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J. D. Talbot et al. (1) found significantly 
increased cerebral blood flow (CBF) in the 
contralateral anterior cingulate cortex (area 
24) in response to thermal pain in normal 
volunteers. We have confirmed this result 
(2) using different methods of statistical 
analysis, but we also found increased CBF in 
the contralateral thalamus (z = 4.193, P < 
0.01 for the center of both areas). We 
conclude that these two areas are likely to be 
the main sites in the brain where the "suf
fering" component of pain is experienced. 
The results of cingulumotomy on patients 
with intractable pain suggest that both at-
tentional and emotional components of pain 
may be processed in the anterior cingulate 
cortex (3). 

In contrast to the findings in (:/), we did 
not see any evidence of increased CBF in the 
primary or secondary somatosensory corti

ces in response to an increasing intensity of 
nonpainful heat or to a painful heat stimu
lus. The explanation for this different result 
may well be that we stimulated the same area 
of the back of the hand to exclude the tactile 
and positional components of the stimulus, 
whereas Talbot et al. carefully moved the site 
of stimulation around the forearm. It seems 
likely that, in the latter procedure, the variable 
tactile components, and the subject's variable 
attention to the positional components of the 
stimulus, produced increased CBF in the pri
mary and secondary sensory cortices. 

ANTHONY K. P. JONES 

KARL FRISTON 

RICHARD S. J. FRACKOWIAK 
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Response: Although our finding of activa
tion of the anterior cingulate cortex in re
sponse to pain has been confirmed by Jones 
et al. (:/), our interpretation of this activa
tion differs from their "suffering" hypothe
sis. Psychophysical studies (2, 3) have dem
onstrated that phasic noxious heat stimuli 
evoke pain sensations with a low affective 
component. On the basis of anatomical (4), 
neurophysiological (5), and human stimula
tion (6) studies, we postulate that (exclusive
ly contralateral) cingulate activation may 
indicate a direct encoding of stimulus inten
sity rather than any substantial "suffering" 
experienced by the subjects. Our views are 
not completely at odds with those of Jones et 
al., as we presume that the encoding of pain 
intensity is a major factor in the regulation 
of emotional and autonomic responses. 
Nevertheless, "suffering" is not likely to be 
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the most prominent perceptual consequence 
of the brief, tolerable heat pulses used in our 
experiments. 

We consider the contralateral thalamic 
activation demonstrated by Jones et al. ( 1 )  
to be an indication of activity in somatosen- 
sory pathways signaling noxious stimulus 
intensity rather than an indication of "where 
the 'suffering' component of pain is experi- 
enced." Activation of presumed affective 
pathways would likely be bilateral in both 
thalamic and cortical areas [see references in 
(5 ) ]  and has been demonstrated in imaging 
studies of anticipatory anxiety (7). We did 
not report data about activation of thalamus 
because some of our subjects did not receive 
scans in this region. 

The suggestion of Jones et al. that the 
activation we observed in primary and sec- 
ondary somatosensory cortices resulted 
from variable tactile or attentional compo- 
nents related to stimulus presentation is 
plausible, but not the most parsimonious 
explanation. Reanalysis of our data, with 
refinements in the stereotactic averaging 
across subjects, revealed that the pain-relat- 
ed activation in primary somatosensory cor- 
tex was stronger than we had originally 
calculated [P < 0.002; change-distribution 
analysis ( 8 ) ] .  In both conditions within our 
substraction pair-noxious heat and innoc- 
uous warm control-the same spots of skin 
were touched, in the same sequence, with 
the same thermode, for identical durations. 

Attention-related activation is a plausible 
explanation for any observed changes in 
blood flow related to noxious stimuli, as a 
change in attentional state is practically an 
obligatory consequence of the perception of 
pain. We attempted to control for this con- 
founding variable by requiring subjects to 

attend to and rate numerically the mean 
intensity of the stimuli presented during 
each experimental condition. Anatomical 
data support the existence in primates of 
distinct spinothalamocortical pathways that 
relay nociceptive information to the primary 
somatosensory cortex (9 ) .  Neurophysiologic 
data from anesthetized and awake primates 
demonstrate that neurons within the pri- 
mary somatosensory cortex encode both 
temporal and intensity components of nox- 
ious thermal stimuli. Moreover, the nocicep- 
tive responses of these neurons do not de- 
pend on innocuous tactile or attentional 
variables (10, 11). 

Jones et al. ( 1 )  used stimulation parame- 
ters substantially smaller than ours. Their 
46.4"C stimuli only approximate the thresh- 
old for nociceptive activity in primary soma- 
tosensory neurons ( 1  1 )  and for pain percep- 
tion (2, 3, 12). Their application of noxious 
stimuli during only one third of the scan 
time probably limited the accumulation of 
radioactivity. Their use of only one stimula- 
tion site did not take advantage of the spatial 
summation observed with multiple sites ( 3 ) .  
Any one of these differences could have 
reduced the likelihood of observing pain- 
related activation in the somatosensory cor- 
tex. 
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