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Summary
Pain catastrophizing, or characterizations of pain as
awful, horrible and unbearable, is increasingly being
recognized as an important factor in the experience of
pain. The purpose of this investigation was to examine
the association between catastrophizing, as measured by
the Coping Strategies Questionnaire Catastrophizing
Subscale, and brain responses to blunt pressure assessed
by functional MRI among 29 subjects with ®bro-
myalgia. Since catastrophizing has been suggested to
augment pain perception through enhanced attention
to painful stimuli, and heightened emotional responses
to pain, we hypothesized that catastrophizing would be
positively associated with activation in structures
believed to be involved in these aspects of pain process-
ing. As catastrophizing is also strongly associated with
depression, the in¯uence of depressive symptomatology
was statistically removed. Residual scores of catastro-
phizing controlling for depressive symptomatology were
signi®cantly associated with increased activity in the
ipsilateral claustrum (r = 0.51, P < 0.05), cerebellum
(r = 0.43, P < 0.05), dorsolateral prefrontal cortex
(r = 0.47, P < 0.05), and parietal cortex (r = 0.41,
P < 0.05), and in the contralateral dorsal anterior cin-
gulate gyrus (ACC; r = 0.43, P < 0.05), dorsolateral pre-
frontal cortex (r = 0.41, P < 0.05), medial frontal cortex
(r = 0.40, P < 0.05) and lentiform nuclei (r = 0.40,
P < 0.05). Analysis of subjects classi®ed as high or low

catastrophizers, based on a median split of residual
catastrophizing scores, showed that both groups dis-
played signi®cant increases in ipsilateral secondary
somatosensory cortex (SII), although the magnitude of
activation was twice as large among high catastro-
phizers. Both groups also had signi®cant activations in
contralateral insula, SII, primary somatosensory cortex
(SI), inferior parietal lobule and thalamus. High
catastrophizers displayed unique activation in the
contralateral anterior ACC, and the contralateral and
ipsilateral lentiform. Both groups also displayed signi®-
cant ipsilateral activation in SI, anterior and posterior
cerebellum, posterior cingulate gyrus, and superior and
inferior frontal gyrus. These ®ndings suggest that pain
catastrophizing, independent of the in¯uence of depres-
sion, is signi®cantly associated with increased activity
in brain areas related to anticipation of pain (medial
frontal cortex, cerebellum), attention to pain (dorsal
ACC, dorsolateral prefrontal cortex), emotional aspects
of pain (claustrum, closely connected to amygdala) and
motor control. These results support the hypothesis that
catastrophizing in¯uences pain perception through
altering attention and anticipation, and heightening
emotional responses to pain. Activation associated with
catastrophizing in motor areas of the brain may re¯ect
expressive responses to pain that are associated with
greater pain catastrophizing.
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Introduction
The experience of pain is a multidimensional phenomenon

that is in¯uenced by multiple factors, such as affect, previous

experience and cultural beliefs, in addition to sensory input

(Melzack and Wall, 1982). Among persons with chronic pain,

psychosocial factors may play a signi®cant role in the

development and maintenance of the disorder (Bigos et al.,

1992; Burton et al., 1995; Gatchel et al., 1995). Psychosocial

factors that probably in¯uence the experience of pain include

cognitions (i.e. thoughts, beliefs and appraisals), coping

responses and social environmental variables (Jensen et al.,

2002).

Pain catastrophizing, or responses to pain that characterize

it as being awful, horrible and unbearable, is increasingly

recognized as an extremely important contributor to the

experience of pain. Early studies on catastrophizing sug-

gested that these maladaptive responses to pain mirrored

responses typically observed in persons with depression and

proposed that catastrophizing was merely a symptom of

depression rather than a separate entity (Rosenstiel and

Keefe, 1983; Sullivan and D'Eon, 1990). Later studies,

however, have found catastrophizing to be signi®cantly

associated with pain and pain-related disability independent

of the in¯uence of depression and negative affect (Keefe et al.,

1989, 1990; Geisser et al., 1994, 2003; Geisser and Roth,

1998; Sullivan et al., 1998). These studies provide strong

support for the notion that catastrophizing plays an important

role in the experience of chronic pain independent of its

observed relationship to depression. The in¯uence of

catastrophizing on pain can be substantial. Burton et al.

(1995) observed that catastrophizing alone accounted for

47% of the variance in predicting the development of chronic

pain from an episode of acute pain.

Although the mechanisms by which catastrophizing in¯u-

ences the experience of pain are not known (Sullivan et al.,

2001), one hypothesis is that pain catastrophizing in¯uences

the attentional focus on painful or potentially painful events.

Persons who catastrophize have dif®culty shifting their focus

of attention away from painful or threatening stimuli, and

attach more threat or harm to non-painful stimuli (Crombez

et al., 1998, 2002; Peters et al., 2000). These studies suggest

that catastrophizing increases pain-related fear, which in turn

increases attention to the stimulus. Thus, in addition to

intensity, the threat value of the stimulus may be an important

mediator of altered pain perception. There is also evidence

that catastrophizing is positively associated with affective

pain ratings, which in turn may lead to higher overall

evaluations of the experience of pain (Geisser et al., 1994).

Despite the proposed importance of cognitive and emo-

tional factors in the experience of pain, few studies have

assessed the association between these factors and the

neurophysiolgical mechanisms involved in pain processing.

Cognitive factors associated with pain, such as catastrophiz-

ing, should be observable through methods such as functional

brain imaging. Attention biases towards painful stimuli have

been shown to produce unique brain activation independent

of painful stimulation. For example, Brooks et al. (2002)

found a unique pattern of insula activation when subjects

shifted their attention away from the stimulated hand.

