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Abstract

Coronavirus Disease 2019 (COVID-19) has produced extensive multisystem involvement leading to
persistent respiratory, musculoskeletal, neurological, and psychosocial impairments. While acute
medical care focuses on survival, long-term functional recovery requires structured rehabilitation.
Physiotherapy rehabilitation, grounded in basic science principles of respiratory physiology, muscle
metabolism, neuroplasticity, and cardiovascular adaptation, plays a central role in restoring function
and quality of life. This paper presents a comprehensive, integrating molecular and physiological
mechanisms of COVID-19 with evidence-based physiotherapy interventions across acute, post-acute,
and long-COVID phases. The manuscript highlights mechanistic rationale, clinical protocols, outcome
measures, and future research directions, emphasizing physiotherapy as a scientifically grounded

discipline essential to pandemic recovery.
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1. Introduction

The Coronavirus Disease 2019 (COVID-19) pandemic represents one of the most significant global
health crises of the 21st century, affecting millions of individuals across diverse populations and
healthcare systems. While early scientific efforts were primarily directed toward virology,

epidemiology, and acute life-saving interventions, it has become increasingly evident that COVID-19
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is not merely an acute respiratory illness but a complex, multisystem disorder with prolonged
consequences. A substantial proportion of survivors continue to experience persistent physical,

physiological, and psychological impairments long after the resolution of the acute infection.

From a basic science perspective, COVID-19 induces widespread alterations at the cellular, tissue, and
organ-system levels. SARS-CoV-2 infection disrupts pulmonary gas exchange through alveolar
damage, endothelial dysfunction, and inflammatory cascades, while systemic cytokine release affects
skeletal muscle metabolism, mitochondrial function, and neuromuscular integrity. Prolonged
immobilization, hypoxia, and critical illness further exacerbate muscle wasting, cardiovascular
deconditioning, and autonomic dysregulation. These biological changes translate clinically into

dyspnea, fatigue, reduced exercise tolerance, functional dependence, and diminished quality of life.

Physiotherapy rehabilitation emerges as a scientifically grounded intervention capable of addressing
these sequelae by applying principles derived from anatomy, physiology, biochemistry, biomechanics,
and neuroscience. Unlike purely supportive care, physiotherapy utilizes targeted physical stimuli—
such as breathing exercises, graded movement, and resistance training—to induce adaptive responses
at the molecular and systemic levels. These adaptations include improved mitochondrial efficiency,
enhanced neuromuscular recruitment, optimized cardiopulmonary function, and favorable

modaulation of inflammatory processes.

In recent years, the concept of post-acute COVID-19 syndrome, commonly referred to as long COVID,
has further underscored the necessity of structured rehabilitation strategies. Long COVID is
characterized by fluctuating symptoms such as chronic fatigue, breathlessness, cognitive impairment,
and exercise intolerance, often disproportionate to objective clinical findings. Understanding the
pathophysiological mechanisms underlying these manifestations is essential for designing safe and
effective rehabilitation protocols. Basic science research provides critical insights into energy
metabolism, autonomic control, and neuroimmune interactions that inform physiotherapy practice in

this population.
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rehabilitation interventions influence physiological systems and contribute to recovery at a

mechanistic level.

Therefore, the purpose of this paper is to present a comprehensive, science-oriented analysis of
physiotherapy rehabilitation in the context of COVID-19. By synthesizing current knowledge on viral
pathophysiology, systemic dysfunction, and exercise-induced adaptation, this manuscript aims to
demonstrate that physiotherapy is not merely an adjunctive therapy but a core, evidence-based
component of COVID-19 recovery. The integration of basic science principles with clinical
rehabilitation practice highlighted in this review aligns closely with the scope and objectives of Fangzhi

Gaoxiao Jichukexue Xuebao.

2. Virology and Cellular Mechanisms of COVID-19

A detailed understanding of the virology and cellular mechanisms of SARS-CoV-2 infection is essential
for appreciating the multisystem pathology of COVID-19 and the subsequent need for physiotherapy
rehabilitation. From a basic science standpoint, viral structure, host—cell interaction, and downstream
cellular responses determine the extent of tissue injury, functional impairment, and recovery

potential.

