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Abstract

Acute pain is classified as first and second pain associated with rapidly conducting A fibers and
slowly conducting unmyelinated C fibers, respectively. First pain aims at achieving relative safety
from the source of injury, whereas second pain, with its strong affective component, attracts longer-
lasting attention and initiates behavioral responses in order to limit further injury and optimize
recovery. Accordingly, the distinct brain representations for first and second pain should reflect
distinct biological functions of both sensations.

In this study, therefore, an event-related functional magnetic resonance imaging (fMRI) was
used to investigate brain processing of the signals ascending from peripheral C and A$ fibers evoked
by phasic laser stimuli on the right hand in humans. The stimulation of both C and Ad nociceptors
activated the bilateral thalamus, bilateral secondary somatosensory cortex (SII), right (ipsilateral)
middle insula, and bilateral Brodmann's area (BA) 24/32, with the majority of activity found in the
posterior portion of the anterior cingulate cortex (pACC). However, magnitude of activity in the
right (ipsilateral) BA32/8/6, including dorsal parts in the anterior portion of the ACC (aACC) and
pre-supplementary motor area (pre-SMA), and the bilateral anterior insula was significantly
stronger following the stimulation of C nociceptors than A3 nociceptors. It was concluded that the
activation of C nociceptors, related to second pain, evokes different brain processing from that of A3
nociceptors, related to first pain, probably due to the differences in the emotional and motivational
aspects of either pain, which are mainly related to the aACC, pre-SMA and anterior insula.
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b o Pl T ket Fig. 1 The brain activated regions and Hemodynamic
g 0.4 ; responses (HDRs) following C nociceptor stimulation.

= (a) One sagittal (x = 2, left panel) and two coronal (y = 6 and 16

"é 03 for the middle and right panels, respectively) images showing

%‘3 02 the significant activation to C nociceptor stimulation. Two verti-

a cal bars in the left panel indicate the sagittal positions of the two

3 0.1 coronal planes. (b) Time course of HDRs in the activated regions

m was illustrated. R. = right (ipsilateral to the stimulation), L. =

0.0 left (contralateral to the stimulation), M. = middle part, Th. =

-0.1 thalamus, SII = second somatosensory cortex, Ins. = insula,

pACC = posterior portion of the anterior cingulate cortex. Error
bars indicate standard deviation. Adapted from Qiu et al.*®

b Fig. 2 The brain regions activated and HDRs following A3

— won | nociceptor stimulation.
L.Th, | (a) One sagittal (x = -6, left panel) and two coronal (y = 6 and 16

& R.SI for the middle and right panels, respectively) images showing
04 - LSl the significant activation to A§ nociceptor stimulation. Two
03 ERMIR ortical bars in the left panel indicate the sagittal positions of

-8 1.pACC

the two coronal planes. To make a comparison with Figure 1
easier, the positions of the two coronal planes were set identical
to those in the previous figure. (b) Time course of HDRs in the
activated regions was illustrated. R. = right (ipsilateral to the
stimulation), L. = left (contralateral to the stimulation), Th. =
thalamus, SII = second somatosensory cortex, M. Ins. = middle
2 4 6 8 1012 sec insula, pACC = posterior portion of the anterior cingulate cortex.
Error bars indicate standard deviation. Adapted from Qiu et al.*®’
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Table 1 Coordinates (MNI) of regions activated by
both C and A8 nociceptor stimulation

PAIN RESEARCH Vol.21 No.3 2006

Table 2 Coordinates (MNI) of specifically activated
regions for C nociceptor stimulation

Brain region X y z Z-score Brain region X ¥y 4 Z-score

Side Side

Thalamus BA 32/8/6
Ipsilateral 8 —6 12 4.14 Midline, Ipsilateral 6 22 50 4.52
Contralateral -12 -4 14 4.02 Anteriorinsula

SII Ipsilateral 30 21 3 3.91
Ipsilateral 62 -20 18 4.15 Contralateral -31 25 1 3.56
Contralateral -64 —26 18 4.42 BA: Brodmann's area

Right middle insula
Ipsilateral 58 4 4 4.12

BA 24/32 (pACC)
Contralateral =5 44z 402 B 386(x/0-12,y/8-28, 2/42-58) L.ant Insula(x/-31,y/25,2/1)
Ipsilateral 2 10 48 3.73

SII: second somatosensory cortex, BA: Brodmann's area,
pACC: posterior portion of the anterior cingulate cortex.

