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FKentdtin

ANEHRESHEREENWEAETEAASCH %, HEMEREAXTEL Lt | AR

AWMAEMN L EmT, &7 E AR — R PE R
BT 6 M ROE IR R R B PR M B 2 KA, 15 K H (electroencephalography, EEG)vE
S R, B IA & B fL(laser-evoked potentials, LEPs). E4, #F 7% % #4248 H AS-LEPs#76

KB, BRI MO A ok | R

WOt R AL
MERGE T

AR A, BB EAS-NL, AS-N2, AS-P2, AS-P43, B #4474 & 4 alpha#f
BBy FE R 48 X % [ & fh(event-related desynchronization, a-ERD)#gamma#fi £ & 2 14 48 % 7] 2
1t.(event-related synchronization, y-ERS). 5 b [6 B, #F % # 1t T C-LEPs#2 Bt 52 3 35 S\ Fn A&
B, KB T2 2 R4, BIEHR B BIC-N2, C-P23%. A Uit T LEPsAE X i # 4 i A FE B A
B A Fn ol 6. LEPsHE 6 85 BY 8 AR 5245 5 MR 5 N9 40 B A o AR Am TALHL, #2208 i R A
TP HEENE, tdh 2o T (A 5] AL fn i 2 h Jn 26) R LT 10 F #.

PINE R —Fh ) A TRAVER PR 2 &
WL AZ, [ PR IE WF 25 2> (International  Association
for the Study of Pain, IASP)¥; HiE k5 4 U fit4s
BV A 2 U5 A0 FE 2 A A6 PR A 3 R B TR R A
g PR AN S 5 R R AR B AN IE, T L AT g2 5
K— RH WG 4R R S5 TN I AR T
RUL e E R R AT A R R A T
PR TSR L2 0 R, X AR IR I &
P A 2P, T B B A F o LA AR i ) B

AR PG 5405 5 A5 B Bl 0 21 2 2 2 AS I
CLF4t, SR E MR AR IEA R KR, ASLT 4
BERE, HARZL M 1~5 um, 15532 N5~30 m/s. CLF
AETCRERY, AL R0.2~1.5 pm, fEFH L H40.5~2

m/s. S XTAUATE I F RIS, ASLT 4t Re k1%
S ahgl, SRR . RE. RIS R
YA, B “—UUKTm (first pain)”; FfiJE, CEF4ifGitn
Di VAR BT — FERE R Y . S RUBe ) (1 R F Ik 7%
g, Bl YR ¥ (second pain)”™. T AE K, ik
(electroencephalography, EEG)$: A Y & & F1 34 ' 5l
W 0 ] A PR T AR A T — AN AR AR . Ok
SR8 77 A T S A o R 3 R b K B R R 3R
EH B ASHICLF EM 22 KA, &8 vhsh 28 52 J i
2508 B AL T, B A HE K TP A OGS R LA
(laser-evoked potentials, LEPs). 7 &R 10] 5 AS4F
Y £ S T KA W) 4 (4 LEPs X O AS-LEPs 5 I 0
LEPs®, 5 C4F 4k 1% 5 3 R M V) & 1Y LEPs 7k Ry
C-LEPsZi# B W LEPs'®. il I, $LAIf) AS-LEPsfl
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& T 3ABERT RSy AS-N1, AS-N2HIAS-P2. g iff
5% K& BL T AS-LEPs [ 5 4 /1~ ik i A% 4> AS-P4P. &
AS-LEPsAHH ¢ (1) B 451 B 436 45 alpha i B2 1Y 2 44 A1 O¢
%[5 4k (event-related desynchronization, o-ERD)#l
gammail BZ i 514 4 5% [F] 221k (event-related synchro-
nization, y-ERS)”"'". X1, M T C-LEPsHIf5 K
FARAE, B THRBUHE B C-N2FIC-P2 a3 " 2 4, H
I8 B A W 5% & B0 H At £3 2 19 C-LEPs L 43, iX 4k
LEPs iU 3 (9 H3 A= B AIE 35 55 9500 RIS AR G, 2P0
W5 IR YT BOREAN 1) R - 4645, 2R Z
SR FE P A Tz A

