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Power Spectral Parameterization of the EEG Alpha for Analgesia

[ Authors 1 WU Haidi', WANG Yan?, ZHAN Chang’an A.", ZHANG Hongfei’, YANG Feng'
1 School of Biomedical Engineering, Southern Medical University, Guangzhou, 510515
2 Department of Anesthesiology, Zhujiang Hospital, Southern Medical University, Guangzhou, 510280

[ Abstract ] Neural oscillatory changes play a critical role in pain and analgesia research. Previous studies on pain-
related neural oscillations have primarily utilized electroencephalogram (EEG) power spectral analysis,
revealing a strong correlation between alpha (a) power and subjective pain perception. However, alpha
power may be influenced by the baseline of the power spectrum, making it difficult to accurately capture
the true changes in alpha oscillations. This study employed power spectral analysis and further applied a
power spectral parameterization method, which decomposed the power spectrum into periodic and
aperiodic components, to compare EEG a power in 50 primiparous women who underwent severe pain
during the first stage of labor before and after epidural analgesia. The results indicated no significant
differences in a power between pre- and post-analgesia conditions. However, following power spectral
parameterization, the aperiodic component of the EEG significantly decreased after analgesia, whereas
the periodic component of a power showed a significant increase. This study not only validates the
effectiveness and validity of the power spectral parameterization method in analgesia research but also
uncovers the differential regulatory mechanism by which analgesia modulates the periodic and aperiodic
components of a oscillations.

[Key words] analgesia, electroencephalography (EEG), power spectra, power spectral parameterization

0 3l FERZ AT R BT SR A 6, B AR
S A SRS A B 10 BRI BIPA h2 A o

PR RSSO oy S0, sl o 227 A AL O IR TE I
ORHIRSERRSER IS R, SCSUCRIEAROZRIT s g s, S i P o S
P AL R S (AL SRRRIEDOL) et e ot T AR FELA R i B AT

RS HIBL: 2024-12-26 RN,

AT . RS Y R FHELTR 2025A1515011335 . N JRRS e .
Y | L | ) i 3 A TS W4 T K0 A B T AL,
MfifE#: %%, E-mail: AR 250K B &K R 5 I T 23k delta

494


https://doi.org/10.12455/j.issn.1671-7104.240736
https://doi.org/10.12455/j.issn.1671-7104.240736
https://doi.org/10.12455/j.issn.1671-7104.240736
mailto:1820221388@qq.com
mailto:yangf@smu.edu.cn

Chinese Journal of Medical Instrumentation

2025% 5549% %58

MRS58 ZE

(0,1~4Hz), theta (0,4~8Hz), alpha (a,8~12Hz) #N
beta (f, 12~30 Hz) ZI[AIfoCHk, 7EHIELS K& KR
HIARCHFZE R (RRTCRE &, ik g it it
IR, RS RR R ER A S
o, OFpIhFEIE, olhFEML, KooK E5FMN
WP sz B Ao, FEERR I AE BT gE R (BT
IR &M, =IREHITIRIT), K TahFER
BIEA R —BEE . 28R (ER%
Tt 7 VB 2 AR I L o BV T R AR ) R
W, #maEfahZBZ G, (HhA —Seifsest R
S AR, Bil4n, SARNTHEINZUREE b, %t
PR PEAh PR BB T TFRIGTT, FARERGH
FPR R E R ERNE BRI R, [RIRPWELRI0, afn
PINZRFEAR . o FL D 280 A5 AL A 2 iR 75 LA I Th 3R
LG A SR, AT TSI 4
B, TR ARG 158 580R % U)HE5, HH
TaThZ =2 DL FE L0, A BB 5 2 )
LR, BRI b ath Ay AR
HA—E,

