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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 AS 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 Ad nociceptors. It was concluded that the
activation of C nociceptors, related to second pain, evokes different brain processing from that of AS
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.

Key words: fMRI; Pain; C fiber; Ad fiber; ACC (anterior cingulate cortex)
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SR RO A B AS MM T 11T 5 first
pain & R C #iiE % 1479 % second pain (254 &
N5, AHFBEOBRENEIIHN T 5 REW DR
WERTHY, BEIBEHCHERTIERORND
DTHB I8, LidsoT, BROBEHRLED R
BoTWBZEFFHEEINL. BERMOMEITI
L—F—Rl#HALELIEEVOR, CRIZEFEDH
BT first pain 2F5%T 5 30, L —¥F—HExH
Wi RY bu viERYE (PET) BRI
W (MRD) Tif, % 1 XEEREH (SD, %2
REEREE SID, &, #REZ ENEHTLH T
LA KT B 36926475061 s LEE O
L —F—HBIC & o T C #fE 2 BRI T 5 &
LEATEETH D Y,

C Mt 2 M B3 5 k& LTt capsaicin EHT 5%
Hwohass, Zhid AS A IEs 5 2 &A%
SN Twa 205D F7- capsaicin FEFHIFFHE T
D0, FERMO bottom-up & top-down [F#H
ZIICFIERILTLE Y, BANCET 2 MR
RSB O AT RETH 5 2940,

Bilt, "NF—07 NV — 7 o EH % CRHER
BEAHE SNz 78538 KRS O C %A
ik AS MMEZAELY DI E2BPE L, L
b BELEIR B R AE AT LR 334858) L 72285 T,
FEEIHVERIIA LBV L -z 5252
ENTENE CHHER BIREYITRB T 5 2 LA TE
AETTHAH. RERZOFERZLRLTHEILC
W2 BINA BT 5 2L L 29, <A 72
Ooa2—025 74— 42 Bk 44465253 B L f
PRI 4359 & W 2475 T & 72 &k, &
HICHBER AL BEE (MR 4® % TP
DOIEBYEAL % BT § 5 2 L ITRII L2, K
Tit, ZOUMROREZBMLIzV.
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13 BOEEEEE (FH 309K =HRELL.
- H#EE Tm:YAG L —%— (Carl Baasel Lasertech,
Starnberg, Germany) % A \»72. ¥ &1 1960 nm,
BEIEEIIVP, BHEZI3mm & L7 CR
MAFIBCT 2BA121E, V=Y —7a— 7Dk
S, EAZ 04 mm DMK RRE 121 - oH W
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(B 01lmm) 7VIEzEHio/, THIREAN
BWBAICIE ASHMEE CREOTM AP E
5. LaL, ZOFETIECHMEL EITT 251
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fMRI &, AS#i#MEL CHMEERZ 1 BHMEMRO
ANOBIZAT o 72, FREE (event-related) /35 5
A5%HA, 3FA50OEEEHV (Allegra,
Siemens, Erlargen, Germany). A& B)IRE % ZF-M
5728 T2 ST OBEEE % % gradient echo IKIZ &
DIREB L, HENICBIT S Blood oxygenation
level-dependent (BOLD) €5 % MlE L. &t v
Ta v L T2 AF ¥ Y EUT DL ) BEHT
E08k L 72 ¢ time of repetition (TR) : 2%, time of
echo (TE) : 30 3 U #, flipangle (FA):75°, field
of view (FOV) :192 x 192 mm?, in-place resolu-
tion: 3.0x 3.0 mm. 3 mm FFE T 32 slice Z#R{ZE L
TEFZ N L7z, $@EmGRe LT, SH2EH
S ge o T1 347 H £ 2 Magnetization-prepared
rapid gradient-echo (MP-RAGE) ¥ % i\ TH#ig
L7z 3D,

FEM 1 SPMO9 % F w7z 17:1860) i3 b 8
AFXF X VERRETHAHT-OFEHLKRY D 240 2
Fy VERBHONRE Lz, &L —F RS E
onset & L 7z hemodynamic response (HDR) %
regressor & LTIREL, ThaHPEHE L—ik
ILBIEETF VEEL 2 L2 XY, regressor DEAL
EBBEERS €V - FYPBRE L IR, 2
OpDOMEE BHBFESE LO TR REIHT
(Random-effect model), A& MEAEREL £ 7213 CH#E
MR B3 LT B4 BOLD 55 &AL % /R 3 IED
ekl 2oBoFERER p<0.001 (un-
corrected for multiple comparison!®) & L7z.
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Fig. 1 The brain activated regions and Hemodynamic
responses (HDRs) following C nociceptor stimulation.