2.1 Structure and Genomic Characteristics of SARS-CoV-2

Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) is an enveloped, positive-sense,
single-stranded RNA virus belonging to the Coronaviridae family. The viral genome encodes several

structural proteins, including the spike (S), envelope (E), membrane (M), and nucleocapsid (N)
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proteins. Among these, the spike protein plays a central role in host cell entry and tissue tropism.The
spike protein consists of two functional subunits: S1, responsible for receptor binding, and S2, which
mediates membrane fusion. Mutations within the spike protein influence viral transmissibility, tissue

affinity, and pathogenicity, thereby affecting disease severity and clinical outcomes.

2.2 Viral Entry and Host Cell Receptor Interaction

SARS-CoV-2 enters host cells primarily through binding of the spike protein to angiotensin-converting
enzyme 2 (ACE2) receptors. ACE2 receptors are widely expressed in alveolar epithelial cells, vascular
endothelium, cardiac tissue, skeletal muscle, gastrointestinal epithelium, and neural tissue. This broad

receptor distribution explains the systemic nature of COVID-19.

Following receptor binding, host

SARS-CoV-2

proteases such as
transmembrane protease serine
2 (TMPRSS2) facilitate viral
membrane fusion and cellular
entry. Once inside the cell, viral

RNA is released into the

cytoplasm, initiating replication
and translation processes that

hijack host cellular machinery.

2.3 Viral Replication and Cellular Injury

After entry, SARS-CoV-2 utilizes host ribosomes to synthesize viral polyproteins, which are
subsequently cleaved into functional non-structural proteins. These proteins form replication—

transcription complexes that enable rapid viral replication.

Viral replication induces cellular stress, mitochondrial dysfunction, and endoplasmic reticulum strain,
ultimately leading to apoptosis or pyroptosis of infected cells. In pulmonary tissue, this results in loss
of alveolar epithelial integrity, surfactant dysfunction, and impaired gas exchange. Similar cellular
injury mechanisms in skeletal muscle, cardiac tissue, and neural cells contribute to multisystem

impairment.
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2.4 Immune Activation and Cytokine-Mediated Damage

The innate immune response is activated following viral invasion, leading to the release of pro-
inflammatory cytokines such as interleukin-6, interleukin-1B8, and tumor necrosis factor-alpha. In
severe cases, dysregulated immune activation results in a cytokine storm, causing widespread tissue

inflammation and vascular permeability.

At the cellular level, excessive cytokine release disrupts normal metabolic pathways, accelerates
muscle protein breakdown, impairs mitochondrial respiration, and alters neural signaling. These
processes contribute directly to fatigue, muscle weakness, and reduced exercise tolerance observed

in COVID-19 survivors.

2.5 Endothelial Dysfunction and Microvascular Pathology

SARS-CoV-2 infection is associated with significant endothelial injury and microvascular dysfunction.
Viral invasion of endothelial cells, combined with inflammatory activation, leads to endothelial

apoptosis, capillary leakage, and microthrombus formation.

Microvascular pathology reduces tissue oxygen delivery and contributes to systemic hypoxia, even in
the absence of severe pulmonary symptoms. From a rehabilitation perspective, impaired
microcirculation limits exercise tolerance and delays tissue recovery, underscoring the importance of

graded physical activity to stimulate vascular adaptation.

2.6 Mitochondrial Dysfunction and Energy Metabolism

Emerging evidence suggests that SARS-CoV-2 disrupts mitochondrial function by altering oxidative
phosphorylation and increasing reactive oxygen species production. Mitochondrial dysfunction
reduces adenosine triphosphate (ATP) availability, impairing muscle contraction, neural transmission,

and cellular repair mechanisms.

These alterations provide a biological basis for persistent fatigue and post-exertional malaise observed
in long COVID. Physiotherapy interventions that promote mitochondrial biogenesis and metabolic

efficiency, such as aerobic and resistance exercise, directly target these cellular deficits.

Volume 25 Issue 12 2025 PAGE NO: 312



Journal For Basic Sciences ISSN NO : 1006-8341

2.7 Neuroinvasion and Neural Cellular Effects

SARS-CoV-2 may affect the nervous system through direct neuroinvasion, hematogenous spread, or
immune-mediated mechanisms. Neuronal and glial cell involvement leads to neuroinflammation,

synaptic dysfunction, and altered neurotransmission.

Cellular injury within the central and peripheral nervous systems manifests clinically as cognitive
impairment, balance dysfunction, neuropathic symptoms, and altered motor control. Neuroplasticity-

driven physiotherapy interventions are therefore critical in restoring functional neural pathways.

