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SHIFTING OF AcTIVATION CENTER IN THE BRAIN DURING MuscLE FATIGUE: AN ExPLANATION OF MINIMAL CENTRAL FATIGUE

(UNDERST ANDING HOW THE BRAIN ORCHESTRATES MUSCLE ACTIVITY DURING PHYSICAL EXERTION IS FUNDAMENTAL IN SPORTS
SCIENCE, NEUROLOGY , AND REHABILITATION MEDICINE. ONE INTRIGUING PHENOMENON IN THIS DOMAIN IS THE SHIFTING OF THE
ACTIVATION CENTER WITHIN THE BRAIN DURING MUSCLE FATIGUE, PARTICULARLY IN THE CONTEXT OF MINIMAL CENTRAL FATIGUE.
THIS PROCESS INVOLVES COMPLEX NEUROPHYSIOLOGICAL MECHANISMS THAT OPTIMIZE MUSCLE PERFORMANCE AND PREVENT
OVEREXERTION. IN THIS COMPREHENSIVE GUIDE, WE WILL EXPLORE THE CONCEPT OF BRAIN ACTIVATION SHIFTS DURING MUSCLE
FATIGUE, THE UNDERLYING MECHANISMS, IMPLICATIONS, AND RELEVANT RESEARCH FINDINGS.

INTRODUCTION TO MUSCLE FATIGUE AND BRAIN ACTIVATION

MUSCLE FATIGUE REFERS TO THE DECLINE IN MUSCLE'S ABILITY TO GENERATE FORCE OR POWER DURING SUSTAINED ACTIVITY. |T
CAN BE CLASSIFIED INTO PERIPHERAL FATIGUE (ORIGINATING WITHIN THE MUSCLE) AND CENTRAL FATIGUE (ORIGINATING WITHIN
THE CENTRAL NERVOUS SYSTEM). CENTRAL FATIGUE INVOLVES CHANGES IN THE BRAIN AND SPINAL CORD THAT AFFECT MOTOR
COMMAND OUTPUT.

THE BRAIN'S ROLE IN MUSCLE FATIGUE IS COMPLEX AND INVOLVES MULTIPLE REGIONS, INCLUDING THE MOTOR CORTEX,
PREMOTOR AREAS, SUPPLEMENTARY MOTOR AREA, BASAL GANGLIA, AND CEREBELLUM. DURING PROLONGED OR INTENSE ACTIVITY,
THE BRAIN ADAPTS BY MODIFYING THE ACTIVATION PATTERN TO SUSTAIN PERFORMANCE WHILE AVOIDING DAMAGE OR
EXHAUSTION.

UNDERSTANDING THE ACTIVATION CENTER IN THE BRAIN

THE "ACTIVATION CENTER” REFERS TO THE SPECIFIC REGIONS WITHIN THE BRAIN RESPONSIBLE FOR INITIATING AND CONTROLLING
VOLUNTARY MUSCLE MOVEMENTS. THE PRIMARY MOTOR CORTEX (M -|) IS THE MAIN AREA INVOLVED IN EXECUTING VOLUNTARY
MOVEMENTS. HO\X/EVER, DURING MUSCLE FATIGUE, THE ACTIVATION PATTERN CAN SHIFT AMONG VARIOUS REGIONS TO OPTIMIZE
PERFORMANCE.

Key BrRAIN REGIONS INVOLVED:

- PriMARY MoTor CorTeEx (M1): EXECUTES VOLUNTARY MOVEMENTS.

- PreMoTOR CORTEX: PLANNING AND PREPARATION OF MOVEMENT.

- SUPPLEMENTARY MoTor ARea (SMA): COORDINATION OF COMPLEX MOVEMENTS.
- BAsAL GANGLIA: MODULATES MOVEMENT CONTROL.

- CEREBELLUM: FINE-TUNING AND COORDINATION.

- PrerrRONTAL CORTEX: DECISION-MAKING AND ATTENTION.

UNDERST ANDING HOW THESE REGIONS INTERACT AND ADAPT DURING FATIGUE IS ESSENTIAL TO COMPREHENDING THE SHIFTING
ACTIVATION CENTERS.