Tyl SRS — e ik FL ) 238 45 A AL il

el

KIETRAF L, CREA BRI 0 % TR
PERELAT I, IS TERIAZ O R P T AR

ko3 i R RV R o RO R TR 2y . B SR
F, AE o RE 08 AR 47 Hh 4 A Th 2R % 2% 1y AR
b, T JEI A B 45 I BE = W 5 3 2 4 2% T e [ 28
oo FEAEE S, R B F0 B 5 40 5
e T ARG, BFgeR, JERIBIR S
HIRAEAE 5P oy OB R ARG, AR fE AR
5 L Pk o 228 S R e 28 ) P 1 R 5 17)
FHS%, AR R IR 45 AT RE & Bz 2 ORI AR
1 JE AR M SR 2R 5 A 55, BHZE T
IR O, ATRES KT S5 AL B A %
HAr, ZhRIESEE TS 8 AR M AR A8 s 2]
FHZ N, BEIN G 28 2 458 O BUS B
J&. ffltn, KOPCANOVAZEU RS R B, Bl/R
WHEERIN S R A5, ARSI, X
FUZIR S ARG S B, ShilRE T
AT H M, B, DERESEBAL T EARE
fif a2 2852 By 2% e e 2 (R, (B REIR AR
SRR 5 ST R TE AL ELAR ML, A A I R
g T AR 5 A AR

il i MU 1 A — Fh B RE A 2% BHLIT 4 9 15328
N RE B KB B HBAS R2 M [ 2R 7 R0k R O B O
B WS R AR Tz MY, AR IR

495

PEAITD RS 2B 7 10 504 28 ) T FE PR RO A0
AR AT E R BB T oA, SR EBOR, SRR
oThFEA L, (HaFiEy BT, FR
hE AR B E PR 3X — R I U E
TIPS BT R TT R A R, bt
— AR T B 5 el R TR B AL, Bllafd
Wiisr (odieiy) MR, X —BFIEBARRE A TR A
R i LT S RZ AR (BT A, IR IR B
T 7 DL IEAR BERL A diE o

1 ERHR

1.1 ZikiisE

AT A B R R IR T — T (R

FEEM B RTEEEAFIFZE (f8 35 : No. 2021-
KY-160-03, 5B RFZHRITERCIEZ 5
FEMFE . NCT05217251), F20224E3 H % 20244
12 AELE A 330055713, AR B E T £ 4
JE A= bR S5 e R ARFAIE AL S 7™ Ji TS XU Yol
R, AW IR L 0 oy W AR R0 P A R
AT H S8 R R Ao b U HLEL AR SE R e,
MR (n=50), HFEFrfE s .

(1) GIABRAE: O 418Gk A7 44k Bt
RIFHE 5y s Q4RI 18~45J8% s QT E T IFIT
B % (numerical rating scale, NRS) 1 43 =745 ;
@ H S RSN o iR s © & EURERER M th2x
( American Society of Anesthesiologists, ASA) 43 4%
[~T% (BEERRRE, FRREA): ©FF]
T OAHRTVENAME A2, @& T
e G AR & #  (Edinburgh postnatal depression
scale, EPDS) #:2&1E4><1047,

(2) HeBgArifE: OZIMGRIZWIIFZ /K1 &
GiR L s OFF(EMES NREFZE IR (A0t Bhie
Fafg. RIS ) s OnkZ B E& B MG
BRES s ©dFprifE TIERRIARE; O ek H
WP EEIE T, BN AISOBIRT IR SR
LRERMED (R+s): WY (28.843.02) Y, ZfH
(38.97+£2.37) &, 4 FE$5 %t (body mass index,
BMI) (26.7+3.05) kg/m’,

1.2 KERIE

AT R LR R AR B A0 7 A 2 — P AR i
BRmean < R, L5 0 ALLT LB B -
ORI B : M Ny k23 emif, TREFIMA
SR MERNESCRE 10 mingh B S EE S CREE
#1000 Hz, PHPL<5kQ), [t G002 5 et

L=


ClinicalTrials.gov

Chinese Journal of Medical Instrumentation

2025% 5549% %58

MRS58 ZE

i & (cardiotocography, CTG) Wsille fEom BE, R
ELEFE2 miny HIFZE N G145 5 7= A 0 50T 5
2% P 4> (numerical rating scale, NRS) UTx 15 Jii]
WA B da i i AT s O BURSSHEMT B . HIRE
Pk = i - L2~L3 8% L3~L4#E [a] FiryE A 10 mL270.08%
PURRHE 0.5 ng/kght 75 KIEHTR AR, Hikis
TR OFREIEMTE: Z9¥HiiE20 min/5
IANNRSPE4y <34y H ARy AEFAR, DAAHREI S50
KR minfli LS, RELHF2 minNEE
NRSPE4y, SLieaft, ZIXERLREEgF HL I
AR AR A AR A R AN G %, I St i
M A5 2 o, o H B AT B v SR R I L B 5

eI TR ;M
' BT BURSE Ui '
S 2
(10 min) [ kit (10 min)
—
B PEI 20 min BAEE S
i Wy i L oy

