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ABSTRACT

Symptoms associated with post-COVID-19 syndrome, or long COVID, represent a complex set of clinical
sequelae for patients after SARS-CoV2 infection. It includes long-term pulmonary, musculoskeletal
and neurological complications that drastically interfere with a patient's quality of life and functional
independence. Due to the multifaceted nature of these problems, Physical therapy has become a crucial
intervention to promote recovery and overall health by way of targeted strategies. Pulmonary rehabilitation
is dedicated to enhancing respiratory efficiency, assuaging symptomatology such as dyspnea and fatigue,
and exercise capacity reduction through the use of breathing exercises and graded aerobic training.
Resistance training, flexibility exercises and functional mobility programs are focused on musculoskeletal
complications, i.e., muscle weakness, joint stiffness and deconditioning.

Furthermore, neurological sequelae of post-viral fatigue, cognitive impairments, and neuropathy are targeted
by interventions such as balance training, neuromotor exercises and cognitive behavioural strategies. In
this paper, a review of evidence-based rehabilitation strategies for managing post-COVID-19 syndrome is
presented with a focus on the central role of physical therapy within comprehensive recovery programmes.
Physical therapy can decrease the long-term effects of COVID-19, decrease disability, and improve patient
physical and mental health via individually tailored interventions. Tele-rehabilitation and multidisciplinary
collaboration are integrated to improve efficacy and expand the accessibility of these interventions to tackle
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the worldwide healthcare burden of post-COVID-19 syndrome.

Introduction

Yet the COVID pandemic certainly has changed global healthcare,
not only on account of the acute phase of the disease but even
more on account of the lingering disabilities that so many patients
experience after recovering. Long COVID or post-COVID-19
syndrome refers to a condition in which symptoms remain
weeks or months beyond the acute phase of the infection. The
pulmonary, musculoskeletal, and neurological systems are all
affected by these symptoms, which vary widely. Dyspnea, chronic
fatigue, muscle weakness, joint pain, neuropathy and cognitive
dysfunction manifest in common and profoundly reduce patients'
quality of life and functional capacity [1].

Although the precise pathophysiology of post-COVID-19 syndrome
is still being investigated, emerging evidence indicates thatitis a
combination of immune dysregulation, protracted inflammation
and multi-organ damage by the virus. The most frequent sequelae
of severe or critical illness in the acute phase include pulmonary
complications such as impaired lung function and reduced
exercise tolerance [2]. Compounding recovery complications
are musculoskeletal issues like deconditioning, joint stiffness and
post-viral myalgia. Neurological symptoms of brain fog, fatigue
and peripheral neuropathy reveal the multi-system involvement
of long Covid [3].

Post-COVID-19 syndrome rehabilitation has turned into a
cornerstone of physical therapy. But with physical therapy,
you’ll address all the challenges this condition brings with
pulmonary rehabilitation, musculoskeletal strengthening and
neurological reconditioning. Pulmonary rehabilitation programs
are based on improved respiratory efficiency involving breathing
exercises, graded aerobic training or oxygen therapy. Targets
of musculoskeletal rehabilitation include improving strength,
flexibility and functional mobility. The goal of neurological
rehabilitation is to promote balance and neuromotor exercises
and provide help with cognition.

This paper seeks to analyze the evidence-based strategies that
physical therapists use to deal with the comorbidities of patients
with post-COVID-19 syndrome. It also covers next-generation
telerehabilitation and interdisciplinary collaboration, which
improve access and effectiveness to these interventions. This
discussion highlights the crucial role that physical therapy plays
in managing the long-term complications of COVID-19 and the
importance of rehabilitation post-pandemic to integrally integrate
rehabilitation into healthcare strategies in order to improve
patients' outcomes and quality of life.
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Pulmonary Rehabilitation for Post-COVID-19 Syndrome

°=\|H-n|\|ru\

Ambulatory pulmenary rehabilitatien in COVID-19,

Figure 1: Key Components of Pulmonary Rehabilitation in Post-
COVID-19 Recovery

The most common and debilitating sequelae of post-COVID-19
syndrome are pulmonary complications, including impaired lung
function, reduced ability to exchange oxygen for carbon dioxide, and
persistent dyspnea. These are particularly common in those who
have very severe respiratory distress or need mechanical ventilation
during the acute phase of the illness. Pulmonary rehabilitation relies
heavily on physical therapy to help increase lung capacity, improve
respiratory efficiency, and increase exercise tolerance.