THe PHENOMENON OF SHIFTING ACTIVATION CeENTERS DURING MUSCLE
FATIGUE

DURING SUSTAINED MUSCLE ACTIVITY, NEUROIMAGING STUDIES HAVE SHOWN THAT THE LOCATION OF PEAK ACTIVATION WITHIN



THE BRAIN SHIFTS. THIS SHIFT CAN INVOLVE INCREASED ACTIVITY IN SOME REGIONS AND DECREASED IN OTHERS, REFLECTING AN
ADAPTIVE STRATEGY TO MAINTAIN PERFORMANCE.

MAIN CHARACTERISTICS OF ACTIVATION SHIFTS:

- INITIAL PHASE: ACTIVATION PRIMARILY IN THE PRIMARY MOTOR CORTEX AND INVOLVED AREAS.

- PROGRESSION TO FATIGUE: DECREASED ACTIVITY IN SOME MOTOR AREAS, WITH INCREASED RECRUITMENT OF AUXILIARY
REGIONS.

- PosT-FATIGUE: REORGANIZATION OF ACTIVATION CENTERS, OFTEN INVOLVING BILATERAL ACTIVATION OR ENGAGEMENT OF

ALTERNATIVE PATHWAYS.

THIS DYNAMIC ADAPTATION HELPS IN MANAGING THE WORKLOAD ON SPECIFIC NEURAL CIRCUITS AND PREVENTS EARLY CENTRAL
FATIGUE THAT COULD IMPAIR PERFORMANCE.

MINIMAL CeNTRAL FATIGUE AND ITS SIGNIFICANCE

MINIMAL CENTRAL FATIGUE REFERS TO A STATE WHERE THE CENTRAL NERVOUS SYSTEM MAINTAINS ITS CAPACITY TO ACTIVATE
MUSCLES EFFECTIVELY, DESPITE PHYSICAL EXERTION. IT IS CHARACTERIZED BY:

- STABLE MOTOR OUTPUT: LITTLE TO NO DECLINE IN VOLUNTARY ACTIVATION.
- EFFICIENT NEURAL RECRUITMENT: OPTIMAL ENGAGEMENT OF MOTOR PATHWAYS.

- EFFECTIVE NEUROPLASTICITY: THE BRAIN'S ABILITY TO REORGANIZE AND ADAPT WITHOUT SIGNIFICANT FATIGUE.

UNDERSTANDING MINIMAL CENTRAL FATIGUE IS VITAL FOR ATHLETES AND CLINICIANS BECAUSE IT INDICATES RESILIENCE OF THE
CENTRAL NERVOUS SYSTEM, ENABLING SUSTAINED PERFORMANCE AND FASTER RECOVERY.

IMPLICATIONS OF MINIMAL CENTRAL FATIGUE:

- ENHANCED ENDURANCE CAPACITY.
- REDUCED RISK OF OVERTRAINING AND INJURY.
- BETTER RECOVERY AND ADAPTATION.

MECHANISMS BEHIND SHIFTING ACTIVATION CENTERS

SEVERAL NEUROPHYSIOLOGICAL MECHANISMS DRIVE THE SHIFTING OF ACTIVATION CENTERS DURING MUSCLE FATIGUE:

NEUROPLASTICITY AND ADAPTIVE REORGANIZATION

THE BRAIN EXHIBITS REMARKABLE PLASTICITY, ALLOWING IT TO REORGANIZE NEURAL CIRCUITS IN RESPONSE TO FATIGUE. As
SOME PATHWAYS BECOME LESS EFFICIENT, OTHERS ARE RECRUITED TO MAINTAIN FUNCTION.

ALTERED CORTICAL EXCITABILITY

MUSCLE FATIGUE INFLUENCES THE EXCITABILITY OF THE MOTOR CORTEX:

- INCREASED EXCITABILITY IN AUXILIARY REGIONS COMPENSATES FOR DECLINING EFFICIENCY.
- DECREASED EXCITABILITY IN PRIMARY MOTOR AREAS MAY OCCUR WITH PROLONGED ACTIVITY.



CHANGES IN NEUROTRANSMITTER LEVELS

FATIGUE CAN ALTER LEVELS OF NEUROTRANSMITTERS SUCH AS DOPAMINE, SEROTONIN, AND GAMMA~AMINOBUT YRIC ACID
(GABA), WHICH MODULATE NEURAL ACTIVITY AND INFLUENCE THE RECRUITMENT OF DIFFERENT BRAIN REGIONS.

