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*Abstract (original summary).* The nervous system participates in local tissue signaling as well as sensation and

movement. This essay examines experimental nerve dependence in axolotl limb growth and its implications for

denervated human tissues. It distinguishes trophic support from anatomical instruction and proposes functional

criteria for demonstrating genuinely integrated neural repair.

Why nerves matter after injury

Nerves do more than convey sensation and command movement. They release signaling molecules, shape the

local tissue environment and interact with vascular and immune responses. Axolotl studies show that nerve

supply influences regenerative growth and size, while classic denervation experiments reveal impaired limb

regeneration. This evidence should inspire a broader biological question: how often is poor tissue recovery partly

a failure of trophic communication rather than simply insufficient cellular material?

The network around the regenerating tissue

The wound epithelium, fibroblast-lineage cells, immune cells and growing vessels form a communication system.

Neural signals can influence blastema maintenance and later growth. In humans, denervation has obvious

functional consequences in muscle, skin and autonomic target organs, although these do not mean human nerves

can direct appendage regeneration. The distinction between neural permissiveness and neural instruction is

critical. A nerve may supply growth conditions without encoding the full blueprint of an organ.

A proposed diagnostic lens

When a repair attempt fails, an integrated assessment might ask whether innervation is intact, whether

neuromuscular junctions remain functional and whether target tissue has adequate vascular and mechanical input.

For example, after peripheral nerve injury, strengthening an otherwise viable muscle may be limited until

sufficient innervation returns. This does not justify delaying indicated treatment or using unvalidated neural

stimulation protocols; it clarifies why supplying nutrients alone may not solve a communication deficit.

What the evidence does not show

Nerve dependence varies among species and tissues. Salamander studies cannot establish that exogenous

electrical stimulation or neurotrophic drugs will regenerate human organs. Excessive nerve growth can produce

pain or neuroma formation. A valuable research program would distinguish restored nerve conduction, trophic

signaling, muscle performance and actual anatomical reconstruction. The endpoint is functional integration, not

the mere presence of a new nerve fiber.

A clinical thought experiment

After prolonged denervation, a muscle may become severely atrophic even when its blood supply is adequate and

its nutritional environment is acceptable. Restoring nerve continuity can be a limiting requirement for meaningful

recovery. Yet nerve repair may fail if muscle fibers or motor endplates have been lost. This example illustrates

why the same cell type can be limited by different causes at different stages of injury.
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What would discriminate among explanations

The hypothesis must separate electrical conduction, trophic signaling and tissue patterning. A regenerated nerve

that does not restore strength is not a complete repair; improved strength due to compensation does not prove new

innervation. The correct study combines nerve conduction, imaging, histology where appropriate and a

meaningful functional endpoint.

A nerve can be more than a wire

Nerves convey action potentials, but peripheral neurons also influence tissues through trophic factors,

neurotransmitters and interactions with immune cells, vessels and local progenitors. Tissue injury frequently

severs these relationships. In regenerative animals, the presence of nerves has been shown to matter for aspects of

limb regrowth. In humans, denervation contributes to muscle wasting, altered skin and sweat responses, and

impaired motor-unit function. The leap from those observations to a universal 'nerve gate' for all regeneration

would be too large, yet the principle merits disciplined investigation.

Consider skeletal muscle. Satellite cells can participate in repair after local damage, but recovery of force requires

the fibers to be activated effectively by their motor neurons. Rebuilding muscle protein without restoring

functional innervation may increase tissue mass without recovering controlled movement. The same challenge

appears in chronic neuropathy: adequate nutrient availability and resistance exercise cannot fully replace missing

neural drive. A purely metabolic view of regeneration would miss a major component of tissue integration.

Neural influence changes with the tissue

In skin, cutaneous nerves interact with sensory and autonomic responses and influence local inflammation. In

bone, sensory and sympathetic innervation participate in signaling networks related to remodeling, although their

roles are complex and not reducible to 'more nerve activity equals more bone.' In the intestinal tract, enteric

neural circuits coordinate motility and secretion, with consequences for the local environment. These examples

suggest that neural influence on repair may be a family of mechanisms rather than one general pathway.

