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ABSTRACT

Enhanced central inhibition system caused by peripheral fatigue input and
facilitation system caused by motivational input play an important role to determine
the performance during physical fatigue. We tried to clarify the neural mechanism
of central inhibition and facilitation systems during physical fatigue using
magnetoencephalography (MEG) and a classical conditioning technique. As an
experiment 1, participants underwent MEG recording during the imagery of maximum
grips of the right hand guided by metronome sounds for 10 min. Thereafter, fatigue-
inducing maximum handgrip trials were performed for 10 min; the metronome sounds
were started 5 min after the beginning of the handgrip trials. We used metronome
sounds as conditioned stimuli and maximum handgrip trials as unconditioned stimuli
to cause central inhibition. The next day, MEG recording during the imagery of
maximum grips of the right hand guided by metronome sounds were measured for 10
min. Levels of the fatigue sensation in the right hand and sympathetic nerve activity
on the second day were significantly higher than those on the first day. In the right
dorsolateral prefrontal cortex (Brodmann' s area 46), the alpha-band event-related

desynchronization (ERD) of the second MEG session relative to the first session
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with the time window of 200 to 300 ms after the onset of handgrip cue sounds was
identified. The ERD level in this brain region was positively associated with the
change in subjective level of right hand fatigue after the conditioning session and
was negatively associated with that of sympathetic nerve activity. As an experiment
2, participants underwent MEG recording during the imagery of maximum grips of
the right hand guided by metronome sounds for 10 min. Thereafter, fatigue-inducing
maximum handgrip trials were performed for 10 min; the metronome sounds were
started 5 min after the beginning of the handgrip trials. The metronome sounds were
used as conditioned stimuli and maximum handgrip trials as unconditioned stimuli.
The next day, they were randomly assigned to two groups in a single-blinded, two-
crossover fashion to undergo two types of MEG recordings, that is, for the control and
motivation sessions, during the imagery of maximum grips of the right hand guided by
metronome sounds for 10 min. The alpha-band ERDs of the motivation session relative
to the control session within the time windows of 500 to 700 and 800 to 900 ms after the
onset of handgrip cue sounds were identified in the sensorimotor areas. In addition, the
alpha-band ERD within the time window of 400 to 500 ms was identified in the right
The ERD level in the right

dorsolateral prefrontal cortex was positively associated with that in the sensorimotor

dorsolateral prefrontal cortex (Brodmann' s area 46).

areas within the time window of 500 to 700 ms. We demonstrated that the right
dorsolateral prefrontal cortex is involved in the neural substrates of both the central

inhibition and the facilitation systems during physical fatigue.
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