Al SRS HERE
Fig.1 Experimental procedure and data acquisition

ARSI BGOSR B
10-20 R GERY32FARMENS I U AL R B ik, AT
BE G 7 A L T S DAL D 0 FEATG 7 A Y AN %
FRATTOCR B 124 i &R fod i @ 3B (Fpl, Fp2, F7,
F3. Fz, F4, F8, T3, C3. Cz, C4, T4), fri
AR R, P ARFRH IR, DL IR
TH. HAEl, EHE EAARTIF TG bk,
ETIIRES:, 018 & 4@ s N it
60 mmHg H. 452210 (#8120 sy B, FIEFid
SXE N 5360 mmHg (1 mmHg=133.32 Pa)
FIFF LRI RIFRSS SR R], 4% B fa] [R] 25 10 e Y
o FARIC A e G I L . AR e B Sl i NR ST 4y 1E
FriFfli, PR TERIH0~105, Hrh0~345 )8 T2
PEIE, 4~657 R T AR, T~104) J& T BT
1.3 FRESTtE

KT RPN FEASRA T, R R

496

SRR, HE, xRS S T 1~45 HzF
R IENE , FERICARAT AL IR A DL K T T
Yo BRI, DA2 sHRTRO I i f5 St 7oy By, &
BRA AR o BB . #Fk, LA100 pVIARIE,
o R (L i FEL 2 B S B A HERR SR b R Y
BT, Ba, RROREEIRNR BBk, JHEM
EEMD-ICA" " el v v 2 SR ILAL THE, #80T
HHIIRHRIE S
14 NERETERINFESHL

B R R SESRRIR, A TR R
AR SN RIS R, BT HE D RE
FEEaEll. BeAh, 4T T R E Gl e s i £
W, FMTENE Ga e Ao DIT RS 2R o, O R
Ja& 10 st fES, HTIikfhit. Birhikie
W E e (5 S Sk bR fe , R Welchiki gt {7
Dhaik ittt . BARSHOIRED . &R EBCOh I
(Hamming) , #&K2s, LE&E5 B, MRy PR
40.5 Hz, @ik X eebgR, FRATIREN AL R f7 F
L L RoE S WERE S9N

2.0
— ik
S~ ALY
FYRS
& 1.0
>
€
2005
0F
-0.5

0:5 1:0
W%/ (1g(Hz))
B2 o RiERHAL
Fig.2 Power spectral parameterization
AMFFER IR G HL: (fitting oscillations
& one-over-f, FOOOF) i}/l H Jy = ik dEA 7 2 4 ft 5y
B, B S T Python®f 85 ¥ Y FOOOFEK {41
(MA1.1.0) ", 2HXEMT . HRIEE A1~
30 Hz, WefHBEREA1~8 Hz, IEHYRARHA6, I
{EL A5/ v BE2A0.10 1g(uV?), AR B sy IR AA
B, HbZHBINEE . RA1¥5020 A
121 B H ) 3% o3 B T T 280t 28t
&, REIEAMIA T ZE MR R (R, FiAw
P RIS E A 0.977 1, rif 22 40.0353,
KA RO RLAT.
R, BARE TR (LR A
HEZk) . FEXTEOSN, M A SRy Sh R 2k
JEA B 2RIy (L2 AR X))
AR B N S B E R s oy B SRR DA R iR, 1



Chinese Journal of Medical Instrumentation

2025% 5549% %58

MRS58 ZE

Ao o R B AE . B, AR I AR
oy A B S M N Mg (V) EN V], FH45 B3 i
HL TR T [ I JE 3 AR 4 7 8~12 Hz ) M Th=R , 153
o= UL S oA RS
1.5 GEitotn

