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* Abstract (original summary).* New tissue requires oxygen, nutrient exchange, vascular support and coordinated
endothelial signaling. This paper proposes that microvascular infrastructure can constrain regeneration even when
progenitor cells remain competent. It distinguishes adequate capillary function from indiscriminate angiogenesis
and describes why improving perfusion is sometimes necessary but rarely sufficient for complete repair.

Regeneration must be supplied

Cdlls cannot proliferate, differentiate and maintain specialized work without oxygen, nutrient delivery and waste
exchange. Regrowing tissues also require endothelial signals and organized microcirculation, not merely a
normal oxygen saturation measured at the finger. A tissue's capillary network determines diffusion distances,
local substrate availability and communication with immune cells. This suggests a regenerative bottleneck:
stimulating tissue growth before establishing adequate vascular support may produce fragile or incomplete repair.

The coordination problem

New vessels and new parenchymal tissue influence each other. Hypoxic signaling may promote angiogenesis, but
prolonged or disorganized hypoxia can contribute to fibrosis and mal adaptive remodeling. Endothelial cells
provide guidance cues, while pericytes support capillary integrity and barrier function. In cancer, abundant
abnormal angiogenesis can support destructive growth, illustrating that more vessels are not automatically better.
Appropriate vascular patterning matters as much as vessel count.

Application to older tissues

Age-associated endothelial dysfunction, diabetes, peripheral arterial disease and local scarring can all limit repair.
In some chronic wounds, restoring perfusion is central to healing; in other conditions, inflammation, infection or
mechanical pressureisthe dominant barrier. A capillary-first argument should therefore be conditional rather
than universal. It should prompt examination of tissue delivery and extraction before assuming deficient stem-cell
activation isthe only problem.

What would prove the hypothesis useful

Investigators could compare regenerative interventions under controlled vascular environments and test whether
restoring perfusion changes cell survival, spatial organization and function. A result where vascular restoration
improves healing without directly increasing stem-cell number would support an environment-centered
interpretation. Failure despite normal perfusion would point toward other constraints. The proposal is not to
prescribe angiogenic therapy indiscriminately but to consider supply infrastructure as part of the repair program.

A clinical thought experiment

An ischemic foot wound may remain open despite excellent nutrition and apparently competent skin cells.
Without adequate local blood supply, regenerative stimulation has a constrained ceiling. Conversely, a
hypervascular tumor demonstrates that abundant blood supply does not equal health. Both exampl es sharpen the
distinction between perfusion as a necessary condition in some circumstances and perfusion as an automatically
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sufficient treatment.

What would discriminate among explanations

Studies should assess microvascular function and oxygen extraction, not solely arterial patency or pulse oximetry.
A new capillary network that leaks or fails to connect to meaningful flow may worsen edema. The best evidence
would show restoration of stable exchange followed by better tissue architecture and function, with no
unacceptable abnormal angiogenesis.

Proliferation creates a supply problem

A growing population of cells consumes oxygen, glucose, amino acids and other substrates while producing
metabolites that must be removed. Diffusion across tissue is effective only over limited distances. Thus a
regenerative program that rapidly increases cellular demand without adequate microvascular supply may produce
cells unable to survive or mature. Vascular networks aso provide signaling cues independent of oxygen delivery,
creating interactions between endothelium and tissue progenitors.

The premise is not that every poorly healing tissueisischemic. A wound can have adequate arterial inflow but
suffer infection, mechanical stress or deficient cellular response. Equally, normal systemic oxygen saturation
does not prove uniform local capillary delivery. Regional perfusion, capillary density, transit-time heterogeneity
and microvascular dysfunction can produce very different conditions within tissues supplied by the same artery.

How capillaries can limit repair

After magjor injury, some provisional vascular growth may be needed to support cellular reconstruction. If vessels
form chaotically, they may beleaky or fail to regulate flow efficiently. If extracellular matrix becomes dense,
diffusion distances can increase and microvascular architecture may be distorted. A response that merely
increases the number of vascular profiles on a microscopic slide might therefore fail to increase effective nutrient
delivery. Perfused and appropriately organized vessels, rather than vessel counts alone, are the relevant target.