® = | 0 L R

Fig. 3 Brain regions commonly activated by C and A8
nociceptor stimulation.

Numbered bars in the left panel indicate locations of
coronal slices in the right panel. Activated regions overlaid
on an anatomically normalized MRI (MNI template) with
their corresponding y coordinates (right side). SII = second
somatosensory cortex, Th. = thalamus, pACC = posterior
portion of the anterior cingulate cortex, Mid. Ins. = middle

insula, MNI Coordinates in Table 1. Adapted from Qiu et
al46)

L7z, Zo&i%, Wmillo#m, SI, Aok,
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ThHY, TNHHIERBN L THISIETT 558
fit&#% z b7z (Table 1, Fig. 8). XIZ direct com-
parison §EHT ik & JHWC, 2 FRIORIHIN (247 15 2 7
AR S NI AT L7z, T o&E, AR
Brodmann @ 24/32/8 1} (aACC Ol & pre-SMA)

R.ant.Insula(x/30,y/21,z/3)

Y=25’__ pumS— R

-

BA32/8/6"

L.antIns. R.ant. Ins.

Z-score (max.)BA32/8/6:4.52,
L.ant.Ins.,3.56, R.ant.Ins.,3.91

= T 0

Fig. 4 Brain regions differentially activated by C noci-
ceptor stimulation.

The activity in these areas was significantly stronger
following the stimulation of C nociceptors than A8 nocicep-
tors (p<0.001, uncorrected) and overlaid on an anatomically
normalized MRI (MNI template). BA = Brodmann's area,
Ant. Ins. = anterior insula, L. = left, R. = right. MNI
Coordinates in Table 2. Adapted from Qiu et al.*®
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DorsdhaACC

@® Common activated area for C & Ad
@ Sclectively activated area for C

Fig. 5 Activations in the ACC and pre-SMA overlaid
on an anatomically normalized MRI (MNI template).
These are shown from left (top part of the image) to right
(bottom part of the image) with their corresponding MNI
template x coordinates. The blue vertical line indicates the
line through the anterior commissure (VAC). aACC = ante-
rior portion of the anterior cingulate cortex, pACC = poste-
rior portion of the anterior cingulate cortex. Adapted from
Qiu et al ¢
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Solid line (30, 21, 3)
Dash line (-31, 25, 1)
-2 0 2 4 6 8 10
Fig. 6 Time course of the HDRs in the BA32/8/6 and
bilateral anterior insula following stimulation of C
and AS nociceptors.
(a) In the right (ipsilateral) BA32/8/6, the HDR following
Ad nociceptor stimulation was almost below the baseline,
while that following C nociceptor stimulation was very
large. The difference between them 5 — 9 sec after stimula-
tion was significant. (b) In the bilateral anterior insula
cortex (solid/dashed line = right/left anterior insula), the
HDR following A8 nociceptor stimulation peaked at 3 sec,
rapidly decreased thereafter, and had returned to the base-
line level at 6 sec. By contrast, the HDR following C noci-
ceptor stimulation was large for a long period peaking at 5
sec, and the difference between 5 and 7 sec after stimula-
tion was significant (paired t test was calculated from red
solid to blue solid line and red dashed to blue dashed line).
(¥p<0.05, ¥¥p<0.01, ***p<0.001). Adapted from Qiu et al.*’
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