Similarly, Ploghaus et al. (1999) found a distinct pattern of

activation in the insular cortex, medial frontal cortex and

cerebellum that was unique to the fear or anticipation of

painful stimuli. Since previous studies have suggested that

catastrophizing in¯uences pain perception through increased

attention to painful stimuli and enhanced affective and

evaluative responses to pain, catastrophizing may be associ-

ated with heightened or unique activation in brain regions

that modulate attention and emotional reactions to painful

stimulation.

Functional imaging techniques have identi®ed a number of

brain regions that are activated with painful stimulation

(Casey et al., 1996, 2001; Peyron et al., 2000). Pain

stimulation is typically associated with activation in the

secondary somatosensory cortex (SII), insular regions and the

anterior cingulate cortex (ACC). Activation in the contra-

lateral thalamus and primary somatosensory cortex (SI) is

also observed, but less consistently. Activation of the lateral

thalamus, SI, SII and insula appears to be related to the

sensory discriminative aspects of pain, while the ACC may be

related to the affective and attentional components of pain.

In the present study, we hypothesized that pain catastro-

phizing would be associated with greater activation in areas

associated with the attentional and affective aspects of pain

among chronic pain patients undergoing painful stimulation.

We hypothesized that catastrophizing would be associated

with activation in the ACC, insula, medial frontal cortex and

cerebellum. As catastrophizing is often highly related to

depression, and there is debate as to whether catastrophizing

is a symptom of depression or a separate construct, associ-

ations between catastrophizing and brain activity were

examined while statistically controlling for the in¯uence of

self-report of depressive symptoms.

Methods
Subjects
Twenty-nine patients, 19 female and 10 male, aged 18±60 years,

who met the 1990 American College of Rheumatology criteria for

®bromyalgia (Wolfe et al., 1990), were included. The study was

approved by the Georgetown University Medical Center's institu-

tional review board, and informed consent was obtained from all

participants for study on the General Clinical Research Center. All

patients underwent a comprehensive screening during which the

diagnosis was con®rmed and co-morbidities were evaluated.

Exclusion criteria were severe physical impairment, medical

conditions that were capable of causing patients' symptoms (e.g.

morbid obesity, autoimmune/in¯ammatory diseases, cardiopulmon-

ary disorders), uncontrolled endocrine or allergic disorders (i.e.

hyper-/hypothyroidism, diabetes, allergic rhinitis), malignancy,

severe psychiatric illnesses (e.g. schizophrenia, substance abuse),

factors known to affect the hypothalamic±pituitary axis or

autonomic function (e.g. cigarette smoking, daily intake of caffeine
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exceeding the equivalent of two cups of coffee) or medication usage

other than as-needed analgesics (excluding long-term narcotics).

Subjects who quali®ed for inclusion in the study were scheduled

for a 2-day study protocol. They were asked to discontinue intake

of antidepressants up to 4 weeks ahead of the appointment

(depending on the drug), but were allowed to use non-steriodal

anti-in¯ammatory drugs until 3 days before the appointment. On the

®rst day of the study, patients completed the self-report question-

naires and were familiarized with the pain testing paradigm. On the

following day, they participated in a pain psychophysical session

and the functional MRI (fMRI) procedure.

Measures
Depression
The Center for Epidemiological Studies Depression Scale (Radloff,

1977) is a 20-item self-report questionnaire that assesses symptoms

of depression in non-psychiatric adults. This instrument possesses

strong psychometric properties and has demonstrated strong

associations with other measures of depressive symptoms (Hertzog

et al., 1990). The scale has acceptable validity among persons with

physical disabilities (Berkman et al., 1986), and studies indicate that

the measure has good predictive validity for identifying depression

among persons with chronic pain (Turk et al., 1994; Geisser et al.,

1997).

Catastrophizing
Catastrophizing was assessed using the catastrophizing subscale

from the Coping Strategies Questionnaire (Rosenstiel and Keefe,

1983). The Coping Strategies Questionnaire assesses the frequency

of patients' use of pain coping strategies. There are seven subscales

consisting of six cognitive strategies (diverting attention, reinter-

preting pain sensations, ignoring pain sensations, coping self-

statements, praying or hoping, and catastrophizing) and one

behavioural strategy (increasing activity level). Subjects use a

7-point scale to rate how often they use each strategy to cope with

pain. Subjects are also asked to make two ratings of their appraisal of

the overall effectiveness of coping strategies (how much control they

have over pain and how much they are able to decrease pain).

Reliability coef®cients for each of the subscales range from 0.71 to

0.85 (Rosenstiel and Keefe, 1983).

Clinical pain
Clinical pain experience of subjects was assessed using the short-

form of the McGill Pain Questionnaire (MPQ; Melzack, 1987). This

questionnaire contains 15 pain adjectives. The author reports that the

scale is sensitive to change produced by various pain interventions,

and is highly correlated with the parent scale (Melzack, 1987).

Self-report of clinical pain intensity was also obtained by asking

subjects to rate their pain during the past week on a visual analogue

scale (VAS). The scale was 100 mm long and anchored by the

statements `no pain' on the left and `the most intense pain

imaginable' on the right. Separate VAS scales were used to measure

subjects' level of pain on the day of testing, pain in the past month,

pain intensity on bad days and pain intensity on good days. VAS

ratings have demonstrated good reliability (Revill et al., 1976;

Boeckstyns and Backer, 1989) and concurrent validity when

compared with other methods of pain measurement (Downie et al.,

1978; Jensen et al., 1989).

Experimental pain assessment
During the pain testing session, pressure pain sensitivity was

evaluated by subjective scaling of multiple pressure pain sensations

of suprathreshold intensities. Discrete 5 s pressure stimuli were

applied to the ®xated left thumbnail with a 1 cm2 hard rubber probe.