3T SRR X 5044 400 7 4 i FRU AR ALE Y 2R
{if HMatlabfk (#4180 B . 5 IES R — £ 007
TR A e OB LA B R, BRST R FH A
¥k, USRI REZ R RS, #xt%
1 v R P B R ) 2 LB ES M), SR A KR -
E A% (Benjamini-Hochberg, B-H) % 1F 5 1%
TlER K, AR PR . Bkt
W |k, WWRPTA BT 124 ik il E
HadhZ, ofSHIB sy M AR > 2218, FFiETIE
BHASK UM E G ot ik £ . AR ZE(E5
PEARMIEZ A, NIRRT AR, HHRPHE, IF

2

— BT

— YU

DA EArifE T AR T2 o0 A s A R [E AR A
NRAIEZS 5 Af, WIAE H WilcoxonfF Sk, T
PlE, FEUAAR g (R Arke, Mo fhogh)
RIARZEE A Be)a, FRIEEFIRI 12 EIER
PIEH#ATB-HIKE", BERIERMPE, SGitHE
FEARIEAP<0.05, @ id RS HTIRRR, RV
TR R A i RURFAE R SN, RIS BRER T GeLt
Sy W R PR 1

2 SKRER
21 SHBHIGHE 2

POk MR eE N L R S VB G A i
R, SRR T 5044007 {8 il 5 B0 Ja 1247 ik
HUE BRI DD AR DA AE R (213
iR, R SFOoRBURaTIEE R, SEForBlN
JEHIER

— BURHT
— BUG

— BT
— PR

< £ < os
< Z <
&0 T & 02
0
a
0 . 0 . . . , 3 . , , 02 : ; , . , ,
0 5 10 15 20 25 30 0 0.5 1.0 1.5 0 5 10 15 20 25 30
Wi Hz WK /(1g(Hz)) A% Hz
(a) Ml ) (b) AESEH RS (c) JERH o

(a) EEG power spectrum

(b) Aperiodic component

(c) Periodic component

B3 P33 hE o B RS ET )G A AR BT VA R AR )G P AT R S T 8 1Tk

Fig.3 Mean EEG PSD and power spectral parameterization between the pre- and post-analgesia conditions

JE T R A o R S R AR AR O
SKRE, SEEET (402) ML, SRR
(ZRER) HEZFEIR. MAESIER (K EHZH
57), B G el B R A B T, H T oS BN
HI TR R 2 5 D) =R i A R B, I ETE
ko) 3 AR R 2 5

FEBcfoR T o2 RRISR
TR T B AT RAE RS BRI, B0 e RIAE
Ry BEAR,  HRE SRR ] . PRI 2%
TR A G R B B AL, B S o 3 o
(REGPHRZER ) This.

i bRTA, TR E DDA A LR R T P
DRl L U AT 5 O o B SR WA B 25 5 5 B B =R 1
ZHAC)E,  ATEOWEE S50 fa A R 0 Bl sy WA e P
%, affip s M ThE .
22 SHBEIERIGT ST

Rt o WAl E I ZE R, *a) K, aff]
W DA AR R sy (REEE . #iBh) BEfTSeittb

497

L ~HAdRR T XA RHE (12 E 1S
{B) ES0L@F=AF o AtEN, Hpa afhekE
FoRBIRET, SORHSEFOREREE, ANEGKE
LA EFRONBUR R BRI Ao (XLl
). fn o, SkRECHUIE R JEOR T x40
FRAEE R Al o & s Wz 2 et i o A . Sk
h AL ER T EA N B AN EA PR 1 O B K e
9o JE e TEURRT eI ant, MIRRER AT
BUERT, AR RIZREERR R R A
BEER (P<0.05, KIER),
MFoEohE, SR ER, 5048
R AT R B ThE (L 1440) AR EER
(P>0.05, #RIEJ5E), Ft 71 3k B Hb I €2 A
2L, Ui SEmATHEL, BUR e R AN eED
RGET SIS, HXFTFEFARE CGhk
I E _ERbRIEAE B*),
FE sy BIAAE I B4 1T 2 B e F 0
WHIEMRELE ., mEPRT (LK% YeT



