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Second pain processing traced by electro- and magneto- encephalography in humans
It is known that there are two kinds of pain sensation, a sharp or pricking pain associated with

rapidly conducting Ad--fibers (first pain), and a dull or burning pain associated with slowly
conducting C-fibers (second pain). We activated C-fibers selectively by stimulating a tiny area of
the skin with a CO; laser beam using a thin aluminum plate with numerous tiny holes as a spatial
filter. Using this new method, we successfully recorded C-fiber discharges with a
microneurographic study and cortical responses evoked by C-fiber stimulation using
electroencephalography (EEG) and magnetoencephalography (MEG) in humans.

First, we investigated C-fiber discharges and cerebral potentials evoked by weak CO, laser
beams applied to a tiny skin area in five healthy subjects. Microneurography was recorded from
the peroneal nerve in the right popliteal area. Cerebral potentials were recorded from the Cz
electrode (vertex, based on the international 10-20 system) referred to linked earlobes. The mean
conduction velocity (CV) of the five stable single units was 1.1+0.3 m/s. The mean latency of the
positive peak of the cerebral potentials was 1327.4+46.2 ms, which was markedly longer than that
from Ad--fiber stimulation. In contrast, this stimulation method did not activate the A8- units at
all. These findings indicate that this new stimulation method selectively activates C-fiber
nociceptors of the skin (Chapter 5 and Qiu et al., 2003).

Second, we measured the CV of C-fibers in the spinothalamic tract (STT) using this method.
We delivered CO; laser pulses to tiny areas of the skin overlying the vertebral spinous processes
at different levels from the 7™ cervical (C7) to the 12" thoracic (T12), and recorded the cerebral
evoked potentials in 11 healthy men. The mean CV of C-fibers in the STT was 2.2+0.6 m/s, which
was significantly slower than that of the Ad--fibers (10.0+4.5 m/s). This technique is novel and
simple, and should be useful as a diagnostic tool for assessing the level of spinal cord lesions
(Chapter 6 and Qiu et al., 2001).

Third, we evaluated the effects of attention, distraction and sleep on CO, laser-evoked
potentials (LEP) related to C-fibers (ultra-late LEP), since the degree of perceived pain sensations
is known to be influenced by the subjects’ attention levels. CO, laser pulses were delivered to a
tiny skin area of the dorsum of the right hand. Ultra-late LEP were recorded from 10 normal
subjects in 5 different conditions: control (wakefulness), attention, distraction, drowsiness and
sleep (stage 2). The amplitude of ultra-late LEP was slightly increased during attention and
significantly decreased during distraction, relative to the control. The ultra-late LEP greatly
decreased in amplitude or almost disappeared during sleep. We confirmed that the brain responses
related to signals ascending through C-fibers were greatly affected by the level of consciousness,
being consistent with the findings of late LEP related to Ad&--fibers. This is the first study
ihdicating the important characteristics of ultra-late LEP related to consciousness, suggesting that
they include cognitive function, and reporting that one has to be aware of changes in alertness
when recording (Chapter 7 and Qiu et al., 2002).

Fourth, using MEG, we evaluated the cerebral regions related to second pain perception
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ascending through C-fibers and investigated the effect of distraction on each region. Thirteen
normal subjects participated in this study. CO, laser pulses were delivered to the dorsum of the
left hand to selectively activate C-fibers. The MEG responses were analyzed using a multi-dipole
model. Results showed that (1) the primary somatosensory cortex (SI), and (2) the secondary
somatosensory cortex (SII) - insula were the main generators for the primary component, 1M, the
mean peak latency of which was 744 ms. In addition to (1) and (2), (3) the cingulate cortex and
(4) the medial temporal area (MT) were also activated for the subsequent component, 2M, the
mean peak latency of which was 947 ms. During a mental calculation task (distraction), all six
sources were significantly reduced in amplitude, but the SII-insula (P<0.01) and cingulate cortex
(P<0.001) were more sensitive than the SI (P<0.05) and MT (P<0.05). We confirmed that the SI in
the contralateral hemisphere and the Sll-insula, cingulate cortex and MT in the bilateral
hemispheres play a major role in second pain perception, and all sites were greatly affected by
changes in the attention levels, indicating that these regions are related to the cognitive aspect of
second pain perception, and particularly to activities in the cingulate cortex (Chapter 8 and Qiu et
al., 2004).
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FRITITKREDOA 0 RN U TIRA 5N D T A (first pain)) & & D BUMRERE 2 5D CHHe
Lo Tz s EL, IR WE H(second pain)] BHBEINTNWSE, LL, TNETCHEHED
A BRENTHNIRT B HENBRDN - ToD T, CHEMEO IR ORI S v Tl o 7=,

HEEE O BBE < DNERREH T I IREBL THENTEN CO, L—Y—% K EICR NI
W5 LIk TCHHEZ BRI T 5 2 & 2FREICL. THETHLMNIENTIah->72C
RRHED & AN DI OREE S S e & fght L7z,

F I HEEE 513 microneurography % AV TR OBRHRIEIC & o THEMAL 3 15 B—RU M i
ROEEEMZFRL . SEOF L NWAHEOBY I 2R Lz, T5 &4EBEHEC L > TEHELS
N, FEES NI 5 A0 CRgHe (FEGEEEYS 1.1 £ 03m/s) 1ZNTHHH L Co, L—H—HBEHEIC L -
TIEMEE N, A S BT CO, L— T —DIEFHOFIBIC & - TR (LI N0 SEOH L NE
ETIHEHE LI NN T &R I N,

RIZIHE T CHRHERIBIC K> TR S NSBMEFHZE L C2 OMBEIIBWTREL. FHEITE > TH
BIHETA Y MERBHNCERL, MITROBREEREEZRDZ. T5&. CO, L—Y—FFfli#Ec X
O TIHRMLE N CREMEN S AN 22T 5B LT (FHARKRE) OREHEEITTET 22 + 0.6m/s
&, PRV ERRHETH D Z ENHLSNTR o, TR U TARE L — 9 —HFIC Lo TA 0 i
ZRR U 723568 O LT OMREHREL 10.0 £ 4.5m/s T, TITIKY & FRE/AMmiEEE O _ Tk =
FHT D ZENHLSNTRD T,

KITHFEE S IINEBERTANE Z AW T, KINEEICBIT S CHRHEORMNEERNZ, TORE, X
RO S RS, S 5IIERERE, ERARBRERRRIO ST & SEICEELNR SNz,
TLTEHRING DREITHBIT DKM CHiEH R OF RS SRECRAIC R EMIT 5 Z & T
BLU, BIEREZTEIBRELTHEREEESTEHETHEND XD ITHBCER L Nic L 2 EM %
ZTBZENHLNTIRD T,

INS QHAIINTN S CHEZREE T S second pain D FHRIZFHEREIZRIT 285 L WHIR T, 08
FHREIIREE . BRISEDCEERIC 4 MOMXE L TRRINTED,. BLFHEEZIT TNV,
INSDTENSHFFEORIFMAH L EL TTATSTDOLVWARTH 2 LBEZERDEES
B—¥THELZ,
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