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ABSTRACT
Background: The 2019 novel coronavirus disease (COVID-19) pandemic has triggered a dev-
astating effect worldwide.
Objectives: This review of rehabilitation strategies and neurological consequences in
patients with COVID-19 sought to consider potential neurorehabilitation strategies for man-
aging the emerging neurological consequences of COVID-19.
Methods: An exploratory review was conducted that comprised a narrative synthesis in two
parts. Part I focused on neurological consequences and physiotherapy and rehabilitation
approaches. Part II focused on general principles of rehabilitation interventions and precau-
tions that should be considered. Literature on the use of neurorehabilitation approaches was
also included in the review.
Results: Rehabilitation should be initiated as quickly as possible. Neurorehabilitation proto-
cols include public health training valid for the whole community and providing intensive
care, pulmonary rehabilitation, mobilization, exercise and strengthening, whole-body vibra-
tion, neuromuscular electrical stimulation, telerehabilitation, and other rehabilitation inter-
ventions. Interventions should be conducted while correctly implementing personal
protective equipment (PPE), hand hygiene, sterilization procedures, and other precautions to
avoid the risk of contamination.
Conclusions: Multidimensional assessment should be followed by development of individu-
alized and progressive treatment and neurorehabilitation plans. These plans should focus on
existing potential and recovery of mobility and function in particular. It is important for
rehabilitation teams to keep gathering and reporting data on patients with COVID-19 and
the neurologic complications of COVID-19 during and after the pandemic.

KEYWORDS
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consequences; physiother-
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1. Background

Coronavirus disease 2019 (COVID-19) is a disease
caused by a new coronavirus called severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2)
[1]. The World Health Organization (WHO)
declared COVID-19 a global pandemic, and the dis-
ease triggered devastating effects worldwide such as
comorbidities, complications, and consequences
associated with severe acute respiratory distress
syndrome (ARDS) [1]. With the progress of the
COVID-19 pandemic, a growing number of patients
with COVID-19 suffer from typical pneumonia with
ARDS and a variety of problems with other organ
systems, including neurological and cardiovascular
problems [2]. The health outcomes of patients with

severe COVID-19 and health services could be
improved with rehabilitation approaches. This could
be achieved by facilitating early discharge, reducing
the risk of readmission and optimizing health and
functional outcomes [3]. Guidelines for rehabilitation
(physiotherapy, occupational therapy, and speech-
language pathology) following COVID-19 have been
proposed, focusing on the recovery of mobility and
function. Details on comorbidities, complications,
and the effects of the SARS-CoV-2 on multiple organ
systems, including cardiac, neurological, cognitive,
and mental health, must be considered. A thorough
assessment and the development of individualized
and progressive treatment plans should be completed,
focusing on the patient’s existing function, disabilities
(if any), and desire to resume participation in society,
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to maximize future function and quality of life [4].
An interprofessional team typically consists of a crit-
ical care physician, physiotherapist, nurse, psycholo-
gist, and other health professionals [5]. Social
distancing and infection control measures, such as
wearing of masks constitute the current primary
arsenal against SARS-CoV-2 infection [6]. As a first
step, the rehabilitation team can support public health
training valid for the whole community, regarding
adherence to effective handwashing, respiratory
hygiene techniques, and social distancing to help with
stopping the spread of the SARS-CoV-2 [7,8].

Physiotherapists fundamentally have an important
public health role in designing and educating person-
alized recommendations for home-based physical
activity. In addition, both physical and biopsychoso-
cial aspects of COVID-19 have been addressed [9].
Physical sequelae of prolonged immobility could also
appear as cardiorespiratory deconditioning, venous
thromboembolism, postural instability, muscle short-
ening, contractures, and pressure injuries [4]. It is
well known that a healthy lifestyle, balanced nutri-
tion, quality sleep, strong connections with people,
and regular exercise are illness-preventive strategies
based on psychoneuroimmunity. Therefore, all forms
of psychological support should be routinely imple-
mented to enhance the population psychoneuroim-
munity against SARS-CoV-2 [9]. This review of
rehabilitation strategies and neurological consequen-
ces in patients with COVID-19 sought to consider
potential neurorehabilitation strategies for managing
the emerging neurological consequences of COVID-
19, with comprising a narrative synthesis in two
parts. Part I focuses on neurological consequences
and physiotherapy and rehabilitation approaches.
Part II of the review sought to explore general princi-
ples of potential rehabilitation strategies for managing
the emerging neurological consequences of COVID-
19. Part II also focuses on methods to assess their
effects, and precautions those should be considered.

2. General principles of physiotherapy and
rehabilitation

Many rehabilitation institutions are involved in the
acute care of patients with COVID-19. A consensus
has emerged, focused on pursuing early rehabilita-
tion in a manner that combines mobilization with
physiotherapy practice as a core part and an import-
ant strategy to treat critical illness polyneuropathy
and myopathy, and to facilitate and improve the
long-term recovery and functional independence of
patients as well as shorten the duration of ventila-
tion and hospitalization [10]. Suggestions for design-
ing rehabilitation plans for patients with COVID-19
are mostly based on prior experiences on patients