Chinese Journal of Medical Instrumentation

20254 $49% H51)

MRS58 ZE

BURIE (B OF%); BURERTEMEERZEAEE
T (REFZL), REERL/RP<0.001, ¥
W 58U ATAHEL , B 5 AP R SR P 2
BB EER, #E (LE40) F#dE (Kde) /Y
KR B R R BLE 6, BB A AR I
H (BEEERFpL), XRWIFTA W& R R A

100 2.0

P<0.001
80 = 30F

g o, I
L o co "
> E 0P =14F
= 40t o] >
20 4 12t
- =
20 10t

=3
7

UG -HURTT
-

S
7

B (BRFpl) fEBUREHDEEREIR. RO,
AP0 0 2 B BT A 3l 3 ) 390 B8 o 1 B0 S
BEw THAE GOFrica e, all kg
R, AT SERRTAHLL, BURERIah %A
WEES ERIRESRAE, AR 1R
SRR T E AR, oS sy BT

251 80

P<0.001
P<0.001 - _ =
20— : 60 E
2! =T - R
oh § H 3 5
- 1'0 B Q‘, oJe - °
: 20
0.5

BUNRT BURS
(b) AR
(b) Mean slope

U RS
(a) PR

(a) Mean a power

B e >R AT

iog
N
-5

-2

B S5 <BUR T B S5 <BUE T
(©) ah% (f) f%
(e) a power (f) Slope

iﬁ%ﬁﬂﬁ%@ﬁﬁ Aij

BURRT R
(d) P SY

(d) Mean a periodic component

BUWRRT BUR S
(o) TRy

(c) Mean intercept

B S > B B Je > B
2 5
8
|
-5
B S5 <BUR T B S5 <BUE T
() #FE (h) a0

(g) Intercept

(h) a periodic component

B4 a1 JE SR 69 S0t AR
Fig.4 Statistical comparison of features before and after analgesia

3 bhig

AWFFERF SO0 7 JALERE N S 53 B0 B8 Rl Y
i FiL )y =R e h A S B BT T . TR
B, BURER R ath R E S, Mok By
(RERFIEEE) BRI, oAl BT,
31 HERINELREESR

RS 3 WR BRI o, A0 A P T R JEE B 5
€ (MEEEAEE), SRl EAPFIHIFARUNE
Flop R HEHLEEL, X—IGATREHRLL 245
SIS, — A SIS sy FOAE I 40 AR R A2 18 T e
SR EREE. REmE, ORI, (£
LRI R BlahF T E Y, xR L SR
Hro S B BT —8 AR, DB R
Tah AR, X HAHEIT ol B4y BB AERAH
W&o (ERERERRE, DhEilsa ARl i 1 5
J o3 AR R B B A 24 R B o e
e SPOTE RS R TR E| 5 E o o gt st L
MR R aTh B EATFIIS, o8 Ry
FEF B AR R AR, BRIBLAERFA K P L3
HAL ORISR . AR E R e —/E
LR WA O 0 298 Y ORLAT 2 5 R

(Blan, mERZEESHRNZGEES) V), RE
AR AR EIE B A ARG T3 o B b vl REAR 4K
1H, I FE AR 2 ARSI R B F S 2 .
3.2 $EEFaBAHRSFE. IFRER SRR
KT oA B o FAE B R o 25 1, W] RE

Wk T R L A BR A A Rl ML, o5 5
FE Al e S B R B IR IR B 2D A
K. HAEME, w2 Eahs el -2 54 T
(GABA) fErb A1 # 22 T 10 2 fl iy st ORI,
Pl 2 25 il at sz (R AN G 2 R, RE
g 3 o e i — R B IR BRI AL B . kA, miTdD
H#5 8] iz it (anterior cingulate cortex, ACC) %% %%
VRS X 2% 1) ol 72 H5 5% L UE B A BY TR 5 e i —
FEESHE, Imsdesm B, xLepLfHt
R T R sEss, Sk, RIS
B AR AT R S e T 400 4 M Jg B I AR ISHIE 20 Y & (4 41
fill, BFEERB, WAERIS S K B & RIS
sk UIAEE" Y, JRRE 2 i PSR T A CLT 4RI
PR E R E A SRR, Ship iR
06 1 A BRI ] 82 A 2 A I B 2 B R 2

