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Introduction: The utility of fMRI hinges on the degree to which hemodynamic changes correlate with neural activity. Despite the complex interactions
between neurons and their vasculature, it is commonly assumed that the fMRI signal is a linear transform of the stimulus input. Several functional
imaging studies have shown a departure from linearity as evidenced by decreasing signal amplitude with increasing stimulus duration, postulated by
some to arise as a consequence of decreases in neural activity. It has also been suggested that such signal modulations are dependent on the specific
stimulus applied®®. This issue is still under debate, and has not been explored in the somatosensory system. Consequently we investigate whether
modulations in fMRI responses on short and long time scales are present in the primary somatosensory cortex (Sl) using different stimulus parameters.

Methods: FMRI was performed on healthy right-handed adults at 3 T (Signa Eclipse, GE Medical Systems, WI) using single-shot spiral k-space
acquisitions (FOV = 20 cm, TE/TR/6 = 30/1000/50°, 15 axial slices 5 mm thick). Passive vibrotactile stimuli were delivered* with 20 Hz square waves to
the volar surface of the right index and middle fingers in four subjects for 60 s followed by 25 — 30 s of rest, repeated 5 — 7 times. Automated, 60 s
brushing stimuli were delivered using a swinging bar with a sandpaper surface to the same fingers in four subjects at 5 Hz for 7 blocks separated by 25 s
of rest. Six subjects performed finger tapping, visually cued at a rate of 1 Hz, as a control task. Anatomical axial images with high spatial resolution were
acquired using conventional spoiled gradient echo imaging. Activation maps were created using AFNI®. A boxcar, convolved with a hemodynamic
response function (HRF) (peak 6 s) and a transient consisting of the HRF itself were used to isolate sustained and transient BOLD signal characteristics,
respectively.
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expected, using the conventional boxcar model. These activations also appear to contain onset and offset signal increases that may reflect physiological
properties of stimulus-specific neurons. Our additional correlation analysis shows the presence of transient BOLD signals that, although heterogeneous
across subjects, are spatially distinct from areas with sustained responses. These signals were observed robustly in 3 of 4 subjects given vibrotactile
stimuli, and 2 of 4 subjects given brushing stimuli. It is evident that these signals can be missed on the basis of conventional, linear boxcar correlation for
prolonged stimulus durations, and that they are important in assessing the stimulus-BOLD signal relationship. Similar results have been reported for
brain regions in the olfactory system’. We will further investigate and interpret these findings by optimizing our methodology (i.e. increasing fMRI spatial
resolution and SNR with surface coils), investigating other stimulus types, and by exploring several factors such as attention and specific physiological
properties of neurons that play a role in fMRI signal modulation. We also plan to obtain neural correlates to these fMRI signals using EEG, following
previous work in the visual system®.
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