1 AS-LEPsIfh&s LA BUEFAE

1.1 AS-LEPsHHIS -

TEMHER b, AS-LEPs 3 ZALH 4RI it 73, R
A8-N1, A3-N2, A3-P2FIAS-P4. WA LFT/R Ok H 3C
FR8T). F5c F A J 43 S 70 SR AO0T ) £ v X 2 5 )
B AS-NT, Hp I (8N, I H 32 U R HE.
T, HE R I R 2 RS 160 ms. X
— LS00 g B A e 7 T R R T I R ) 0 AR AR S
¢ J JZ (primary somatosensory cortex, SI)PA K X 55
5 7 )2 (operculoinsular cortex) i B, AF J i g 16171,
AWFFEHRIE, AS-NIBR T dnflydmny Ao 815 5o, W
SPmon iAo R FE AR R, BT
%5 % (evoked) AS8-N LAYl £ 1 2 () I (AR /N0,
AS-NIFIAS-N2AERT 2 EA BEEPY, i A d b 45
5 % FUNLHEE R, T LLAS-N L5 e LU AR H MK, A3
T AR BUGX — 50 o A HE . Hu b HE ) = 2 1
i F 2 57 B 4343 M7 (independent component analysis,
ICA). /NI IEIE (wavelet filtering)F122 5 £k P [a] 19
(multiple linear regression)~5 34T k2T T AS-N1
A5 MR L, OF #7525 8 X0 o H R S 5 R
Fz(C3/C4-Fz), WAl LI 4 fE lAS-N1{5 5. AS-N1
ZJR e — X B - IE 2 A I AS-N2/P2, IR K2
H BAE R85 200~350 ms,  HL7E Sk T A B A 1 3k 0
i (e RN 5 — 52 A iy FT S R T RN YK
WA 5T 7 2 (second somatosensory cortex, SIT), XX
i B 5 (insula) LA K Fip 358/ 9 5B #0715 [F] (anterior mid-
cingulate cortex, ACC/MCC)%5 f7 J2 i) it A= #L i
ZHUOT B R B, AS-N2, AS-P2AYIRE 5 MOt I
SRS PRI SR B B X LA S AR ST, A

(a)
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AS-NT £,

C3-Fz
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5t ! _ A&-P4
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Bl1 (M) AS-LEPs (1) 4 s AS-NI, AS-N2, AS-P2 Fl
A8-P4. (a) BIWMANTES T W, 75 Cz WM RICRA) AS-N2
A3-P2 PIL(LIITAT IR AP II(EAE5). (b) HEINTE R T,
FEHXH(C3) Pl LA A IE Y AS-N1 I AS-P4 I (LA Fz fES%).
EARTE RS, AS-N1 Fl AS-P4 HRTERIF A B MIRIE. N = 20.
PACE SR @]

Figure 1 (Color online) Four typical components in A3-LEPs: A8-N1,
AJ-N2, AS-P2, and A3-P4. (a) Time courses and scalp topographies of
AJ-LEPs elicited by stimulation of the right hand. The A3-N2 and
AJ-P2 waves were optimally detected at electrode Cz (average refer-
ence). (b) Being stimulated at the right hand, the A3-N1 and Ad-P4
waves were effectively detected at electrode C3 (Fz reference). Note that

A8-N1 and A3-P4 waves were larger on the electrodes contralateral to
the stimulated hand (N = 20, from Ref. [8])

LN, AS-N2HTAS-P2 1) 78 AR A 1 55 94 I JE A ot B
FHEUS S e 01 B AS-N2 T AS-P2 1] fil J2: 5 i Ja&
PHIAF G A4 T 5 R A B AR 24,