2.8 Implications of Cellular Mechanisms for Rehabilitation

The cellular and molecular mechanisms of COVID-19 establish a clear scientific rationale for
physiotherapy rehabilitation. Viral-induced tissue injury, immune-mediated inflammation, endothelial
dysfunction, and metabolic disruption collectively impair physiological homeostasis. Physiotherapy
acts as a biological stimulus that promotes cellular repair, vascular remodeling, metabolic

normalization, and neural adaptation.

By understanding the virology and cellular basis of COVID-19, rehabilitation strategies can be more
precisely tailored to support recovery across multiple organ systems, reinforcing physiotherapy as an

evidence-based, mechanism-driven intervention.

3. Pathophysiology Relevant to Physiotherapy Rehabilitation

Understanding the pathophysiology of COVID-19 is fundamental to designing rational and effective
physiotherapy rehabilitation programs. SARS-CoV-2 infection produces complex, interrelated
alterations across respiratory, musculoskeletal, cardiovascular, neurological, and metabolic systems.
These alterations are driven by direct viral injury, immune-mediated inflammation, hypoxia,
prolonged immobilization, and critical illness—related stress responses. Physiotherapy interventions

directly target these biological disturbances through well-established physiological mechanisms.

3.1 Respiratory Pathophysiology

The respiratory system is the primary target of SARS-CoV-2. Viral entry via ACE2 receptors in alveolar
type Il epithelial cells leads to diffuse alveolar damage, surfactant dysfunction, interstitial edema, and

inflammatory infiltration. In moderate to severe cases, these changes progress to acute respiratory
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distress syndrome (ARDS), characterized by reduced lung compliance, ventilation—perfusion

mismatch, shunt physiology, and impaired oxygen diffusion capacity.

From a functional standpoint, patients exhibit restrictive ventilatory patterns, decreased tidal volume,
rapid shallow breathing, and increased work of breathing. Prolonged mechanical ventilation further
contributes to diaphragmatic weakness and ventilator-induced diaphragm dysfunction. Physiotherapy
interventions such as diaphragmatic breathing, thoracic expansion exercises, positioning, and
inspiratory muscle training are physiologically justified as they improve alveolar recruitment, enhance

diaphragm excursion, optimize chest wall mechanics, and reduce respiratory muscle fatigue.

3.2 Musculoskeletal and Metabolic Pathophysiology

COVID-19 is associated with profound musculoskeletal involvement resulting from systemic
inflammation, immobilization, and altered protein metabolism. Elevated pro-inflammatory cytokines,
including interleukin-6 and tumor necrosis factor-alpha, activate catabolic pathways leading to
accelerated muscle protein breakdown and reduced synthesis. This process is compounded by

corticosteroid use and prolonged bed rest, resulting in sarcopenia and ICU-acquired weakness.

At the cellular level, mitochondrial dysfunction and reduced oxidative enzyme activity impair skeletal
muscle energy production, contributing to early fatigability and reduced endurance. Joint stiffness,
connective tissue shortening, and reduced proprioceptive input further compromise functional
movement. Progressive resistance training, functional task practice, and mobility exercises stimulate
muscle protein synthesis, improve mitochondrial efficiency, and restore neuromuscular coordination,

thereby directly counteracting these pathophysiological changes.

3.3 Cardiovascular and Autonomic Dysfunction

COVID-19-related cardiovascular involvement includes myocarditis, endothelial injury, microvascular
thrombosis, and dysregulation of the autonomic nervous system. These changes reduce stroke
volume, impair peripheral oxygen delivery, and disrupt heart rate variability. Postural intolerance,

tachycardia, and exercise-induced fatigue are frequently observed during recovery and long COVID.

From a rehabilitation perspective, graded aerobic exercise induces central and peripheral
cardiovascular adaptations, including improved cardiac output, enhanced endothelial function,
increased capillary density, and normalization of autonomic balance. Careful monitoring and gradual
progression are essential to avoid symptom exacerbation while promoting cardiovascular

reconditioning.
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3.4 Neurological and Neurocognitive Pathophysiology

Neurological manifestations of COVID-19 arise from direct viral neurotropism, neuroinflammation,
hypoxic injury, and microvascular damage. Both central and peripheral nervous systems may be
affected, leading to muscle weakness, impaired balance, altered coordination, sensory disturbances,
and cognitive dysfunction. Critical illness polyneuropathy and myopathy further compromise motor

control in severely affected patients.

