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WE KBEASLERBY, AFETRMN, BEINFPReTNEINFTE, TTALNEFEA
FEEN, KT, BANKETRYHERSBRE RAN G, ST EHEREAL, FARENA:
BHEREEEREEARE BRI D, XRREARERT AN SR, LFERDREXE
# 3% % % (functianal magnetic resonance imaging, fMRI) 153 & € f5 % & o # % (I o 8 X
Ggk b PRNMIRERET RS A TR, #44 MRIFFR 672 A7 e B A 8) B R 0E 27,
it xf fMRI 58y 047, SR EMAFELEHERANRFHEREENRE LT, AXERE
PR e ML R e B4 IMRI B TR R B B H A TIR G #HE,
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e MR AN RE R R A, T
7R R DX 2 [ £ B L S A & T 52 A R i 4
Shee AT R RS TR AR ML 2= 5T
AEWERE, EEEK, TR IRMRA (functianal
magnetic resonance imaging, fMRI){E A —fhIE#if
PR BUGEAR , TEMR A B A R EARSIN T e
BRIl TR R R, AU FEELHR TRIK
S BT A B #0825 AMRIN T FE MR T R B
B

LASHEACR A BRBLE] B IR 192 £ U (Melzack
& Wall, 1965)#&HZ /5, AMIXIH M EVIHR
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{5 B GRHD . IO AR i 22 I e R H AR RO T
fREL, HUIRAN: Mgt roRE WAL
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HARF=A I, R BE AR TRTBR A S R A R P R B
HEFeY), TR AR 4 2R 4 I S A L A2 4
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(1) 1M A AL R G0GR . ANEMGE
HAE B A LI E S, SFE MREN R
JE 5 A% AN AR A, Bk RN AR A
BRI Z, FIRERM. 5 A HRAFTER I
TR S EE, H- MR RE, B
TG AMUAZBE | 919 R AARBE 2 2 (primary somato—
sensory cortex, S1). K2k X /& B3 ¢ /2 (secondary
somatosensory cortex, S2), FEAEHIEHE BB fE
B B—REAMEERS, G SRR
B F037 [B] (anterior cingulate cortex, ACC) &, FERN
FE R EE SR R (HITERX TR BRI
Tt RBURIIBIIR , SR RS HE R R 915
AL EALFESMURE S AL, T HR K% PR 5
RE . BB KR B EEU TR
TemsE, R, BREHHEERZ AKX
UisEA R, VA RS SR, B
PR BT EW 19

(2) 1@ AL B FTIATR . XS RE AR N
TR T W MK M 45 & 5 (central never system, CNS) %18
PEFR R BB R A%, MATR AR T MBS
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MEBRALR “SEf” e HEF S N KA SCHE
HIEZRMZE MR b T R R A A B e 2
FiTheE, S HEEAEMRX BRE, GFSL.
S2. Efiki. ACC, ET&iM (prefrontal cortex, PFC),
5t (insular cortex, IC). /NI BEBR. #Bhisd
X, izl A a5, X S XA AR A
9 FCIRR 0 4 G PR P4 ), R e 2 LR B A R P
FrE S MEAORTE AR AR B & WS [RlAT,
PIRA SR 5 2 M sh s, BEBIE
NS B X, ICFACCIEEh IR, 8 #%
WETRHERE TS RIIBHEHRE, A
MIFRZ A R B o 89 B7E Bl T R AL
B FERHNPFC, IC, S MS2 WG, WA
FREBIEO T, HHBISH X 45 PFC, ICH
Acch,

A% 45518 B 20 F Beit o B - A n
(21 368 % 4 ) R F0 o] R B A4 8 ] 38k o AL
B, FERFEE N R SMN T &R SER,
WEHMES 5 THRENGIES. ARERE. Aam
RAIR SR . R L RAR A% 3 B S5
RIRGRERIRE S . ACCHX SRR HIERK . 548,
FE. FARE RN EFETMX, £S5 mKEE
BRI L, FHERMAFRMGRE: S E=X
HARTERMEBEIH PORFHEH, BEF
. RESHMZEANERRRRERED. BH
KK KRR EE LS L HRINE R, PFC
MICHEXIEIKAE R SEEHEB A UE, 25"
Wh: BHRRIBRNTREM, #Hm5A5H
YA, JREH— AL T B R TR
K. AT SBUEMER KRS