Previous studies have shown that `neutral' regions, such as the

thumb, accurately re¯ect an individual's overall pressure pain

sensitivity (Petzke et al., 2003). The rubber probe was attached to a

hydraulic piston, which was connected via a combination of valves

to a second piston. Application of calibrated weights to the second

piston produced controlled, repeatable pressure pain stimuli of

rectangular waveform. Subjects rated the intensity of pressure pain

sensations using a combined numerical analogue descriptor scale,

developed from previously quanti®ed verbal descriptors (Gracely

et al., 1979). The session began with a series of stimuli presented in a

predictable, `ascending' fashion, beginning at 0.5 kg/cm2 and

increasing in 0.5 kg/cm2 intervals up to tolerance or to a maximum

of 10 kg/cm2. Following the ascending series, 36 stimuli were

delivered at 20 s intervals in random order, using the multiple

random staircase method (Gracely et al., 1988). The multiple

random staricase method is response-dependent, i.e. it determines

the stimulus intensity needed to elicit a speci®ed response. In this

study, we determined the stimulus intensities suf®cient to elicit pain

threshold, mild pain (7.5 out of 21 scale units) and slightly intense

pain (13.5 out of 21 scale units).

Functional imaging
MRI and fMRI scans were performed on a 1.5 T vision system

(Siemens, Munich, Germany). A T1-weighted MRI anatomical scan

session [echo time (TE) 4 ms; recovery time (TR) 9.7 ms; ¯ip angle

12°; 256 3 256 pixel matrix; ®eld of vision (FOV) 256 mm; 1 mm3

voxels, acquired non-interleaved in the sagittal direction] was

followed by two functional scan sessions using multi-slice, echo-

planar imaging fMRI acquisition (TE 40 ms; TR 5 s; repetition time

5 s; ¯ip angle 90°; 64 3 64 pixel matrix; FOV 192 mm; 50 horizontal

3 mm slices). These parameters allowed coverage of the entire brain

with 3 mm3 voxels within 5 s.

During each fMRI session, the ®rst three scans were discarded to

allow for saturation of the tissue. Starting on the fourth scan,

pressure stimuli of 25 s duration (`on' condition) were alternated

with 25 s resting periods (`off' condition). Onset and offset of a

stimulus was coincident with the beginning of a scan, allowing the

acquisition of ®ve scans during each of 12 `on' and 12 `off'

conditions.

During the `on' condition, different stimulus intensities were

presented in random sequence. These stimulus intensities included

three stimuli chosen on the basis of the baseline pain testing,

suf®cient to elicit a rating of 13.5 out of 20 (slightly intense pain).

The analysis was performed on the scans acquired during the slightly

intense pain conditions and the `off' conditions.

Imaging analysis
Imaging data were analysed with MEDx (Sensor Systems, Sterling,

VA). The functional images were corrected for head motion and

intensity differences. Head motion was determined by motion

detection software and visual inspection of raw and processed

images. Head motion greater than a half a voxel was deemed a priori

to be unacceptable, and images meeting this criterion were to be

excluded. None of the scans had head motion exceeding this

Catastrophizing and neural pain response 837

D
ow

nloaded from
 https://academ

ic.oup.com
/brain/article/127/4/835/398133 by guest on 21 August 2022



criterion, so all images were included in the analyses. Acceptable

motion-corrected images were spatially smoothed at 6 mm full width

at half maximum.

The brain volumes collected during `on' conditions were

compared with the brain volumes collected during `off' conditions

by t test. Resultant Z statistical volumes and mean differences

volumes were registered into standardized space using the statistical

parametric mapping (SPM96) echo-planar imaging template and re-

sliced to 2 mm3 voxels.

Anatomic regions were identi®ed (i) by inspection of individual

functional images superimposed on an individual structural image;

and (ii) by conversion of the coordinates to the coordinate system of

the Talairach±Tournoux atlas and localization using this atlas

(Talairach and Tournoux, 1988) and automated software (Lancaster

et al., 2000).

Results
The ®rst step in the data analyses involved examining the

relationship between Coping Strategies Questionnaire cata-

strophizing scores and scores on the Center for

Epidemiological Studies Depression Scale. The correlation

was marginally signi®cant (r = 0.36, P = 0.06). To

statistically control for self-reported depression in catastro-

phizing scores, standardized residuals were calculated by

regressing Center for Epidemiological Studies Depression

Scale scores on the catastrophizing scores of the Coping

Strategies Questionnaire. The remaining analyses examining

the relationship between catastrophizing and brain activity

used these standardized residuals.

The relationship between pain catastrophizing and brain

activity was examined in two ways. First, correlation

coef®cients were computed between the standardized resi-

dual catastrophizing scores, demographic information, clin-

ical and experimental pain, and brain activity. Pearson

correlations were examined between continuous data elem-

ents, while a Spearman r correlation was computed to

examine the relationship between residual catastrophizing

scores and gender.

To determine if the ®ndings of the correlational analysis

could be replicated utilizing a different methodological

approach, a second analysis was performed classifying

subjects as high and low catastrophizers based on a median

split of the residual catastrophizing scores. The median

residual catastrophizing score in the sample was ±0.15 (range

±2.41 to 4.6). Fifteen subjects who had a residual score of

±0.15 or less were classi®ed as low catastrophizers, while 14

subjects with a higher score were designated as high

catastrophizers. Group differences were examined using t

tests for continuous dependent variables, and a c2 analysis

was performed to examine group differences in terms of

gender.