with severe acute respiratory syndrome (SARS) and
Middle East respiratory syndrome (MERS), and low
quality of evidence from recent literature because
there are currently no published randomized con-
trolled trials or quasi-randomized trials [4,6,11,12].
A recent review reported that new studies were con-
ducted in different regions of the world: 10 in
Europe (Italy, United Kingdom, Belgium, Germany,
Spain), 10 in the Americas (United States of
America, Brazil and Canada), one in the Western
Pacific (Australia), and one in the Africa (Morocco).
The report emphasized that most of these studies
(n¼ 12; 55%) described the impact of COVID-19
on the structure and function of the nervous system.
There was limited involvement of rehabilitation pro-
fessionals in the acute phase of COVID-19 care with
only seven (32%) studies reporting on the rehabilita-
tion component of acute care [12]. Despite the lim-
ited literature, WHO stated that ‘COVID-19 actually
increases rehabilitation needs – both for patients
who are critically unwell with the disease, and for
those who continue to experience the long-term
consequences of their illness’ [3]. Designs and pro-
cedures for inpatient rehabilitation of patients with
COVID-19 will likely become systematic with the
accumulation of experience and research. The guide-
lines state that it is important for physiotherapists
to be well informed and stay up-to-date, and to
keep a close eye on developments through WHO
updates or local and national public health author-
ities [13].

Despite the lack of controlled studies examining
the efficacy of rehabilitation care and an important
information gap in the scientific literature, it is well
known that early rehabilitation is the most essential
approach for patients with COVID-19, as well as for
other patients requiring rehabilitation [12,14,15].
Ideally, rehabilitation should be initiated as soon as
possible, while the patient is still in intensive care
unit (ICU), and rehabilitation protocols should be
included in the acute, postacute, and post-discharge
phases [16]. Mechanical ventilation, long-term bed
rest, and immobilization cause decreases in physical
function and muscle strength leading to impaired
respiratory and cognitive functions in individuals
with COVID-19 [17]. Given the possibility of symp-
toms such as decreased physical function and
reduced health-related quality of life after discharge
from the ICU, physiotherapists can play a role in
preparing patients in terms of the physical function
required to manage at home with support by
designing mobilization, exercise, and rehabilitation
interventions [18]. Basic neurorehabilitation should
be provided to all affected individuals, especially
those with dysphagia, cognitive impairment, paretic
extremities, decreased activity, and risk factors for
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deep vein thrombosis and falls. It should be noted that
the delivery of neurorehabilitation should never be
delayed for people with disabilities who have chronic
progressive diseases and COVID-19 with associated
neurologic consequences [16,19,20].

When considering best treatment practices, it is
necessary to examine the physiotherapy and
rehabilitation management of patients with COVID-
19 according to the following three categories:

1. Neurological consequences of viral infection (cen-
tral nervous system features include headache, diz-
ziness, ataxia, alteration of sensorium, encephalitis,
stroke, seizures, neuropathies, and myopathies)

2. Neurological complications in the post-infec-
tion process

3. Infection in patients with neurological comor-
bidity [20]

The most successful physiotherapy and rehabilita-
tion programs are likely to be designed according to
the framework of the International Classification of
Functioning, Disability, and Health [18]. It is obvi-
ous that the capacity to initiate physical activities
differs among individuals. It should always be con-
sidered that regardless of the level of disability and/
or comorbidities, equal access to rehabilitation is
required. Special cases and differences to be consid-
ered in the rehabilitation of patients with COVID-
19 and neurological symptoms are as follows:

� The existence of increased neurorehabilitation
needs as a result of health measures adopted dur-
ing treatment in addition to COVID-19-induced
immobilization, bed rest, and acute neurological
complications [19]

� Patients with COVID-19 and comorbidities
including cerebrovascular diseases and neurologic
symptoms related to COVID-19 require more
systemic and long-term rehabilitation [4].

� Physiotherapy rehabilitation approaches should
be deployed at the home, hospital, nursing home,
and ICU in an isolated environment [18,21].

� Home-based rehabilitation may be safer and is a
good option with respect to isolation and supports
the expansion of rehabilitation services [18].

� Most of the information required for treatment
decisions and rehabilitation processes could be pro-
vided simultaneously in a virtual environment (i.e.,
in real time) or asynchronously (e.g., via a prere-
corded customized exercise plan), although one or
more face-to-face visits might be required [6,22].

2.1. Intensive care

Patients with severe COVID-19 symptoms generally
experience pulmonary edema, multiorgan failure,