Neurophysiological principles of plasticity provide the scientific basis for physiotherapy interventions
in this domain. Task-specific training, balance exercises, proprioceptive stimulation, and coordination
activities promote synaptic reorganization, enhance motor learning, and improve postural stability.
These interventions are particularly relevant for restoring functional independence and preventing

falls.

3.5 Psychophysiological and Fatigue-Related Mechanisms

Persistent fatigue is one of the most disabling sequelae of COVID-19 and long COVID. Proposed
mechanisms include chronic low-grade inflammation, autonomic dysregulation, impaired energy
metabolism, and altered central perception of effort. Psychological stress, anxiety, and sleep

disturbances further amplify fatigue through neuroendocrine pathways.

Physiotherapy addresses these mechanisms through energy conservation strategies, pacing,
breathing control, and graded exercise therapy. By regulating autonomic function and gradually
improving physical capacity, physiotherapy contributes to both physiological and psychological

recovery.

3.6 Integrated Multisystem Perspective

COVID-19 pathophysiology is inherently multisystemic, and impairments rarely occur in isolation.
Respiratory dysfunction exacerbates cardiovascular strain, muscle weakness limits ventilatory
efficiency, and neuropsychological factors influence exercise tolerance. Physiotherapy rehabilitation
adopts an integrative, systems-based approach, simultaneously addressing multiple physiological

domains to restore overall functional capacity.

This integrated understanding of COVID-19 pathophysiology underscores the scientific rationale for
physiotherapy rehabilitation as a core component of recovery, firmly grounded in basic biological and

physiological principles.
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4. Phases of COVID-19 Physiotherapy Rehabilitation

Physiotherapy rehabilitation in COVID-19 is optimally delivered through a phased approach that
corresponds to the clinical course of the disease and the underlying biological recovery processes.
Each phase is characterized by distinct pathophysiological features, functional limitations, and
rehabilitation goals. A phase-specific strategy ensures patient safety while maximizing physiological

adaptation and functional restoration.

4.1 Acute Phase Rehabilitation (ICU and Hospitalized Patients)

Clinical and Biological Context: The acute phase encompasses patients with active infection, often
requiring hospitalization or intensive care. Pathophysiology during this stage is dominated by
hypoxemia, respiratory distress, systemic inflammation, hemodynamic instability, and high catabolic
stress. Prolonged bed rest, sedation, and mechanical ventilation predispose patients to rapid muscle

wasting, joint stiffness, pressure injuries, and ICU-acquired weakness.
Goals of Physiotherapy:

e Optimize ventilation and oxygenation
® Prevent respiratory and musculoskeletal complications
e Maintain joint mobility and muscle activation

e Facilitate early functional independence where feasible

Description of rehabilitation patients post COVID-19
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Physiotherapy Interventions:

e Positioning strategies, including prone positioning, to improve ventilation—perfusion matching
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e Diaphragmatic breathing and thoracic expansion exercises to enhance lung recruitment
e Airway clearance techniques when indicated
e Passive, active-assisted, and active range-of-motion exercises

e Bed mobility training and early mobilization based on physiological stability

Scientific Rationale: Early physiotherapy interventions mitigate the adverse effects of immobilization
by maintaining neuromuscular signaling, preserving muscle protein synthesis pathways, and
supporting diaphragmatic function. Optimized positioning improves alveolar recruitment and reduces

shunt physiology.

4.2 Post-Acute Phase Rehabilitation (Early Recovery Phase)

Clinical and Biological Context: The post-acute phase begins following medical stabilization and viral
clearance. Patients often present with residual respiratory impairment, generalized weakness,
reduced exercise tolerance, and post-exertional fatigue. Inflammatory markers may remain elevated,

and cardiopulmonary deconditioning is common.
Goals of Physiotherapy:

e Restore pulmonary capacity and breathing efficiency
® Improve muscle strength and endurance
e Enhance cardiovascular fitness

e Re-establish basic functional activities
Physiotherapy Interventions:

e Inspiratory muscle training to strengthen respiratory musculature

e Low- to moderate-intensity aerobic exercises such as walking or cycling
® Progressive resistance training targeting major muscle groups

e Postural correction, flexibility, and balance exercises

e Functional task training (sit-to-stand, stair climbing)

