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A re-examination of pain–cognition interactions:
Implications for neuroimaging
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1. Introduction

The interaction between pain and cognition has
become a hot area of research; basic scientists are study-
ing its underlying mechanisms, and clinicians are inter-
ested in applications for treating pain. The analgesic
effects of distraction may result from a form of divided
attention, whereby competition for attentional and emo-
tional resources in the brain affects the pain experience.
Indeed, several studies (see below) have shown that pain
can be modulated when simultaneously performing a
cognitive task and suggest that as cognitive load
increases, so will its distracting effect on pain. Yet, while
several studies have shown that cognitive engagement
can reduce pain-related brain activity, especially in pri-
mary and secondary somatosensory, insula, and cingu-
late cortices (Bushnell et al., 1999; Peyron et al., 1999;
Frankenstein et al., 2001; Bantick et al., 2002; Tracey
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et al., 2002; Petrovic et al., 2004; Seminowicz et al.,
2004; Valet et al., 2004; Wiech et al., 2005), the relation-
ship between pain and attention appears to be complex
(see Seminowicz and Davis, 2006). Furthermore, there is
evidence that pain can affect large cortical networks
involved in allocating attentional resources (Seminowicz
and Davis, 2007). Several factors that can influence the
two-way pain–cognition interactions (i.e., the effect of
pain on cognition and the effect of cognitive load on
pain) must be considered when designing neuroimaging
experiments.

2. Pain and divided attention: concepts and definitions

Divided attention pertains to the ability to attend to
multiple stimuli at once. Conversely, focused attention
allows for background information to be ignored.
Therefore, when we focus attention on something in
particular, we suppress attention to and sometimes
awareness of other information. During focused atten-
tion, stimulus-evoked activity in some neurons is
enhanced (Bushnell et al., 1985; Hsiao et al., 1993) and
the background activity in other, non-specific neurons
is reduced (Chelazzi et al., 1993). The term ‘‘selective
attention’’ implies that the focus of attention is chosen.
The degree to which one can selectively attend to some-
thing is partly dependent on the salience or biological
importance of the stimulus (Crick and Koch, 2006).
ublished by Elsevier B.V. All rights reserved.
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For example, pain is highly salient and draws attention
for extended periods (Downar et al., 2003).

Selective attention is rarely so restrictive as to com-
pletely exclude all else from entering our consciousness.
Rather, attention is usually divided to a certain degree.
Therefore, pain distraction studies more closely reflect
‘‘divided attention’’ because pain demands attention
and is probably never completely unattended (c.f. Loose
et al., 2003).

We consider divided attention within the context of
the hypothesis of limited cognitive resources, in which
attention to pain and a cognitive task competes for a
finite amount of brain resources (Norman and Bobrow,
1975; Friedman and Polson, 1981; Cioffi, 1991; Eccle-
ston and Crombez, 1999). The model of limited capacity
predicts poorer performance when attention is divided
between two tasks. When one task ‘‘out competes’’ the
other, the other task suffers and these effects may be
reflected by behavioural measures such as reaction times
(Norman and Bobrow, 1975).

3. Effects of pain on cognitive performance

There is substantial evidence that chronic pain can
impair cognitive abilities (Kewman et al., 1991; Eccle-
ston, 1995a; Eccleston et al., 1997; Grossi et al.,
2001; Park et al., 2001; Dick et al., 2002; Harman
and Ruyak, 2005). One possible mechanism for this
effect is based on cortical plasticity and involves
impairment of brain function. Another possible mech-
anism, not exclusive of the first, is based on the con-
cept of limited processing capacity, whereby ongoing
pain demands attention and limits the amount of
resources available for task performance. Several stud-
ies have reported an association between chronic pain
and hypervigilance (McDermid et al., 1996; Asmund-
son et al., 1997; Roelofs et al., 2002; Roelofs et al.,
2003; Asmundson et al., 2005). Constant attention
focused on threats to the state of the body would limit
the amount of resources available to perform other
cognitive functions.

Some studies have attempted to delineate the effects
of acute pain on cognitive performance in healthy sub-
jects. We and others have found that pain minimally
affects cognitive ability in experimental settings in
healthy individuals (Fig. 1) (Petrovic et al., 2000; Babi-
loni et al., 2004; Seminowicz et al., 2004; Buffington
et al., 2005; Pud and Sapir, 2006; Seminowicz and
Davis, 2006; Veldhuijzen et al., 2006). These negative
findings could be related to the intensity or duration
of the experimental pain stimulus. It is impossible to
ascertain the proportions of attention directed to the
task and to the pain. These tasks allow short breaks
between responses, during which time subjects could
switch attention between the task and pain, which
might explain the minimal amount of interference of
pain on task performance. Several studies have indi-
cated that in order for pain to affect cognitive perfor-
mance or cognitive-related brain activity, the task
must be sufficiently difficult (Eccleston, 1995a; Dick
et al., 2003; Legrain et al., 2003). Previous studies sug-
gest that there is competition for attentional resources,
reflected in attenuated task performance when a task is
very demanding and pain is high (Eccleston, 1995a).
However, this effect may be specific to patients with
chronic pain or may depend on the degree to which
the pain is threatening.

