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pain questionnaire MPQ (Melzack, 1975) 3

(Gracely, McGrath, & Dubner, 1978a, 1978b; Marchand

& Arsenault, 2002; Marchand et al., 1993; Rainville,
Feine, Bushnell, & Duncan, 1992) 4

visual analogue scale VAS

(Hicks, von
Baeyer, Spafford, van Korlaar, & Goodenough, 2001)

(Schulz, Zherdin, Tiemann, Plant, & Ploner,
2012)

2.2

(electromyography EMG)

(Colloca, Benedetti, & Pollo, 2006; Donaldson et al.,
2003)
(electroencephalography EEG)
magnetic resonance imaging fMRI)

(functional

221
(Chapman &
Feather, 1973)
(Loggia, Juneau, & Bushnell, 2011)
(Chapman,

Oka, Bradshaw, Jacobson, & Donaldson, 1999)
(Donaldson et al., 2003;
Hullett et al., 2009; Ledowski et al., 2007; Loggia et al.,
2011; Treister, Kliger, Zuckerman, Aryeh, & Eisenberg,
2012) (Chapman et al., 1999; Donaldson et
al., 2003; Ellermeier & Westphal, 1995; Hofle, Kenntner-
Mabiala, Pauli, & Alpers, 2008; Oka et al., 2007)

Loggia (Loggia et al., 2011) 39

biograph

(Geuter, Gamer, Onat, & Buchel, 2014)
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EMG
EMG
19
EMG
(Svensson, Wang, Sessle, & Arendt-Nielsen,
2004)
EMG
EMG
222 EEG
EEG

(laser-evoked potentials, LEPS)

(lannetti et al., 2003; Treede, Lorenz, & Baumgértner,
2003)

(Bromm & Treede, 1983)
LEPs N1 N2-P2(Carmon, Mor,
& Goldberg, 1976) P4(Hu, Valentini, Zhang, Liang, &
lannetti, 2014)

N2-P2
(Bromm & Treede, 1983; Hu, Mouraux, Hu,

& lannetti, 2010; Tarkka & Treede, 1993; Valentini et al.,
2012) operculoinsular
anterior and mid-cingulate cortices
ACC MCC (Garcia-Larrea, Frot, & Valeriani, 2003)

N2-P2 (Bromm & Treede, 1990;
Garci-Larrea, Peyron, Laurent, & Mauguiére, 1997; lannetti,
Zambreanu, Cruccu, & Tracey, 2005; Kakigi, Shibasaki, &
Ikeda, 1989) (lannetti et al., 2005)

N2-P2

(Huang et al., 2013)
LEPs Huang
(Huang et al., 2013)

(Koles, 1991; Koles, Lazar, & Zhou, 1990)
(Mayhew, lannetti, Woolrich, & Wise,

2006) LEPs (Huet
al., 2011) N2-P2

(Witten, Frank, & Hall,
2011) LEPs

86.3%  80.3%

(Schnakers et al., 2010;
Schulz, Zherdin, Tiemann, Plant, & Ploner, 2012)

primary somatosensory cortex S1
gamma 30 Hz (Gross, Schnitzler,
Timmermann, & Ploner, 2007; Hauck, Lorenz, & Engel,
2007)
event-related synchronization \/-ERS
(Gross et al., 2007; Hauck et
Y-ERS
(Gross et al., 2007; Schulz, Tiemann, Schuster,
Gross, & Ploner, 2012; Zhang, Hu, Hung, Mouraux, &
lannetti, 2012)
S1 alpha 8-12 Hz (Ploner,
Gross, Timmermann, Pollok, & Schnitzler, 2006)
alpha
desynchronization <-ERD
(Babiloni et al., 2006; Hu, Peng, Valentini, Zhang, & Hu,
2013; Ohara, Crone, Weiss, & Lenz, 2004)
o-ERD

al., 2007)

event-related

(lannetti, Hughes, Lee, & Mouraux,
2008; Valentini, Torta, Mouraux, & lannetti, 2011)
Y-ERS o-ERD
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223 fMRI
fMRI
fMRI machine learning
(Marquand et al., 2010)

fMRI support vector
machine, SVM (Formisano, De Martino, Bonte, &
Goebel, 2008; Miyawaki et al., 2008)

