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bstract

Previous research has shown that evaluation of pain shown in pictures is mediated by a cortical circuit consisting of the primary and secondary
omatosensory cortex (SI and SII), the anterior cingulate cortex (ACC), and the insula. SI and SII subserve the sensory-discriminative component of
ain processing whereas ACC and the insula mediate the affective-motivational aspect of pain processing. The current work investigated the neural
orrelates of evaluation of pain depicted in words. Subjects were scanned using functional magnetic resonance imaging (fMRI) while reading
ords or phrases depicting painful or neutral actions. Subjects were asked to rate pain intensity of the painful actions depicted in words or counting
he number of Chinese characters in the words. Relative to the counting task, rating pain intensity induced activations in SII, the insula, the right
iddle frontal gyrus, the left superior temporal sulcus and the left middle occipital gyrus. Our results suggest that both the sensory-discriminative

nd affective-motivational components of the pain matrix are engaged in the processing of pain depicted in words.
2007 Elsevier B.V. All rights reserved.
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. Introduction

It is well documented that pain processing is mediated by
neural network consisting of both cortical and subcortical

tructures. The cortical structures of the pain matrix includes
he primary and secondary somatosensory cortex (SI and SII),
he anterior cingulate cortex (ACC), the insula and prefrontal
egions, whereas the subcortical components of the pain matrix
ncludes the thalamus, amygdala and hippocampus, etc. [1,2].
ociceptive specific neurons in SI and SII respond only to nox-

ous stimuli [3–5] and their receptive fields are organized in a
omatotopic pattern (particularly in the post-central gurys) [6].
euroimaging studies also showed evidence that painful stim-

lation induced increased hemodynamic responses in SI and
II [7] or resulted in positive covariation between the activity

n SI and other brain regions that are known to be involved in
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ain processing [8]. These findings suggest that SI and SII play
n important role in the sensory-discriminative component of
ain processing. Recent neuroimaging studies show that while
he activity of ACC and the insula can be increased by noxious
timuli [9,10], illusions evoked by non-noxious stimuli [11] and
erception of others in pain [12–15] also induce activation in
CC and the insula. In addition, the magnitude of ACC activ-

ty is correlated with subjective pain-related unpleasantness [9].
hese results indicate that ACC and the insula subserve the
ffective-motivational component of pain processing.

Most of the previous studies of pain processing employed
oxious stimuli such as thermal or mechanical stimulation. How-
ver, people often encounter ‘painful’ information when noxious
timuli are absent. For example, words or phrases such as “prick”
nd “hit by a car” are used in novels or newspapers to describe
ainful situations. To date, we know little about whether the same
rain circuits underlying pain processing can also be activated
y pain evaluation depicted in words. In particular, it is unclear

f both the sensory-discriminative and the affective-motivational
omponents of the pain matrix are involved in evaluation of pain
epicted in words. Osaka et al. found that ACC can be activated
hen subjects were asked to form unpleasant mental images

mailto:shan@pku.edu.cn
dx.doi.org/10.1016/j.bbr.2007.04.008
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f affective pain corresponding to onomatopoeia words sugges-
ive of subjective pain presented auditorily [16]. The current
tudy extended the previous work by assessing whether eval-
ation of pain described in words or short phrases presented
isually induces activation of the pain matrix. One possibil-
ty is that reading words or phrases depicting painful actions
s similar to watching painful pictures in generating empathic
esponses mediated by the pain matrix. Alternatively, words
r phrases cannot produce painful situations as vivid as those
llustrated in pictures and, thus, cannot activate the neural cir-
uit underlying empathy for pain. We addressed these issues by
ecording heomodynamic responses from human adults using
unctional magnetic resonance (fMRI). Brain activity linked to
ating pain intensity of actions described in Chinese words or
hrases presented visually was contrasted with reading words
r phrases describing neutral actions so as to identify whether
he somatosensory cortex and other brain areas such as ACC
nd insula are involved in evaluation of pain depicted in words.
e also compared the tasks of counting the number of Chinese

haracters in painful and neutral words to assess the necessity
f the rating task in activation of the pain matrix.