Correlational analyses
The associations between catastrophizing and pain and demo-

graphic variables are presented in Table 1. Catastrophizing was

not signi®cantly associated with age and gender nor with

experimental forms ofpressure pain (i.e. pain threshold, mild or

slightly intense). Residual catastrophizing scores were signi®-

cantly related to clinical pain, as higher scores were signi®-

cantly associated with higher affective and total pain ratings on

the MPQ short form (r = 0.63, P < 0.001 and r = 0.41, P = 0.03,

respectively), but were not signi®cantly associated with

sensory ratings. Residual catastrophizing scores were signi®-

cantly associated with VAS ratings of pain during the past

month (r = 0.37, P = 0.05), and on bad days (r = 0.50, P < 0.01).

No signi®cant associations were observed between catastro-

phizing and either ratings of pain on the day of testing or level of

pain on good days.

Despite catastrophizing being unrelated to reports of

evoked pain, it was associated with brain activity during

slightly intense pain stimulation (Table 2). Activation is

expressed as the Z change score comparing activity during

slightly intense pain stimulation with the baseline condition.

Higher catastrophizing scores were signi®cantly associated

with greater activation in the ipsilateral claustrum (r = 0.51,

P < 0.01), ipsilateral medial frontal gyrus (r = 0.47, P < 0.01),

ipsilateral cerebellum (r = 0.43, P < 0.01), ipsilateral

postcentral gyrus (SII; r = 0.41, P < 0.01) and the ipsilateral

middle frontal gyrus (r = 0.41, P < 0.01). Catastrophizing was

both signi®cantly and positively associated with activation in

the contralateral hemisphere in the anterior ACC (r = 0.43,

P < 0.01), medial/posterior ACC (r = 0.41, P < 0.01), medial

frontal gyrus (r = 0.40, P < 0.01) and lentiform (r = 0.40,

P < 0.01).

Group analyses
Examining the demographic and pain variables, the groups of

high and low catastrophizers did not differ signi®cantly in

terms of age or gender, nor did they differ signi®cantly in

their perception of experimental pressure pain. The groups

did differ signi®cantly on the measures of clinical pain, as

Table 1 Correlations between catastrophizing and
demographic and pain variables

Variable Pearson
correlation
coef®cient

Age ±0.34
Sex 0.03
MPQ sensory 0.30
MPQ affective 0.63***
MPQ total 0.41*
VAS today 0.28
VAS past month 0.37*
VAS pain on bad days 0.50**
VAS pain on good days 0.16
Pressure pain threshold (low; kg/cm2) ±0.03
Pressure pain moderate (medium; kg/cm2) ±0.23
Pressure pain slightly intense (high; kg/cm2) ±0.01

***P < 0.001; **P < 0.01; *P < 0.05.
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high catastrophizers had signi®cantly higher scores on the

sensory (t = 3.0, P < 0.01), affective (t = 3.1, P < 0.01) and

total (t = 3.4, P < 0.01) pain rating indexes of the MPQ short

form. High catastrophizers also rated their clinical pain higher

on the day of testing (t = 2.9, P < 0.01), during the past month

(t = 3.8, P < 0.01), on bad days (t = 3.5, P < 0.01) and on good

days (t = 3.4, P < 0.01).

Regions with increased fMRI signal in response to slightly

intense painful pressure are presented in Table 4 for high and

low catastrophizers. Corrected for multiple comparisons, a

Z score of 3.5 corresponded to a P value of 0.05. Z scores of

>3.5 were determined as signi®cant activation in a region.

Both groups displayed signi®cant increases in fMRI signal in

contralateral insula, SI, SII, inferior parietal lobule (IPL) and

thalamus, and in ipsilateral SI, SII anterior cerebellum,

posterior cerebellum, posterior cingulate gyrus, superior

frontal gyrus and inferior frontal gyrus. Note that the

activation in ipsilateral SII was twice as large among high

catastrophizers.

In addition to activations common to both groups,

activations in several regions were observed only in the

high catastrophizing group. These data are presented in

Table 5. High catastrophizers displayed activation in the

contralateral anterior ACC, and in both the contralateral and

ipsilateral lentiform. There were no such unique activations in

the low catastrophizing group.

Table 6 shows the results of a t test of the mean differences

in fMRI signal in response to slightly intense painful pressure

between both groups. Patients scoring high in catastrophizing

displayed six regions with a signi®cantly higher increase in

fMRI signal: ipsilateral SII, ACC, superior frontal gyrus,

medial frontal gyrus, premotor cortex and contralateral IPL.

Three of these areas (ipsilateral SII, middle and medial frontal

gyrus) corresponded to areas associated with the level of

catastrophizing. Two of these areas (ipsilateral SII and

contralateral IPL) corresponded to areas that showed signi®-

cantly increased fMRI signal in response to slightly intense

pain in both groups (Table 4). On the other hand, patients

scoring low in catastrophizing displayed a signi®cantly

higher increase in fMRI signal only in ipsilateral IPL.

Discussion
The results support our hypothesis that pain catastrophizing,

independent of self-report of depressive symptoms, is asso-

ciated with the magnitude of neural activation evoked by

Table 2 Signi®cant correlations between catastrophizing and brain activation during painful
stimulation controlled for depression

Brain region Coordinates Pearson r

x y z

Ipsilateral claustrum ±30 6 5 0.51*
Ipsilateral middle frontal gyrus (BA 6) ±46 3 51 0.47*
Ipsilateral cerebellum ±30 ±68 ±37 0.43*
Contralateral ACC (BA 32) 8 15 36 0.43*
Ipsilateral postcentral gyrus (SII) ±63 ±21 14 0.41*
Ipsilateral middle frontal gyrus (BA 11) ±30 44 ±12 0.41*
Contralateral ACC (BA 24) 2 11 27 0.41*
Contralateral medial frontal gyrus (BA 6) 2 ±17 56 0.40*
Contralateral lentiform 14 6 3 0.40*

*P < 0.01.

