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Somatotopic representation of the hand in human primary

somatosensory cortex: an fMRI study.

' MAEDA Asuka

Department of Neurosurgery, Graduate school of Acupuncture and Moxibustion,
Meiji University of Oriental Medicine

Abstract

Introduction:

The purpose of the present study is to investigate somatotopic representation of the hand in human primary
somatosensory cortex (S1). Although the somatotopic representation in human S1 has been intensively studied
since Penfield and Boldrey, no study has examined the detailed representation of the entire hand including
both fingers and palm. The present study thus focused on the detailed representation of the entire hand. The
somatotopic hand representation was visualized on the individual cortical surface reconstructed for each
participant.

Materials and Methods

Five healthy volunteers participated in the present study. The brain activity of the participants was measured
with a 3-Tesla MRI scanner. The functional scans were acquired using gradient echo EPI sequence (TR =
2000 ms, TE=30 ms, flip angle=79 °, matrix size =128X 128, FOV =256 mm, slice thickness =3 mm,
coronal, 24 slices). The manually rubbing stimulations were conducted in each small skin arca of
the 20 subareas on the left hand including all fingers and palm. Using a blocked design, the stimulation
and resting periods were alternated every 20 s for the duration of a 160-s session. The stimulus position
was the same for every block in a session. Each participant performed two sessions for each stimulus posi-
tion. The fMRI data were analyzed based on the individual cortical surface using Brain Factory software.
A fast Fourier transform was applied to the fMR time series from each voxel. Statistical significance was
calculated by converting the Fourier magnitude of the response to an f-statistics. The f-value of the signal
component at the stimulus frequency (1/40 Hz) relative to the remaining components was mapped on the
contralateral hemisphere of the individual cortical surface. The contours of the activated area for all stimulus
positions were extracted using ImagelJ software and overlaid on the flattened cortical surface using Photoshop
software.

Results and Discussion

Significant activations were observed in area S1 for four subjects. Consistent with the somatotopic homunculus
reported by Penfield and Jasper, a roughly sequential organization of the representations was observed, although
a considerable overlap between the representations was found especially for the activated areas for the fingers
2 to 5. The detailed somatotopic relationship was highly varied between individuals. Surprisingly, the relation-
ship between representations of the thumb and the other fingers was different for some subjects: the thumb
representation was located medially as compared to the others. The palm representation overlapped with the
finger representations for three subjects, however, additional palm representation separated from the finger
representations was found for one subject. In addition. a commonly activated area for most of stimulus
positions was found at the lateral location as compared to the cortical region showing somatotopy. The results
are discussed in terms of the differences in developmental tuning and attentional modulation.
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