The direction of causation is particularly difficult. A wound with poor reinnervation may heal badly because

nerve-derived support is missing; alternatively, a heavily scarred or ischemic wound may prevent nerve growth.

Both processes can reinforce each other. Observational associations between nerve density and tissue recovery

cannot determine which came first. Experimental manipulation and temporal measurement are needed to

establish a gatekeeper relationship.

The injury phase may reverse the effect

Signals beneficial during development or early regeneration can have different consequences in chronic disease.

Excessive sensory signaling can amplify pain and neurogenic inflammation; persistent sympathetic activity can

influence vascular tone and immune responses; aberrant nerve sprouting may create dysfunctional sensitivity.

Increasing nerve activity without specifying the cell type, receptor and phase of healing is therefore not a

coherent intervention. Restoration of appropriate innervation differs from generalized nerve stimulation.

A proposed clinical application would examine the interface between peripheral neuropathy and impaired wound

repair. In diabetes, nerve damage often coexists with microvascular, immune and metabolic disturbances, and

loss of protective sensation contributes to repetitive unrecognized trauma. A poorly healing ulcer is not proof that

neural trophic signaling is its limiting cause; infection, offloading, arterial flow and glycemic control may be

decisive. A serious neural-regeneration hypothesis must work within this known multifactorial setting.
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Experimental priorities

The most discriminating experiments would selectively modify nerve-derived signals while holding vascular

supply and tissue injury as constant as possible, then assess both structural and functional repair. Tissue-specific

models could ask whether a particular neurotransmitter or growth-factor receptor changes progenitor survival,

alignment or differentiation. Long-term tracking would be essential: early proliferation may lead to disordered

innervation, chronic pain or unwanted growth. The clinically relevant result is restored coordinated function

without introducing new pathology.

The strongest conclusion is not that the nervous system secretly controls all healing. It is that tissue repair must

often reconstruct the signaling relationships that make that tissue useful. In some organs, neural input may be a

decisive constraint; in others, it may be secondary. Knowing the difference is the research question.

Interpreting nerve-growth findings

Some preclinical interventions increase expression of neurotrophic factors or produce microscopic evidence of

nerve sprouting. These results should be distinguished from properly directed reinnervation. Disorganized sprouts

can fail to restore sensation or even participate in neuropathic pain. Restoring the number of visible nerve fibers

is therefore not equivalent to restoring a useful neural circuit. Electrophysiology, relevant sensory or motor

testing and long-term pain outcomes are critical complementary measures.

Consider tissue repair after peripheral nerve injury. The regenerating axon encounters a changing extracellular

environment and must locate appropriate targets. Misrouting can lead to synkinesis or unwanted muscle

activation. The injury's distance from the target and the duration of denervation can limit recovery even when

some neural growth occurs. These considerations make nerve-dependent regeneration a problem of timing and

information, not merely growth-factor supply.

The same logic applies to proposed electrical or mechanical nerve stimulation during healing: controlled

stimulation may have a role in specific rehabilitation contexts, but it is not proof of generalized regenerative

permission. Treatment must be evaluated against spontaneous recovery and established rehabilitation with careful

adverse-event monitoring.

The counterexample of painless structural recovery

Some tissues can heal adequately even when local sensory nerve function is impaired, whereas others may

require more specific neural signaling for optimal growth or adaptation. This diversity is useful evidence against

a universal neural gate. Studies should therefore compare tissue-specific outcomes rather than assume a common

repair dependency. For skin, barrier stability and resistance to breakdown may be most relevant; for muscle,

controlled contraction and force are essential.

It would also be misleading to count a reduction in pain as proof that nerves have regenerated. Analgesia, central

adaptation and changes in inflammation can reduce pain without reconstructing damaged peripheral connections.

A nervous-system contribution to healing should be tested through the function of the relevant circuit and the

tissue it supports, not through one nonspecific symptom.
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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.