Breathing Exercises

Pulmonary rehabilitation is based on breathing exercises like
diaphragmatic breathing, pursed breaths breathing, and thoracic
expansion exercises. These exercises reinforce respiratory muscle
strength and decrease dyspnea and oxygen exchange. Diaphragmatic
breathing improved lung function and reduced respiratory discomfort
in patients recovering from severe viral pneumonia (including
COVID-19) [4].

Graded Aerobic Training

Aerobic training that uses graded aerobic exercise, like walking or
stationary cycling at low intensity, is necessary to enhance exercise
tolerance and overall cardiopulmonary function. Suppose the
patient's initial functional capacity is low, and heart and lung function
are good. In that case, exercise protocols are tailored to exercise
those heart and lung function limits extremely and then progress in
intensity and duration. A randomized trial indicated that a 12-week
aerobic training program increases six-minute walk distance (6MWD)
and peak VO2 levels in post-COVID-19 patients with pulmonary
function impairment [5].

Oxygen Therapy

Supplemental oxygen therapy is included in rehabilitation
programmes for patients with hypoxemia or desaturation during
exertion. This intervention forestalls fatigue and sustains safe
eligibility in physical activities while supporting the gradual recovery
of respiratory efficiency [6].

Musculoskeletal Rehabilitation Strategies

Substantial musculoskeletal complications in post-COVID-19 patients
are postulated to have arisen due to prolonged immobility, systemic
inflammation and viral-induced myopathy. Commonly reported are
muscle weakness, joint stiffness and deconditioning, especially in
patients needing intensive care.

Resistance and Strength Training

Restoring muscle mass and strength depends on a certain level of
resistance training. The exercises are low-resistance, building to
higher intensities to target major muscle groups that have been
chronically affected by prolonged inactivity. The modalities generally
used include resistance bands, light weights, and bodyweight
exercises. Research showed that resistance training improved muscle
strength and functional independence in patients recovering from
critical illness (including COVID-19) [7].

Stretching and Flexibility Exercises

Patients with long COVID suffer from stiff joints and reduced range of
motion (ROM). Including flexibility and ROM stretching exercises to
prevent contractures as well as enhance functional mobility. Dynamic
stretching, particularly of the lower extremities and shoulders, has
demonstrated the benefits of decreasing stiffness and pain [1].

Functional Mobility Programs

Functional mobility exercises, including sit-to-stand drills, stair
climbing, and gait training, are also part of the rehabilitation
programs. These activities address both strength and coordination
deficits and provide a way to return to normal daily activities.
Functional mobility training proved to be effective in helping post-
COVID patients become increasingly independent and reduce their
risk of falling [8].

Neurological Rehabilitation for Long COVID

Hallmark features of the post-COVID-19 syndrome include
neurological complications, including post-viral fatigue, neuropathy;,
and cognitive impairments (often referred to as 'brain fog'). Therefore,
Physical therapy provides a set of interventions that combine motor,
cognitive, and sensory interventions that address these challenges.

Balance and Coordination Training

A common problem in patients recovering from COVID-19 is a
balance deficit due to neuropathy or reduced proprioception.
Balance exercises (such as standing on one leg or tandem walking)
and using stability aids (balance boards) are examples of physical
therapy interventions. These activities increase postural control and
decrease the risk of falls [9].

Neuromotor Exercises

In neuromotor rehabilitation, patients with neurological impairments
are retrained in fine and gross motor skills. The therapy sessions
involve tasks that require hand-eye coordination, agility, and limb
control. However, these interventions are most helpful for patients
with peripheral neuropathy or motor coordination deficits.

Cognitive Rehabilitation Strategies

Cognitive rehabilitation is vital for treating brain fog, memory lapses,
and decreased attention spans associated with long-term COVID-19.
Dual-task exercises, or combining the physical challenge of walking
while performing some cognitive task, such as walking while counting
backwards, are a hallmark of many physical therapy programs. These
activities ferment neuroplasticity and manipulate mental handling
[10].

Integration of Tele-Rehabilitation in Post-COVID-19 Care

The COVID-19 pandemic made the need for innovative ways to
deliver rehabilitation services remotely apparent. Tele-rehabilitation,
through virtual consultation and guided exercise programs, has
become a safe and efficacious alternative to traditional in-person
therapy.
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Benefits of Tele-Rehabilitation

Through telerehabilitation, patients who cannot travel to a therapist
due to mobility limitations, geographic barriers, or concerns regarding
infection control receive access to therapy. Physical therapists offer
real-time guidance via video conferencing and mobile health apps
or track progress and adjust exercise protocols. Tele-rehabilitation
for patients post-COVID-19 care is equally as effective as in-person
care in improving functional outcomes [11].

