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Integration of somatosensory afferent signals for control of

muscle activity during voluntary arm movements
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Integration of somatosensory afferent signals for control of muscle activity

during voluntary arm movements
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Somatosensory information is essential for coordinated movements.
Blockade of sensory afferents impairs the fine motor control. Peripheral
sensory receptors continuously transmit somatosensory information to the
central nervous system, so that the actor can recognize the state of a holding
object in hand and the angle of arm joints, both of which would enable us to
perform the precise body movements.

Somatosensory information, including proprioceptive and tactile
information from muscles, joints and skin, is carried from the peripheral
sensory receptors to the dorsal root ganglia (DRG) located adjacent to the
spinal cord through its peripheral axons. The central branches either ascend
to supraspinal centers or make loops inside the spinal cord towards
motoneurons. It has been believed that the latter pathway forms the reflex
circuit and facilitates smooth movements by rapid feedback corrections.
However, how the peripheral sensory feedback such as proprioceptive and
tactile information is involved in the control of muscle activity during
voluntary movement is unclear.

To examine the contribution of the peripheral sensory feedback
information to muscle activity, it is necessary to simultanecously record
activity of a population of sensory nerve fibers and multiple muscles during

voluntary movements. The key reason is that peripheral afferent signals from



receptors located in various parts of the body are considered to provide rich
information about the state of body in concert. For this purpose, an analysis
of multichannel recordings from a population of DRG neurons could reveal
how somatosensory signals are integrated to regulate voluntary movements.
In this thesis, two macaque monkeys were trained to perform a reach-and-pull
task. During the task, single-unit activities were recorded from a population
of DRG neurons related to the forearm movements (Monkey C: C6, 13 units;
Monkey T: C7-C8, 17 units) by using multi-electrode arrays. At the same
time, electromyogram (EMG) from forearm muscles was also recorded. A
sparse linear regression algorithm was applied to decode the muscle activity
of individual muscles from the DRG neuron activity. The muscle activities
were decoded from the population activity of DRG neurons with lags ranging
from -500 ms to 500 ms (step width 50 ms or 10 ms) considering the
transmission time between muscles and DRG. The decoding performance was
quantified by correlation coefficients (R) and normalized root mean square
error (nRMSE) values between actual and decoded EMG signals.

In the case of positive lags, where the muscle activity at any time point
was decoded from the DRG activities occurred slightly later, the muscle
activity was decoded accurately for the whole time course. This suggested
that the DRG neurons encoded the state of the arm, as expected. In the case
of negative lags, where the muscle activity at any time point was decoded
from the DRG activities occurred slightly earlier, only the later phase during |
the movement period could be decoded. This result suggested that the
peripheral afferent feedback signals in DRG neurons contributed to the
control of muscie activity, for the later phase of the movement. The lag with
which the decoding performance is significantly greater than the

corresponding decoding performance from shuffled data is defined as an



“informative lag”. The term “informative” indicates that the decoding
performance is significantly greater than by chance, thus the signals recorded
from DRG neurons contain a significant amount of information about muscle
activity. In all the recorded muscles, the informative lags included negative
lags, which suggested that the somatosensory feedback signals contribute to
the control of muscle activity during ongoing voluntary movements of the
forearm.

To further evaluate how somatosensory information was integrated for
the control of muscle activity, the weight coefficients of the successful
decoding models, i.e. the decoding models with the informative lags, were
examined. The results showed that activity of each individual muscle was
integrated by activities from multiple DRG units, and the integration was not
constant, but dynamically changed over the informative lags. This suggested
that somatosensory information from multiple sources was dynamically
converged to contribute to muscle controls. The results also showed that
activity of a single DRG unit was integrated for the controls of multiple
muscles, and this integration was muscle-specific and dynamically changed
over the informative lags. This suggested a divergence property of the
utilization of somatosensory information for muscle controls.

This is the first demonstration that muscle activity could be decoded
from somatosensory afferent signals during ongoing voluntary movements.
The examination of the decoding models further suggested a dynamic
information integration of somatosensory afferent signals that could modulate
target muscle activity in convergent and divergent manners, which could
provide fine-tuned and flexible online corrections for coordinated and smooth

motion.
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