. Method

.1. Subjects

Ten healthy subjects (3 males and 7 females) aged between 20 and 27 years
mean ± S.D. = 21.6 ± 2.01) participated in this study as paid volunteers. All
ubjects had no neurological or psychiatric history. All were right-handed, had
ormal or corrected-to-normal vision, and were naı̈ve to the purpose of this
tudy. Informed consent was obtained from all participants prior to scanning.
his study was approved by the local ethic committee from the Department of
sychology at Peking University.

.2. Stimuli and procedure

The stimuli were presented through an LCD projector onto a rear projection
creen located at a subject’s head. The screen was viewed with an angled mirror
ositioned on the head-coil. Visual stimuli consisted of 40 Chinese words or
hrases describing actions. Half of the actions were pain inducing (e.g., “prick”,
hit by a car”) whereas the others were neutral (e.g., “walk”, “watch TV”).
hese items were first evaluated by 27 independent subjects to verify that they

ndeed depicted painful and neutral actions (the mean ratings for painful and
eutral items were 6.47 and 0.48, respectively, on a 9 point scale where 8 = very
ainful, 0 = no pain, t = 33.11; p < 0.001). Half of the words or phrases were
omposed of two Chinese characters and the others were composed of three
hinese characters. Each character subtended a visual angle of 1.5◦ × 1.5◦ at a
iewing distance of 90 cm.

A box-car design was used in the current study. Each subject participated
n two fMRI sessions. Each session contains three blocks of trials that varied
n stimuli and task: (1) rating pain intensity of painful actions; (2) counting the
umber of Chinese characters in painful words or phrases and (3) counting the
umber of Chinese characters in neutral words or phrases. Thus, there were two
locks of trials for each stimulus condition. The contrast between tasks 1 and 3
dentified neural substrates involved in word-induced pain, whereas the contrast
etween tasks 2 and 3 examined whether the rating task was necessary for word-
nduced pain to occur. Each block started with the presentation of instructions
or 3 s, which defined the task (i.e., rating pain intensity or counting the number

f Chinese characters) for each block of trials. There were 20 trials in each block
f trials. Each trial began with the presentation of a blank screen for 500 ms,
hich was then overlapped by a stimulus display with a duration of 2500 ms.
he stimulus display was followed by words for 2000 ms showing two options

“mildly painful/extremely painful” for the rating task or “two character/three
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w
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haracters” for the counting task), while subjects had to make judgments by
button press with the right index or the middle finger. A fixation cross was

resented for 7 s at the end of each block of trials. The order of the three tasks
as counterbalanced across subjects. The items in each block of trials were
resented in a random order.

.3. fMRI data acquisition

Scanning was performed on a 3T Siemens Trio system using a stan-
ard head-coil at Beijing MRI Center for Brain Research. Thirty-two
ransversal slices of functional images that covered the whole brain were
cquired using a gradient-echo echo-planar pulse sequence (64 × 64 × 32
atrix with 3.4 mm × 3.4 mm × 4.4 mm spatial resolution, TR = 2000 ms,
E = 30 ms, FOV = 220 mm, flip angle = 90◦). Anatomical images were
btained using a standard 3D T1-weighted sequence (256 × 256 × 176
atrix with 0.938 mm × 0.938 mm × 1.3 mm spatial resolution, TR = 1600 ms,
E = 3.93 ms). Subjects’ heads were immobilized during the scanning sessions
sing pieces of foam.