(3 eEmSIAA, B, BEN. i81Lh
MXFR: FEMERU—AMZERENTRERS
KR EA KHBE . 18HARIE D gt B 3%
BB, AN v A 4 B R i I Y E
FERL, THRARGARGE S SRR ER AL
Bl 1 A R AR 4 A T, RN
BLEPFC. ACCHIEMNSEE NI TE B kA . A
FF N R E AR R LS FE IO B2
IR (perigenual ACC, PGC)B-4, Tl KR %
BLIZ MR 1 B 3R ACC A/ B PGC A 3h i 5
# . ACCRINHML 5, PGCRIEY. 1§
BRI, TR SIAR . B, BRAEEE
IRE

B M 4 L5 T j5 78, ACC. R &3 M)
(medial prefrontal cortex,mPFC). Frki% . WF57 26 .
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ACC R BA32 X 5 PFC 7F ¥ & 1 X & 9m A #% 7 T
EEBIER, ENERRETHTRERRS OLR
e B TS, RSN TR IX (RN . IC) T4 O
TRREHEEEEY, FWRIEH, B 5%KH
FHRMEEA X, XIHRE WiEE TE DN S
(s BRI, FFMR THRF SicieZiE
KR, AINE—BHIRERH, ACCES 5N
KA, JaHlH K JZ (posterior cingulate cortex, PCC)
S 5iiZke.
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(1) RSP IRE A LE 2
(Hebb, 1949) A AEEE S HRIBET K E - LK
WA B M E SRR, FERBFEN T, &
WA ICHIRIE A SR EEH, BRI EE
AFE R ML B R, BB T E A A
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4 H3 e HL AL (event related potential, ERP) AJ L) 5 #E R
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P1. N2, P2 K P3 %m0y, He B ET 5K
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W F B X 00 5 AT A2 SR U 22 18] A e
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AT S HRHINETE, FE T d SRR EIT
ESFBURMARIE ST A& B ILEKFRME, #
BASMRI R R: PolHERIER, FERIT
SNBSS TR RN RER RIS B B &
B——BN7E A B i A S R ZRET, K
i P93 & A2 /0 1M 8 7K - 4K 1M (blood-oxygen-—level
dependence, BOLD)fE 5B XA . BRFEHES
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BREE B BE RS M  UE F SRR . XL R
BN B R A IR o Rl i ) 2% 3 AR AR
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T, AFEXF BOLD 15 SR K& A KA
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( 2) B8 —3 (regional homogeneity, ReHo):
FERF R RS T O RE Y, RBEM T XAYIE
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FPFE AR R F XML B9 43 A I 4% . ReHo P4
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A A S B SR i X4 22 T B B e ) — B R
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FR X 44 B LA B BB 1] — 3. ReHo JHRE
7N JR B M 22 JT 75 BBt 1) b #[n) TRl 25, ReHo FEAR
R R 28 e sh B (] b #a e 0 , 1e
JEL R FEM . AL, BTF0HF [ %K X 4 ReHo
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(3) X ZEIAE R EPFRAALERX A
ThEEESIEE AT, ZRAThRER AR E
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BB {5 5 BB A, W7 LIS B i B ST BN
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mode network, DMN) E7E#E SRS ANTH BE M 48 B 5T
FERE R EMMEZ—. Raichle F'AR:
KIGETIESWER. SRS T REERHAR
X ThRETE 3, HEZMHE mPFC, PCC/BERTM |
TOUCF /AN 0 A [ SRR X 3> P 4% E 3 A 7E
BERESTHIANIIRE, BREXIMEAE., Sk
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XIERAETES 12 M, W DMN 5 AMZA M EE
PR RRIRIS R ZEE B R, R 1EH
RUEMEgEREE S, #ERETHRKESS
ENMERGAFFERE R Becerra$ ™Ay CRPS
BB/ BRAEN, BREE LR KRR, RZ



o [E B B 22 74 Chinese Journal of Pain Mcdicine 2013,19,(2)

T X380 R AZ BN BOLDAR #i {5 5 2 8 &4
fb. CaudaZe™' K I WEIRIFHZERENHM
5ot A iR 22 AT B9 BE T RESE R, T XU S1 AN
Gz R IENE SRS . FEf, AHREAR
B D X BT REE B M 48 ] DL TR 4 i X A4 =
TR A LS T

#r B IMRI BRI A B S T &%
LR ShEER N, AEELSE R B AN &R 24 I BRiE 3
KA, [IR, HIHERBHIZE M EM R T
BB, FRESCATBEEES, ML
ATUAHEBRTE S R IT R RNERER, WRAS &
Fradl, T B TS0 AR 5K 6 Bk X AR A X B
55, ARBHASRNZK . WK, ST
FH. R, B TFIETE KBRS SRS
TS, ToikHs ol A T S A R 55 [ — X 3 i T
ERB ST, BRIEERB TR %
PR SRR E R,

