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Abstract

Persons suffering with systemic neuromuscular disorders or chronic organ failures, spend less time for daily physical activ-
ity, aggravating their mobility impairments. From 2020, patients at risk are also older adults, who, though negative for the
SARS-Cov-2 infection, suffer with a fatigue syndrome due to home restriction/quarantine. Besides eventual psycological
managements, it could be useful to offer to these patients a rehabilitation workouts easy to learn and to independently repeat
at home (Full-Body In-Bed Gym). Inspired by the proven capability to recover skeletal muscle contractility and strength
by home-based volitional exercises and functional electrical stimulation (FES), we suggest for this fatigue syndrome a
10-20 min long daily routine of easy and safe physical exercises that may recover from muscle weakness the main 400
skeletal muscles used for every-day activities. Leg muscles could be trained also by an adjunctive neuro-muscular electrical
stimulation (NMES) in frail old persons. Many of the exercises could be performed in bed (Full-Body in-Bed Gym), thus
hospitalized patients can learn this light training before leaving the hospital. Full-Body in-Bed Gym is, indeed, an exten-
sion of well-established cardiovascular-ventilation rehabilitation training performed by patients after heavy surgery. Blood
pressure readings, monitored before and after daily routine of Full-Body in-Bed Gym, demonstrate a transient decrease in
peripheral resistance due to increased blood flow to major body muscles. Continued regularly, Full-Body in-Bed Gym may
help maintaining independence of frail people, including those suffering with the fatigue syndrome related to the restrictions/
quarantine imposed to the general population during the COVID-19 pandemic.
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Roughly 400 human skeletal muscles are serious bone-mov-
ers, including little muscles of hands, feet, and face. The
purpose of this report is to propose a comprehensive gym
program to older adults, suffering skeletal muscle fatigue or
with the outcomes from prolonged inactivity, to fight muscle
atrophy and to maintain the best function and shape of body
muscles [1]. Due to their advanced age and associated dis-
eases, geriatric subjects spend little time on physical activity,
in particular in the present situation of forced lockdown and
quarantine imposed by the COVID-19 pandemic. Indeed,
these subjects are, or risk to became, frail and at risk of
falling, thus of losing and never recovering their previous
physical and functional abilities.

The resulting disuse muscle atrophy further limits their
independence, eventually forcing them to bed and hospitali-
zation for long periods [2—4]. In addition to nutritional and
pharmacological treatments, physical exercise at home is
useful to counteract muscle atrophy in these persons [5-9].

Awaiting development of implantable devices for muscle
stimulation, as effective as pacemakers for cardiac arrhyth-
mias [10], implantable stimulators for ventilation supports
[11, 12] or cochlear implants for hearing loss [13, 14], edu-
cation of sedentary patients to perform home physical exer-
cises could be an effective low-cost alternative during and
after hospitalization [15-17]. Cardiovascular and ventila-
tion physical rehabilitation protocols of surgical patients are
well-established approaches, whose main goal is to reverse
muscle weakness [18, 19]. We extended those routines, to a
daily short (10-20 min) sequence of easy-to-learn and safe
volitional physical exercises to be performed in bed (Full-
Body in-Bed Gym) to improve muscles and, hence, mobility
of impaired persons [15-17].

The risks are now even worsened by the conditions of
lockdown and home restriction/quarantine imposed by
the SARSCoV-2 pandemic. A fatigue syndrome related
to COVID-19 disease is described in the general popula-
tion, characterized by both the psychological response to
the global problem of COVID-19 pandemic, and by muscle
weakness that negatively influence the quality of life of per-
sons for weeks or months after the resolution of an eventual
SARS-CoV-2 infection [20-22].

In any case, muscle weakness can affect up to 10% of
the population due to changes in people’s ordinary lifestyle
due to lockdown measures imposed to control the epidemics
[23, 24]. However, the most severe responses are expected
later after resolution of an eventual SARS-CoV-2 infection.
This post-COVID fatigue syndrome will affect the work-
ing capacity when economical recovery will be essential.
Besides nutritional, pharmacological and psychotherapy
support in the acute phases, it will be mandatory to control
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the mild cases by general prophylactic measures of healthy
lifestyle, i.e., by normalization of sleep—wake schedule and
moderate physical activity.

Here, our contribution is to convince practitioners
[24-27], and the population at large that Full-Body in-Bed
Gym is a valid option despite the minimal effort required
[15—17] to counteract the effects of prolonged inactivity and
persistent fatigue syndrome.

Workout

Figure 1 shows the exercises that could be a seasonal warm-
up also for active persons, i. e, those able to make at least 20
consecutive push-ups in 3 min. On the other hand, sedentary
people should start with five repetitions of each exercise,
after advice from their practitioners to avoid exercise pain
and eventual joint or muscle lesions. After two weeks, they
should add groups of five additional repetitions, up to 20,
every additional couples weeks. If compliant, even geriatric
patients will progressively increase their muscle strength,
when reaching and maintaining 20 daily repetitions. It is
advised to start performing the routine at very slow speed,
but when the maximum number of each exercise is reached
(20 repetitions), improving effects will be obtained by speed-
ing up exercises and thus intensity. A video available at
Youtube link: https://www.youtube.com/watch?v=N1RuG
3371-Y describes them dynamically [28].