Consider diabetic foot wounds. Their outcome depends on arterial supply, infection control, pressure relief,
neuropathy and the local wound environment. A microvascular hypothesis has clinical value only if it identifies
an additional limitation not captured by those established determinants. It would be dangerous to interpret a
threatened limb as a general ‘terrain’ problem while delaying vascular assessment, urgent infection treatment or
appropriate surgical care.

Endothelial signaling beyond blood delivery

Endothelial cells communicate with neighboring tissue through growth factors, adhesion molecules and barrier
regulation. Their properties can influence immune-cell entry, progenitor-cell behavior and extracellular
composition. The concept of angiocrine signaling formalizes some of these interactions. A regenerative
intervention could, in principle, improve tissue repair by restoring appropriate endothelial signals even when
gross arterial flow appears sufficient. But separating signal effects from improved oxygenation or changed
inflammation requires careful experimental controls.

A tissue-specific experiment could compare enhancement of perfusion with selective modification of a proposed
endothelial signal, then evaluate cell survival, mature architecture and function. Distinct effects would indicate
separate limiting mechanisms. A universal treatment that 'improves microcirculation' would need evidence for the
particular tissue and pathology involved.
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A sequencing prediction

One testable extension is that, for selected injuries, adequate perfusion must be established before proliferative
stimulation can tranglate into durable reconstruction. If stimulation precedes supply, early cell expansion might
lead to hypoxia, death or fibrosis. In other tissues, angiogenesis and proliferation may need to develop
simultaneously. The sequence cannot be declared without intervention studies because vascular changes and
tissue growth naturally influence one another.

The important insight is that rebuilding an organ creates new demand. Every additional cell needs a viable niche;
every nerve and duct requires rel ationships with surrounding tissue. Capillary competence may be afoundational
constraint in some contexts, but it cannot substitute for the cell identity, anatomical patterning and clinical safety
that regeneration also requires.

A blood vessel is not equivalent to an exchange surface

Two tissues may contain the same apparent number of capillaries but differ in how many are perfused, how flow
is distributed and whether surrounding cells can receive delivered substrates. Tissue oxygenation also depends on
arteria content, red-cell transit, extraction and local demand. Capillary density alone can therefore misrepresent
effective delivery. A growing graft might contain many vessels yet suffer hypoxiaif flow isinefficient or
diffusion distances remain excessive.

To separate these mechanisms, experiments should quantify perfused microvascular networks and local
oxygenation alongside cell survival and function. A promising angiogenic intervention that improves histological
vessel counts but not perfusion would indicate incomplete vascular integration. If better perfusion does not
improve tissue repair, another bottleneck—such as persistent infection or lack of competent progenitors—may
dominate.

The sequencing implication remains contingent. Restoring blood flow is often essentia for ischemic wounds, but
in other settings excessive or abnormal vascular growth can be harmful. Regeneration requires appropriately
organized supply, not simply maximum vascular proliferation.

Oxygen delivery and oxygen use are different

A tissue can have inadequate oxygen delivery because blood flow is limited, yet it can also fail to use delivered
oxygen effectively because of cellular metabolic dysfunction. Measurements of arterial saturation cannot
distinguish these problems by themselves. Neither can asingle local oxygen reading reveal whether limited
delivery, high demand or altered extraction is dominant. Understanding the repair bottleneck may require
complementary microvascular and metabolic measurements.

An intervention that increases capillary perfusion without improving function could indicate poor cellular
utilization or loss of repair-capable cells. Conversely, improving mitochondrial performance without providing
adequate perfusion may fail because substrate supply remains limiting. A causal model should allow both
explanations and test them independently before attributing poor recovery to one preferred component.

An additional consideration is vascular stability. Newly formed vessels may initialy be fragile, permeable or
poorly regulated. A treatment that creates more capillaries without mature flow control could increase edema and
further alter interstitial diffusion. Thus successful angiogenesis and successful exchange are not the same
outcome. A regenerative vascular strategy should establish that new networks are perfused, appropriately
connected and durable. In clinical wound care, these investigations must occur alongside basic requirements such
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asinfection control, pressure relief and assessment of major arterial supply. None can safely be replaced by a
theoretical microcirculation argument.
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This is an evidence-informed conceptual essay, not a systematic review, clinical trial, validated diagnostic instrument, or treatment
recommendation.

Editorial status: substantially revised conceptual article. Evidence-informed, not peer-reviewed, not a systematic
review or clinical treatment guidance.
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