PR R AS-N1, e i AY AS-N2FIAS-P2 1l 77
Z 5, EHT S RGE T — A AR B I A4y, B
AS-PA™! R U [ A2 B8 2 A0 405 3 1k PR S o 35 oy
AEm TR AL FEMELBTT, iR
AS-LEPs. i i I REHCIR A 43 Hr (microstate analysis) .
3k K I 181 73t (scalp  topography) HIER LA 11
(single-trial estimation), fF5Y+# ¥ AS-LEPs ] 5 143
fift R4 I 5 A T RERCIR S, RPAS-NI, AS-N2, AS-P2
FIAS-P4. X TF15 FEITT A3, AS-PAETE (R 1]
3924 $1390~410F1430~450 ms. K T 425 AS-P4AIY
fEME L, W94 R T AR EAS-N IR S %7
K (C3/C4-Fz). 5AS-NIHIR, 3k Hz FOii i o J 44 %
B AS-PAYY 3222 7= A= F XN STAY L AR BV 2, 1 2 X
S FP3INAT. If H AR AS-P4FIAS-N1AY IR
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T R A AT AR R A, X S R A A A AL ) R
PR XUEZE R R AS-PAFIAS-N1 4= T AL 1Y
PR, BRI L TIRE. AS-PARY K B K E
AS-LEPs £ /L W %A1 & AS-N1, AS-N2, AS-P2F1AS-P4
PUAS EERLSr. STAS-PARITRANFSE, A F TR &
e THT AR R X 473 36 ) 3 g g 1 ML o

IR, AR 2 EM], AS-LEPsZ 1 H 4 £ & A
ER-A T NN S L SR R ORIy Wi
Legrain i A\ P*?7R Fl COL #0453 3 4 3 38 Al oddball
WARR I, SR B AR L, RS B
PR, AS-N1, AS-N2UEHEE K, KU A b Ty
E AL BEVE Y AS-N1FIAS-N2JE i ; AS-P2 1 i1k 0 2
S50 B PR, X — A T RE R T
AR JER S B AL Ak, A E
9% K P50 B B S vk CGR B PR RN 9E M) 2
AS-LEPs ) 32 B e i P R Z 28300 A0S L1 sl [
FisF 1] ] I 32 282 e i [) — 35 G 08 (riplets: S1-S2-S3)
fF, AAXTFS1, S2HIS3i% & A AS-LEPs 2> ik 2 I /)N,
EHI5E B B P i B T L-F R AE . PR R S2 AN S37E (]
2% () R 85 45 221 A i 0 EL A O v | AT S, T LA
T3 7 5 Y R AIG . Ronga e A 2005 5 44 i 8k
S (IR | PSSR EE | R R R ) RS B8 R ) i
P8 M XT AS-LEPsHIR M (A5 . 25 5L & 3R, %
() 3 i PE R R DA AS-LEPs 4 B, 3354 1 2 o 1
1%} AS-LEPs A H ZE 52 . iX 5 Mouraux Fll lannetti™®!
)2 2L, RIS 2 Y FE 4 5 1 S v i Pt s 5 &
AL F AS-N2/P2 [ /i T HL {37 (vertex potential), X —
S LA AT RE S T 58 MR A S A 2 n T AR,
I3 — 28 T3k A% o] R 6 K W ) JER bt B4 B3 1Y) el
AP R I, AS-LEPs AN fit 5z WA 3 1 A 0 e S
P28 AR AR, T A R B T R i X A B A Ak M
FVEL TR AT SR A 1A R A

1.2 AS-LEPsITIIH5 7 4E

JEE 38 S A ETIN T A BEF & Bl s A A0 A =
14 41 5% H3, i (event-related potentials, ERPs) 748 1k,
W RE 5| 2 B HE BUAH A BEG M 288 % 15 5 1 5 .
R T AR U Y [ Y B B EEG RE i 1
5% (ERS) FIREHH 8/ (ERD)>*¥ . ERSHIERDHY L RE &
SCHHE T BATT T HE A% R0 31 L 25 ) 4o B RARE % A
AIERH. A 7E alphafiidis 5 Bl 9 (8~ 12 Hz) i BLAYERD X
W T K B 2 A 38 A AR 7E gammalfii A
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JE N (30 HzVA 1) H BLAYERS AT RE S T 24~ K ik
e J2 DI 20 (A P03 S A TR 1T AS-LEPs I i
Zo A BRARAE, AT 5T B R B 5 05 3 SO
W& BYERPs, L EAFFE HAEBHI RS E B

K FH S 3543 T 7 5 (time-frequency  analysis),
Y651 % (1) BEG i 3 15 5 v] %% 46 Ry i 550 B 35 13
AS-LEPs [ B B3 i 32 2 4 75 24 5 L fsf 45 ) o R A1E -
ST = ARERS (gammadE ¥, 100~300 ms, 30~100
Hz, y-ERS)HIH 5 A ({55 ERD(alphaii 3%, ~500
ms, 8~12 Hz, a-ERD)'% 4K 271 Gk H SCHk[38]).

