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Movement - related Cortical Activation: Simultaneous Monitoring of
Near - infrared Spectroscopy Signals and Movement - related
Cortical Potentials
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Abstract

This study was designed to evaluate hemodynamic and electrophysiological responses in the
motor cortex to voluntary finger pinching movements in healthy humans. Near - infrared spec -
troscopy ( NIRS) signals and movement - related cortical potentials ( MRCP) were recorded
simultaneously. Three healthy right - handed subjects performed 100 trials of voluntary right
thumb - index finger pinching with approximate 10 s intervals at their own pace. Throughout the
session, 48 regions of the bilateral motor cortex were assessed by NIRS, while MRCPs were
simultaneously monitored at Fz, Cz, C3, and C4 of the 10- 20 International System. An elec -
tromyogram (EMG) was also recorded from the right first dorsal interosseus muscle. MRCPs,
which were clearly detected in all subjects, started 1585 £ 13 ms before EMG onset and peaked
110 == 13 ms after EMG onset. NIRS data showed bilateral prefrontal cortical (PFC) and bilateral
dorsal premotor cortical (dPMC) activation during the preparation phase (PFC: peaking at 0.5
=+ 0.1 s before EMG onset, dPMC: peaking at 0.5 & 0.1 s before EMG onset). Following the cor -
tical activation, the hand area of the sensorimotor cortex, which was dominantly activated on the
left, peaked at 3.7 = 0.2 s after EMG onset. These results indicate that our technique allowed
detailed study of the motor control system.

Key words: Near - infrared spectroscopy, movement - related cortical potentials, event - related
potential, hand motor task, motor control
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E1
Photograph of a custom - made trigger counter and
two electrodes on the right first dorsal interosseus

muscle used for electromyogram (EMG) record -
ing. When a subject performs a simple pinch task,
the number of pinching movements is detected by
the counter, and an EMG input is triggered for
near - infrared spectroscopy (NIRS) and the move -
ment - related cortical potentials (MRCP) measure -
ment system.
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(2
Placement of the bilateral 4 X 4 probe sets and electroencephalography (EEG) electrodes at Fz,
Cz, C3, and C4 was in accordance with the International 10 - 20 system. The NIRS probes, which are
separated from each other by 3 cm, are positioned over the bilateral motor cortex and motor associa -
tion cortex. Fz, Cz, and C3 indicate the positions of EEG electrodes (the C4 electrode was also

placed in the left hemisphere.).
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The bilateral 4 X 4 probe sets, positioned as channel numbers 18 and 42, are placed symmetrically
beside Cz since C3 and C4 were enclosed by channel numbers 16, 19, 20, and 23 and numbers 40, 43,
44, and 47, respectively. The region of interest (ROI) is shaded gray: prefrontal cortex (PFC), dor-
sal premotor cortex (dPMC), and the hand area of the sensorimotor cortex (SMC).
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Average MRCP waveforms at Fz, Cz, C3, and C4,
and the EMG recording for subject 1. The vertical
dotted line marks the onset of the EMG burst. The
Bereitschaftspotential (BP) was maximal at Cz,
while the negative slope (NS ') was maximal at C3.
The following motor potential (MP) was dominant
at C3. Similar results were obtained for all subjects.
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# | latency and maximal position of the MRCP components in each subject

BP NS§' MP

Subject - - -
ho. Onset (ms)  Peak (ms) M‘*ﬁ'.’““‘ Onset (ms) Peak (ms) Ma’?‘.'!“a[ Peak (ms) Md'f".n'll
position position position

1 -1590 -905 Cz -535 45 3 125 3

2 -1570 -635 Fz -530 20 C3 90 C3

3 -1595 -745 Cz -355 15 C3 113 C3

Mcan £ SD -I585£ 13 -762 £ 136 473+ 103 27+ 16 110+ 13

Note that the latency is expressed as the interval before (indicated by -) or after EMG onset.
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5
Average changes of HbO,, Hb, and HbT compared to baseline in response to a simple right - handed
pinching task in subject 1. Before EMG onset, the PFC and dPMC were bilaterally and symmetrically
activated with similar amplitudes. The hand area of the SMC significantly activated after EMG onset
with contralateral dominance.
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6
Hemodynamic response in each ROI for each of the three individual subjects. For all subjects, PFC and
dPMC were bilaterally activated before EMG onset, and the peak time of HbO, was the same (< 0.1s) for
these two regions with similar amplitudes. Following these activations, the hand area of the SMC showed

left - dominant activation after EMG onset.
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