Scientific Rationale: Graded physical loading during this phase stimulates mitochondrial biogenesis,
improves oxygen utilization, and reverses muscle atrophy. Aerobic conditioning enhances cardiac

output and peripheral oxygen extraction, while resistance training promotes neuromuscular recovery.
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4.3 Long COVID Rehabilitation Phase

Clinical and Biological Context: Long COVID refers to the persistence of symptoms beyond the acute
and post-acute phases, often lasting weeks to months. Patients may experience chronic fatigue,
breathlessness, dysautonomia, cognitive impairment, and fluctuating symptom severity. Objective

findings may not always correlate with symptom burden, complicating rehabilitation planning.
Goals of Physiotherapy:

e Manage chronic fatigue and post-exertional symptom exacerbation
e Improve functional tolerance and quality of life
e Address balance, coordination, and cognitive-motor deficits

e Support psychological well-being
Physiotherapy Interventions:

e Energy conservation techniques and activity pacing

e Individually tailored, symptom-limited graded exercise programs
e Breathing control and relaxation techniques

e Balance, coordination, and dual-task training

e Education on self-monitoring and symptom management

Scientific Rationale: Physiotherapy in long COVID focuses on autonomic regulation, gradual
reconditioning, and central adaptation rather than aggressive physical loading. Controlled activity

supports neuroendocrine balance and reduces maladaptive fatigue responses.

4.4 Community-Based and Home Rehabilitation Phase

Clinical and Biological Context: Following formal rehabilitation, many patients transition to home or
community-based care. Residual impairments may persist, particularly in older adults and individuals

with comorbidities. Accessibility and continuity of rehabilitation become critical at this stage.
Goals of Physiotherapy:

e Maintain gains achieved during supervised rehabilitation
® Promote long-term physical activity and participation

® Prevent relapse and secondary complications
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Physiotherapy Interventions:

e Structured home exercise programs
e Telerehabilitation and remote monitoring
e Lifestyle-oriented physical activity promotion

® Ongoing education and self-management strategies

Scientific Rationale: Continued physical activity reinforces physiological adaptations, supports
cardiovascular and musculoskeletal health, and enhances long-term functional resilience.

Telerehabilitation leverages neurobehavioral engagement and adherence.

4.5 Integrated Phase Transition and Individualization

COVID-19 recovery does not follow a uniform trajectory, and patients may move back and forth
between phases depending on symptom fluctuations. Continuous reassessment, individualized goal
setting, and interdisciplinary collaboration are essential. Physiotherapy rehabilitation across phases

should remain flexible, evidence-based, and responsive to underlying biological recovery processes.

This phased framework highlights physiotherapy rehabilitation as a dynamic, science-driven

continuum of care integral to COVID-19 recovery.

5. Basic Science Basis of Key Physiotherapy Interventions

Physiotherapy interventions used in COVID-19 rehabilitation are firmly rooted in fundamental
principles of human biology and physiology. Each intervention elicits specific molecular, cellular, and
systemic adaptations that counteract the pathological consequences of SARS-CoV-2 infection.
Understanding these mechanisms strengthens the scientific rationale for rehabilitation and aligns

physiotherapy practice with basic science disciplines.

5.1 Breathing Exercises and Respiratory Muscle Training

Physiological Basis: Breathing exercises such as diaphragmatic breathing, thoracic expansion
exercises, and pursed-lip breathing target respiratory mechanics and gas exchange efficiency. COVID-
19-related alveolar damage and reduced lung compliance increase the work of breathing and promote
rapid, shallow respiratory patterns. Diaphragmatic activation improves inspiratory efficiency by

increasing negative intrathoracic pressure and enhancing basal lung ventilation.
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Inspiratory muscle training (IMT) applies overload principles to the diaphragm and accessory
inspiratory muscles. At the cellular level, IMT increases oxidative enzyme activity, mitochondrial
density, and fatigue resistance of respiratory muscles. These adaptations reduce dyspnea perception

and improve ventilatory capacity.

Relevance to COVID-19: By improving ventilation—perfusion matching and respiratory muscle
strength, breathing exercises directly address hypoxemia, dyspnea, and post-ventilatory diaphragm

weakness observed in COVID-19 survivors.