W F I R, 5 R s R A 2SS4
gammadii 37 1% 30110, %R 0 RE R S K
S IR A OG. SR, PR TR R A 28 M
I 23 i = 0L Y€ 9 e 85 1 384 56 1A 444 o, BT LA 3k 4 R R
ARETRIE TR WX — e R R P T
T 1% — ), ZhangZs NV FHARR ORI B6R BE, LI
1 s A [ 5 Asf [ i) Bl i) ok 3K A9 37 25 it fin 34 [l — i et
40 4 2 1 38K (triplets: S1-S2-S3). FAR 4 it Al
Ivi) 3 38 2 5% W ) 38 ) 2% R PR AR AE, (EOR 3mi HE 3=
WU o . 25 R B, SR i S s e
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2 B
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g 40 E}
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=
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B2 (M4 () AS-LEPs I IR, AS-LEPs E2A0F 2 P
AR AU E A R R AFAE : 45945 ERS (gamma $73%%, 100~300
ms, 60~80 Hz, y-ERS)FH/FHF A AYMLSI ERD (alpha #%7%, 400~900
ms, 8~12 Hz, 0-ERD). AS-LEPs (100~400 ms, 1~10 Hz)X} 1 Tifigag
N2-P2 S48 N = 96. ZEIR A SCHR(38]

Figure 2 (Color online) Time-frequency representations of Ad-LEPs.
Time-frequency representations of AS-LEPs contain two important non-
phase-locked responses: a transient high-frequency ERS at gamma band
(100~300 ms, 60~80 Hz, y-ERS) and a long-lasting low-frequency ERD at
alpha band (400~900 ms, 8~12 Hz, a-ERD). The low-frequency component

(100~400 ms, 1~10 Hz, A3-LEPs) represents the time-frequency representa-
tions of N2-P2 complex in the time domain (N = 96, from Ref. [38]).



iE R

IEAHE; STk i gammadlk 3% (y-ERS, 100~300 ms,
30~100 Hz)5 F= U0 SR o B 5 Wl 2 AEAH O, HOAS Bl o)
HrEE A, ZFFRIESE, gammali s B 7 R
TR R 2 P S 4

o-ERD ] 43 K 2 K 28 J&&H A 5% a-ERD(sensory-
related o-ERD) Fll {T: 55 # ¢ o-ERD (task-related a-
ERD). fi# 5SS . W) Bk, FES
NI T TAE ) A 240 i os op, 5T
H R A & BT KW A 5% o-ERD AT AT 55 M 5K a-
ERD! 24748155 S B R R B8 A 1 1 JRSE HE ) 1 o
AN 4. Hu%e N AR T 55 Mt A 6
() a-ERD A Sl REPERRAE . BT 5% K B, 78315 250~
350 ms, o-ERDF 505 T HIBOH thoc ik, AlRE
J T iz Bl B 2 A T Bl 7RIS 400~750
ms, o-ERD % ¥ K f5 T0Un A ik g B i, 7T B
B T ORUMI B v B 2 A TG 8. 3 Ak, o-ERDIA A7 F|
S BRI oA AT 1 2418 7 B R /K R R . X S 2 SR
B, o-ERDSEIRAC B BRA BB R, ¥ K BRI
ZAM T R 52 2R R ISR T AT o
P35 DI B R, X6 Az BRI B 40 0 A 55 A0
EIE SNy 3 -9'8

2 C-LEPsIyfige LA PREFAE

AT F ASETF 4, CLF 4 iy % 3 1 R 4512 (0.5~2
m/s)®; I} T AS-LEPs, C-LEPs [ I 78 {391 4. 45 ..
Bl % T B, C-LEPs 4 W AR 1 29 R 750~1150
ms" . FERHEL |, C-LEPsFIAS-LEPsA AL
3k Bz A3 A AN ] A PR OO L ¥ A 3 R R A R R
AP K, C-LEPSTER 5 I AT GB35 T
C-NI1, C-N2, C-P2FIC-PAPUF AL 4y, {HH T C-LEPsHY
M LLARAR, H ATHFoE & R8I M #2 U C-LEPs i 7
HRC-N2/P2%E & A1, RS G LEPs.