Table 3 Mean (SD) of high and low catastrophizing groups on age and pain measures

Variable Group t value

Low High

Age (years) 44.6 (8.8) 38.9 (10.6) 1.57
MPQ sensory 6.5 (5.0) 12.8 (6.3) 3.0*
MPQ affective 1.8 (1.6) 3.9 (2.0) 3.1*
MPQ total 8.1 (6.2) 16.7 (7.5) 3.4*
VAS today (mm) 39.3 (29.3) 65.0 (14.9) 2.9*
VAS past month (mm) 45.3 (20.8) 67.9 (7.5) 3.8*
VAS pain on bad days (mm) 69.0 (17.9) 87.5 (8.9) 3.5*
VAS pain on good days (mm) 18.3 (14.4) 37.5 (15.9) 3.4*
Pressure pain threshold (kg/cm2) 1.0 (0.7) 0.9 (0.6) 0.6
Pressure pain moderate (kg/cm2) 3.0 (1.4) 2.0 (1.0) 2.0
Pressure pain slightly intense (kg/cm2) 4.6 (1.7) 4.2 (2.2) 0.6

*P < 0.01.
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painful stimulation. Correlational analyses showed an asso-

ciation between catastrophizing and pain-evoked activation

in the bilateral dorsolateral prefrontal cortex, ipsilateral

claustrum, cerebellum and parietal cortex, and contralateral

rostral anterior cingulate gyrus, medial frontal cortex and

lentiform. Group analyses based on a median split of residual

pain catastrophizing scores indicated that persons both high

and low on catastrophizing displayed a similar pattern of

activations in the contralateral SI, SII, insula, thalamus and

IPL, and the ipsilateral SI, SII, cerebellum, rostral ACC and

dorsolateral prefrontal cortex. This pattern is consistent with

the cerebral response to pressure pain reported recently using

similar stimulus parameters (Gracely et al., 2002). Neuronal

activation in ipsilateral SII, however, was more than twice as

large in subjects high on catastrophizing compared with

subjects low in catastrophizing. In addition, high catastro-

phizers displayed unique activation in the contralateral rostral

ACC, and ipsilateral and contralateral lentiform. Figure 1

shows that the location of the unique activation of the

contralateral ACC in the group analysis was very close to the

region that was associated with catastrophizing in the

correlational analysis.

As hypothesized, catastrophizing demonstrated signi®cant

relationships with activation in brain structures that have been

found to be associated not only with pain processing, but also

with the attentional and emotional aspects of pain. In

addition, catastrophizing was associated with activation in

the premotor cortex and in the lentiform nuclei. This latter

activation is consistent with previous research suggesting that

catastrophizing is associated with greater pain behaviour and

increased emotional expression in response to pain (Sullivan

et al., 2001). Consistent with the studies mentioned earlier,

catastrophizing was associated with greater activation in the

cerebellum and medial frontal gyrus. These regions were

among those identi®ed as uniquely activated during antici-

pation of pain (Ploghaus, 1999), although, in the present

study, activity in the insula was not uniquely associated with

catastrophizing. In addition, activation was observed in areas

Table 4 Brain areas commonly activated in high and low catastrophizing groups

Brain region Coordinates Z score

x y z

Ipsilateral SII (BA 40)
High ±69 ±20 18 7.31
Low ±61 ±20 21 3.58

Ipsilateral SI (BA 2)
High ±63 ±25 36 4.99
Low ±69 ±24 34 5.82

Ipsilateral cerebellum anterior lobe
High ±36 ±54 ±26 5.96
Low ±32 ±54 ±26 5.14

Ipsilateral cerebellum posterior lobe
High ±36 ±69 ±23 5.25
Low ±30 ±65 ±20 5.31

Ipsilateral posterior cingulate gyrus
High ±4 ±22 27 4.04
Low ±4 ±20 34 3.61

Ipsilateral superior frontal gyrus (BA 6)
High ±6 24 58 4.25
Low ±16 12 51 3.22

Ipsilateral inferior frontal gyrus
High ±53 8 14 4.63
Low ±63 13 23 3.94

Contralateral insula (BA 13)
High 46 2 5 5.24
Low 38 4 9 5.24

Contralateral SII (BA 40)
High 61 ±20 19 6.16
Low 65 ±24 21 4.80

Contralateral inferior parietal lobule (BA 40)
High 51 ±32 55 4.00
Low 53 ±40 52 3.51

Contralateral SI (BA 2)
High 61 ±17 43 5.02
Low 55 ±16 38 4.97

Contralateral thalamus
High 8 ±11 4 3.36
Low 4 ±11 8 4.48
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uniquely associated with catastrophizing in the SII and the

rostral ACC. The dorsal, rostral ACC may be preferentially

involved in cognition functions (e.g. selective attention),

while the ventral, perigenual portion may be more involved in

emotional processing (Davidson et al., 2002). Expectation of

pain has been associated with increased activity in SII

(Sawamoto et al., 2000), and the anterior ACC is activated

during attention-demanding tasks (Davis et al., 2000).

Activation of these stuctures further suggests that catastro-

phizing may in¯uence pain perception through its in¯uence

on attention.

Although catastrophizing was signi®cantly associated with

clinical pain, it was not associated with differences in

experimental pain perception. This suggests that the fMRI

®ndings are not due to differences in the intensity of the

simulation used during scanning. While one might predict

that catastrophizing might be associated with heightened

perception of experimental pain, as shown in previous studies

in normals and clinical populations (Geisser et al., 1992,

2003), we believe that the lack of a relationship between

catastrophizing and experimental pain is due to the experi-

mental pain methods used to determine the stimulus

intensities. Petzke et al. (2003) propose that experimental

methods that employ gradually ascending methods of stimu-

lation are more likely to be subject to biases produced by

psychological factors. The authors compared four different

methods of experimental pain stimulation methods, and

contrasted gradually ascending methods with those employ-

ing the random staircase method utilized in the present study.