DescenDING NEURAL PATHWAYS

ENHANCED OR DIMINISHED ACTIVITY IN DESCENDING PATHWAYS FROM THE BRAINSTEM AND CORTEX AFFECTS WHICH REGIONS ARE
PREDOMINANTLY ACTIVE DURING FATIGUE.

ReESEARCH EVIDENCE SUPPORTING ACTIVATION SHIFTS

NUMEROUS NEUROIMAGING AND NEUROPHYSIOLOGICAL STUDIES HAVE DOCUMENTED THE SHIFTING ACTIVATION CENTERS:

- FuncTionaL MRI (FMRI): SHOWS INCREASED BILATERAL ACTIVATION AND RECRUITMENT OF SUPPLEMENTARY MOTOR AREAS
DURING FATIGUE.

- TRANSCRANIAL MAGNETIC STIMULATION (TMS): DEMONSTRATES CHANGES IN CORTICOSPINAL EXCITABILITY CORRELATING

WITH FATIGUE PROGRESSION.

- ELECTROENCEPHALOGRAPHY (EEG): REVEALS INCREASED SYNCHRONIZATION IN CERTAIN CORTICAL AREAS DURING SUSTAINED
ACTIVITY.

THESE STUDIES COLLECTIVELY SUGGEST THAT THE BRAIN DYNAMICALLY REALLOCATES ITS RESOURCES TO SUSTAIN MUSCLE
PERFORMANCE WITH MINIMAL CENTRAL FATIGUE.

APPLICATIONS AND PRACTICAL IMPLICATIONS

UNDERSTANDING HOW THE BRAIN SHIFTS ACTIVATION CENTERS DURING MUSCLE FATIGUE HAS SEVERAL PRACTICAL
APPLICATIONS!

1. ENHANCING ATHLETIC PERFORMANCE: TRAINING PROGRAMS CAN FOCUS ON NEURAL EFFICIENCY AND ADAPTABILITY TO
SUSTAIN PERFORMANCE LONGER.

2. REHABILITATION: STRATEGIES CAN LEVERAGE NEUROPLASTICITY TO RECOVER MOTOR FUNCTION AFTER INJURY OR
NEUROLOGICAL DISORDERS.

3. PREVENTING OVERTRAINING: MONITORING NEURAL ACTIVATION PATTERNS CAN HELP DETECT EARLY SIGNS OF CENTRAL
FATIGUE.

4. DevVELOPING BRAIN-CoMPUTER INTERFACES (BCIs): BClS CAN UTILIZE KNOWLEDGE OF ACTIVATION SHIFTS TO IMPROVE
CONTROL OF PROSTHETICS AND ASSISTIVE DEVICES.

FUTURE DIRECTIONS IN RESEARCH

W/HILE CURRENT RESEARCH PROVIDES SUBSTANTIAL INSIGHTS, FUTURE STUDIES AIM TO!:

- ELUCIDATE PRECISE NEURAL CIRCUITS INVOLVED IN ACTIVATION SHIFTS.



- DEVELOP REAL-TIME MONITORING TOOLS FOR FATIGUE MANAGEMENT.
- EXPLORE INDIVIDUALIZED TRAINING PROTOCOLS TO OPTIMIZE NEURAL RESILIENCE.
- INVESTIGATE THE ROLE OF PSYCHOLOGICAL FACTORS LIKE MOTIVATION AND ATTENTION IN ACTIVATION PATTERNS.

CoNcCLUSION

THE SHIFTING OF THE ACTIVATION CENTER IN THE BRAIN DURING MUSCLE FATIGUE EXEMPLIFIES THE CENTRAL NERVOUS SYSTEM’S
REMARKABLE ABILITY TO ADAPT AND OPTIMIZE PERFORMANCE. THIS PHENOMENON, ESPECIALLY OBSERVED DURING MINIMAL
CENTRAL FATIGUE, UNDERSCORES THE IMPORTANCE OF NEURAL PLASTICITY, EFFICIENT RESOURCE ALLOCATION, AND ADAPTIVE
REORGANIZATION IN MAINTAINING MUSCLE FUNCTION UNDER STRESS. ADVANCES IN NEUROIMAGING AND NEUROPHYSIOLOGICAL
TECHNIQUES CONTINUE TO DEEPEN OUR UNDERSTANDING, OPENING AVENUES FOR IMPROVED ATHLETIC TRAINING, REHABILITATION,
AND NEUROPROSTHETIC DEVELOPMENT. RECOGNIZING THE SIGNIFICANCE OF THESE SHIFTS NOT ONLY ENHANCES OUR
COMPREHENSION OF MOTOR CONTROL BUT ALSO PAVES THE WAY FOR INNOVATIVE INTERVENTIONS TO BOOST HUMAN
PERFORMANCE AND RECOVERY.