and ARDS. The prevalence of ARDS is reported to
be up to 17% among patients with COVID-19 [23].
ARDS develops in 10% of patients in ICU and the
mortality rate among these patients is reported to be
between 30% and 40% [24]. The pathogenesis of
ARDS involves inflammatory injury to the lung
endothelium and epithelium, which causes a marked
increase in lung vascular and epithelial permeability.
The hallmark of ARDS is increased alveolar-
capillary permeability to fluid, proteins, neutrophils,
and red blood cells [25]. As a result, ARDS is char-
acterized by acute hypoxemia, noncardiac pulmon-
ary edema, decreased pulmonary compliance, and
increased respiratory workload. Patients with this
condition require positive-pressure ventilation [25].
Endothelial and epithelial injury, and culminating in
protein-rich edematous fluid causes many biological
changes that contribute to surfactant dysfunction.
The risk of biophysical injury can increase, follow-
ing atelectasis due to surfactant dysfunction. The
resulting dyspnea and hypoxemia worsen progres-
sively within hours to days and patients have poor
muscle function and functional impairment.
Exertional dyspnea and significant decreases in exer-
cise tolerance are generally reported by many
patients [25]. Among existing treatment methods,
the proning of patients with ARDS can be used as
an adjuvant to improve ventilation. The prone pos-
ition has been co-opted to improve oxygenation in
patients with severe hypoxemia and acute respira-
tory failure since 1974. Long-term prone positioning
leads to a decrease in mortality rates [26]. The main
mechanisms of the prone position in patients with
ARDS include stimulation of the dorsal lung
regions, reduction of the alveolar shunt, and
increase in end-expiratory lung volume, chest wall
elastane, and tidal volume [27]. Prone ventilation
could improve lung mechanics and gas exchange, so
that both oxygenation and overall results could be
improved in patients with COVID-19 [13]. Proning
is applied when a low tidal volume is apparent
(6 cc/kg body weight) and should continue for at
least 12–16 h a day, preferably 72 h after endo-
tracheal intubation [13,27]. At least three to five
people are assigned to move intubated patients into
the prone position. To solve this problem, a tool
called the Vollman Prone Positioner (Hill-Rom,
Batesville, IN, USA) could be used. If the prone pos-
ition proves effective, it should be repeated for at
least 4 h after the supine position until the PaO2/
FiO2 ratio is at least 150mmHg with a positive end-
expiratory pressure of 10 cmH2O or less and a FiO2

concentration of 0.60 or less. In the case of deterior-
ation of oxygenation (20% decrease in the PaO2/
FiO2 ratio relative to the supine position) or serious
complications, the pronation procedure should be
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stopped [25]. Complications such as heterotopic
ossification, decubitus ulcers, tinnitus, brachial
plexus injuries, and entrapment neuropathies (pero-
neal and ulnar) have been reported in survivors of
ARDS who received mechanical ventilation [28]. In
109 survivors of ARDS, lung volume and spirometry
were normal for six months but the carbon monox-
ide diffusion capacity was decreased [29]. Exercise
training interventions (self-delivered, home-based)
supported by diaries and regular phone calls, could
be recommended to enhance recovery in patients
after their discharge from ICU. In particular, post-
discharge pulmonary outpatient rehabilitation units
must be set up for early and follow-up assessment
of symptoms (fatigue, anxiety, depression and dys-
phagia), pulmonary function and exercise perform-
ance in patients who have successfully recovered
from the COVID-19 pneumonia [30].

Patients suffering from post-intensive care syn-
drome (PICS) could also have cognitive and psycho-
social impairments in addition to physical
impairments. Therefore, special programs/settings of
rehabilitation (in-hospital, outpatient, telerehabilita-
tion, tele-coaching, home-rehabilitation, and mixed
form) should focus on these situations with an
interdisciplinary program mirroring the algorithm
of pulmonary rehabilitation [30]. Therefore, this
outpatient interdisciplinary rehabilitation follow-up
plan should be continued for an extended period
[31]. Noninvasive ventilation (NIV) treatments,
which include high-flow nasal oxygen (HFNO), con-
tinuous positive airway pressure (CPAP), and bilevel
positive airway pressure (BiPAP), can fix hypoxemia
and respiratory failure and delay or prevent endo-
tracheal intubation in patients with acute hypox-
emia. However, physiotherapists should be careful
when faced with such treatment modalities as there
is evidence, for example, that NIV can increase the
risk of SARS-CoV-2 transmission via aerosols.
Therefore, some COVID-19 guidelines recommend
using NIV only as a bridge therapy before transfer-
ring the patient to the ICU and starting invasive
mechanical ventilation (IMV) Unfortunately, IMV is
associated with more adverse outcomes for patients
than NIV [32,33].

Homeostatic and neuroinflammatory processes
occurring during immobilization and the resulting
musculoskeletal consumption are important risks to
consider in rehabilitation management, not only after
the disease has abated but also during the active dis-
ease stage [34]. As such, ICU patients require
rehabilitation more often than outpatients. Evidence
in the literature suggests the benefits of early rehabili-
tation in ICU-dependent patients [35]. Rehabilitation
in the ICU includes the use of secondary prevention
strategies, respiratory rehabilitation, and passive and

active mobilization techniques. Critical life support
devices such as endotracheal tubes, chest drains,
arterial and central venous access lines, and dialysis
catheters can prevent active mobilization in the ICU
[36]. It is important that the treatment practices used
by physiotherapists should not increase the workload
on breathing or enhance the risk of respiratory dis-
tress. In the presence of acute respiratory failure,
decreased lung compliance, increased respiratory
workload, and impaired blood oxygenation, there is
lead to a fast and shallow breathing pattern followed
by decrease in the respiratory muscles [37]. The
potential withholding of physiotherapy rehabilitation
program are shown in Table 1.

As part of physical impairments associated with
PICS, dyspnea/impaired pulmonary function, pain,
sexual dysfunction, impaired exercise tolerance, neu-
ropathies, muscle weakness/paresis, and severe
fatigue have been reported [39]. Rehabilitation has
had significant consequences on health and quality
of life, and functional independence outcomes. The
rehabilitation of patients with COVID-19, which
starts from the early stages could be correlated with
the best clinical and functional recovery, and the
reduced duration of NIV, MIV and in ICU. The
large number of patients with COVID-19 requiring
intensive care means that there is an impending
increase in the number of patients requiring
rehabilitation and follow-up after discharge [40].