Brown (Brown, Chatterjee,

Younger, & Mackey, 2011) 24

8

SVM
16
81%
S1
secondary somatosensory cortex = S2
primary motor cortex ~ ACC
region of interest ROI
fMRI
SVM
SVM
fMRI
Wager
(Wager et al., 2013) fMRI
fMRI
S1 ACC
periaqueductal gray matter
94%
93%

85% 73%

fMRI
(Williams & Barber,
1998) (Marquand et
al., 2010) SVM
fMRI (Prato, Favilla,

Zanni, Porro, & Baraldi, 2011)

fMRI

multivariable pattern analysis
MVPA 1 MVPA
(Haynes & Rees, 2006)
(Coutanche, 2013) 2 MVPA
MVPA
(Norman, Polyn, Detre, & Haxby, 2006)

fMRI
MVPA
fMRI

(Haynes & Rees, 2006)
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3 EEG LEPs
N2-P2
time-
frequency
Y-ERS
fMRI
MVPA

(chronic back pain CBP)
(Baliki et al., 2006)

fMRI 0 10
EEG fMRI
fMRI
(medial prefrontal cortex mPFC) (Drstavik et al., 2006;
mPFC @rstavik et al., 2003; Schmidt et al., 1995; Torebjork
& Hallin, 1974)
mPFC
1
2 LEPs

(Lorenz & Garcia-Larrea, 2003)

3 fMRI
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Measuring of Pain Based on Neurophysiology

Chen Rui[J Tang Dandan[] Hu Li
(School of Psychology, Southwest University, chongging, 400715)

Abstract As a complex and subjective experience, pain is influenced by physiological, psychological, social, and several other factors. As defined
by the International Association for the Study of Pain (IASP), pain is a kind of unpleasant subjective feeling and emotional experience, which was
associated with tissue damage or potential tissue damage.

Clinically, the measurement of pain dominantly relies on the patients’ subjective evaluation, which mainly uses a psychophysical method, that
is, all kinds of scales. For example, verbal and numerical rating scales, McGill pain questionnaire (MPQ), ratio scales, analogue scales, and some
behavioral measurements. Although this traditional method to measure pain and its components is to some extent considered as to be a golden rule, it
is not objective, accurate, and universally applicable due to the complexity of pain. Thus, to optimize the assessment and treatment of pain, developing
some objective and effective methods to measure pain is an important and urgent scientific problem. Recently, using novel sampling techniques, like
eye-movement tracking, electromyography (EMG), electroencephalography (EEG), and functional magnetic resonance imaging (fMRI), researchers
have revealed both neurophysiological and neuropsychological mechanism of pain processing, and have extracted pain-related neurophysiological
signatures, and thus establishing an effective, objective, and accurate evaluation system of pain.

In physiology, skin conductance (SC), skin temperature (ST), heart rate (HR), and pupil diameter (PD) are usually used to investigate the
response characteristics from autonomic nervous system, and EMG is used to measure the neuromuscular activity. All these measurements are
associated with pain. In EEG studies, laser-evoked potentials (LEPs) have been widely used to investigate the peripheral and central processing of
nociceptive sensory input. LEPs can be elicited by intense laser heat pulses that selectively excite nociceptive free nerve endings in the epidermis,
which include many components both in the time domain and in the time-frequency domain. In the time domain, the evoked LEPs mainly include N1,
N2, P2, and P4 waves. In the time-frequency domain, gamma (more than 30 Hz) oscillation activity originating from the primary somatosensory cortex
(S1) can be elicited by nociceptive stimuli, and has been validated to be associated with pain intensity. In the aspect of fMRI studies, by combining
fMRI technology with machine learning theory, an effective and precise assessment of pain may be achieved. Meanwhile, some studies find that
using fMRI technology combined with the support vector machine (SVM) and other machine learning algorithm may more precisely assess pain. For
example, some pain-related brain areas including the S1, secondary somatosensory cortex (S2), insula, primary motor cortex, and anterior cingulate
cortex (ACC) have been identified. More importantly, the pain and non-pain stimuli can be identified.

Taken together, the accuracy of neurophysiological measuring of pain is not high enough and the neurophysiological indexes that are
specific for processing of pain remain indeterminate. To add to the traditional pain measurement method in basic research and clinical practice, this
neurophysiological system can greatly promote the development of the researches in the diagnosis and treatment of pain. Therefore, the present paper
has important implications for the clinical and basic research of pain.

Key words pain, pain measurement, neurophysiology, electroencephalography (EEG), functional magnetic resonance imaging (fMRI)