USRI HE T 2 BB M TS C 2T 4E 1Y
Tk, AR (1) PPk R B ASLF4ED, i i 4
Pt 22 B i REAT RO AT 3 ) BELAS ASZT 4k (2) BiFsEiik=
ASE ALY 0, AN B BE A 22 K M 29T,
(3) I RAHXT T ASLF4E, K ik b CLF 4k 1) 43 A % B o
1, PP DI A4 O R (BLAR 298 0.5 mm) ] LATE
TR i % CET 4R %, (4) th T Ca 4kl s wh2oR
i HE ASET 4 U7 B 1t 28 R AW 1 3G BB SEAI, AT LA
T 5% 2 FF 45 A1 P9 ) 38 e i Ok 30 B P 38 1% C & i 100!
SR, P 33X 26 DUPIST Y CLF 4yt & s iy =X

B LA BB, T AR AR L S, ARMEAE IR 1
e AL 0 P e 3 7 B ) BEL VY AS LT 4k T B AE
2 X 4 1 B R X i R 3560 min'®®!, B F A Bragard
2 \ 81y 315 F4 5 I C-LEPs, 77 528 hnF- 216007K 52
. ST BRI, W5 TR T K — i B AT
HE f C-LEPs$2 U ¥

Hu % AU 07E H i o 0F 95 v W w42 10 T 7
AS-LEPSTETE 1 5548 T 42 B C-LEPs 11 5 L il 2 44
LI E L FE— /N B2 5k X380 it fin 80V LA I
(0 Z2 5 R, AR 3 7R O H SCHR[12]). %005 16
PAT]5E H O e PR ME L ASLT 4. i 1k X O Pk
W75 S () EE G [ S il 8 W8 4% E (peak  alignment) £l
B 35 43 fi# (time-frequency decomposition), 1E# f#ii&
T C-LEPsfY £ T i F51F, £ 45 C-LEPsHK 5 T 49 3%
i 0 A LR B R S e R 2R BN R
() — YR BRI BRI, C-LEPsHY {5 M2 b f s Y il e
T DA AR PR SRS ) B 8 T 38— R P R B, R 5T
T 2 ] 2 B C 2T 4 [ ) 68 A 038 - e 107 2R R

-

A3-N2 AS-P2 C-N2 C-P2 75
’ == %
[ TN E
/ l ‘) a
829 ms 986 ms -7

~500 0 500 1000 1500
Latency (ms)

.

B3 (M4 ) LEPs ) 4 a7 AS-N2, AS-P2, C-N2 #il C-P2.
FIBZEFHTE Cz il i (54257 )id sk 211 LEPs 1 J¥ (aligned LEPs
waveforms, WE{EXTFF)LA S AS-N2, AS-P2, C-N2 il C-P2 {3k Kz HiTE
. BRLARITA BRI SOP BB, HAbr 25 R AP
FHIPIY. N =34, ZER A 3CHR12]

Figure 3 (Color online) Four main components in LEPs: A3-N2, Aj-P2,
C-N2, and C-P2. Time courses of LEPs (C-nose), as well as scalp topog-
raphies of A3-N2, A8-P2, C-N2, and C-P2 waves, elicited by stimulation
of the left hand (aligned LEP waveforms). Single-subject average wave-

forms are color-coded and superimposed, and the group average waveform
is marked with black thick line (N = 34, from Ref. [12])
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TE. ST A PEAR /N BLAR 1 2 21 4 B b 28 A BRI
PRAL T B M BOR SR, AR SR ZE R R SC B
A LR T S B R AR B0 AT DAGE i ek
HESA 5k A 3R] E b B B C-LEPs i HoAth 7 il 43, 4
A BEFETERYC-N1, C-P4, a-ERD#Ey-ERS, Jf451:  Hop
ZURERE X, DMERATHEIRA T i A, L
JE R IR AP AL .