fbdE A" IR S AR S A R sy S A T
Bsy, REMS S NS R HE B0 5 DRI 28 AT 2

498



Chinese Journal of Medical Instrumentation

2025% 5549% %58

MRS58 ZE

AR, R, B S UR AR LI F £
BEHARE DU, ARRAITFI TS & e 4
5o FRARBAR, ARG RIS R
Z AN A HLA .
33 NHAmI=

AW 18 B T O i LA S SR oy
A0 R oy B S, A2 Tk fE 5
PROT PR S BUR AR IE O TR LA . OABRTR
W, i oy 8 R B AEE R By, AT LSRG o
Doy B TR A R, (M0 1), Mg &
T PG RO RIRE Ak, (R ST DD =0 47 77 v
MELADE 53 X P2 B oy, AW S48 7R T R0 B 5y

(noJE I p sy It im ) SAREBIE S (andlk R
S PEAR) ARV TR A R MR, X B
BURHLEITEME TR L. QAL ALK
e PR i 7 A B IS SR . TR S b A
39 Bl oy A0 RS0 B3 FE AN TR PR R AR AU, T
DA77 AN ] 628 6 B0 T A S s X R
gt A Rl A P AP B ) AR TR (R
i, B RS AR LR TT SR, S S R A R
T, @AMITRI T IEAES 1 AP & B EOARRY
OB 5% JRA it T E AR ke, BEAEHARRE
— R SR IREE, AW R A B A SE
Feofe . AR ST B

k1 504 F E I A 4hIR A S o BB JE A R AL it

Tab.1 Statistical analysis of a power and periodic components changes before and after analgesia in 50 primiparous women with severe pain
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34 SR NRSPF T2 M= i3 R 852, ik Z I

RS T RN, OFF kil E RGeS
BEIARKK . TR ANEHE, ABFEEH
TI124-mir B i B @ & (Fpl, Fp2, F7, F3, Fz,
F4_ F8. T3. C3. Cz. C4. T4), XxUbi@i & fEskE
SR R AR DhRe ek, B THM.
e [X R WS B X, REAS A R SECR A%
MG Sh , Aid, R Pl i R e 4 1 7 o
FRA X, {5 dn B 2 X e, A A 3l 3 i
CE S T ROR MR O RERE, REfS A SR
B T PR RAR S 2 o A fE . Bfkim
B, Al E W AT 7 B (prefrontal cortex,
PFEC) FOACCHJIE ), ¥R N GniR = Fils 4
REFREY S Fp o (X5 G R ) G 3 T b e 2 T
5, S5m0 E gL YIARSE Y, BiEE N S
HE-RTH IREA S, 2 55 R KBS E)
AU, Kk, wLLES I R IR T E—
VRESOE, DOREHEN 2w, OARMIRLE
BRI VR 5 s B —E R . 24 AL
HL SR A 25 R 5 R FANRS TR 4y S PR A SR AR, SR1f

EU Lt A e R T T Y 3 | WA o e SR e
PREVEEA TR . BEAN, BT DA AR TR 1T R
b, WFFEMELA 4 1T B B it R v o e i
DR ES R EL. B, AR K
Ja PEAE I RIS A, 5 I AE ZBUR AR PG HE
Fre, LUK 2 TR I A B0 280 R B Hf i L T S Y 2
Wi o RT3 75 E — 2 im0 P8 76 52 Wi [R] 3% A9 48
il RUEE I 2 IRE T 2 kb T TR,
THAR B 5 et JRod HE IO B SR S R 3507 vl
RERCHRV I FL D) R AE . DRI, RORAFIT R X 26
PRIRAEATINE, R 2R 7 3
Wiy, A SE o B T R0 5 o P 6 2 Z IRV SR &R

4 &k

AWEFLE RYEUE T D1 2 M T5 I AR T
BRI RN, R GE R AT TCTA X 4 AN
TEFIX H e sy, AT REME IS BURDN R E A AR5
(dnade) HIPATIIER . Wit Dhail o g, A
T 77 S i Loy 2R S R] REAE S5 18 bk B—3.



