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The ipsilateral dorsal premotor cortex, but not the primary motor cortex, plays

a complementary role in dexterous finger control
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Human finger movements are primarily controlled by contralateral motor areas, specifically the dorsal premotor
cortex (PMd) and the primary motor cortex (M1), but activation in ipsilateral motor areas has also been
reported during complex motor tasks requiring high dexterity. However, the functional significance of these
ipsilateral motor activations and their age-related changes have not been fully elucidated to date. In this study, I
first clarified the functional significance of ipsilateral motor activation involved in complex finger movements
in younger adults and examined its changes with aging in older adults using functional magnetic resonance
imaging (fMRI). Furthermore, I used transcranial static magnetic field stimulation (tSMS) to provide causal
evidence in younger adults for the functional dissociation between the ipsilateral PMd and M1 suggested by the
fMRI findings.

The fMRI results for younger and older adults were compared using a simple button-pressing task and
a complex stick-rotation task developed by this laboratory. In younger adults, as expected, the ipsilateral motor
areas were inhibited during the simple task. However, during the complex task, while inhibition in the
ipsilateral M1 was maintained, the ipsilateral PMd transitioned to activation. Notably, this activation was higher
in individuals with lower maximum performance, suggesting that this activity is recruited to complement motor
clumsiness. In contrast, older adults did not show significant inhibition in the ipsilateral areas even during the
simple task. During the complex task, both the ipsilateral PMd and M1 were activated, but this activity showed
no correlation with maximum performance, indicating a potential loss of active complementary function.

These findings in younger adults suggested that the ipsilateral PMd plays a complementary role
distinct from that of the ipsilateral M 1. Therefore, I causally verified these functional differences using tSMS,
which can suppress neural activity at the stimulation site. Inhibitory intervention on the ipsilateral PMd
significantly decreased stick-rotation performance, establishing its role in complementing motor function.
Conversely, intervention on the ipsilateral M1 improved performance, suggesting that the suppression of
ipsilateral M1 activity is crucial for preventing motor interference with the contralateral hemisphere.

In conclusion, this research established a causal functional dissociation between the ipsilateral PMd
and M1 during complex finger movements. The younger brain employs a region-specific strategy: it recruits the
ipsilateral PMd to complement task demands while maintaining M1 inhibition to prevent interhemispheric
interference, similar to simple movements. Conversely, the aging brain appears unable to maintain such a
sophisticated interhemispheric strategy, likely due to a chronic decline in interhemispheric inhibition associated
with aging.
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