2.2. Pulmonary rehabilitation

Pulmonary rehabilitation can be safely implemented
in patients with COVID-19. Early pulmonary
rehabilitation and mobilization in the ICU may be
approached and graded with safety criteria in mind
and cautious consideration. Healthy patients can
progress to severe or even critical conditions within
7–14 days of infection. Therefore, early pulmonary
rehabilitation and intensive monitoring should be
performed by a skilled physiotherapist to avoid
exacerbating respiratory distress or unnecessary
spread of the virus [4,37,41]. Patients should be
monitored closely and the program should be
stopped in those with early onset of dyspnea (3 days
or less), decreased SpO2 (� 90%), low or high blood
pressure (< 90/60mmHg or > 140/90mmHg), high
heart rate (<40 or > 100 bpm), high temperature

Table 1. The potential with holding of physiotherapy
rehabilitation [38].
Parameters Values

Heart rate < 40 bpm or> 180 bpm
Systolic blood pressure < 80mmHg or> 200mmHg
Average arterial blood pressure < 60mmHg or> 120mmHg
Increased intracerebral pressure >20mmHg
Oxygen saturation < 88%
Potassium level < 3.0mmol/L or> 5.5mmol/L
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(>38 �C), new onset of arrhythmia, myocardial
ischemia, extreme fatigue, chest pain, severe cough,
blurred vision, dizziness, sweating, loss of balance,
headache, and altered level of consciousness [4,41].

In the positive phase, if the inspiratory muscles
are weak, inspiratory muscle training should be
included. Depending on the needs detected, deep
and slow breathing, pursed lip breathing, thoracic
expansion (with shoulder flexion), diaphragmatic
breathing, mobilization of respiratory muscles and
the chest cage, bronchial hygiene techniques (when
necessary), active cycle of breathing techniques,
autogenic drainage, incentive spirometry, strength-
ening of the inspiratory and expiratory muscles,
cough exercises, mobilization, and positive expira-
tory pressure devices could be added, especially in
the subacute phase, and if the patient has no cogni-
tive impairment [4,41]. Although secretions are not
a common problem after COVID-19, if the patient
has secretions, postural drainage and mobilization
(standing for gradually increasing periods) are rec-
ommended [4]. The core component of pulmonary
rehabilitation is physical exercise, which may start
with bed mobility. In the acute phase, mucus clear-
ance techniques should be performed with early
mobilization and physical exercise [41].

Respiratory capacity is thought to be affected by
the prolonged lockdown during the pandemic [42].
Aerobic exercises could be considered in addition
while avoiding overload [4]. Rehabilitation for
patients with mild disease or after discharge can be
managed in the outpatient setting and with the
home exercise program by using telerehabilitation
including education, airway clearance techniques,
and physical and breathing exercises [41,42]. In a
randomized controlled study of COVID-19, a sig-
nificant improvement was achieved in respiratory
function, endurance, quality of life, and depression
by performing 10-min pulmonary rehabilitation ses-
sions for six weeks after discharge [43].

2.3. Mobilization

Long-term immobility is a contributing factor to
muscle weakness in ICU patients. Therefore, passive
and active mobilization could contribute to signifi-
cant recovery among critical care patients [44].
With mobilization, the risk of airway closure and
pulmonary atelectasis, the incidence of respiratory
tract infection and pneumonia, the endotracheal
intubation time, and the length of hospital stay
could be reduced, and pressure areas on the skin
could be prevented or their severity mitigated [44].
In addition, together with specific muscle training,
this approach could improve the functional status
and reduce the risk of venous stasis and deep vein

thrombosis [44]. Early mobilization is a feasible and
safe intervention after cardiopulmonary and neuro-
logical stabilization. Early mobilization should be
planned according to the patient’s respiratory and
hemodynamic conditions [18]. Mobilization can be
passive or active in the critical phase, during which
it could be done by getting the patient out of bed,
frequent posture changes, and continuous rotational
therapy in the acute and post-acute phases to pre-
vent disability [16]. In particular, continuous rota-
tion therapy refers to the use of special beds to
rotate patients continuously along the longitudinal
axis by up to 60� on both sides, relying on preset
degrees of rotation and speed. The head of the bed
should be positioned at 45�, the position should be
changed regularly at standard intervals of 2 h, daily
passive movement of all joints, sit-up exercises, sim-
ple bed exercises, and passive cycling in the bed
should be performed. Rehabilitation is usually per-
formed by increasing these exercises gradually, both
in terms of intensity and duration [44,45].

Early mobilization should be started as soon as pos-
sible. The mobilization steps include the following:

� Phase 1 mobilization (if the patient has a sup-
ported sitting balance and lower limb muscle
strength is below three points): sitting balance
practice, using the tilt table

� Phase 2 mobilization (if the patient has an
unsupported sitting balance and lower limb
muscle strength is above three points): sup-
ported/active weight-bearing exercises such as
sit-to-stand, standing on the foot with walking
aid, and walking with walking aid [4,46].