.4. fMRI data analysis

SPM2 (the Wellcome Department of Cognitive Neurology, UK) was used for
ata processing and analysis. The functional images were realigned to the first
can to correct for the head movement between scans. The anatomical image was
o-registered with the mean functional image produced during the process of
ealignment. All images were normalized to a 2 mm × 2 mm × 2 mm Montreal
eurological Institute (MNI) template in Talairach space [17] using bilinear

nterpolation. Functional images were spatially smoothed using a Gaussian filter
ith a full-width at half maximum (FWHM) parameter set to 8 mm. The image
ata were modeled using a box-car function. Contrasts were calculated between
ating and counting painful words, between rating painful words and counting
eutral words, and between counting painful and neutral words. Statistical effects
ere first assessed in individual subjects using a fixed effect analysis. Random

ffect analyses were then conducted based on statistical parameter maps from
ach individual subject to allow population inference. A one-sample t-test was
pplied to determine group activation for each effect. Significant activation was
dentified at the voxel level of p < 0.0001 (uncorrected) and at the cluster level
or values exceeding a p value of 0.05 (corrected for multiple comparisons). The
PM coordinates for a standard brain from MNI template were converted to
alairach coordinates using a nonlinear transform method. We also conducted a
egion-of-interest (ROI) analysis, using the parameter estimate of signal intensity
t each activated cluster, to compare brain activations in different conditions. The
OIs were centered at the peak voxel of each activated cluster in the conjunction
nalysis of the contrasts between rating painful stimuli and counting neutral
timuli and between rating and counting painful stimuli. The parameter estimate
f voxels in spheres with a radius of 6 mm that centered at the peak voxels were
alculated, using MarsBaR, by contrasting the sessions of rating or counting
asks and the null sessions with the presentation of only the fixation. The contrast
alues representing BOLD signal changes related to the rating and counting tasks
ere then subjected to a repeated measure analysis of variance (ANOVA).

. Results

.1. Behavioral performance

There was no significant difference between the percentages
f painful words rated as mildly painful and extremely painful
46.5 ± 10.42% versus 53.5 ± 10.42%, t(9) = 1.062; p > 0.05) in
he pain rating task. Error rates for judging the number of Chi-
ese characters in the words were below 1.0%.
.2. fMRI results

Relative to the task of counting neutral words, rating painful
ords revealed significant activations in the right anterior insula,
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Table 1
Brain activations in the contrasts between rating painful words and counting
painful or neutral words

Brain region BA x y z Z-value Voxel no.

pr-nc
R insula 34 10 1 4.90 147
R MFG 9 46 23 25 4.39 444
L IFG 45/46 −38 33 8 4.27 151
L STG 22/42 −42 −32 20 5.13 1123
L SII 4/3 −57 −12 26 4.57 363
L MOG 18 −28 −74 4 3.99 139
R Putamen 22 −7 6 3.58 146

pr-pc
R insula 38 −9 8 4.67 456
R MFG 9 46 21 23 3.63 115
L STS 22/42 −46 −44 8 4.23 111
L SMA/MI 6 −16 −21 42 4.46 345
L MI 4 −50 −14 32 3.89 97
R SII 2 48 −16 23 4.71 456
L SII 2 −61 −15 17 4.25 110
L MOG 17/18 −28 −73 9 4.89 247

pc-nc
No activation

pr: Rating painful words; pc: counting painful words; nc: counting neutral words;
BA: Brodmann area; R: right hemisphere; L: left hemisphere; MOG: middle
occipital gyrus; MFG: middle frontal gyrus; IFG: inferior frontal gyrus; STG:
superior temporal gyrus; MI: primary motor cortex; SMA: supplementary motor
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Table 2
Brain activations shown in the conjunction analysis

Brain region BA x y z Z-value Voxel no.

