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NEUROPLASTICITY AND NEURAL SELF-REGULATION IN HIGH-
PERFORMANCE ATHLETES: AN INTEGRATED NEUROBEHAVIORAL
MODEL

Marcos Paulo Almeida!

Abstract: The optimization of elite athletic performance transcends mere physical conditioning,
entering the domain of cognition and neural self-regulation. This systematic review investigates the
hypothesis that an integrated neurobehavioral model, combining Artificial Intelligence (AI)-driven
visual projection, adaptive continuous improvement cycles (PDCA), and a structured regenerative
protocol, can promote significant changes in neuroplasticity and neural self-regulation in high-
performance athletes. The objective is to analyze the literature from the last five years to substantiate
a model that connects cognitive-visual training, procedural metacognition, and physiological recovery
as a unified system for enhancing performance. The proposed methodology for future longitudinal
investigations includes the assessment of heart rate variability (HRV) to monitor autonomic state,
executive function tests (e.g., inhibitory control, cognitive flexibility), behavioral scales, and analysis
of motor execution consistency. The literature analysis suggests that elite athletes exhibit superior
executive functions and that neuroscience-based interventions, such as real-time visual feedback,
can accelerate motor learning and decision-making. It is concluded that the integration of these three
facets—AI-enhanced visualization, iterative planning with PDCA, and optimized recovery—offers a
promising framework for inducing lasting neuroplastic adaptations, improving the athlete’s ability to

regulate their neural state and, consequently, their physical and mental performance under pressure.

Keywords: Neuroplasticity, Self-Regulation, Executive Function, Artificial Intelligence, PDCA

1 Coach e atleta de fisiculturismo com metodologia baseada em ciéncia, experiéncia e persona-
lizagdo, focado em transformar vidas com resultados reais e alta performance
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Cycle, Athletic Performance, Heart Rate Variability.

Introduction

The distinction between elite and sub-elite athletes lies not only in their physical capabilities,
but, crucially, in their neural architecture and cognitive skills. The ability to make quick and accurate
decisions, to inhibit inappropriate responses, and to adapt to dynamic competitive environments is
governed by superior executive functions, primarily located in the prefrontal cortex (Brimmell et al.,
2025). Recent literature has consistently demonstrated that athletes, especially those in open-skill
sports, possess significant advantages in domains such as inhibitory control and cognitive flexibility
(Ren et al., 2024). This cognitive enhancement is not innate, but rather the result of years of deliberate
training, a process that induces profound neuroplastic adaptations, optimizing the efficiency of the
neural networks that govern both movement and cognition (Li et al., 2021).

However, traditional training often addresses physical and cognitive components in isolation.
This review proposes a different paradigm, investigating an integrated neurobehavioral model that
unifies three strategic components: (1) Artificial Intelligence (AI) Visual Projection, to provide real-
time feedback and accelerate motor learning; (2) Adaptive Cycles (PDCA - Plan-Do-Check-Act), as a
metacognitive framework for continuous improvement and self-regulation of the training process; and
(3) a Structured Regenerative Protocol, to ensure the physiological and neurological recovery necessary
for the consolidation of adaptations. The central hypothesis is that the synergistic interaction of these
three components can promote more robust neuroplastic changes and a greater capacity for neural
self-regulation, culminating in a more consistent and resilient performance. The objective of this
article is, therefore, to systematically review the pertinent literature to build the theoretical foundation

of this integrated model and propose a methodology for its empirical validation.
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Methodology

A systematic literature review was conducted, with searches in the PubMed, Web of
Science, and Scopus databases, for articles published between January 2021 and February 2026.
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The search terms included combinations of: “neuroplasticity”, “neural self-regulation”, “executive
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function”, “inhibitory control”, “athletes”, “sports performance”, “artificial intelligence”, “visual
feedback”, “motor learning”, “PDCA cycle”, “continuous improvement”, “heart rate variability”, and
“regenerative protocol”.

The inclusion criteria were: (1) studies investigating the relationship between executive
functions and athletic performance; (2) studies on the use of Al, virtual/augmented reality, or visual
feedback in sports training; (3) articles addressing the application of continuous improvement
methodologies in sports; and (4) reviews on neuroplasticity and neural adaptation to training. The data
synthesis focused on the extraction of physiological and cognitive mechanisms that could support the
integration of the three pillars of the proposed model. The suggested methodology for future validation
of the model is longitudinal in nature, involving pre- and post-intervention assessments of multiple
markers, including resting and post-exercise heart rate variability (HRV), a battery of executive

function tests (e.g., Stroop Test, Trail Making Test), behavioral scales to assess self-regulation and

perceived readiness, and kinematic analysis to quantify the consistency of technical execution.

