment remains one of the challenges of chronic stroke rehabilitation [48]. It has a
significant impact on patient’s life, contributes to social isolation, makes communication
with family and caregivers harder, increases disease = related frustration and represents
an important factor in depression onset [49]. Speech and language therapy, the traditional
techniques used in the management of aphasic patients, is meant to restore the communi-
cation abilities of post-stroke patients. It is one of the conventional therapies where novel
technologies such as video chat, virtual reality and computer games can be successfully
implemented, and it can be included in telerehabilitation services [48,49].

Last but not least, post-stroke patients usually lack sufficient physical activity. The
American Stroke Association stated that the consequences are further loss of functional
capacity and increased risk of secondary complications. Furthermore, there is scientific evi-
dence which sustains aerobic exercise for improving cardiorespiratory fitness after stroke
in order to obtain important benefits in both physical and psychosocial health [50]. Contin-
uous home cardiorespiratory training was addressed through TR by Galloway et al. [51].
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Table 2. Technology for TR delivery.

Innovative Technology Principle Advantages

1
2

TR
fo

r
up

pe
r

lim
b

m
ot

or
de

fic
it

s

Visual muscle biofeedback
through EMG during

serious games

real-time continuous
feedback of agonist and

antagonist muscle
contraction during

exercises

training of muscle control,
strength and arm function

while focusing on wrist
extensor muscle activity
and limiting wrist flexor

unwitting contraction

[17]

Robotic device with
forearm support and

sensors to detect active
movements (angles, force)

specific software that
generates serious games

and real-time
visualization of the

movements on a tablet

feedback offered to the
patient to bring more

motivation through the
process

[6,47]

3

TR
fo

r
w

al
ki

ng
re

le
ar

ni
ng

Vibration signals applied
through a wearable device

as a substitute for the
therapist’s tactile feedback

enhanced feedback that
guides the patients

through their training
without capturing their

visual attention

simulation of the physical
contact with a therapist
and the sense of human

support and
encouragement of
importance for the

psychology of patients
during rehabilitation

[44]

4

TR
fo

r
ap

ha
si

a
an

d
co

gn
it

io
n

Tablet with integrated
virtual reality system
remotely controlled

memory, attention,
perception, speech

abilities, language, global
cognitive functions and

executive functions
trained through

personalized exercises

big variety of interactive
exercises available,

adapted by the therapist
in terms of duration and
difficulty to the level of

impairment each patient
presents; better than

paper-pencil exercises;
decrease in anxiety levels

[49,52]

5

TR
fo

r
fit

ne
ss

Aerobic exercises
performed at home while

video conferencing

guidance and supervision
of a therapist during

training

safe, reliable, good
attendance rates,

enjoyable and efficient
[51]

10. Conclusions

Current research in TR supports changing care protocols for chronic stroke patients
by including more intensive, high dose therapy in the form of TR for patients that easily
adapt to new technology, and conventional rehabilitation for less motivated patients [6].

Due to the heterogeneity of the existing research methodology and to the wide variety
of technology and systems used in telerehabilitation research, we are in agreement with
our colleagues Laver et al. [5] and Appleby et al. [11] that no firm recommendations can
be made regarding the use of TR in clinical practice at this time. More experience should
be gained regarding technology and device efficacy, the best time and dose of TR delivery,
and healthcare professional training in this field, with emphasis on the proper approach
and guidance of patients.

Because there is growing interest in the telerehabilitation field, with clinics already
providing this kind of services [5], systematic research is necessary in order to fill the
knowledge gaps in this area and to develop practical recommendations and strategies.
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