KEYWORDS: MUSCLE FATIGUE, BRAIN ACTIVATION, CENTRAL FATIGUE, NEUROPLASTICITY, MOTOR CORTEX, NEURAL
REORGANIZATION, MINIMAL CENTRAL FATIGUE, NEUROIMAGING, NEUROPHYSIOLOGY

FREQUENTLY AskeD QUESTIONS

\W/HAT IS MEANT BY THE SHIFTING OF THE ACTIVATION CENTER IN THE BRAIN DURING
MUSCLE FATIGUE?

[T REFERS TO THE CHANGE IN THE SPECIFIC REGIONS WITHIN THE BRAIN THAT ARE RESPONSIBLE FOR INITIATING MUSCLE
CONTRACTIONS, INDICATING A REDISTRIBUTION OF NEURAL ACTIVITY AS MUSCLES BECOME FATIGUED.

How DOES MINIMAL CENTRAL FATIGUE DIFFER FROM SEVERE CENTRAL FATIGUE IN TERMS
OF BRAIN ACTIVATION?

MINIMAL CENTRAL FATIGUE INVOLVES SUBTLE CHANGES IN BRAIN ACTIVATION PATTERNS, OFTEN WITH LOCALIZED SHIFTS,
\WHEREAS SEVERE CENTRAL FATIGUE LEADS TO WIDESPREAD REDUCTIONS IN NEURAL ACTIVITY AND IMPAIRED MOTOR CONTROL.

\W/HICH BRAIN REGIONS ARE PRIMARILY INVOLVED IN THE SHIFTING OF ACTIVATION
CENTERS DURING MUSCLE FATIGUE?

KEY REGIONS INCLUDE THE MOTOR CORTEX, PREMOTOR CORTEX, SUPPLEMENTARY MOTOR AREA, AND POSSIBLY THE CEREBELLUM,
WHICH ADAPT THEIR ACTIVITY AS FATIGUE PROGRESSES.

WHAT METHODS ARE COMMONLY USED TO OBSERVE SHIFTS IN BRAIN ACTIVATION
DURING MUSCLE FATIGUE?

FUNCTIONAL NEUROIMAGING TECHNIQUES SUCH AS FUNCTIONAL MAGNETIC RESONANCE IMAGING (FMRI) AND PosITRON EMISSION
ToMoGraPHY (PET) ARE COMMONLY USED TO MONITOR CHANGES IN BRAIN ACTIVITY DURING MUSCLE FATIGUE.

\WHY IS UNDERSTANDING MINIMAL CENTRAL FATIGUE IMPORTANT FOR ATHLETIC TRAINING
AND REHABILITATION?

[T HELPS IN DESIGNING TRAINING PROTOCOLS THAT OPTIMIZE PERFORMANCE AND PREVENT OVERFATIGUE, AS WELL AS

DEVELOPING REHABILITATION STRATEGIES THAT TARGET NEURAL ADAPTATIONS TO IMPROVE MUSCLE ENDURANCE AND
RECOVERY.



CAN THE SHIFTING OF ACTIVATION CENTERS BE REVERSED OR MITIGATED?

YES, THROUGH PROPER REST, TRAINING, AND NEUROPLASTICITY-ENHANCING INTERVENTIONS, THE BRAIN CAN ADAPT TO REDUCE
EXCESSIVE SHIFTS OR COMPENSATE FOR FATIGUE-RELATED CHANGES.

How DOES THE CONCEPT OF SHIFTING ACTIVATION CENTERS RELATE TO THE
PERCEPTION OF EFFORT DURING EXERCISE?