Remote Monitoring Tools

In telerehabilitation programs, wearable devices, such as heart
rate monitors, step counters, and spirometry tools, are essential.
These devices continuously track vital signs and physical activity,
allowing therapists to inform interventions based on their knowledge
of the patient at that moment in time. Wearing wearable devices
increases patient engagement and compliance with prescribed
exercise regimens [5].

THE ESSENTIAL ROLE OF REHABILITATION NURSES
DURING THE COVID-1% PANDEMIC

Figure 2: The Essential Role of Rehabilitation Nurses in
Implementing and Supporting COVID-19 Recovery Programs

Multidisciplinary Collaboration in Post-COVID-19 Rehabilitation

To address the complex needs of post—COVID-19 patients, a
multidisciplinary approach is needed, incorporating physical
therapists, pulmonologists, neurologists, dietitians and
psychologists. This collaborative model makes it possible for the
rehabilitation programs to be all-encompassing as far as recovery
is concerned.
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Figure 3: Key Considerations for COVID-19 Rehabilitation Across
Physical, Mental, and Environmental Domains

Role of Pulmonologists and Neurologists

Pulmonologists and neurologists provide important input

to doctors in the management of respiratory complications
and optimization of oxygen therapy in the management of
cognitive and neuromuscular derangements. Interdisciplinary
coordination, in that case, improves the efficiency of physical
therapy interventions [12].

Importance of Psychological Support

Psychological support is a key part of post-COVID-19 care in
patients with anxiety, depression, or post-traumatic stress. Stress
management techniques based on mindfulness and relaxation
exercises are incorporated into physical therapy programs to
enhance recovery outcomes, as well as to promote mental
wellbeing [13].

Evidence-Based Outcomes of Physical Therapy in Long COVID

Evidence is emerging that physical therapy improves function
and quality of life in patients with post-COVID-19 syndrome.

Improvements in Pulmonary Metrics

Structured pulmonary rehabilitation programs have yielded
significant improvements in pulmonary function metrics,
including forced vital capacity (FVC) and 6MWD in studies. A
systematic review found 20-30% improved respiratory efficiency
in long COVID patients [14].

Enhanced Musculoskeletal Recovery

Specifically, resistance and flexibility training have shown benefits
in restoring strength, reducing pain, and improving ROM. Patients
attending 12-week musculoskeletal rehabilitation programs
improved their functional mobility scores by 40% [15].

Neurological Rehabilitation Successes

Measurable improvements in postural stability, memory
retention and attention spans have been shown with a balance
and cognitive rehabilitation program. Patients who completed
neurological rehabilitation had a 50% reduction in their risk of
falling and a 30% improvement in cognitive test scores [12].

Challenges and Future Directions

Physical therapy has also promised positive results in stemming
post-COVID-19 syndrome but with some issues.

Rehabilitation services are still limited, especially in rural and
deprived areas. Expanding telerehabilitation programs and
community-based initiatives can address these disparities [16].

However, no adequate standardized rehabilitation protocols for
post-COVID-19 syndrome currently exist for clinicians. Future
research should aim to formulate evidence-based guidelines
with recommendations on how to handle specific pulmonary,
musculoskeletal, and neurological complications [12].

Although | can't say for sure how long this will take, artificial
intelligence (Al) and machine learning will be integrated into
rehabilitation programs to find solutions to reducing the rate of
readmissions and, more importantly, improving patient outcomes.
Al-enabled platforms can be used to deliver personalized therapy
plans, track progress, and predict the recovery trajectory of
physical therapy [16].

Conclusion

Post-COVID-19 syndrome has long-term implications, and physical
therapy can be a pivotal player, addressing the complications with
targeted intervention to improve pulmonary, musculoskeletal
and neurological outcomes. Physical therapists can improve
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patient recovery and quality of life by tailoring rehabilitation
programs to individual needs and by using innovative approaches
(e.g., telerehabilitation). Specifically, these interventions are
strengthened through multidisciplinary collaboration and
evidence-based practices. Yet, overcoming access barriers
and adopting standardized guidelines will be key essentials in
optimizing rehabilitation strategies in the era of post-COVID-19
care. As with any disease, physical therapy will remain the
cornerstone of recovery in the post-pandemic era (and one where
continued research and innovation will be essential).
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