(a) One sagittal (x = 2, left panel) and two coronal (y = 6 and 16
for the middle and right panels, respectively) images showing
the significant activation to C nociceptor stimulation. Two verti-
cal bars in the left panel indicate the sagittal positions of the two
coronal planes. (b) Time course of HDRs in the activated regions
was illustrated. R. = right (ipsilateral to the stimulation), L. =
left (contralateral to the stimulation), M. = middle part, Th. =
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.4®
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A (pre-SMA) ICEEBEREENR S N7 (Fig. 1a).
WA K, S, A4 GlEMEM{) o, Eflo
pACC @ HDR HifTid, HI##E S5 2w L 7H&IC
TEE%ZRLZ (Fig. 1b). ASMAMEREIC L D,
BEERDME, SII, pACC, AHIFHOBICEEL

Fig. 2 The brain regions activated and HDRs following Ad
nociceptor stimulation.

(a) One sagittal (x = —6, left panel) and two coronal (y = 6 and 16
for the middle and right panels, respectively) images showing
the significant activation to Ad nociceptor stimulation. Two
vertical bars in the left panel indicate the sagittal positions of
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
stimulétion), L. = left (contralateral to the stimulation), Th. =
thalamus, SII = second somatosensory cortex, M. Ins. = middle
insula, pACC = posterior portion of the anterior cingulate cortex.
Error bars indicate standard deviation. Adapted from Qiu et al.4®

EEPR SN (Fig. 2a). WHEBEK, SI, GH
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Table 1 Coordinates (MNI) of regions activated by
both C and A nociceptor stimulation

PAIN RESEARCH Vol.21 No.3 2006

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

Brain region be y Z Z-score Brain region X y z 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 Anterior insula

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 -6 4 42 402 g 30/8/6(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.

- ."_,; : ‘B Mid Ins. ¥ |
3 i B - PR

Fig. 3 Brain regions commonly activated by C and AS
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
al.46)

L7z, Zo#ER, MAOHK, SI, HHoOFEHE,
&> Brodmann O 24/32 % (pACC 2°%) »HE
THY, INOIEERBUIH L TEICEET 556
&%z 51/ (Table 1, Fig. 8). X2 direct com-
parison AT Z FWC, 2 BEORMEICE B RE
DR ONTEALZ BT L7z, ZORER, GHERD
Brodmann ® 24/32/8 ¥ (aACC Ol & pre-SMA)

X=6

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

e R 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 A§ 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.4®

EMBOBEICBNT, CHMIMOES IR
IEBISK & W & %A 572 (Table 2, Fig. 4).
L2 L, I AS BAMERIBL O A I/ BICHEEIATK
EWVERALIZED > 72, ACC & pre-SMA IZB1T 5%
B % Fig. 5 10T . KM O LI LITHE
3¢ 915.25) |ZHiL o 7z,
CHERIM DG E A BB IR EN» 722D



fMRI following C fiber stimulation

@® Common activated area for C & A
@ Seclectively 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.4®
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& CAAMERIBUT 3 2 I RS & AT L 72 R TH
TOHETH 5. Capsaicin FIFIZ & 2 F#Eh 7% C
KEMEN 8 % F 72 PET 12320 & 2\ i3 fMRI 239
WrgETiE, #IK, MEAF, SI, SO, B, wiRE, &
BHAETE, SMA TOWEEIPHESIN TS, FED
SHEOMERED CNOORKRLIZIZFEKTH 572
2%, SI L RIEERM B OEEIIR O W ad o/, Thi
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Fig. 6 Time course of the HDRs in the BA32/8/6 and
bilateral anterior insula following stimulation of C
and Ad 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 A$ 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.4®
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