The authors found that experimental pain measures that

employed gradually ascending methods of stimulation were

signi®cantly correlated with measures of psychological

distress, while assessment of experimental pain utilizing the

random staircase method was not. However, all the measures

were signi®cantly associated with clinical pain. These

®ndings suggest that perceived pain intensity as determined

by the random staircase method is less likely to be in¯uenced

by psychological factors such as catastrophizing, and suggest

that this measure is more re¯ective of the sensory aspect of

pain and less susceptible to the in¯uence of factors re¯ecting

the affective and evaluative components of pain. This is

consistent with the ®nding that catastrophizing in the present

study was associated primarily with structures involved in the

affective and evaluative aspects of pain processing, as

discussed further below. While unique patterns of activation

associated with catastrophizing are evident during stimula-

tion, the methodology used to determine pain ratings in the

present study minimized the in¯uence of the catastrophizing

on the determination of these values.

In addition, the in¯uence of catastrophizing on pain

perception may be modulated by the perceived threat value

of the stimulus. For example, studies examining perceptual

differences among patient groups that use paradigms that do

not involve the administration of noxious stimuli (e.g. Peters

et al., 2000) have not observed a relationship between

catastrophizing and perception. Thus, it is also possible that

the threat value of the stimuli utilized in the present study was

low, attenuating a relationship between catastrophizing and

the perception of experimental pain.

The regions found to be associated with catastrophizing in

this study include not only structures involved in emotional or

attentional processing of painful stimuli, but also sensory

structures that are likely to be involved in encoding the

magnitude of evoked pain sensations. Activity in SI and SII

has been shown to be associated with the magnitude of pain

evoked by contact heat (Coghill et al., 1999) and, in our own

laboratory, we have found that the magnitude of painful

Table 5 Brain areas uniquely activated in the high
catastrophizing group

Brain region Coordinates Z score

x y z

Contralateral ACC (BA 32) 4 12 40 4.02
Ipsilateral lentiform ±14 4 5 4.36
ContralateraI lentiform 22 6 3 3.76

Fig. 1 Examples from association and group analyses. Signi®cant in¯uence of catastrophizing on activity in the contralateral rostral ACC
(BA 32) is shown in red for the association analysis (left, Table 2) and for the group scoring high in catastrophizing (right, Table 5). The
green region in the right ®gure shows common activation in the thalamus in both high and low catastrophizing groups (Table 4).
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pressure is associated with activity in SI and SII (Grant et al.,

2001). The association found between brain activity and

catastrophizing, however, was not limited to somatosensory

regions but also included the ACC. Both the ACC and SII

may be involved in evaluative or affective processing,

suggesting that catastrophizing is associated with the

affective and evaluative aspects of pain. Thus, activation in

SII associated with catastrophizing in the present study

probably re¯ects an assocation between catastrophizing and

affective and evaluative pain processing, as catastrophizing

was not related to activation in SI. This is supported in the

present study through the unique patterns of activation

observed and by the fact that catastrophizing was more

highly associated with the affective and total subscales of the

MPQ short form, replicating ®ndings from a previous study

(Geisser et al., 1994).

It should be noted that the study design was cross-sectional,

and therefore no conclusions can be made regarding cause±

effect relationships. Although it is possible that pain

catastrophizing may occur in response to pain, in the present

study, catastrophizing was assessed prior to fMRI evaluation,

suggesting that catastrophizing was not a reaction to experi-

mental pain stimulation. In addition, it is possible that

®ndings may be related to the in¯uence of other variables

associated with catastrophizing, such as clinical pain. In the

group analyses, the high and low catastrophizing groups

differed signi®cantly on ratings of clinical pain on the day of

testing. However, these differences in clinical pain ratings

may be due to the in¯uence of catastrophizing, as many

clinical pain measures are impacted by affective and

evaluative responses to pain. For example, Clark et al.

(2002) found that a unidimensional pain rating scale, similar

to the one used in the present study, was signi®cantly

associated with categories of affective pain desciptors, but not

signi®cantly associated with sensory pain descriptors.

While we observed group differences in clinical pain on the

day of testing, catastrophizing was not signi®cantly correl-

ated with this variable. This suggests that it is unlikely that the

®ndings of the correlational analyses are spuriously due to the

in¯uence of clinical pain. In addition, while catastrophizing

was associated with activation in some structures that are

uniquely associated with clinical pain states, no relationship

was observed between catastrophizing and other structures

known be differentially activated in clinical pain populations,

such as SI. For example, Flor et al. (1995), found that

activation in primary somatosensory cortex correlated very

highly (r = 0.93) with clinical pain among persons with

phantom limb pain. Thus, we believe the pattern of ®ndings

observed in the group analysis are probably not due to

differences in clinical pain intensity.

Given that catastrophizing and clinical pain tend to covary,

it would be bene®cial for future studies to examine whether

interventions that selectively in¯uence catastrophizing or

clinical pain uniquely alter cerebral patterns of pain acti-

vation. However, since these variables may be intrinsically

linked, it may be dif®cult to ®nd interventions that selectively

in¯uence clinical pain without altering catastrophizing, or

vice versa. Alternatively, it might be bene®cial to study the

relationship between catastrophizing and pain activation in

normal, healthy populations, as catastrophizing has also been

found to in¯uence pain perception in these populations

(Geisser et al., 1992).

