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Abstract

Sarcopenia involves the integrated performance of muscle fibers, motor units, junctions, vessels and supportive
tissue. This paper argues that lost neuromuscular reserve may constrain recovery even when muscle mass changes
favorably. It proposes evaluating strength, mobility, falls and independence rather than interpreting lean mass as a
complete measure of muscle rejuvenation.

Muscle weakness is not merely small muscle

Sarcopenia involves loss of muscle strength and performance, often accompanied by reduced mass, but muscle
function depends on motor neurons, neuromuscular junctions, vascular support, connective tissue, satellite cells and
adequate loading. With age, motor units can be lost and surviving units may compensate through reinnervation. Such
compensation may preserve force for years while reducing reserve. A person can therefore appear stable until illness,
immobilization or injury exposes the fragility of the remaining neuromuscular network.

Two intertwined failures

An injured muscle fiber may be capable of repair while inadequate neural drive limits activation. Conversely, an
intact nerve can command a muscle depleted by inactivity, malnutrition or inflammatory disease. Age-related
changes in satellite-cell behavior and the surrounding niche interact with these factors. The clinical problem cannot
be solved by emphasizing protein intake alone, although adequate protein and resistance exercise are important
components of established sarcopenia management for many people.

Regenerative targets

Research should distinguish preservation of motor units, neuromuscular-junction stability, muscle protein synthesis,
satellite-cell activation and functional strength. A treatment increasing lean mass without improving mobility or falls
risk has limited practical value. Likewise, a biomarker of mitochondrial age is insufficient if the person remains
unable to rise from a chair. Rehabilitation needs to be adjusted for cardiovascular, orthopedic and neurological limits
rather than applied as a universal high-intensity program.

The unifying hypothesis

Some age-related muscle decline represents failure of integrated neuromuscular repair rather than isolated atrophy.
This predicts that combinations of neural function, tissue quality and muscle performance could outperform mass
alone in understanding recovery. The hypothesis remains constrained by the reality of primary muscle diseases,
neuropathies and inflammatory illness, each of which can independently produce weakness and requires specific
evaluation.
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A clinical thought experiment

A person can gain muscle cross-sectional area without proportionate improvement in power or gait because neural
drive and coordination remain impaired. Another may improve strength substantially after resistance training with
less dramatic change in mass. Both examples demonstrate why the motor unit, connective architecture and practical
function should accompany muscle measurements.

What would discriminate among explanations

The mechanism must be differentiated from primary neuropathy, myopathy and endocrine disease. Longitudinal
trials should prioritize falls, chair rise, mobility and independence. A biomarker improvement that fails to change
these outcomes should not be represented as reversal of sarcopenia.
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Evidence note: a proposed conceptual synthesis. These papers do not establish a novel clinical diagnosis, validated rejuvenation treatment
or human lifespan benefit.
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