5. 858 BERESMRIZEANEENS
R R B AR B A KIS sh B PLR R T %
B2 HRTEEERASVH RS, kXt
NIRRT 2R RGBT ROERAR , {Eit T X R sedk 7ol
XM, hE—CRE L AEHERNE
Wi, KR T, EEFSYRASEMLRRE. B
BESMEME T ENABIEREA €, HA
TR R MRD, W B REERN L
VA RIS 5 e RS e [ M R B YRYT . BRI,
AR . Jrk S B Kook KB T AEHLH At —
HHRE, UKITHI RS MR 28R R R
MBI TS, H BRI 1

2 % XK

[1] Baliki MN, Baria AT, Apkarian AV. The cortical
rhythms of chronic back pain. J Neurosci, 2011,
31: 13981 ~ 13990.

2] X8, BKAZE, 25 . MR RHA R
BRI RIER . SERAR S 2, 2008,
4:127 ~ 132.

[3] Apkraian AV, Bushnell MC, Treede RD, et al.
Human brain mechanism of pain perception and
regulation in health and disease. Eur J pain, 2005,
9:463 ~ 484.

[4] Baliki MN, Chialvo DR, Geha PY, et al. Chronic
pain and the emotional brain: specific brain activ-
ity associated with spontaneous fluctuations of in-
tensity of chronic back pain. J Neurosci, 2006, 26:

- 105

12165 ~ 12173.

[5] Shyu BC, Vogt BA. Short-term synaptic plasticity
in the nociceptive thalamic-anterior cingulate path-
way. Mol Pain, 2009, 5: 51.

[6] T&, EH¥k, Bk . MM KRS T EM
RHEHSHAITH AR | EHREER | 2010, 41: 51
~54.

[7]1 Aharon I, Becerra L, Chabris CF. Noxious heat in-
duces fMRI activation in two anatomically distinct
clusters within the nucleus accumbens. Neurosi
Lett, 2006, 392: 159 ~ 164.

[8] Peyron R, Faillenot 1. Functional brain mapping of
pain perception. Med Sci, 2011, 27: 82 ~ 87.

[9] Valet M, Sprenger T, Boecker H, et al. Distriction
modulates connectivity of the cingulo-frontal cor-
tex and the midbrain during pain--an fMRI analy-
sis. Pain, 2004, 109: 399 ~ 408.

[10] Liu MG, Chen J. Roles of the hippocampal for-
mation in pain information processing. Neurosci
Bull, 2009, 5: 237 ~ 266.

[11] R3C, FEREE . FHAXBAXTARINE S
PPRE . P AR BRSEARAS | 2004, 10: 47 ~ 51,
[12] Baliki MN, Geha PY, Apkarian AV, et al. Beyond
feeling: chronic pain hurts the brain, disrupting
the default-mode network dynamics. J Neurosci,

2008, 28: 1398 ~ 1403.

[13] Zhang WT, Jin Z, Cui GH, et al. Relations be-
tween brain network activation and analgesic
effect induced by low versus high frequency elec-
trical acupoint stimulation in different subjects:
a functional magnetic resonance imaging study.
Brain Res, 2003, 982: 168 ~ 178.

[14] Otti A, Noll-Hussong M. Intrinsic brain activity
with pain. Schmerz, 2011, 25: 501 ~ 507.

[15] Zang, Jiang T, Lu Y, et al. Regional homogene-
ity approach to fMRI data analysis. Neuroimage,
2004, 22: 394 ~ 400.

[16] ChenJ, Liu B, Ye YS, et al. Resting state fMRI of
brain in patients with chronic lumbodorsal pain. J
Med Imaging Technol, 2011, 27: 1116 ~ 1120.

[17] Raichle ME, MacLeod AM, Snyder AZ, et al. A
default mode of brain function. Proc Natl Acad
Sci USA, 2001, 98: 676 ~ 682.