In summary, catastrophizing appears to be uniquely

associated with activation in brain areas involved in attention

to pain, emotion and motor activity. The ®ndings support the

hypothesis that catastrophizing in¯uences pain perception

through its in¯uence on affective and attentional responses to

pain. It would be bene®cial to examine whether brain

responses to pain among persons who are high in catastro-

phizing can be altered through manipulations designed to

change the threat value of the stimulus, or attention to the

stimulus. The ®ndings also suggest that interventions

designed to alter attention to or the perceived threat of

clinical pain may be bene®cial among persons with pain who

catastrophize about their condition.

Acknowledgement
This research was supported by The Department of Defence

(Army) Grant DAMD 17-00-2-0018.

References

Berkman LF, Berkman CS, Kasl S, Freeman DH Jr, Leo L, Ostfeld AM, et al.

Depressive symptoms in relation to physical health and functioning in the

elderly. Am J Epidemiol 1986; 124: 372±88.

Bigos SJ, Battie MC, Spengler DM, Fisher LD, Fordyce WE, Hansson T,

Table 6 Brain regions showing signi®cantly higher activations in one of the groups

Group Brain region Coordinates Z score

x y z

High Ipsilateral SII ±69 ±22 18 3.45*,+

Ipsilateral ACC (BA 32) ±14 15 36 3.33
Ipsilateral superior frontal gyrus (BA 11) ±20 59 ±21 3.24
Ipsilateral medial frontal gyrus (BA 6) ±48 ±1 52 3.52*
Contralateral medial frontal gyrus (BA 6) 2 ±13 52 4.00*
Contralateral IPL (BA 40) 53 ±26 31 3.58+

Low Ipsilateral IPL (BA 40) ±48 ±46 58 3.79

*Corresponds to Table 2; +corresponds to Table 4.

842 R. H. Gracely et al.

D
ow

nloaded from
 https://academ

ic.oup.com
/brain/article/127/4/835/398133 by guest on 21 August 2022



et al. A longitudinal, prospective study of industrial back injury reporting.

Clin Orthop 1992; (279): 21±34.

Boeckstyns MEH, Backer M. Reliability and validity of the evaluation of

pain in patients with total knee replacement. Pain 1989; 38: 29±33.

Brooks JC, Nurmikko TJ, Bimson WE, Singh KD, Roberts N. fMRI of

thermal pain: effects of stimulus laterality and attention. Neuroimage

2002; 15: 293±301.

Burton AK, Tillotson MK, Main CJ, Hollis S. Psychosocial predictors of

outcome in acute and sub-chronic low back trouble. Spine 1995; 20:

722±8.

Casey KL, Minoshima S, Morrow TJ, Koeppe RA. Comparison of human

cerebral activation pattern during cutaneous warmth, heat pain, and deep

cold pain. J Neurophysiol 1996; 76: 571±81.

Casey KL, Morrow TJ, Lorenz J, Minoshima S. Temporal and spatial

dynamics of human forebrain activity during heat pain: analysis by

positron emission tomography. J Neurophysiol 2001; 85: 951±9.

Clark WC, Yang JC, Tsui SL, Ng KF, Clark SB. Unidimensional pain rating

scales: a multidimensional affect and pain survey (MAPS) analysis of

what they really measure. Pain 2002; 98: 241±7.

Coghill CR, Sang CN, Maisog JM, Iadarola MJ. Pain intensity processing

within the human brain: a bilateral, distributed mechanism. J

Neurophysiol 1999; 82: 1934±43.

Crombez G, Eccleston C, Baeyens F, Eelen P. When somatic information

threatens, catastrophic thinking enhances attentional interference. Pain

1998; 75: 187±98.

Crombez G, Eccleston C, Van den Broeck A, Van Houdenhove B, Goubert

L. The effects of catastrophic thinking about pain upon attentional

interference by pain: no mediation of negative affectivity in healthy

volunteers and in low back pain patients. Pain Res Manag 2002; 7: 31±44.

Davidson RJ, Pizzagalli D, Nitschke JB, Putman K. Depression: perspectives

from affective neuroscience. Annu Rev Psychol 2002; 53: 545±74.

Davis KD, Hutchison WD, Lozano AM, Tasker RR, Dostrovsky JO. Human

anterior cingulate cortex neurons modulated by attention-demanding

tasks. J Neurophysiol 2000; 83: 3575±7.

Downie WW, Leatham PA, Rhind VM, Wright V, Branco JA, Anderson JA.

Studies with pain rating scales. Ann Rheum Dis 1978; 37: 378±81.

Flor H, Elbert T, Knecht S, Wienbruch C, Pantev C, Birbaumer N, et al.

Phantom-limb pain as a perceptual correlate of cortical reorganization

following arm amputation. Nature 1995; 375: 482±4.

Gatchel RJ, Polatin PB, Mayer TG. The dominant role of psychosocial risk

factors in the development of chronic low back pain disability. Spine

1995; 20: 2702±9.

Geisser ME, Roth RS. Knowledge of and agreement with pain diagnosis:

relation to pain beliefs, pain severity, disability, and psychological

distress. J Occup Rehabil 1998; 8: 73±88.

Geisser ME, Robinson ME, Pickren W. Coping styles among pain sensitive

and pain tolerant individuals on the cold-pressor test. Behav Ther 1992;

23: 31±41.

Geisser ME, Robinson ME, Keefe FJ, Weiner ML. Catastrophizing,

depression and the sensory, affective and evaluative aspects of chronic

pain. Pain 1994; 59: 79±83.

Geisser ME, Roth RS, Robinson ME. Assessing depression among persons

with chronic pain using the Center for Epidemiological Studies-

Depression Scale and the Beck Depression Inventory: a comparative

analysis. Clin J Pain 1997; 13: 163±70.