5.2 Airway Clearance Techniques

Physiological Basis: Airway clearance techniques, including active cycle of breathing techniques
(ACBT) and controlled coughing, facilitate mucus mobilization by altering airflow dynamics and
intrathoracic pressures. Although COVID-19 is primarily a dry pneumonia, secondary secretions and

impaired mucociliary clearance may occur, particularly in prolonged hospitalizations.

Relevance to COVID-19: Effective airway clearance reduces airway resistance, improves oxygenation,

and prevents secondary infections, thereby supporting overall respiratory recovery.

5.3 Aerobic Exercise Training

Physiological Basis: Aerobic exercise induces central and peripheral adaptations, including increased
stroke volume, enhanced capillary density, improved endothelial function, and greater mitochondrial
biogenesis in skeletal muscle. These adaptations improve oxygen delivery and utilization, reflected by

increased maximal oxygen uptake (VO, max).

At the biochemical level, aerobic training enhances oxidative phosphorylation efficiency and reduces
lactate accumulation, delaying fatigue onset. Exercise also modulates inflammatory pathways,

reducing chronic low-grade inflammation through cytokine balance.

Relevance to COVID-19: Aerobic conditioning counteracts cardiovascular deconditioning, exercise

intolerance, and autonomic imbalance commonly seen in post-COVID and long COVID patients.

5.4 Resistance and Strength Training

Physiological Basis: Resistance training stimulates muscle hypertrophy through mechanotransduction

pathways that activate satellite cells and anabolic signaling cascades, such as the mTOR pathway.
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Neural adaptations, including improved motor unit recruitment and firing synchronization, occur early

in training and are critical for functional recovery.

Relevance to COVID-19: Strength training reverses sarcopenia, improves functional performance, and
restores independence in activities of daily living compromised by prolonged illness and

immobilization.

5.5 Flexibility, Postural, and Mobility Exercises

Physiological Basis: Prolonged immobilization leads to connective tissue shortening, altered collagen
alignment, and joint stiffness. Stretching and mobility exercises promote viscoelastic deformation of
soft tissues, improve joint nutrition through synovial fluid movement, and restore normal postural

alignment.

Relevance to COVID-19: These exercises reduce musculoskeletal pain, improve breathing mechanics

by optimizing thoracic posture, and facilitate efficient movement patterns.

5.6 Balance, Coordination, and Neurorehabilitation

Physiological Basis: Balance and coordination training engage sensory integration systems involving
proprioceptive, vestibular, and visual inputs. Repetitive, task-specific activities enhance synaptic

plasticity, cortical reorganization, and motor learning.

Relevance to COVID-19: Such interventions address postural instability, gait disturbances, and

neuromotor deficits associated with neurological involvement and critical illness neuropathy.

5.7 Fatigue Management and Energy Conservation

Physiological Basis: Fatigue in COVID-19 is linked to impaired energy metabolism, autonomic
dysregulation, and central perception of effort. Energy conservation strategies and pacing regulate

activity-induced metabolic stress and prevent post-exertional symptom exacerbation.

Relevance to COVID-19: These strategies are particularly important in long COVID, where

inappropriate exercise dosing may worsen symptoms.
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5.8 Mind-Body and Psychophysiological Interventions

Physiological Basis: Mind—body techniques influence autonomic nervous system balance by reducing
sympathetic overactivity and enhancing parasympathetic tone. This regulation affects heart rate

variability, stress hormone levels, and inflammatory mediators.

Relevance to COVID-19: Incorporating relaxation, controlled breathing, and mindfulness-based

physiotherapy supports both physical recovery and psychological resilience.

5.9 Integrated Systems-Based Perspective

Physiotherapy interventions rarely act in isolation; rather, they produce synergistic effects across
respiratory, cardiovascular, neuromuscular, and neuropsychological systems. From a basic science
standpoint, physiotherapy rehabilitation represents an applied model of systems biology, where

targeted physical stimuli induce adaptive responses that restore homeostasis disrupted by COVID-19.

6. Outcome Measures and Scientific Evaluation

Objective and reproducible outcome measures are essential for evaluating the effectiveness of
physiotherapy rehabilitation in COVID-19. From a basic science perspective, outcome assessment
serves as a bridge between physiological adaptation and functional recovery. Appropriate measures
capture changes at pulmonary, cardiovascular, neuromuscular, functional, and psychosocial levels,

enabling scientific validation of rehabilitation interventions.