Mobility and functional assessments should
include range of motion, strength, balance, exercise
capacity, and cardiopulmonary exercise testing [47].
Mobilization and rehabilitation include simple bed
exercises, bed mobility, tilt table, sitting out of bed,
sitting balance, sit-to-stand, walking, standing hoists,
activities of daily living, upper-/lower-limb ergometry,
and tailored exercise programs [18]. Maintaining an
upright posture is largely dependent on gaining feed-
back from the somatosensory system; therefore, sen-
sory losses with motor neuropathy greatly disrupt the
balance, gait, and general function [48]. Balance
training includes the manipulation of certain varia-
bles such as the support base, posture configuration,
and walking surface. Later stage balance rehabilitation
programs could progress from stable to unstable sur-
faces and include perturbation training or multisen-
sory difficulties (eyes open or eyes closed) or
narrowing of the base of support according to the
patient’s capacity [49]. During rehabilitation and
early mobilization, protection of health care staff who
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were on the frontline should be considered as a
major point (e.g. wearing appropriate PPE, strict
infection control measures and precautions) (see sec-
tion 3). Meanwhile, if physiotherapists have to use
tilt-table and auxiliary devices for mobility, they
should also pay attention to infection control meas-
ures regarding these surfaces, by consulting with local
infection control experts and by considering the
usage of available disinfectants [6].

2.4. Strengthening based exercises

Prolonged immobility is more likely to cause dys-
function and atrophy in the antigravity muscles and
reduction of aerobic capacity [44]. As such, physio-
therapists are responsible for assigning musculoskel-
etal, neurological, and cardiopulmonary rehabilitation
tasks to affected individuals. Function, disability, and
activities of daily living can be measured using a
number of validated scales [18]. The effect of viral
infections on muscle activity is not known, so to
maintain a normal function, exercises programs with
a gradual load increase based on subjective symptoms
are recommended [16]. Therefore, physiotherapists
should develop a patient-specific rehabilitation pro-
gram based on clinical reasoning and the frequency,
intensity, time, and type (FITT) principle, which is
one of the foundations of exercise. The objectives of
passive, active-supported, or active-resistant range of
motion exercises are to maintain or improve joint
integrity, range of motion, soft tissue length, and
muscle strength and to reduce the risk of thrombo-
embolism [16,50]. A growing body of evidence indi-
cates that early and progressive exercise programs
have significant benefits (e.g. fewer ICU days, respira-
tory status, muscle strength and overall function) in
intubated adults [51]. In the acute disease phase, only
passive exercises might be provided; however, in the
subacute phase, more active limb exercises could be
performed, followed by progressive muscle strength-
ening efforts in the chronic phase [4]. On the first
day of eligibility, the patient should be evaluated in
terms of physiological stability.

During all exercise sessions vital signs should be
monitored continuously. A 20-min exercise program
for once a day can be started with in-bed exercises
and can be progressed towards to the either assisted
or active out-of-bed exercises [51]. Peripheral
muscle training (e.g. lifting weights or pushing
against something with one’s extremities) can trigger
certain gains in strength and recovery in the activ-
ities of daily life in patients with severe disabilities
[44]. In addition, active limb exercises should be
accompanied by progressive muscle strength train-
ing (e.g. repetition-maximum loading for eight to 12
repetitions, one to three sets with two minutes of

rest between sets, three sessions a week for six
weeks) [47]. Qigong was reported to have a poten-
tial role in the prevention, treatment, and rehabilita-
tion of respiratory infections; therefore, it was
considered for application in patients with COVID-
19. The movements that make up qigong are mind-
body exercises, and the regimen involve the
regulation of breath rhythm and pattern, body
movement and posture, and meditation. Stress
reduction, emotion regulation, strengthening of the
respiratory muscles, reduction of inflammation, and
enhancement of immune function are potential
results [52].

Resistive exercise training programs could be pre-
scribed for decreased muscle strength that may
occur secondary to immobility in quarantine and
the social isolation period, especially after discharge
from the hospital. Specific resistance exercises could
be prescribed to address weaknesses in antigravity
muscles that can cause gait dysfunction [49].
Balance, coordination, muscle strength, and endur-
ance training affect the physical functioning of
patients. Interventions include therapeutic exercises,
balance training, neuromuscular electrical stimula-
tion, and aerobic reconditioning according to the
patient’s needs [49]. While aerobic activity might
start at less than three metabolic equivalents of the
task, aerobic exercise should be increased to
20–30min, three to five times a week. Exercise
interventions can assist in gaining endurance,
increasing the maximum oxygen consumption, and
enhancing the strength of patients with SARS [53].
Post-acute rehabilitation in survivors of COVID-19
using an individualized and progressive treatment
plan that focuses on improving function, reducing
disability, and preparing for the return to participa-
tion in society, will help patients to maximize their
future function and quality of life [4]. It was stated
that adults should aim to do physical activity of any
intensity (including light, but preferably moderate-
to vigorous) to reduce the detrimental effects of
high levels of sedentary behavior on health in the
‘WHO guidelines on physical activity and sedentary
behavior’ [54].