Theory

Cautious Full-Body in-Bed Gym helps patients to recover
earlier after hospitalization, reducing eventual arterial
hypertension [29]. Indeed, after a routine that challenges
personal fitness, i.e., induces forehead sweat, increase car-
dio-pulmonary rates, and maximal, but not minimal blood
pressure, in a few minutes, the increased values return
to those pre-excersise, together with minimal arterial
pressure. Results of a week of trainings are exemplified
in Fig. 2. Indeed, peripheral arterial resistance decreas-
esduring the series of challenging exercises when blood
perfusion increases by functional hyperhemia of the main
skeletal muscles [17]. Correlations between values of
cardiac frequency and maximal arterial pressure are very
high (> <0.95) when the results of a week of Full-Body
In-bed Gym are analyzed. In addition, within a few days
of inpatient care, a Full-body In-Bed Gym program may
increase muscle strength, fatigue resistance and independ-
ence in daily life activities [16]. Furthermore, Full-Body
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Exerc. 1. Push Up Exerc. 2. Stand Up
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Exerc. 6 Hands up
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Exerc. 11 BendNeck Exerc. 12 Trunk up

Exerc. 3 Flex Feet

Exerc. 13 Leg up

Exerc. 4 Extend Feet Exerc. 5 Hands

Exerc. 14. Stand Up

Exerc. 15. Up on

Fig.1 The aim of the routine is to stimulate all main skeletal mus-
cles, alternating exercises to mobilize arms and legs, spinal cord and
neck, diaphragm and ventilation accessory muscles. The routine (as

in-Bed Gym routine mitigates the bad mood that is usu-
ally associated to mobility limitations [30]. If Full-Body
in-Bed Gym is learned during hospitalisations, monitor-
ing of the response to challenging trainings may include
oxygen saturation and many more fitness variables. At
home, using wearable devices (e.g. smartwatches, fitbands,
smartphones, etc.) would guide during workout, provid-
ing heart rate monitoring and oxyhemoglobin saturation,
reminder to perform exercises every day, and stopwatch
for timing workout [31]. To speed up positive changes,
persons are advised to the train twice a day to improve
fatigue resistance and cardio-respiratory reserve [32, 33].

During the initial learning period of Full-Body In-bed
Gym, all older adults, if not hospitalized, are advised to be
supervised by at least one trainer, if not a health profes-
sional to avoid harmful exercises, that are linked to personal
fitness and, nothing to say, to comorbidities often present
in the elderlies. Although different categories of older sub-
jects with muscle weakness may benefit from a program of
Full-Body In-bed Gym, specific pathways are provided for
patients recovered from COVID-19 having persistent out-
comes and for individuals who have not been infected but
have been non-active for a long time (Fig. 3).

number of repetitions and speed) is continuously increased in inten-
sity up to fatigue threshold. A video: https://www.youtube.com/
watch?v=N1RuG3371-Y describes them dynamically [28]

Furthermore, all frail persons may benefit from the Full-
Body In-bed Gym program associated with electrical stimu-
lation. If older subjects cannot, or are reluctant to perform
volitional physical rehabilitation protocols, functional neuro-
muscular electrical stimulation (NMES) may mimic some
of those exercises and be almost equally effective. NMES
before or during the first weeks of workout is a rational
approach for older adults to be submitted to Full-Body In-
Bed Gym (Maria Chiara Maccarone, Padova, Italy, personal
communication) or early rehabilitation after hip and knee
surgical procedures (Helmut Kern, Vienna Austria, personal
communication) [34—41].

Altogether, previous results demonstrated that physi-
cal exercise, either voluntary or induced by adjunctive
NMES, improves functional performance of skeletal mus-
cles, including those essential for ventilation, one of the
main issues in post-COVID-19 old adults. Indeed, one
of the most successful clinical applications of functional
electrical stimulation (FES) is the respiratory support by
pacing the diaphragm in quadriplegia and beyond [11,
12, 42-47].

In conclusion, Full-Body in-Bed Gym could help older
subjects with muscle weakness due to the pandemic-related
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Fig.2 Arterial pressure and cardiac frequency before and after 10 min of Full-Body In-Bed Gym (25 repetitions of each exercise) during seven
consecutive days (November 8 to 16, 2016). Mean+ SD
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Patients with SARS CoV-2
symptomatic infection

Full Body in-Bed Gym: NO

Subjects tested negative after
COVID-19 previous infection
with persisting fatigue syndrome

COVID-19 patients

i Full Body in-Bed Gym: Minimal

exercise intensity

Subjects with muscle weakness
due to prolonged inactivity for
pandemic-related restrictions
(lockdown/quarantine)

“rrererrred)

Full Body in-Bed Gym:
Curative exercise intensity

Subjects without muscle
weakness but in prolonged
mactivity for pandemic-related
restrictions
(lockdown/quarantine)

Full Body in-Bed Gym:

v

Preventive exercise intensity

Non COVID-19 subjects

Frail subjects with muscle
weakness due to prolonged
inactivity for pandemic-related
restrictions
(lockdown/quarantine)

Full Body in-Bed Gym:
Preventive exercise intensity +

L 4

Neuro Muscular Electrical
Stimulation (NMES)

Fig.3 Flow chart of older adults selection for Full-Body in-Bed Gym program and Neuro Muscular Electrical Stimulation in the COVID-19

scenario

inactivity, with the aim to prevent and recover them from
skeletal muscle fatigue.
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