3 RERE K HL{T (somatosensory-evoked poten-
tials, SEPs)

A — 2 JE, AR BR T A eSS0 %
PEME B ASHICH R LF 4E 2 5h, IAFTE B 15 R 1K
il e A A K BE Y AR 2 £ 41020 L AR AR ) B
R, A956~12 um, fEFHELN35~75 m/s, FIZR
A P AT ) PRARATG . AR B ) K A i 0 (n &8
ML F 2 3%, transcutaneous electrical nerve stimula-
tion, TENS)BEBLIH AP 221 4k, th & whah gt &2 -
1% S 38 % I die 2 AE RN B2 J2 77 A SEPs. 1 I g |
SEPs - 240 1 W Be i S5 o (1) R,
Hl 38 _E I OF Hp A 28 (median nerve) 1T IR #1122 (tibial
nerve) 73 i 7= 4 N20-P27-P45 FHIP39-N50-P60, H:3k iz
T P 43 A AABLEOT O, AT R R O X ST (2)
G300 A5, IR 1 B oh Bl 28 A U N120-P2401%Y,
AL RE 7= A T XU STTRTACCP® 04071 Hovh - KL Rl 4y
AT RE S T R Xk K A4 R £ 2 A SRR ) o L
GG 30 83 P S5 Bt 1 ik X S8 A S v il B0 S G
I R 5% ) i T,

Il PR 38 % 32 I SEPs 1 - 101 ke 43 46 000 K A Jae i
PR SE R, (HSEPs R B/ BEIRAR /1N, 151 AR,
i LA W98 TR, AR AR E AT A I 1 SEPS IEE
it BT 5 500K M. S 4k, RBISEPs
RE S WLAM K EAR AR 2T 4 | T94E . I e 3R S
T - B S A5 S 1) B D) RE Y, T e W SEPs 5 = 2 A
SR T A OO S s R A A B i) T SEPs (14 11 PR 1o
JH, B EBE T TG D00 K A % i i % IR AR v 7 5L A
BN 2642 3ok 31 K G S i DX 38R0 1 s R 1120701,
FHELZ T, LEPs I R B HAT AN AT A

4 LEPsipi

4.1  FERBRH
LEPs7E Rt i 58 ot B )32 R A (E. )
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wn, FEE AT, I — I g TR 4 b
2R OGP I 5T A I A R VR RE R G W N BE )
S0P TN N AP NI B Y N2 N A ER A X ]
RIIEIRBBIREI T, & AR C-P2I IR 2 % /N T 4R 5%
NI C-P2U . X R Z IR fE 3B CLF 4T RE R
AL, A5 R PR Ak, SR A 0 3E Y RE T
B2 R, K ke i B 5 AT BE iz T AS-LEPs Al C-
LEPs## i+ 5 4F I3 M1 56 i S8 3 Th e iy A8 4k

A, A0 R T VR S SRS B 5 B
Y (interpersonal guilt) %4t £\ M1 7 18 Y fn) JL 74, 1
&, AS-LEPsL 1] ] T 5 5 07 #0470 (F 22 g A
Pl g ) A g U7 i E M TR VR AR
Sk, Martini % A U0 Ry YR A G 45 RS R %
LT MG 25 v 28 55 UL AS-LEPs 52 . Bk 7E
N T 217 P R (PP | v R ) B T A s (8
) B TR B B A2 SO . b, bR | %R
VIR 3 18 35 1 PR 0 3 A 4 S AE A TR] Y block
2L 8 SE S AR, P R %ER R Y T
FAE 2 B R B model 78 42 32 B0 A Bt 7= AR Y. B
RWHE R, SERSEENL, PaR0E R % E R
R AS-N2UE I i 2 A, I HAZ AR T A AS-N2ij%
W 5 9 107 i 1 A i 2 (Toronto Alexithymia Scale,
TAS-20) A 15 25 R0 7= 3 E A il ie & fpH e, X
Se L BRI, AS-N2 T HE-5 AP Wl b N 1155 28 s
A R, ZARE T RE R AAAE LT /IR (1) 3F
15 28 Pl 7 R0 A A5 1 B AR R B AN [R], X nT BRI
WERELER, ) TN h, 15 25 vh
A B R e — B A R R — B AR ek Ak,
FITLA, ARBFFESEBR b If A & BG4 oh 3005 (3)
MU AS-N2, AS-P2U IR 7l BEAE7E FE M A (55 9
R, AN, W50 50 BN 5 i o AT
HITIRELS Aok, M98 T2 IF o8 S, Kok i
WF5E AT LR B AS-LEPs#£ 2 i 4 1 A AU T3k F2
PR TR ) 38 LA F ) A