AS THE ACTIVATION CENTERS SHIFT, THE BRAIN'S PERCEPTION OF EFFORT MAY INCREASE, SIGNALING THE NEED TO REST OR
ADJUST ACTIVITY LEVELS, WHICH IS A PROTECTIVE MECHANISM AGAINST OVEREXERTION.

ARE THERE INDIVIDUAL DIFFERENCES IN HOW THE BRAIN'S ACTIVATION CENTERS SHIFT
DURING MUSCLE FATIGUE?

YES, FACTORS SUCH AS AGE, FITNESS LEVEL, NEURAL PLASTICITY, AND TRAINING HISTORY INFLUENCE HOW AND TO WHAT
EXTENT THE BRAIN'S ACTIVATION CENTERS SHIFT DURING FATIGUE.

\WHAT ARE THE IMPLICATIONS OF MINIMAL CENTRAL FATIGUE FOR DEVELOPING BRAIN-
coMPUTER INTERFACES (BCIS) AIMED AT CONTROLLING MUSCLE MOVEMENT?

(UNDERSTANDING MINIMAL CENTRAL FATIGUE CAN HELP IMPROVE BC| ALGORITHMS BY ACCOUNTING FOR NEURAL ADAPTATIONS
DURING FATIGUE, LEADING TO MORE ACCURATE AND SUSTAINABLE CONTROL OF PROSTHETICS OR ASSISTIVE DEVICES.

ADDITIONAL RESOURCES

SHIFTING OF AcTIVATION CENTER IN THE BRAIN DURING MuscLE FATIGUE: AN ExPLANATION OF MINIMAL CENTRAL FATIGUE

INTRODUCTION

MUSCLE FATIGUE IS A COMPLEX PHYSIOLOGICAL PHENOMENON CHARACTERIZED BY A DECLINE IN THE MUSCLE'S ABILITY TO
GENERATE FORCE OR POWER DURING SUSTAINED ACTIVITY. WHILE TRADITIONALLY VIEWED THROUGH THE LENS OF PERIPHERAL
FACTORS—™SUCH AS METABOLITE ACCUMULATION, ENERGY DEPLETION, AND NEUROMUSCULAR TRANSMISSION FAILURES—RECENT
ADVANCES HAVE EMPHASIZED THE SIGNIFICANT ROLE PLAYED BY CENTRAL NERVOUS SYSTEM (CNS) MECHANISMS. NOTABLY/ THE
PHENOMENON OF SHIFTING OF ACTIVATION CENTER IN THE BRAIN DURING MUSCLE FATIGUE HAS GARNERED SUBSTANTIAL SCIENTIFIC
INTEREST, OFFERING INSIGHTS INTO THE NEURAL ADAPTATIONS THAT UNDERPIN WHAT IS OFTEN TERMED MINIMAL CENTRAL
FATIGUE.

THIS ARTICLE AIMS TO COMPREHENSIVELY REVIEW THE CURRENT UNDERSTANDING OF HOW NEURAL ACTIVATION CENTERS ADAPT
DURING MUSCLE FATIGUE, EXPLORE THE MECHANISMS BEHIND THE SHIFTING OF ACTIVATION, AND ELUCIDATE THE CONCEPT OF
MINIMAL CENTRAL FATIGUE, EMPHASIZING THE IMPORTANCE OF NEURAL PLASTICITY AND STRATEGIC REORGANIZATION WITHIN THE
BRAIN.

THE CoNcerT oF CENTRAL FATIGUE AND MINIMAL CENTRAL FATIGUE
DerINING CENTRAL FATIGUE

CENTRAL FATIGUE REFERS TO A REDUCTION IN THE VOLUNTARY ACTIVATION OF MUSCLES ORIGINATING FROM THE CNS/
PARTICULARLY WITHIN THE MOTOR CORTEX, CORTICOSPINAL PATHWAYS, AND ASSOCIATED NEURAL CIRCUITS. UNLIKE
PERIPHERAL FATIGUE, WHICH INVOLVES MUSCLE FIBERS AND NEUROMUSCULAR JUNCTIONS, CENTRAL FATIGUE INVOLVES CHANGES
IN NEURAL DRIVE, MOTIVATION, AND CORTICAL EXCITABILITY.