2.5. Whole body vibration

Whole body vibration (WBV), is a passive exercise
approach that does not trigger dyspnea, and may be
tolerated by patients with COVID-19. WBV exercise
increases the production of anti-inflammatory cyto-
kines (e.g. interleukin-10), myokines, and lympho-
cytes and reduces inflammation and proinflammatory
cytokine production [55,56]. Research suggests that
WBV can also stimulate T-cell–mediated immunity
[56]. In severely ill patients with COVID-19, WBV
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devices can be used with inclination angles of the
intensive care bed up to 30�; here, the WBV platform
should be fixed to the bed and the patient’s knees
should be slightly flexed (approximately 10�). It has
also been shown that WBV therapy can be applied
using a tilt-table in those patients who cannot stand
alone [57]. WBV application begins with the patient
in a supine position with a very small slope, and
then the slope is repeatedly increased vertically dur-
ing several rehabilitation sessions until patients can
stand freely. With this approach, all musculoskeletal
functions necessary for posture, movement standing,
and walking are stimulated, which also reduces the
need for close contact with the patient, who may still
be infectious [57]. To apply pressure to the platform
in the case of sedated patients, the patient’s legs can
be fixed with a strap during therapy with the knee
and hip flexed at approximately 20� (24Hz over one
minute for three repetitions) [38]. The World
Association of Vibration Exercise Experts suggested
that WBV exercise is a useful and safe means to
attenuate the decline in physical function and
improve post–COVID-19 recovery in affected
patients, as well as reduce the total time spent in
ICU. Notably, these considerations could stimulate
future research on the use of WBV exercise in
patients with COVID-19 [58].

2.6. Neuromuscular electrical stimulation

Neuromuscular electrical stimulation (NMES) can
induce changes in muscle function without any ven-
tilation stress. NMES was offered to the patients
with COVID-19 in the critical, acute, and post-acute
phases [16]. NMES could be easily performed in the
ICU and could be applied to the muscles of the
lower limbs in hospitalized patients and at any stage
of the disease course. However, during the rehabili-
tation program, physiotherapists should be careful
regarding the potential for contamination and
should try to use disposable single-use electrodes.
Importantly, to date, no clinical trial has fully dem-
onstrated the additional effect of NMES on exercise
tolerance relative to traditional training, so further
research in this regard is warranted [18].

2.7. Telerehabilitation

Additional strategies that might help to improve dis-
ability outcomes among survivors from COVID-19
exist, one of which is increasing the use of telereha-
bilitation during hospital stay. Another is the use of
home-based rehabilitation provided over the inter-
net and telephone as telerehabilitation after dis-
charge [16,59,60]. Telerehabilitation is an effective
method to provide social rehabilitation services to

patients outside the hospital, especially during the
COVID-19 pandemic, and aids health care profes-
sionals in teaching accurate and effective breathing
techniques and other types of exercises to patients
[61]. Along these lines, telerehabilitation also allows
health care professionals to observe existing and
persistent functional deficiencies directly and visu-
ally [62]. In poststroke telerehabilitation studies, tel-
erehabilitation interventions were found to be
equally or more efficient than conventional face-to-
face treatment with respect to addressing mood,
high cortical, and motor impairments [63].
Therefore, telerehabilitation can be a good choice to
enforce recovery in patients with COVID-19 after
discharge from inpatient rehabilitation [4]. In some
countries, rehabilitation staff members are encour-
aged to use webcams for telehealth programs and
tele-consultation, and telerehabilitation can be per-
formed via WhatsApp, phone, e-mail, and Zoom
etc. [16,64]. An exercise booklet or disc (educational
audio and video) could also be provided to patients,
and exercises could be performed using a small
exercise apparatus (e.g. TheraBand’s, ergometer, or
pedometer). Patients’ progression in their treatment
plan could be followed daily by using a spirometer,
blood pressure, and pulse oximeter measurement
devices. However, the precautions that should be
considered and evaluated during video-connected
rehabilitation are balance disorders, fall risk, limited
range of motion, and pain [65]. In addition, some
basic steps should be taken to control the spread,
such as proper handling, cleaning and disinfection
of patient care equipments and medical instru-
ments [13].

There are also some limitations inherent to tele-
rehabilitation services; for example, physical tests
such as manual muscle test, grip strength, and gait
assessments cannot be performed [62]. However,
exercises and functional evaluations specific to a
patient (e.g. lifting arms upside down or placing
them on the back of the neck, tandem walking,
walking short distances, and finger-to-nose move-
ments) might be provided by synchronous video-
conferencing over the internet or via telephone [18].
Meanwhile, the present status of patients can be
evaluated using paper or web-based platforms
wherein the patients can report results by them-
selves with assessments such as the 6min Walking
Test, Functional Independence Measurement, Short
Form–36 (SF-36), Borg Scale of Perceived Exertion,
1min Sit to Stand Test (1STS) (to evaluate cardio-
vascular responses) and 5 times STS (for muscle
strength) [66]. Correct use of an inhaler, breathing
patterns, and cough can be easily evaluated by vir-
tual connection. The Dyspnea Modified Medical
Research Council Scale, St. George Respiratory
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Questionnaire (SGRQ), the Chronic Obstructive
Pulmonary Disease Evaluation Test, Cardiac Self-
efficacy Scale (CSES), and Duke Activity Status
Index (DASI) can also be used [62]. The limited
scope for physical examination, reduced availability
of equipment, limited technical opportunities,
potential for inadvertent personal data disclosure,
and inability to attend to sessions, communicate,
and interact at the same time are some of the limi-
tations of virtual care [67]. In addition, telerehabili-
tation requires technology literacy or the ability of
both the rehabilitation staff and the patient to use a
device, the infrastructure of the region to be suit-
able, and the availability of the internet. Patients
would need to be trained in the measurement of
blood pressure, oxygen saturation, and other such
assessments [68,69].