Results and Discussion: Building an Integrated Neurobehavioral Model

Neuroplasticity and the Athlete’s Brain: The Basis of Self-Regulation

Neuroplasticity is the fundamental capacity of the brain to reorganize itself in response to
experiences, serving as the foundation of learning and memory (Costandi, 2025). In the athletic context,
deliberate training induces specific structural and functional adaptations. Functional neuroimaging

studies demonstrate that elite athletes exhibit greater neural efficiency; that is, they can activate task-
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relevant brain areas with less energy expenditure, while suppressing the activation of irrelevant areas
(Aslam et al., 2025). This phenomenon is directly linked to superior inhibitory control, the ability
to suppress automatic actions or thoughts that are inappropriate for the current context. A recent
meta-analysis confirmed that inhibitory control is positively associated with sports performance and
increases with athlete experience (Albaladejo-Garcia et al., 2023).

Neural self-regulation, in this context, can be defined as the athlete’s ability to voluntarily
modulate their cognitive and autonomic state to meet the demands of performance. This involves the
activation of the parasympathetic nervous system to promote calmness under pressure (measured
by HRV) and the focused engagement of the prefrontal cortex for strategic decision-making. The

premise of the integrated model is that this self-regulation capacity can be deliberately trained.

Al Visual Projection: Accelerating Motor Learning

Traditionally, feedback on motor performance is provided verbally by the coach, a process
that can be slow and subjective. Artificial Intelligence, combined with motion capture systems and
visual projection (or augmented reality), offers a revolution in this paradigm. Al systems can analyze
the athlete’s movement in real time, compare it with an ideal model (whether from an expert or the
athlete themselves at their best performance), and provide immediate and quantifiable visual feedback
(Liu, Newman, & Lee, 2021). For example, a system can project the correct trajectory of a movement
directly into the athlete’s field of vision or highlight postural deviations in real time (Lu, 2024).

This type of feedback explores the dominance of the human visual system and accelerates
motor learning by creating a much faster error and correction “loop”. From the perspective of
neuroplasticity, this strengthens the neural pathways associated with the correct motor pattern more
efficiently than isolated verbal feedback. By internalizing the correct movement, the athlete frees up
cognitive resources, previously occupied with the conscious control of the movement, to focus on

tactical and strategic aspects of the game. Al, therefore, not only corrects the form but optimizes the
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allocation of neural resources.

PDCA Cycles: The Metacognition of Performance

The PDCA (Plan-Do-Check-Act) cycle is a quality management methodology that can be
adapted as a powerful metacognitive framework for the athlete (Almeida, 2024). Instead of training
reactively, the athlete and coach can use the cycle to structure the improvement process:

* Plan (Planning): Define a specific improvement objective (e.g., increase the consistency
of a movement by 10%), identify the metrics of success (video analysis, sensor data), and
plan the interventions (e.g., training sessions with Al feedback).

* Do (Doing): Execute the training plan as defined.

*  Check (Veritying): Analyze the data collected during the “Do” phase to evaluate progress
in relation to the goals. Al can be fundamental here, providing objective analyses of large
volumes of performance data.

* Act (Acting): Based on the analysis, standardize the improvement if the goal was met, or

adjust the plan for the next cycle if the results were not as expected.

This iterative process transforms the athlete from a mere executor into an active agent of
their own evolution. The application of PDCA promotes self-regulation by requiring the athlete to
reflect on their performance, analyze objective data, and make informed decisions about their training.
This strengthens executive functions, especially planning and monitoring, which are crucial skills for

performance under pressure.
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The Regenerative Protocol as a Facilitator of Neuroplasticity

Neuroplastic adaptations, like muscular ones, do not occur during training, but in the
subsequent recovery period. The consolidation of new motor memories and the strengthening
of synapses depend on physiological processes that occur primarily during sleep, such as the
regulation of neurotransmitters and the expression of neurotrophic factors like BDNF (Brain-Derived
Neurotrophic Factor) (Kaczmarek et al., 2025). A structured regenerative protocol, which includes
optimized sleep, adequate nutrition, and strategies to modulate the autonomic nervous system (such as
those discussed in the previous article: CWI and SMR), is, therefore, a non-negotiable component of
this model. Adequate recovery, monitored by HRV, ensures that the nervous system is in a dominant
parasympathetic state, ideal for the consolidation of neural adaptations induced by cognitive-visual
training and the metacognitive process of PDCA. Without adequate recovery, the system remains in
a state of sympathetic stress, which can inhibit neuroplasticity and lead to central nervous system

(CNS) fatigue.

Conclusion and Proposal of an Integrated Model

The reviewed literature provides a strong theoretical foundation for the integration of Al visual
projection, adaptive PDCA cycles, and a regenerative protocol as a unified system for the enhancement
of athletic performance. This integrated neurobehavioral model proposes that elite performance is
an emergent property of the synergistic interaction between accelerated skill acquisition (via Al),
metacognitive self-regulation (via PDCA), and neurophysiological consolidation (via recovery).

The contribution of this model is its holistic approach, which recognizes the athlete as a complex
system where cognition, physiology, and behavior are intrinsically linked. The implementation of this
framework offers a path to train not only the athlete’s body but also their brain, promoting neuroplastic

adaptations that result in a greater capacity for neural self-regulation. The longitudinal validation of
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this model, through the suggested methodology, represents a crucial next step in translating this
theoretical concept into a tangible competitive advantage for high-performance athletes, proposing a

new frontier at the intersection of sports science and applied neuroscience.
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