MINIMAL CENTRAL FATIGUE

THE TERM MINIMAL CENTRAL FATIGUE DESCRIBES A STATE WHERE NEURAL ACTIVATION REMAINS LARGELY INTACT OR ONLY
SLIGHTLY DIMINISHED DURING PROLONGED OR INTENSE ACTIVITY. DESPITE ONGOING MUSCLE ACTIVITY AND PERIPHERAL FATIGUE,
THE CNS EFFECTIVELY MAINTAINS OR SHIFTS ACTIVATION STRATEGIES, PREVENTING SIGNIFICANT DECREMENTS IN MOTOR
OUTPUT. THIS NUANCED ADAPTATION UNDERSCORES THE BRAIN'S CAPACITY TO OPTIMIZE PERFORMANCE THROUGH NEURAL
REORGANIZATION, AVOIDING THE DETRIMENTAL EFFECTS OF COMPLETE CENTRAL FATIGUE.

NEURAL BASIS oF MUSCLE ACTIVATION AND TS MoDULATION DURING FATIGUE
MoTor CORTEX AND ITS ROLE IN MUSCLE ACTIVATION

THE PRIMARY MOTOR CORTEX (M ]) PLAYS A PIVOTAL ROLE IN VOLUNTARY MUSCLE ACTIVATION BY SENDING EXCITATORY
SIGNALS VIA CORTICOSPINAL TRACTS TO SPINAL MOTOR NEURONS. ACTIVATION PATTERNS ARE FINELY TUNED, INVOLVING
MULTIPLE CORTICAL AREAS, INCLUDING PREMOTOR, SUPPLEMENTARY MOTOR, AND SENSORY CORTICES, WHICH COORDINATE
MOVEMENT PLANNING AND EXECUTION.

SUBCORTICAL AND SPINAL CONTRIBUTIONS
BEYOND CORTICAL CENTERS, SUBCORTICAL STRUCTURES—SUCH AS THE BASAL GANGLIA AND CEREBELLUM—AND SPINAL CORD

CIRCUITS CONTRIBUTE TO MODULATING MOTOR OUTPUT. THESE REGIONS WORK IN CONCERT TO ADAPT TO CHANGING DEMANDS
AND MAINTAIN MOVEMENT STABILITY.

THE PHENOMENON OF SHIFTING ACTIVATION CENTERS DURING MUSCLE FATIGUE
EVIDENCE FROM NEUROIMAGING AND ELECTROPHYSIOLOGICAL STUDIES

RECENT NEUROIMAGING STUDIES USING FUNCTIONAL MRI (FMRI), POSITRON EMISSION TOMOGRAPHY (PET), AND
MAGNETOENCEPHALOGRAPHY (MEG), ALONGSIDE ELECTROPHYSIOLOGICAL TECHNIQUES LIKE TRANSCRANIAL MAGNETIC
STIMULATION (TMS), HAVE DEMONSTRATED THAT DURING PROLONGED OR FATIGUING MUSCLE TASKS, THE BRAIN'S ACTIVATION
PATTERN UNDERGOES NOTABLE CHANGES.

KEY FINDINGS INCLUDE:

- INCREASED ACTIVATION IN ADJACENT OR CONTRALATERAL REGIONS: AS FATIGUE DEVELOPS, AREAS OUTSIDE THE PRIMARY
MOTOR CORTEX—SUCH AS PREMOTOR CORTEX, SUPPLEMENTARY MOTOR AREA (SMA), AND CONTRALATERAL HEMISPHERIC
REGIONS—SHOW INCREASED ACTIVITY, SUGGESTING A REDISTRIBUTION OF NEURAL RESOURCES.

- SHIFT oF THE ACTIVATION CENTER: THE “CENTER” OF ACTIVATION, OFTEN IDENTIFIED AS THE PEAK ACTIVITY WITHIN THE
MOTOR NETWORK, MOVES SPATIALLY DURING FATIGUE. THIS SHIFT MAY INVOLVE RECRUITMENT OF ALTERNATIVE CORTICAL

AREAS TO COMPENSATE FOR REDUCED EFFICIENCY OR DECREASED EXCITABILITY IN THE ORIGINAL ACTIVATION ZONE.

- ENHANCED SUBCORTICAL INVOLVEMENT: THE BASAL GANGLIA AND CEREBELLUM MAY ALSO SHOW INCREASED ENGAGEMENT,
REFLECTING THEIR ROLES IN MOTOR PLANNING AND COORDINATION UNDER FATIGUE CONDITIONS.