Chinese Journal of Medical Instrumentation

2025% 5549% %58

MRS58 ZE

AWFgEE B A ES AT, R T 5
AR RS X i L oB B SR 31 B 5 55 A R 30 8 o ) 2
FCIRTENLE . B T TR o8 39 850 FA E A 30 e o
AIFHR (L, ATRER M T SO L AR H w2 9% 5 A
5 R B e PR o B X — R A T ik
HUIE SR T 500 S BUR AR IR Bt TR LA .

Sk

[11 RAJA S N, CARR D B, COHEN M, et al. The revised
International Association for the Study of Pain definition
of pain: concepts, challenges, and compromises[J]. ,
2020, 161(9): 1976-1982.

[2] PLONER M, SORG C, GROSS J. Brain rhythms of
pain[J]. Trends Cogn Sci, 2017, 21(2): 100-110.

[3] IANNETTI G D, MOURAUX A. From the neuromatrix
to the pain matrix (and back)[J]. , 2010,
205(1): 1-12.

[4] SHAO SY, SHEN K Q, YU K, et al. Frequency-domain
EEG source analysis for acute tonic cold pain
perception[J]. , 2012, 123(10): 2042-
2049.

[5S] HANSEN T M, MARK E B, OLESEN S S, et al.
Characterization of cortical source generators based on
electroencephalography during tonic pain[J]. ,
2017, 10: 1401-1409.

[6] KIMIJ A, DAVIS K D. Neural oscillations: understanding
a neural code of pain[J]. , 2021, 27(5): 544-
570.

[77 HUNEKE N T, BROWN C A, BURFORD E, et al.
Experimental placebo analgesia changes resting-state
alpha oscillations[J]. ,2013, 8(10): €78278.

[8] AHNS, PRIM J H, ALEXANDER M L, et al. Identifying
and engaging neuronal oscillations by transcranial
alternating current stimulation in patients with chronic
low back pain: a randomized, crossover, double-blind,
sham-controlled pilot study[J]. J Pain, 2019, 20(3): 277.
el-277.ell.

[91 SARNTHEIN J, STERN J, AUFENBERG C, et al.
Increased EEG power and slowed dominant frequency in
patients with neurogenic pain[J]. Brain, 2006, 129(Pt 1):
55-64.

[10] DONOGHUE T, DOMINGUEZ J, VOYTEK B.
Electrophysiological frequency band ratio measures
conflate periodic and aperiodic neural activity[J]. eNeuro,
2020, 7(6): ENEURO.0192-20.2020.

[11] DONOGHUE T, HALLER M, PETERSON E J, et al.
Parameterizing neural power spectra into periodic and
aperiodic components[J]. , 2020, 23(12):
1655-1665.

[12] MANNING J R, JACOBS J, FRIED I, et al. Broadband
shifts in local field potential power spectra are correlated
with single-neuron spiking in humans[J]. ,
2009, 29(43): 13613-13620.

[13] GAO R, PETERSON E J, VOYTEK B. Inferring synaptic
excitation/inhibition balance from field potentials[J].

,2017, 158: 70-78.
[14] PODVALNY E, NOY N, HAREL M, et al. A unifying

500

[15]

[21]

[26]

principle underlying the extracellular field potential
spectral responses in the human cortex[J]. ,
2015, 114(1): 505-519.

KOPCANOVA M, TAIT L, DONOGHUE T, et al.
Resting-state EEG signatures of Alzheimer's disease are
driven by periodic but not aperiodic changes[J].

, 2024, 190: 106380.
B, S22 v L P F 5 PP il o0 e R ™ I AR R

JE AR , 2018, 34(4): 391-393.
J3 . AN, BRI, S PO PR R Y R E
PR(20205)1]- , 2020, 16(3): 177-187.