In addition to following the patient’s rehabilitation
process, family conferences for the training of care-
givers are recommended for the evaluation of the
home environment and periodic follow-up of the
patients. In telerehabilitation programs for outpatient
treatment, a telerehabilitation platform should be
established before discharge and patients and their
relatives should be trained to use this platform.
Patients’ hesitation to seek medical consultation
resulted in interruption of continuity of care and
face-to-face consultations were greatly reduced in
number and canceled during the ongoing pandemic
[15]. Patients’ routine telerehabilitation follow-up
should be shortened to identify potential complica-
tions or functional decline earlier. Thus, changes in
health status could be noticed earlier without going
to the hospital and with the advantage of preventing
contamination during the pandemic [61]. With tele-
rehabilitation, face-to-face contact can be avoided,
enabling medical follow-up during lockdown, and
limiting spread of SARS-CoV-2 and exposure to
health-care professionals [15].

3. Taking precautions during physiotherapy
and rehabilitation

Symptoms that are often associated with conditions
such as ischemic stroke, including hyperventilation,
vomiting, and cough, can increase the spread of
viral-laden droplets [61]. Although it is accepted
that the disease often dissipates and the patient is
not contagious after two consecutive negative
results, there remains a risk inherent to patients
who are eligible for discharge to rehabilitation cen-
ters or long-term care since there have been reports
of cases where their tests were positive after five to
13 days when using another test kit [4]. Therefore, it
should not be forgotten that the risk of transmitting
SARS-CoV-2 to others will remain even when some

patients who have had COVID-19 some time ago
attend rehabilitation [16]. However, the possibility
of reinfection with SARS-CoV-2 is not well known
and understood. Total immunity might not be guar-
anteed by previous exposure to SARS-CoV-2. To
avoid infection or re-infection with SARS-CoV-2,
identical precautions should be taken by all individ-
uals, irrespective of a previous COVID-19 diagnosis
[70]. As the WHO stated, ‘rehabilitation professio-
nals are frontline health workers who should be
engaged in the care of patients who experience
severe cases of COVID-19.’ In addition, it is well
known that during the ongoing pandemic, essential
care was provided for some patients who were free
of COVID-19. Therefore, COVID-19 emergency
health planning and medical teams should include
rehabilitation professionals [3]. It must be recog-
nized that, although rehabilitation is important,
physiotherapists must adhere to their own govern-
ment/state/territory policy regarding whether they
can be classified as essential health care workers and
are able to have person-to-person contact with
patients/rest-home residents, and others. Coordinated
rehabilitation teams are part of the treatment pro-
grams for patients with COVID-19 [16]. As physio-
therapists providing rehabilitation are frontline health
care professionals in this context, they must take the
necessary precautions to reduce the risk of contamin-
ation [69,71]. Protecting ourselves should be a prior-
ity for healthcare providers so that we can continue
to help others [13]. Physiotherapy and rehabilitation
interventions should only be performed when there
are clinical signs to prevent unneeded personnel
from lingering in the patient room. A subjective
evaluation should be performed in the isolation
room, obtaining information about the mobility sta-
tus without face-to-face contact with the patient [72].
In association with these evaluations, the most appro-
priate targets should be determined within a short
time, feasible rehabilitation programs should be cre-
ated, and the number of staff members involved
should be kept to a minimum [24,72]. In addition, it
is strongly suggested that gloves, medical/surgical face
masks, goggles, face shield, and gowns, as well as
items for specific procedures such as filtering face
piece respirators (i.e. N95 or FFP2 or FFP3 standard
or equivalent) be used [8,13,73].

Physiotherapists play a prominent role in provid-
ing mobilization, exercise, and rehabilitation inter-
ventions, so precautions should be taken while
delivering physiotherapy and rehabilitation direc-
tions to patients. If close contact with the patient is
required, airborne precautions should be taken [18].
In particular, hand hygiene efforts should be
adopted according to the WHO’s instructions before
and after seeing every patient, and when the hands
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touch other surfaces. If the hands are visibly soiled,
good hand hygiene should be ensured using water
and soap, while if the hands are not visibly soiled,
alcohol-containing antiseptics may be used. It
should be remembered that the use of gloves does
not substitute for or preclude the need for proper
hand hygiene [8].

As participants in the COVID-19 recovery pro-
cess, physiotherapists must be trained to use the
correct PPE and should provide rehabilitation while
using PPE as it may be difficult to maintain a dis-
tance of 1.5m at all times during sessions (Table 2)
[8,13,18,73,74]. Physiotherapists should use a surgi-
cal mask, a liquid-resistant and long-sleeved surgical
gown, goggles or a face shield and gloves that
ensure droplet prevention when seeing any patient
who is a suspected or confirmed case of COVID-19
[18]. Although the protection offered by masks per-
sists for a long time, they are recommended to be
used only for up to four hours due to the risk of
developing skin lesions with long-term use [75].
PPE should be used to provide airway isolation, as
the procedures used to treat patients with COVID-
19 in the ICU cause aerosol generation. The diam-
eter of the SARS-CoV-2 virus has been shown to be
70–90 nm by electron microscopy [76]. Surgical
masks have been found to provide little protection
for particles of 10–80 nm in size. Meanwhile, N95/
FFP2 masks are 95% effective for particles measur-
ing 0.1–0.3 mm and 99.5% effective for those meas-
uring over 0.75 mm [64]. Thus, N95/FFP2 or
equivalent masks are required in addition to the

surgical mask, especially in procedures with a high
risk of contamination such as tracheal intubation,
bronchoscopy, or NIV [8]. In addition, the general
guidelines of PPE, its selection, the sequence for
donning on and doffing PPE are also import-
ant [13].