Pain catastrophizing and fear of pain are two addi-
tional factors that can influence how pain affects cogni-
tive performance (Eccleston et al., 1997; Crombez et al.,
1998; Crombez et al., 1999; Vancleef and Peters, 2006).
Both variables are associated with heightened vigi-
lance/awareness of the pain, and thus make it more
attention-demanding. A full discussion of this topic is
beyond the scope of this review.

4. Effects of cognitive engagement on pain ratings

The assumption that distraction disrupts pain is a
contentious issue. Some studies found support for the
concept that distraction attenuates pain in humans
(McCaul and Haugtvedt, 1982; Bushnell et al., 1985;
Miron et al., 1989; Lautenbacher et al., 1998; Petrovic
et al., 2000; de Wied and Verbaten, 2001; Dowman,
2004; Terkelsen et al., 2004; Veldhuijzen et al., 2006).
Electrophysiological and behavioural studies in animals
have also shown that attentional state can modulate
nociception (Dubner et al., 1981; Casey and Morrow,
1983; Bushnell et al., 1984). These studies also suggest
that the pain modulatory effect is enhanced with increas-
ing levels of distraction. In contrast, other studies
reported that increasing cognitive demand did not affect
pain ratings, tolerance, physiological, or behavioural
responses to pain (Hodes et al., 1990; McCaul et al.,
1992), and in one study, the effects of distraction disap-
peared when the pain became too strong to ignore
(McCaul and Haugtvedt, 1982).

More recent studies have questioned the capacity of
cognitive engagement to significantly affect both acute
and chronic pain. For example, some studies reported
that pain ratings are not affected when subjects are dis-
tracted from pain compared to focusing on the pain
stimulus (Duker et al., 1999; Huber et al., 2006). Other
studies reported a significant distraction effect on acute
pain only in males (Keogh et al., 2000) or only in
patients with chronic pain (Nouwen et al., 2006).

It is nearly impossible to quantify the unique effect of
cognitive distraction on pain because of a paradox
inherent in studies of divided attention: one cannot
simultaneously attend to pain in order to give a rating
while being distracted (see Roelofs et al., 2003). Any
effect of distraction is lost the moment the subject is



Fig. 1. Do pain and cognitive task performance interact in a meaningful way? Data from our experiments indicate that when subjects are asked to
rate the pain immediately after a short block of pain with various cognitive task demands, pain ratings are only minimally affected. In only one case
was there a significant reduction of pain by cognitive task, and this average drop of 3/100 is unlikely to be clinically meaningful. Furthermore, the
presence of pain while performing a cognitive task did not significantly affect performance measures accuracy or reaction time. The Stroop
experiment (top row) involved performing a Stroop task or fixation task while receiving no stimulation or moderate pain. The multi-source
interference task (MSIT) experiment (bottom row) involved performing a task that has four distinct difficulty levels, while receiving no stimulation,
mild pain, or moderate pain. Therefore, while several previous imaging studies have acquired ratings at the end of the experimental session and
shown significant changes, it is uncertain whether pain ratings were actually changed during the experiment, or if any of several other factors
mentioned in the text were responsible for these post-session ratings. Pain was evoked with electrical median nerve stimulation. The graphs in the left
column show data for the ‘‘no stimulation’’ condition (circles) and ‘‘pain’’ condition (triangles, squares), with the open symbols representing the
accuracy data and the closed symbols representing the reaction time data. **p < .01, repeated measures ANOVA with post hoc (Bonferroni) test for
Fixation + pain versus Number (high conflict) + pain. Fix, fixation, P0, no stimulation, P1, mild pain, P2, moderate pain, T, tapping (motor-visual
control), E, M, D, easy, moderate, difficult tasks, respectively. The bottom, right panel was reproduced from Seminowicz and Davis (2006).
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asked to rate the pain. We should therefore distinguish
between pain evaluation and pain perception. Once a
subject begins to describe the perception, he/she has
begun to evaluate it, which may in turn affect the percep-
tion (i.e. the Heisenberg uncertainty principle). This
problem complicates the interpretation of neuroimaging
studies that reported decreased pain ratings during cog-
nitive task performance (Bantick et al., 2002; Remy
et al., 2003; Valet et al., 2004; Wiech et al., 2005). An
alternate approach that limits this complication is to
assess pain immediately after the cognitive (distraction)
task, since such ratings are consistent with those given in
real-time (Koyama et al., 2004). We have used this
approach in our recent studies of pain–cognition inter-
actions. We instructed subjects to perform cognitive
tasks as quickly as possible, without making erroneous
responses, during concurrent painful stimuli. We did
not assess pain perception during acquisition of imaging
data, but did so in an additional (non-imaging) session
(Seminowicz et al., 2004; Seminowicz and Davis,
2006). Ratings of pain intensity and unpleasantness were
minimally affected by the simultaneous performance of a
cognitive task (Fig. 1).