6.1 Pulmonary Function Measures

Pulmonary function testing provides direct insight into respiratory mechanics and gas exchange

efficiency following COVID-19. Common parameters include:

e Forced Vital Capacity (FVC): Reflects lung volume and restrictive patterns resulting from
alveolar damage or fibrosis.

e Forced Expiratory Volume in One Second (FEV,): Indicates airway function and ventilatory
efficiency.

e FEV,/FVC Ratio: Assists in differentiating restrictive from obstructive patterns.

e Diffusing Capacity for Carbon Monoxide (DLCO): Assesses alveolar—capillary membrane

integrity and is particularly relevant in post-COVID interstitial involvement.
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Improvements in these parameters following physiotherapy reflect enhanced lung compliance,

respiratory muscle performance, and alveolar recruitment.

6.2 Exercise Capacity and Cardiovascular Evaluation

Exercise capacity tests evaluate integrated cardiopulmonary and muscular responses to physical

activity. Key measures include:

e Six-Minute Walk Test (6MWT): A submaximal test reflecting functional exercise tolerance and
oxygen utilization.

e Incremental Shuttle Walk Test (ISWT): Provides standardized assessment of aerobic capacity.

e Heart Rate and Oxygen Saturation Monitoring: Used to evaluate autonomic responses and

exercise-induced desaturation.

From a physiological standpoint, improvements in exercise capacity indicate favorable cardiovascular

adaptations, enhanced oxygen delivery, and improved mitochondrial efficiency.

6.3 Respiratory Muscle Strength Assessment
Respiratory muscle performance is assessed using:

e Maximal Inspiratory Pressure (MIP) and Maximal Expiratory Pressure (MEP): Indicators of

diaphragm and accessory muscle strength.

Increases in MIP and MEP following inspiratory muscle training demonstrate overload-induced

respiratory muscle adaptation.

6.4 Musculoskeletal Strength and Endurance Measures

Muscle strength and endurance reflect recovery from catabolic muscle loss and neuromuscular

dysfunction. Common assessments include:

e Manual Muscle Testing (MMT) and Handgrip Strength: Simple indicators of global muscle
strength and functional status.
e Sit-to-Stand Tests: Assess lower-limb strength, power, and functional independence.

e Timed Up and Go (TUG) Test: Evaluates mobility, balance, and fall risk.

These measures correlate with neuromuscular recruitment efficiency and muscle metabolic recovery.
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6.5 Balance, Coordination, and Neurological Assessment
Given the neurological involvement in COVID-19, balance and coordination measures are critical:

e Berg Balance Scale (BBS): Assesses static and dynamic balance.
e Gait Speed and Functional Ambulation Categories: Reflect motor control and neural

integration.

Improvements suggest enhanced sensory integration and neuroplastic adaptation facilitated by

physiotherapy.

6.6 Fatigue and Dyspnea Assessment

Persistent fatigue and breathlessness are hallmark symptoms of post-COVID and long COVID

syndromes. Common tools include:

e Borg Rating of Perceived Exertion and Dyspnea Scales: Quantify subjective effort and
breathlessness during activity.

e Fatigue Severity Scale (FSS): Assesses impact of fatigue on daily functioning.

Reduction in perceived fatigue reflects improved autonomic regulation and energy metabolism.

6.7 Functional Independence and Activities of Daily Living
Functional outcome measures evaluate real-world applicability of physiological improvements:

e Functional Independence Measure (FIM): Assesses self-care, mobility, and communication.

e Barthel Index: Measures independence in basic activities of daily living.

These outcomes represent integration of multisystem recovery into meaningful functional

performance.

6.8 Quality of Life and Psychosocial Evaluation
COVID-19 significantly affects mental health and overall well-being. Quality-of-life measures include:

e Short Form Health Survey (SF-36): Evaluates physical and mental health domains.

e Hospital Anxiety and Depression Scale (HADS): Screens for psychological distress.
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Improvements indicate successful integration of physical rehabilitation with psychophysiological

recovery.