MECHANISMS UNDERLYING THE SHIFT
THE SHIFT IN ACTIVATION CENTERS IS THOUGHT TO ARISE FROM SEVERAL NEUROPHYSIOLOGICAL MECHANISMS:

- NEURAL PLASTICITY: THE BRAIN'S ABILITY TO REORGANIZE ITS FUNCTIONAL ARCHITECTURE ALLOWS FOR THE RECRUITMENT OF
ALTERNATIVE PATHWAYS OR REGIONS, MAINTAINING MOTOR OUTPUT DESPITE FATIGUE-RELATED IMPAIRMENTS.

- ALTERED CORTICAL EXCITABILITY: CHANGES IN LOCAL CORTICAL EXCITABILITY—MEDIATED BY NEUROTRANSMITTER SYSTEMS
SUCH AS GABAERGIC AND GLUTAMATERGIC PATHWAYS—CAN CAUSE THE PRIMARY ACTIVATION SITE TO BECOME LESS
EFFICIENT, PROMPTING A SHIFT TO OTHER REGIONS.



- INHIBITORY AND FACILITATORY BALANCE: FATIGUE MAY ALTER THE BALANCE BETWEEN INHIBITORY AND FACILITATORY
CORTICAL CIRCUITS, LEADING TO A REDISTRIBUTION OF ACTIVITY.

- SENSORY FEEDBACK AND AFFERENT INPUTS: INCREASED RELIANCE ON SENSORY FEEDBACK DURING FATIGUE CAN INFLUENCE
CORTICAL ACTIVATION PATTERNS, FAVORING REGIONS INVOLVED IN PROCESSING PROPRIOCEPTIVE INFORMATION.

FUNCTIONAL SIGNIFICANCE OF ACTIVATION CENTER SHIFTING
ADAPTIVE STRATEGY TO MAINTAIN MOTOR PERFORMANCE

THE SHIFTING OF THE ACTIVATION CENTER REFLECTS AN ADAPTIVE NEURAL RESPONSE AIMED AT PRESERVING MUSCLE FUNCTION.
BY REALLOCATING NEURAL RESOURCES, THE BRAIN CAN:

- COMPENSATE FOR DECREASED EFFICIENCY IN THE PRIMARY MOTOR AREAS.

- ENGAGE ALTERNATIVE MOTOR PATHWAYS THAT ARE LESS AFFECTED BY FATIGUE.

- OPTIMIZE THE RECRUITMENT OF MOTOR UNITS TO SUSTAIN FORCE OUTPUT.

EVIDENCE SUPPORTING ADAPTIVE RECRUITMENT

STUDIES HAVE OBSERVED THAT:

- PARTICIPANTS PERFORMING FATIGUING TASKS SHOW INCREASED ACTIVATION IN PREMOTOR AND SUPPLEMENTARY MOTOR
AREAS, INDICATING THEIR ROLE IN COMPENSATORY CONTROL.

- THE CONTRALATERAL HEMISPHERE MAY BECOME MORE INVOLVED, EXEMPLIFYING INTERHEMISPHERIC PLASTICITY.

- SKILLED PERFORMERS ADAPT MORE EFFECTIVELY, DEMONSTRATING MORE PRONOUNCED SHIFTS AND RECRUITMENT OF AUXILIARY
REGIONS.

NEUROPHYSIOLOGICAL AND MOLECULAR CORRELATES

CHANGES IN CORTICAL EXCITABILITY

UsING TMS, RESEARCHERS HAVE DOCUMENTED:

- INCREASED MOTOR-EVOKED POTENTIAL (MEP) AMPLITUDES IN SOME MUSCLES DURING FATIGUE, SUGGESTING HEIGHTENED
CORTICAL EXCITABILITY IN COMPENSATORY AREAS.

- ALTERED INTRACORTICAL INHIBITION AND FACILITATION, REFLECTING DYNAMIC MODULATION OF NEURAL CIRCUITS.
NEUROTRANSMITTER DYNAMICS

FATIGUE INFLUENCES NEUROCHEMICAL ENVIRONMENTS:

- ELEVATED GLUTAMATE LEVELS FACILITATE EXCITATORY RESPONSES IN ALTERNATIVE REGIONS.
- GABAERGIC ACTIVITY MODULATES INHIBITORY CONTROL, AFFECTING THE DISTRIBUTION OF ACTIVATION.