[18] Greicius MD, Supekar K, Menon V, et al. Rest-
ing-state functional connectivity reflects structural

(F¥ 109 1)



T E KB E %42 % Chinese Journal of Pain Medicine 2013,19,(2)

(6]

(7]

(8]

(]

[10]

(1]

[12]

[13]

Goodman MB, Ernstrom GG, Chelur DS, et al.
MEC-2 regulates C. elegans DEG/EnaC channels
needed for mechanosensation. Nature, 2002, 415 :
1039 ~ 1042.
Chatzigeorgiou M, Grundy L, Kindt KS§, et al. Spa-
tial asymmetry in the mechanosensory phenotypes
of the C. elegans DEG/ENaC gene mec-10. J Neu-
rophystol, 2010, 104 : 3334 ~ 3344.
Amadéttir J, O’Hagan R, Chen Y, et al. The DEG/
ENaC Protein MEC-10 regulates the transduction
channel complex in Caenorhabditis elegans touch
receptor neurons. J Neurosci, 2011, 31 : 12695 ~
12704.
O’Hagan R, Chalfie M, Goodman MB. The MEC-
4 DEG/ENaC channel of Caenorhabditis elegans
touch receptor neurons transduces mechanical sig-
nals. Nat Neurosci, 2005, 8 : 43 ~ 50.
Canessa CM, Schild L, Buell G, et al. Amiloride-
sensitive epithelial Na+ channel is made of three
homologous subunits. Nature, 1994, 367: 463 ~
467.
Goodman MB, Ernstrom GG, Chelur DS, et al.
MEC-2 regulates C. elegans DEG/ENaC chan-
nels needed for mechanosensation. Nature, 2002,
415:1039 ~ 1042.
Chalfie M, Wolinsky E. The identification and
suppression of inherited neurodegeneration in
Caenorhabditis elegans. Nature, 1990, 345 : 410
~416.
Li W, Kang L, Piggott BJ, et al. The neural

( E#:105 50)

[19]

[20]

[21]

[22]

connectivity in the default mode network. Cereb
Cortex, 2009, 19: 72 ~ 78.

Tagliazucchi E, Balenzuela P, Fraiman D, et al.
Brain resting state is disrupted in chronic back
pain patients. Neurosci Lett, 2010, 485: 26 ~ 31.
Balenzuela P, Chernomoretz A, Fraiman D, et al.
Modular organization of brain resting state net-
works in chronic back pain patients. Front Neuro-
inform, 2010, 4: 1 ~ 12.

Napadow V, LaCount L, Park K, et al. Intrinsic
brain connectivity in fibromyalgia is associated
with chronic pain intensity. Arthritis Rheum,
2010, 62: 2545 ~ 2555.

Becerra L, Schwartzman RJ, Kiefer RT, et al.

(14]

[15]

(16]

[17]

(18]

[19]

(23]

[24]

» 109 .

ciruits and sensory channels mediating harsh
touch sensation in Caenorhabditis elegans. Nat
Commun, 2011, 2 : 315.

Liu J, Schrank B, Waterston RH. Interaction
between a putative mechanosensory membrane
channel and a collagen. Science, 1996, 273 : 361
~364.

Barnes TM, Jin Y, Horvitz HR, et al.The Cae-
norhabditis elegans behavioral gene unc-24
encodes a novel bipartite protein similar to both
erythrocyte band 7.2 (stomatin) and nonspecific
lipid transfer protein. J Neurochem, 1996, 67 : 46
~57.

Driscoll M, Chalfie M .The mec-4 gene is a mem-
ber of a family of Caenorhabditis elegans genes
that can mutate to induce neuronal degeneration.
Nature, 1991, 349 : 588 ~ 593.

Zhang S, Arnadottir J, Keller C, et al. MEC-2 is
recruited to the putative mechanosensory com-
plex in C. elegans touch receptor neurons through
its stomatin-like domain. Curr Biol, 2004, 14 :
1888 ~ 1896.

Emtage L, Gu G, Hartwieg E, et al. Extracellular
proteins organize the mechanosensory channel
complex in C. elegans touch receptor neurons.
Neuron, 2004, 44 : 795 ~ 807.

Bounoutas A, O’Hagan R, Chalfie M. The mul-
tipurpose 15-protofilament microtubules in C.
elegans have specific roles in mechanosensation.
Curr Biol, 2009, 19 : 1362 ~ 1367.

CNS Measures of Pain Responses Pre- and Post-
Anesthetic Ketamine in a Patient with Complex
Regional Pain Syndrome. Pain Med, 2009, 25: |
~8.

Cauda F, Sacco K, D’ Agata F, et al. Low-frequen-
cy BOLD fluctuations demonstrate altered thala-
mocortical connectivity in diabetic neuropathic
pain. BMC Neurosci, 2009, 138: 1 ~ 14.

Kahn [, Andrews-Hanna IR, Vincent JL, et al.
Distinct cortical anatomy linked to subregions
of the medial temporal lobe revealed by intrinsic
functional connectivity. J Neurophysiol, 2008,
100: 129 ~ 139.