i EPRR, 1E 7R MG b, X SRR 5T XK
Ji A ERPsHIFIY (fE 2 IN 0 | 1 46 55 R — 2 48
=8

4.2 AR
ST X T LEPs B M 28 A B~ 3 SCIR A7 AE

A ST, EAE A B ORI AR AR A PO AT
B B2 TR VAR A SR SN R R A A
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ZAE PR, SEFR b, AS-LEPsH{IA A 204l B 5
PR AL 3l B TR R A O R W O A AL 2 T T
FLEOT8L i C-LEPs X T PEAk /1N B 4% £F 2 i 4 48 ) g
AW EE AN M E. WAS-LEPs] ] TR =X
PHEEIR IR 5 Pl 280 T PLAS A8 [R5 G AE S5 550
B 955 TR A B2 ML 70801 = SO 2 AR 2 S
2R 1Y B R R B S IE R AS-LEPs; 11 FLAB 8 [R5
BAF B 23[R I it = AS-LEPsFIC-LEPs. X $CLEPs]
SEAEIR | YRR 55 BT R B ESR, TT RE TR 25 AR
B FEEAG S E T R ANE L B AR T . SR
IMi, Tinazzi% NBE I, SFiHLsK 1R (cervical dysto-
nia) F 2 (S0 E L P KR ) FIE H B3 A AS-LEPs
(N2-P2) 5 iR 25 2251, JF ELAWATT i 59 7 43
BB 022 . R, BE N0 H G 5
DIRES& IEH 1, I H AT A 05 LR & S5 5 5
B Io e, prik, sk seqffsy e E R0, As-
LEPsHEA 00l A [R] 995 58 43 35 M 3 65 10 2 3 vk DA
KX AL A MG B R AL 2.

FY T 2 S5 B | () A A Bl R R M 1
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Neural electrophysiological features of laser-evoked potentials and
their applications

CAI MinMin', GUO XiaoLi?>, TANG DanDan' & HU Li!

! Key Laboratory of Cognition and Personality (Ministry of Education) and School of Psychology, Southwest University, Chongqing 400715, China;
% Daping Hospital, Research Institute of Surgery, Third Military Medical University, Chongqing 400042, China

Pain is related to the encoding and processing of afferent nociceptive information in the brain, and is a critical factor that allows
humans and animals to learn to avoid potential or actual tissue injury. Being conducted by AJ fibers and C fibers, nociceptive signals
are processed by multiple brain structures, and normally generate a double sensation: an initial pricking pain (first pain) and a
prolonged burning sensation (second pain). Intense laser heat pulses can selectively excite nociceptive free nerve endings in superficial
layers of the skin. Such stimuli can elicit changes in brain responses (laser-evoked potentials, LEPs) in the ongoing electroencephalograms
(EEGs). Until now, six reliable components have been detected in A3-LEPs: A5-N1, A5-N2, A3-P2, and Ad-P4 waves in the time
domain and alpha-band event-related desynchronization (a-ERD) and gamma-band event-related synchronization (y-ERS) in the time-
frequency domain. Meanwhile, by optimizing the experimental paradigm and parameters, two components of C-LEPs have been
reliably detected: C-N2 and C-P2 waves in the time domain. The present paper reviewed the neural electrophysiological features of
LEPs and their cognitive significance. LEPs can not only be used to investigate the peripheral and central processing of nociceptive
sensory input, which is important in several clinical applications, but also be adopted in some basic research (e.g., the aging problem
and social cognition) as a novel neurophysiological technique.

pain, electroencephalography (EEG), laser-evoked potentials (LEPs), neural oscillation
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