Geisser ME, Casey KL, Brucksch CB, Ribbens CM, Appleton BB, Crofford

LJ. Perception of noxious and innocuous heat stimulation among healthy

women and women with ®bromyalgia: association with mood, somatic

focus, and catastrophizing. Pain 2003; 102: 243±50.

Gracely RH, Dubner R, McGrath PA. Narcotic analgesia: fentanyl reduces

the intensity but not the unpleasantness of painful tooth pulp sensations.

Science 1979; 203: 1261±3.

Gracely RH, Lota L, Walter DJ, Dubner R. A multiple random staircase

method of psychophysical pain assessment. Pain 1988; 32: 55±63.

Gracely RH, Petzke F, Wolf JM, Clauw DJ. Functional magnetic resonance

imaging evidence of augmented pain processing in ®bromyalgia. Arthritis

Rheum 2002; 46: 1333±43.

Grant MAB, Farrell MJ, Kumar R, Clauw DJ, Gracely, RH. fMRI evaluation

of pain intensity coding in ®bromyalgia patients and controls. Arthritis

Rheum 2001; 44: 394.

Hertzog C, Van Alstine J, Usala PD, Hultsch D, Dixon R. Measurement

properties of the center for epidemiological studies depression scale

(CES-D) in older populations. Psychol Assess 1990; 2: 64±72.

Jensen MP, Karoly P, O'Riordan EF, Bland F Jr, Burns RS. The subjective

experience of acute pain: an assessment of the utility of 10 indices. Clin J

Pain 1989; 5: 153±9.

Jensen MP, Ehde DM, Hoffman AJ, Patterson DR, Czerniecki JM, Robinson

LR. Cognitions, coping and social environment predict adjustment to

phantom limb pain. Pain 2002; 95: 133±42.

Keefe FJ, Brown GK, Wallston KA, Caldwell DS. Coping with rheumatoid

arthritis pain: catastrophizing as a maladaptive strategy. Pain 1989; 37:

51±56.

Keefe FJ, Caldwell DS, Williams DA, Gil KM, Mitchell D, Robertson C,

et al. Pain coping skills training in the management of osteoarthritic knee

painÐII: follow-up results. Behav Ther 1990; 21: 435±47.

Lancaster JL, Woldorff MG, Parsons LM, Liotti M, Freitas ES, Rainey L,

et al. Automated Talairach atlas labels for functional brain mapping. Hum

Brain Mapp 2000; 10: 120±31.

Melzack R. The short-form McGill Pain Questionnaire. Pain 1987; 30:

191±7.

Melzack R, Wall PD. The challenge of pain. New York: Basic Books; 1982.

Nachemson AL. Advances in low-back pain. Clin Orthop 1985; 200:

266±78.

Peters ML, Vlaeyen JWS, van Drunen C. Do ®bromyalgia patients display

hypervigilance for innocuous somatosensory stimuli? Application of a

body scanning reaction time paradigm. Pain 2000; 86: 283±92.

Petzke F, Gracely RH, Park KM, Ambrose K, Clauw DJ. What do tender

points measure? In¯uence of distress on 4 measures of tenderness. J

Rheumatol 2003; 30: 567±74.

Peyron R, Laurent B, Garcia-Larrea L. Functional imaging of brain

responses to pain. A review and meta-analysis 2000. Neurophysiol Clin

2000; 30: 263±88.

Ploghaus A, Tracey I, Gati JS, Clare S, Menon RS, Matthews PM, et al.

Dissociating pain from its anticipation in the human brain. Science 1999;

284: 1979±81.

Radloff LS. The CES-D Scale: a self-report depression scale for research in

the general population. Appl Psychol Meas 1977; 1: 385±401.

Revill SI, Robinson JO, Rosen M, Hogg MIJ. The reliability of a linear

analogue for evaluating pain. Anaesthesia 1976; 31: 1191±8.

Rosenstiel AK, Keefe FJ. The use of coping strategies in chronic low back

pain patients: relationship to patient characteristics and current

adjustment. Pain 1983; 17: 33±44.

Sawamoto N, Honda M, Okada T, Hanakawa T, Kanda M, Fukuyama H,

et al. Expectation of pain enhances responses to nonpainful somatosensory

stimulation in the anterior cingulate cortex and parietal operculum/

posterior insula: an event-related functional magnetic resonance imaging

study. J Neurosci 2000; 20: 7438±45.

Sullivan MJL, D'Eon JL. Relation between catastrophizing and depression

in chronic pain patients. J Abnorm Psychol 1990; 99: 260±3.

Sullivan MJL, Standish W, Waite H, Sullivan M, Tripp DA.

Catastrophizing, pain and disability in patients with soft-tissue injuries.

Pain 1998; 77: 253±60.

Sullivan MJL, Thorn B, Haythornthwaite JA, Keefe F, Martin M, Bradley

LA, et al. Theoretical perspectives on the relation between catastrophizing

and pain. Clin J Pain 2001; 17: 52±64.

Talairach J, Tournoux P. Co-planar stereotaxic atlas of the human brain.

Stuttgart: Thieme; 1988.

Turk DC, Okifuji A. Detecting depression in chronic pain patients: adequacy

of self-reports. Behav Res Ther 1994; 32: 9±16.

Wolfe FW, Smythe HA, Yunas MB, Bennett RM, Bombardier C,

Goldenberg DL, et al. The American College of Rheumatology 1990

Criteria for the Classi®cation of Fibromyalgia. Arthritis Rheum 1990; 33:

160±72.

Catastrophizing and neural pain response 843

D
ow

nloaded from
 https://academ

ic.oup.com
/brain/article/127/4/835/398133 by guest on 21 August 2022