6.9 Scientific Evaluation and Research Design Considerations

From a scientific standpoint, evaluation of physiotherapy rehabilitation should incorporate
longitudinal assessment, baseline-to-follow-up comparisons, and, where possible, control or
comparator groups. Combining objective physiological measures with functional and patient-reported

outcomes enhances validity and translational relevance.
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Standardized outcome frameworks allow comparison across studies and contribute to evidence
synthesis. In the context of COVID-19, outcome evaluation must also prioritize safety, symptom

fluctuation monitoring, and individualized progression to account for variable recovery trajectories.

7. Discussion

The present manuscript synthesizes current basic science evidence and clinical rehabilitation
principles to elucidate the role of physiotherapy in COVID-19 recovery. COVID-19 represents a unique
pathological entity in which viral infection, immune dysregulation, hypoxia, and prolonged inactivity
converge to produce widespread functional impairment. Unlike many acute respiratory illnesses, the
consequences of COVID-19 extend beyond pulmonary pathology, affecting musculoskeletal integrity,
cardiovascular regulation, neurological function, and psychosocial well-being. This multisystem

involvement necessitates an integrative rehabilitation approach grounded in scientific understanding.

From a respiratory physiology perspective, the observed improvements following breathing exercises

and inspiratory muscle training are consistent with known mechanisms of alveolar recruitment,
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enhanced diaphragm efficiency, and reduced ventilatory load. These interventions directly counteract
the restrictive lung patterns, reduced compliance, and respiratory muscle weakness documented in
post-COVID patients. Importantly, physiotherapy interventions do not merely alleviate symptoms but

induce measurable physiological adaptations that contribute to long-term respiratory recovery.

Musculoskeletal rehabilitation addresses the profound catabolic state induced by systemic
inflammation and immobilization. The reversal of sarcopenia and ICU-acquired weakness through
resistance and functional training aligns with established principles of muscle plasticity and
neuromuscular adaptation. Early and progressive mobilization is particularly critical, as delayed
rehabilitation may perpetuate weakness, reduce independence, and increase long-term healthcare

burden.

Cardiovascular and autonomic dysfunction observed in post-COVID and long COVID populations
further highlight the need for graded, individualized rehabilitation. Aerobic exercise training improves
endothelial function, cardiac efficiency, and autonomic balance, thereby enhancing exercise tolerance
and reducing fatigue. However, the presence of post-exertional symptom exacerbation in some

individuals underscores the importance of careful monitoring, pacing, and patient education.

Neurological and cognitive impairments present additional rehabilitation challenges. The application
of neuroplasticity principles through task-specific training and balance exercises supports functional
recovery and reduces fall risk. Integration of cognitive-motor strategies may be particularly beneficial

for individuals with persistent neurocognitive symptoms.

From a basic science standpoint, physiotherapy rehabilitation can be viewed as an applied model of
adaptive biology, wherein targeted physical stimuli promote homeostatic restoration across
interconnected physiological systems. The outcome measures discussed in this manuscript provide
objective evidence of these adaptations and support the scientific credibility of rehabilitation

interventions.

Despite growing evidence, heterogeneity in study design, patient populations, and outcome measures
limits direct comparison across studies. Future research should prioritize standardized assessment
frameworks, mechanistic biomarkers, and long-term follow-up to better characterize recovery

trajectories and optimize rehabilitation dosing.
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11. Conclusion

COVID-19 has emerged as a complex multisystem disorder with significant short- and long-term
functional consequences. Physiotherapy rehabilitation, grounded in fundamental principles of
respiratory physiology, muscle biology, cardiovascular adaptation, and neuroplasticity, plays a central

role in mitigating these consequences and restoring functional capacity.

This review demonstrates that physiotherapy is not merely supportive care but a scientifically
substantiated intervention capable of inducing meaningful biological and functional recovery. Phase-
specific, individualized rehabilitation programs improve pulmonary function, muscle strength,
exercise tolerance, balance, and quality of life across the spectrum of COVID-19 severity, including

long COVID.

Recognition of physiotherapy rehabilitation as an essential component of COVID-19 management has
important implications for healthcare planning, resource allocation, and future pandemic
preparedness. Continued integration of basic science research with clinical rehabilitation practice will
further enhance evidence-based care and optimize outcomes for individuals recovering from COVID-

19.

COVID-19 physiotherapy rehabilitation is a scientifically grounded intervention addressing
multisystem dysfunction. Integrating basic science knowledge with clinical practice enhances
recovery, reduces disability, and improves quality of life. Rehabilitation should be recognized as an

essential component of pandemic response and future healthcare planning.
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