STRUCTURAL PLASTICITY

LONG-TERM ADAPTATIONS INVOLVE SYNAPTIC MODIFICATIONS, DENDRITIC REMODELING, AND CHANGES IN CONNECTIVITY, WHICH
ALLOW FOR FLEXIBLE REORGANIZATION DURING FATIGUE STATES.

IMPLICATIONS FOR ATHLETIC PERFORMANCE AND REHABILITATION

ENHANCING PERFORMANCE THROUGH NEURAL ADAPTATION



UNDERSTANDING THE SHIFTING OF ACTIVATION CENTERS CAN INFORM TRAINING PROTOCOLS AIMED AT IMPROVING NEURAL
EFFICIENCY AND RESILIENCE. TECHNIQUES SUCH AS:

- NEUROFEEDBACK: TRAINING INDIVIDUALS TO OPTIMIZE CORTICAL ACTIVATION PATTERNS.

- BRAIN STIMULATION: TRANSCRANIAL DIRECT CURRENT STIMULATION (TDCS) or TMS TO FACILITATE ADAPTIVE
RECRUITMENT.

- MOTOR LEARNING: REPETITIVE PRACTICE TO REINFORCE BENEFICIAL NEURAL PATHWAYS.

REHABILITATION STRATEGIES

FOR PATIENTS RECOVERING FROM NEUROLOGICAL INJURIES (STROKE, TRAUMATIC BRAIN INJURY), LEVERAGING NEURAL PLASTICITY
AND PROMOTING EFFECTIVE ACTIVATION SHIFTS CAN:

- ACCELERATE MOTOR RECOVERY.
- PREVENT MALADAPTIVE REORGANIZATION.
- ENHANCE FUNCTIONAL OUTCOMES.

FUTURE DIRECTIONS AND RESEARCH CHALLENGES
DESPITE SIGNIFICANT PROGRESS, SEVERAL QUESTIONS REMAIN:

- WHAT ARE THE PRECISE TEMPORAL DYNAMICS OF ACTIVATION CENTER SHIFTS DURING DIFFERENT TYPES OF FATIGUE?

- How DO INDIVIDUAL DIFFERENCES (AGE/ TRAINING STATUS, NEUROCHEMICAL PROFILE) INFLUENCE THE CAPACITY FOR NEURAL
REORGANIZATION?

- CAN TARGETED INTERVENTIONS ENHANCE BENEFICIAL SHIFTS TO MITIGATE FATIGUE EFFECTS?

ADVANCEMENTS IN NEUROIMAGING, ELECTROPHYSIOLOGY, AND COMPUTATIONAL MODELING WILL CONTINUE TO SHED LIGHT ON
THESE COMPLEX PROCESSES.

CoNCLUSION

THE SHIFTING OF ACTIVATION CENTERS IN THE BRAIN DURING MUSCLE FATIGUE EXEMPLIFIES THE CNS’S REMARKABLE CAPACITY
FOR ADAPTATION AND EFFICIENT RESOURCE ALLOCATION. THIS NEURAL PLASTICITY UNDERPINS MINIMAL CENTRAL FATIGUE,
ALLOWING INDIVIDUALS TO MAINTAIN MOTOR PERFORMANCE THROUGH STRATEGIC REORGANIZATION OF CORTICAL AND
SUBCORTICAL NETWORKS. RECOGNIZING THESE MECHANISMS NOT ONLY ADVANCES OUR UNDERSTANDING OF MOTOR CONTROL
UNDER FATIGUE BUT ALSO OPENS AVENUES FOR OPTIMIZING ATHLETIC PERFORMANCE AND DESIGNING EFFECTIVE REHABILITATION
INTERVENTIONS.

AS RESEARCH CONTINUES TO UNRAVEL THE INTRICACIES OF NEURAL SHIFTS DURING FATIGUE, IT BECOMES INCREASINGLY CLEAR
THAT THE BRAIN'S DYNAMIC RECONFIGURATION IS CENTRAL TO SUSTAINING MOVEMENT AND COUNTERACTING THE LIMITING
EFFECTS OF FATIGUE, ENSURING RESILIENCE AND ADAPTABILITY IN BOTH HEALTH AND DISEASE.
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