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In dynamic environments, the human brain flexibly adapts to sensory and motor demands through sensorimotor
interactions. Topographic organization within the somatosensory system plays a critical role in processing sensory
inputs. Among the various components of the sensorimotor system, the hand stands out due to its unique versatility and
frequent usage in daily life. This study employed functional magnetic resonance imaging (fMRI) to investigate the neural
mechanisms underlying sensorimotor processing, focusing on the hand’s topological processing mechanism.

Chapter 1 introduced the theoretical foundation and research objectives. It highlighted the flexibility of brain-
environment interactions, the significance of topographic organization in somatosensory processing, and the role of the
hand in the sensorimotor system. The chapter also outlined the utility of fMRI as a non-invasive tool to study brain
mechanisms and introduces the research focus on sensorimotor mechanisms of the hand based on topological principles.

Chapter 2 studied the detailed topological representation of the hand in the primary somatosensory cortex (S1). A
significant challenge in this field has been the lack of high-precision, MRI-compatible tactile stimulation devices.
Focusing on this issue, we developed a multichannel MR-compatible tactile stimulator with high temporal and spatial
resolution. Using this stimulator, we found the topological arrangement of right-hand fingers along the central sulcus,
revealing that the index finger has a larger receptive field width compared to the thumb and little finger.

Chapter 3 investigated sensory processing mechanisms in S1 based on topological representation characteristics. The
large receptive field width indicated that multichannel input information might be processed integratively in S1,
benefiting sensory estimation. We investigated task-specific activity in the S1 and functional connectivity (FC) from the
S1 during haptic roughness estimation (RE) and curve estimation (CE) on regions of interest (ROIs) in S1. Stronger
activity and larger-scale FC were observed in co-activated ROI compared to independent ROIs. These findings
suggested that haptic information was processed and integrated within S1 under topological processing mechanism.

Chapter 4 explored the integration of sensory information in motor control, particularly during the transfer phase of
learned manipulation tasks. We explored how the large receptive field of the index finger facilitated adaptation to
changing sensory inputs (adding or removing a digit) during the transfer phase of learned manipulation tasks. By
comparing brain activity across transfer phase and learning phase, our findings highlighted he posterior parietal cortex’s
role in integrating sensory memory and real-time input to generate novel motor signals, enabling the precise
reapplication of learned control strategies.

Chapter 5 summarized the key findings on the topological processing mechanisms in the human sensorimotor system.
These findings provided a framework for future research into neural mechanisms of sensorimotor integration,
emphasizing the importance of combining topological principles with advanced neuroimaging techniques to uncover

the complexities of human brain function.
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