There are guidelines and several suggestions that
have been made available for allied health care pro-
fessionals who are working in the rehabilitation pro-
cess of patients with COVID-19. Primarily, a
separate area or unit is recommended to separate
the rehabilitation of other patients coming to the
unit and those being rehabilitated post-COVID-19.
Rehabilitation should be done on a one-to-one basis
and in patients’ rooms rather than via group train-
ing after acute care [4]. Group therapy should never
be performed [18]. When gait training is required, it
is recommended in empty or not widely used areas
of the hospital [4,18]. To minimize the number of
staff members required during gait training, gait
training can be provided by a single physiotherapist
using a gait aid instead of another physiotherapist
or assistant staff [4]. Unless necessary for primary
functions, equipment should not be used; however,
if equipment is used, large and single pieces of
equipment should be prioritized as much as pos-
sible. Physiotherapists should be sure that all equip-
ment is working and properly cleaned before
entering the room [18]. If equipment needs to be
shared between patients, it must be disinfected in
the isolation chamber after each patient’s use, since
SARS-CoV-2 is ineffective within 1min when

Table 2. Recommendations concerning the use of PPE by physiotherapists treating patients with COVID-19 [8,13,18,73,74].
A. For all confirmed or suspected cases, droplet precautions should be implemented, at a minimum
1. Staff must wear the following items:
� Medical/surgical face masks
� Fluid-resistant, long-sleeved gown
� Goggles
� Face shields
� Gloves
� Gowns
� Items for specific procedures-filtering face piece respirators (i.e. N95 or FFP2 or FFP3 standard or equivalent)
2. Staff with beards should be encouraged to remove facial hair to ensure good mask fit
3. Hair should be tied back out of the face and eyes
4. PPE should be worn correctly and in accordance with the rules (gowns, masks, goggles, face protection, gloves) before and during the treatment
5. Doffing should also be done in accordance with the rules
6. PPE (especially masks) should not be adjusted during treatment
7. The mask should be removed after leaving the patient’s room and then the appropriate hand hygiene protocol should be applied
8. If reusable PPE items are used (e.g. goggles), these must be cleaned and disinfected prior to re-use
9. All personal items should be removed before entering clinical areas and donning PPE, including earrings, watches, lanyards, mobile phones,
pagers, and pens

B. In cases of prolonged or very close contact patients with COVID-19, airway isolation should be performed
1. Staff should wear the following items:

� Respirator N95 or FFP2 or FFP3 standard, or equivalent
� Fluid-resistant, long-sleeved gown
� Goggles or face shield
� Gown
� Gloves
In addition, the following can be considered:
1. Hair cover for aerosol-generating procedures
2. Shoes that are impermeable to liquids and can be wiped down; recurrent use of shoe covers are not recommended, as repeated removal is

likely to increase the risk of staff contamination
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disinfected with certain proportions of ethanol,
hydrogen peroxide, and sodium hypochlorite [6,18].
The persistence of SARS-CoV-2 has been demon-
strated on rehabilitation equipment such as electrode
sponges, water in hot-pack tubs, gels, topical lotions,
dexterity training items, and therapy ball pools; there-
fore, particular attention should be paid to infection
control for such surfaces [4,6]. Whenever possible,
transferring equipment between infected and non-
infected areas should be avoided [18].

There is an urgent need for early intervention
and ongoing rehabilitation in order to optimize the
potential for long-term functional outcomes.
However, this can be costly. [28]. Furthermore, the
lack of beds and the occupation of rehabilitation
facilities by other patients cause difficulties in hospi-
talized patients. People with severe COVID-19 need
rehabilitation during the acute, sub-acute, and long-
term phases of care. Therefore, physiotherapists
should be positioned in ICUs, hospital wards, step-
down facilities, and in the community [3].
Furthermore, there is a need to reorganize hospital
and outpatient rehabilitation activities [11]. Another
important issue is supporting health care provider
wellness in the face of an extraordinarily stressful
social and work environment to prevent/overcome
‘burn-out’ and ‘traumatic stress’ [78].

4. Conclusions

Evidence from the literature suggests that patients
experiencing disability, even if infected or not, are
suffering from the pandemic worldwide, because of
restrictions imposed on rehabilitation service deliv-
ery. In addition, it is currently clear that all patients,
all health professionals, and society globally are
impacted by the pandemic. This review focused on
possible rehabilitation strategies for the neurological
consequences of COVID-19, which could help the
rehabilitation team in their clinical decision-making
and close the gap in the available scientific litera-
ture. A variety of rehabilitation modalities, ranging
from face-to-face to telerehabilitation can be chosen
according to careful monitoring of conditions, signs,
and symptoms, with the patients’ needs and the
bounds of possibility considered and any precau-
tions taken to control or prevent infection.
Interdisciplinary rehabilitation is an essential part of
COVID-19 recovery. Therefore, an individualized
and progressive treatment and rehabilitation plan
should be established by focusing on current func-
tion, presence of disabilities, the desire to resume
participation in society, and maximization of func-
tion and quality of life. While the COVID-19 pan-
demic currently limits access to rehabilitation
services, it is also important for rehabilitation teams

to continue providing rehabilitation services to
gather and report data on patients with COVID-19
and neurologic consequences secondary to COVID-
19 during and after the pandemic.
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