Two additional factors affect the outcome of pain–
cognition interaction studies. One is the instruction set
given to subjects (Eccleston, 1995b). For example, a sub-
ject’s beliefs or expectations can be manipulated if the
instructions intimate an expected direction of effect
(e.g., that the pain will be less during task performance).
The second factor is the delay between the effect of inter-
est and the acquisition of pain ratings. A short delay
between a pain stimulus and acquisition of a pain rating
is likely not problematic (e.g. Koyama et al., 2004), but
longer delays can introduce error. For instance, several
imaging studies assessed pain at the end of an experi-
ment, long after the stimulus was given (e.g. Bantick
et al., 2002; Tracey et al., 2002; Valet et al., 2004). Mem-
ory for pain may not be accurate (e.g. Beese and Morley,
1993) long after the pain manipulation. Christenfeld
(1997), for example, reported that pain ratings were
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not affected by cognitive task performance when
obtained immediately following stimulation, but were
significantly lower when subjects were asked to rate
ten minutes following removal of the stimulus. Studies
in which ratings are given long after removal of the stim-
ulus could be measuring beliefs about pain. For
instance, Bantick et al. (2002) instructed subjects to
‘‘pay attention to the task throughout but maintain an
awareness of the rating they would give to the thermal
stimuli’’ because at the end of the experiment, they
would be asked to ‘‘compare pain intensity for the inter-
ference and neutral conditions’’ (p. 312). This instruc-
tion suggests to the subject that there should be a
difference in pain perception in the two tasks, and likely
contributed to the reported decrease in pain intensity for
the interference condition.

Clearly, the findings on the effects of cognitive
engagement on pain ratings are inconsistent and can
differ for experimental versus clinical pains. While
there is evidence that cognitive engagement can affect
pain ratings, the interpretation of such findings should
include whether the cognitive engagement is active
(e.g. involving manipulation of subjects’ beliefs) or
passive (e.g. distraction, where subjects have no expec-
tations), as well as the instructions given to subjects
and their potential for influencing the type of
engagement.

5. Clinically relevant pain attenuation

The experimental findings of cognitive manipulation
of pain often do not translate into a clinically relevant
effect. For instance, some studies report small but statis-
tically significant reductions in pain intensity of the
order of 5%, but the clinical importance of such a
change is minimal (e.g. Todd, 1996; Turk, 2000). There
is some general agreement that pain must be reduced by
at least 30% for it to be meaningful to patients (Gold-
smith et al., 1993; Farrar et al., 2000; Farrar et al.,
2001; Cepeda et al., 2003; Farrar et al., 2003; Salaffi
et al., 2004; Hanley et al., 2006). The absolute amount
of pain reduction needed to achieve patient-reported
improvement is highly variable, starting at as low as 9
on a 100-point visual analog scale (Kelly, 1998). How-
ever, it should be noted that as baseline pain severity
increases, so does the minimum reduction of pain rat-
ings to provide satisfactory improvement (Cepeda
et al., 2003). Therefore, many studies of cognitive dis-
traction in healthy individuals do not translate to a clin-
ically meaningful decrease in pain.

6. Recommendations for neuroimaging studies

We offer the following specific recommendations for
neuroimaging studies investigating pain–cognition
interactions:
(1) Carefully consider the baseline condition to which
the distraction condition is compared. Unattended
pain is a difficult concept to grasp considering that
pain inherently grabs attention, so the term
‘‘divided attention’’ is often more appropriate to
describe these pain–cognition interactions.

(2) Test whether modulation of brain activity is spe-
cific to pain, since attentional manipulations can
affect non-nociceptive systems in monkeys (Hsiao
et al., 1993; Steinmetz et al., 2000; Meftah et al.,
2002) and humans (Johansen-Berg et al., 2000;
Hamalainen et al., 2002).

(3) Investigate the two-way interaction between pain
and cognition as previously recommended (Eccle-
ston, 1995b). The effects of pain on cognitive-
related activity are often overlooked, but can be
crucial to understanding the interaction (e.g. Semi-
nowicz and Davis, 2007).

(4) Ensure that the instructions to subjects clearly
match the intended type of modulation (passive
or active).

(5) Consider whether the cognitive manipulation
directly affects pain, and whether this result would
be clinically relevant.
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