Conjunction of “pr-nc” and “pr-pc”
R insula 34 10 2 4.49 177
R MFG 9 46 23 23 4.49 131
L STS 22/42 −44 −44 10 4.50 91
L SII 3 −50 −14 32 4.66 157
R SII 2 48 −16 23 5.15 143
L MOG 18 −28 −74 4 4.94 89

pr: rating painful words; pc: counting painful words; nc: counting neutral words;
BA: Brodmann area; R: right hemisphere; L: left hemisphere; MOG: middle
occipital gyrus; MFG: middle frontal gyrus; IFG: inferior frontal gyrus; STG:
superior temporal gyrus; MI: primary motor cortex; SMA: supplementary motor
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stimulation was applied to the subjects, the SII activation was
rea and SII: secondary somatosensory cortex. Voxels survived an uncorrected
value of 0.0001, cluster size > 20; p < 0.05 corrected.

he frontal gyrus bilaterally, the left superior temporal sulcus,
he left SII, the left middle occipital gyrus and the right putamen
Table 1). Similarly, the contrast between pain rating and count-
ng of painful words showed activations in the right anterior
nsula, the right middle frontal gyrus, the left superior tem-
oral sulcus, SII bilaterally, the left motor area and the left
iddle occipital gyrus, (Table 1). We also conducted a contrast

etween counting of painful words and neutral words. How-
ver, no significant activation was found in any brain area in this
omparison.

To identify the brain activation that was related to pain rat-
ng and independent of the pain contents of the stimuli used in
he control task, we conducted a conjunction analysis of the con-
rasts between rating painful stimuli and counting neutral stimuli
nd between rating and counting painful stimuli. This revealed
ctivation in the right anterior insula, the right middle frontal
yrus, the left superior temporal sulcus, SII bilaterally and the
eft middle occipital gyrus (Table 2; Fig. 1).

The parameter estimates of signal intensity obtained in the
OI analysis were subjected to ANOVAs with condition (rat-

ng painful words, counting painful words and counting neutral
ords) as an independent variable. The main effect of condition
as significant at all the clusters identified in the conjunction

nalysis (F(2, 18) = 16.94–34.85; p < 0.01). Post hoc analysis
onfirmed that the signal changes were larger in the rating task

han in the other two tasks (p < 0.01; Fig. 1) where the sig-
al changes did not differ between the latter two conditions
p > 0.05).

u
t
m

rea and SII: secondary somatosensory cortex. “pr-pc” Was inclusively masked
ith “pr-nc” at an uncorrected p value of 0.05, voxels survived an uncorrected
value of 0.0001, cluster size > 20; p < 0.05 corrected.

. Dicsussion

This study examined to what extent the pain matrix can be
ctivated by evaluation of pain intensity of actions described
n words or short phrases presented visually. In particular, we
nvestigated whether the neural correlates of pain evaluation
f painful actions depicted in words are different from those
nduced by perception of painful pictures [12–15]. We found,
y recording heomodynamic responses using fMRI, that rating
ain intensity of actions depicted in words or short phrases was
ssociated with increased activations in the cortical structures
ncluding SII, the right anterior insula, the right middle frontal
yrus, the left superior temporal sulcus and the left middle occip-
tal gyrus. Because the contrasts between rating painful words
nd counting painful or neutral words showed similar activa-
ions, the frequency or familiarity of the words and phrases used
n this study contributed little to the fMRI results.

Our findings provide evidence that the sensory-discriminative
omponent of the pain matrix (e.g., SII) was engaged in the eval-
ation of pain intensity of painful actions depicted in words or
hrases. These results are consistent with recent fMRI observa-
ions that rating pain intensity of body parts shown in painful
ictures induced activation in SII when the pain was perceived
rom the self-perspective [15,18]. Recent TMS studies also
ound that viewing video clips showing painful stimuli delivered
o others increased the amplitudes of somatosensory-evoked
otentials [19] but decreased the amplitudes of motor-evoked
otentials [20,21]. Our results complement these findings by
howing that rating pain intensity of actions depicted in words
an also lead to increased somatosensory activity. These results
ogether indicate that the somatosensory activity can be modu-
ated by watching or thinking of painful actions when no noxious
timulation is applied to the subjects. SII receives input from the
ubcortical structures such as thalamus and brainstem [1] and is
nvolved in the intensive and qualitative aspect of pain process-
ng [2]. However, in the current study, as no painful sensory
nlikely to be induced by bottom-up painful sensory stimula-
ion. One possible account is that somatosensory activity was

