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Abstract

The repair debt hypothesis describes residual loss of functional reserve after incompletely recovered injuries. Unlike
a vague theory of toxin accumulation, it distinguishes structural damage, adaptation and compensatory cost. This
essay asks whether cumulative deficits can help explain disproportionate vulnerability to later stresses and how the
model could add value beyond established frailty measures.

What accumulates when repair is incomplete?

People carry the aftereffects of prior injuries in scarred organs, denervated muscles, altered joints, persistent
inflammatory niches and diminished reserve. The repair debt proposal is a disciplined metaphor for this residual
burden: the difference between the function an organism could have regained and the function it actually recovered
after successive insults. It is not an established biomarker, and it should not imply that every life event creates hidden
toxin deposits. The question is whether accumulated unresolved damage helps explain why apparently small later
stresses can precipitate disproportionate decline.

Debt does not mean simple subtraction

Some tissues adapt successfully. Collateral blood flow may compensate for vascular injury; neural networks can
reorganize after stroke; muscles may hypertrophy after partial loss. Other adaptations are costly. A fibrotic liver can
maintain routine chemistry for years yet lack reserve when challenged. A person with limited mobility may lose
muscle and balance, increasing the impact of the next fall. Debt therefore includes the architecture of compensation:
how much useful function exists, what maintaining it costs and which stressors might expose its limits.

A workable causal map

A paper-based ledger would distinguish initiating insult, residual structural damage, physiological compensation,
functional deficit and evidence of progression or repair. Most of these variables are already measured in clinical
practice, albeit in disconnected forms. The added hypothesis is that their accumulated interactions may explain
vulnerability better than any single insult. This differs from claiming that all chronic disease is damage accumulation.
Some conditions are continuously driven by pathogens, autoimmunity, active malignancy or new exposures; others
improve rapidly when a reversible cause is treated.

How to challenge it

The framework earns value only if a measure of cumulative unrecovered function adds predictive power beyond
established comorbidity and frailty indices. It must also avoid double-counting the same damage through multiple
correlated markers. The strongest practical use may be conceptual: helping clinicians ask not merely whether an
episode is 'resolved,' but what capacity was lost, what was restored and which future demands are now less tolerable.
Repair debt is a hypothesis about trajectories, not a moral judgment on aging bodies.
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A clinical thought experiment

A patient who has recovered from several falls may retain mild vestibular impairment, reduced quadriceps strength
and fear of movement. Each deficit is individually modest, but together they increase vulnerability to the next fall.
Repair debt describes that interaction without asserting it is one hidden biochemical load. Conversely, a person with a
healed fracture and full restoration of function may carry little relevant residual debt from that episode.

What would discriminate among explanations

The framework should refuse to turn all adverse experiences into permanent biological liabilities. Some wounds heal
completely, and some adaptations increase resilience. Researchers should separate historical exposure from residual
impairment and test whether the latter predicts future events. If repair debt simply duplicates a frailty score, it adds
vocabulary but no clinical insight; a useful construct must clarify mechanisms and possible interventions.
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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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