ZENG K, CHEN D, OUYANG G X, et al. An EEMD-
ICA approach to enhancing artifact rejection for noisy
multivariate neural data[J].
, 2016, 24(6): 630-638.
OSTLUND B, DONOGHUE T, ANAYA B, et al
Spectral parameterization for studying neurodevelopment:
how and why[J]. , 2022, 54: 101073.
MASCHKE C, DUCLOS C, OWEN A M, et al
Aperiodic brain activity and response to anesthesia vary
in disorders of consciousness[J]. , 2023, 275:
120154.
BENJAMINI Y, HOCHBERG Y. Controlling the false
discovery rate: a practical and powerful approach to
multiple testing[J]. ,
1995, 57(1): 289-300.
MOGIL J S. Pain genetics: past, present and future[J].
, 2012, 28(6): 258-266.
WILLIAMS J T, CHRISTIE M J, MANZONI O. Cellular
and synaptic adaptations mediating opioid dependence[J].
,2001, 81(1): 299-343.
HAUCK M, DOMNICK C, LORENZ J, et al. Top-down
and bottom-up modulation of pain-induced oscillations[J].
Front Hum Neurosci, 2015, 9: 375.
ETO K, WAKE H, WATANABE M, et al. Inter-regional
contribution of enhanced activity of the primary
somatosensory cortex to the anterior cingulate cortex
accelerates chronic pain behavior[J]. , 2011,
31(21): 7631-7636.
HUANG J T, GADOTTI V M, CHEN L N, et al. A
neuronal circuit for activating descending modulation of
neuropathic pain[J]. , 2019, 22(10): 1659-
1668.
GROSS J, SCHNITZLER A, TIMMERMANN L, et al.
Gamma oscillations in human primary somatosensory
cortex reflect pain perception[J]. , 2007, 5(5):
el33.
ZIEGLER K, FOLKARD R, GONZALEZ A J, et al.
Primary somatosensory cortex bidirectionally modulates
sensory gain and nociceptive behavior in a layer-specific
manner[J]. , 2023, 14(1): 2999.
CORDER G, AHANONU B, GREWE B F, et al. An
amygdalar neural ensemble that encodes the unpleas-
antness of pain[J]. , 2019, 363(6424): 276-281.
MEDA K S, PATEL T, BRAZ J M, et al. Microcircuit
mechanisms through which mediodorsal thalamic input to
anterior cingulate cortex exacerbates pain-related
aversion[J]. Neuron, 2019, 102(5): 944-959.


https://doi.org/10.1097/j.pain.0000000000001939
https://doi.org/10.1007/s00221-010-2340-1
https://doi.org/10.1016/j.clinph.2012.02.084
https://doi.org/10.2147/JPR.S132909
https://doi.org/10.1177/1073858420958629
https://doi.org/10.1371/journal.pone.0078278
https://doi.org/10.1038/s41593-020-00744-x
https://doi.org/10.1523/JNEUROSCI.2041-09.2009
https://doi.org/10.1016/j.neuroimage.2017.06.078
https://doi.org/10.1152/jn.00943.2014
https://doi.org/10.1016/j.nbd.2023.106380
https://doi.org/10.12089/jca.2018.04.019
https://doi.org/10.3760/cma.j.cn101379-20190915-00075
https://doi.org/10.1109/TNSRE.2015.2496334
https://doi.org/10.1109/TNSRE.2015.2496334
https://doi.org/10.1016/j.dcn.2022.101073
https://doi.org/10.1016/j.neuroimage.2023.120154
https://doi.org/10.1111/j.2517-6161.1995.tb02031.x
https://doi.org/10.1016/j.tig.2012.02.004
https://doi.org/10.1152/physrev.2001.81.1.299
https://doi.org/10.1523/JNEUROSCI.0946-11.2011
https://doi.org/10.1038/s41593-019-0481-5
https://doi.org/10.1371/journal.pbio.0050133
https://doi.org/10.1038/s41467-023-38798-7
https://doi.org/10.1126/science.aap8586

	0 引言
	1 实验方案
	1.1 受试筛选
	1.2 实验流程
	1.3 脑电信号预处理
	1.4 功率谱计算及功率谱参数化
	1.5 统计分析

	2 实验结果
	2.1 镇痛前后初步分析
	2.2 镇痛前后的统计分析

	3 讨论
	3.1 镇痛后α功率无显著差异
	3.2 镇痛后α周期成分升高、非周期成分降低
	3.3 应用前景
	3.4 局限性

	4 结论
	参考文献

