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Fig. 1. Positron emission tomograph.
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Fig. 2. The signal pattern of fMRI.
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Fig. 3. The elevated cost of glutamate signaling. Glutamate-mediated neurotransmission involves several steps, each of

which carries its own energetic cost.
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3) Pain dynamics cortical observation by f-MRI
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Fig. 5. Time dependent activation patterns calculated from Fig. 5 are plotted and shown. (A) Stimulation paradigm. (B)

Plots of the time course data of the selected voxels within each region of interest, the dACC, the cACC, and
the rACC. (C) Activation patterns of the dACC, the cACC, and the rACC. Only the voxels over threshold value
in T-value are plotted and the T-values lower than threshold were set to zero. As it is detailed in (B) and (C),
first, dJACC is activated and rapidly progresses to the area of cACC. Activation of the dACC begins from t =
96 and lasts until t = 129 seconds. The next activation area as time progresses is seen in the cACC, starting
from t = 102 secs. and lasts until t = 129 secs. Finally, activation of the rACC starts at t = 114 secs. and lasts
only until t = 126 secs. Activation of the rACC follows closely with full activation of cACC and the activation
duration is notably brief compared with other areas of the cingulate cortex. The role of rACC is believed to
be of modulation and control of pain rather than perception.
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Fig. 6. Time-dependent cortical activation as a result of pain stimulation. At the top-left, an anatomical image of a

mid-sagittal view is shown to indicate the locations of the various pain-related cortical areas, namely, the locations
of the cingulate cortices (dACC, cACC, rACC), the supplementary (SMA) and primary motor (M) areas, and
the thalamic nuclei. In the top-right, conventional fMRI activation image (data) obtained by pain stimulation
overlaid on a mid-sagittal view image is shown. The cingulate cortices are believed to be the major cortical
areas involved in pain signal processing. ACC: Anterior Cingulate Cortex, dACC: Dorsal ACC, cACC: Caudal

ACC, rACC: Rostral ACC, SMA: Supplementary Motor Area, Thal: Thalamus, and M: Motor.
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