odulated by the input from other brain areas. It is likely that
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Fig. 1. Brain activations shown in the conjunction analysis of the contrasts between rating painful stimuli and counting neutral stimuli and between rating and
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re applied. Taken together, these findings suggest that noxious
timuli are not necessary to activate the sensory-discriminative
omponent of the pain matrix.

Interestingly, rating pain intensity of painful actions depicted
n words failed to activate ACC. ACC is a critical part of the
ain matrix underlying pain experience [8] and its activity is cor-
elated with subjective unpleasantness induced by pain [7,32].
CC is also involved in imagination of one’s own pain [33] and
mpathic responses to others’ pain [12–15,34]. Most of the pre-
ious studies using thermal or electrical stimuli found increased
ctivation in both the insula and ACC associated with pain pro-
essing [1,2]. It appears that the processing of pain induced
y rating pain intensity of actions depicted in words is essen-
ially different from the processing of pain induced by noxious
timuli and the processing of imagined pain. Evaluation of pain
f actions described in visually presented words is also differ-
nt from pain evaluation of onomatopoeia words suggestive of
ubjective pain presented auditorily [16] in that the latter also
ctivated ACC. One possibility is that painful actions depicted
n words or phrases were not as vivid as those illustrated in pic-
ures or sound and, thus, failed to activate ACC. Alternatively,
he neutral actions depicted in words used in the control task

ight tap into ACC processing to a certain degree. However,
hese interpretations need to be confirmed in future work. In
ny case, the absence of ACC activation in the present study
uggests that the task of evaluation of pain in actions described
n word or short phrases did not engender emotional responses
uch as unpleasantness as strong as that induced by thermal and
lectric stimuli or by hearing onomatopoeia words suggestive
f subjective pain. In addition, consistent with the presence of
II activation, the lack of ACC activation indicates that evalu-
tion of pain intensity of actions depicted in words is unlikely
o reflect empathic responses. Subjects might rate pain inten-
ity mainly from the first-person perspective (rather than from
he third-person perspective) on the basis of their experience
tored in memory. The lack of ACC activation also suggests
hat ACC and insula may play different roles in pain processing
lthough both are involved in the affective-motivational aspect
f pain.

Finally, we showed evidence that the task of rating pain inten-
ity of painful actions depicted in words is necessary for the
ctivation of the pain-related brain areas. Counting the num-
er of Chinese characters may lead to reading of the words
iven the automaticity of verbal processing demonstrated by
he Stroop effect [35]. However, reading and understanding the
ctions depicted in words did not spontaneously give rise to pain
valuation. Paying attention to the pain aspects of the painful
ctions depicted in words is necessary for pain processing to
ake place. This is consistent with the observation that pain per-
eption induced by painful thermal or cold stimuli is modulated
y top-down attention [32,36].

In conclusion, our fMRI results provide evidence that rating
ain intensity of painful actions described in words or short

hrases can activate both the sensory-discriminative and affect-
otivational components of pain processing. In particular, the

rocessing of pain induced by reading words is characterized
ith the involvement of SII and the absence of ACC.
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ppendix A

List of the words or phrases used in the current study trans-
ated from Chinese.

ainful actions Neutral actions

ut hand Touch slightly
uncture Walk
cald Wash hand
ting Chat
uspend Work
hop Move something
ar crash Eat
all over Write
ash Lie down
racture Leave
hip Watch movie

urn Listen to music
ut by a knife Read a novel
eating-up Hair cut
hot by a gun Drink
slap in the face Watch TV
it by a car Shopping
ut by scissors Nap
rick Play basketball
rapped in a door Drive
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