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ATTENTIONAL BIAS TO PAIN-RELATED INFORMATION

Abstract

Studies investigating attentional biases towards pain information vary widely in both design
and results. The aim of this meta-analysis was to determine the degree to which attentional
biases towards pain occur when measured with the dot-probe task. A total of 2168 references
were screened, resulting in a final sample of 4466 participants from 52 articles. Participants
were grouped according to pain experience: chronic pain, acute pain, anticipating
experimental/procedural pain, social concern for pain, or healthy people. In general, results
revealed a significant, but small bias towards pain words (d= 0.136), and pain pictures (d=
0.110) in chronic pain patients, but not in those with acute pain, those anticipating pain, or
healthy people. Follow-up analyses revealed an attentional bias towards sensory pain words
in the chronic pain group (d= 0.198), and the acute pain group (d= 0.303), but not other
groups. In contrast, attentional biases towards affective pain stimuli were not significant for
any pain groups. This meta-analysis found support for attentional biases towards sensory pain
stimuli in patients with chronic pain in comparison to healthy individuals across a range of
common parameters. Future researchers need to consider task design when seeking to

optimally measure pain-relevant attentional biases.
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Introduction

Chronic pain is highly prevalent, affecting approximately 20% of individuals globally,
having serious effects on quality of life (Johannes, Le, Zhou, Johnston, & Dworkin, 2010;
Leadley, Armstrong, Lee, Allen, & Kleijnen, 2012) and is associated with high rates of
disability (Vos et al., 2012). Literature has emphasised the importance of taking a bio-
psycho-social approach to chronic pain, in which psychological and social factors interact
with biomedical factors to bring about the experience of pain and associated illness and
disability (Gatchel, Peng, Peters, Fuchs, & Turk, 2007). There have been numerous theories
of pain that are informed by a bio-psycho-social perspective, many of which share
commonalities. For example, fear of pain and catastrophizing are often considered to lead to
an interpretation of pain as threatening or potentially harmful (Crombez, Eccleston, Van
Damme, Vlaeyen, & Karoly, 2012; Todd et al., 2015; Vlaeyen & Linton, 2000). This
experience can in turn lead to increased attentional vigilance towards pain and pain-related
cues (Todd et al., 2015), in order to solve the problem of pain (Aldrich, Eccleston, &
Crombez, 2000; Eccleston & Crombez, 2007) or to avoid or reduce further pain (Sharp,
2001). The prioritisation of pain at the cost of other information can result in reduced activity
and can contribute to poor mood and physical function, as well as increased disability, further
maintaining the pain experience (Vlaeyen & Linton, 2000; Vlaeyen, Morley, & Crombez,
2016). As such, attention is a key feature in many models of pain, and in particular attentional
biases towards pain information may be important.

The use of response time paradigms as an indirect measure to infer cognitive
processes, such as attention, has a long tradition in psychology (Donders, 1969). Mental
chronometry is still one of the core paradigms in cognitive and experimental psychology
(Bundesen, 1990; Posner, 1980; Theeuwes, 2010). This is also the case for the investigation

of attention bias. The emotional adaptation (Mathews & MacLeod, 1985) of the original
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Stroop (1935) task has been used to document to what extent words that were emotionally
laden for patients with anxiety disorders interfered with the colour naming of these words.
Participants were instructed to read aloud the print colours of displayed words, which were
anxiety related or neutral, while ignoring the meaning of the words. It was found that the
presentation of anxiety-related words interfered with responding, with longer latencies being
indicative of more attention being paid to the emotional content of the word. In 1986
MacLeod, Mathews, and Tata (1986) introduced the dot probe task, which allowed
researchers to infer to what extent patients were paying attention to emotionally laden
symbolic stimuli (e.g. pictures and words). In the dot-probe task, emotionally laden and
neutral stimuli are simultaneously presented at different locations of a display, after which
one of the stimuli is replaced by a probe. The reaction time to respond to the location of the
probe is measured. Attentional bias typically results in longer response latencies for probes
that replace the neutral stimulus (incongruent trials) in comparison to those that replace the
emotionally laden stimulus (congruent trials). Both tasks have been frequently used to study
attentional bias in various situations, such as addiction (Field, Munafo, & Franken, 2009),
obesity (Hendrikse et al., 2015), eating disorders (Brooks, Prince, Stahl, Campbell, &
Treasure, 2011), phobia and anxiety disorders (Bar-Haim, Lamy, Pergamin, Bakermans-
Kranenburg, & van Ijzendoorn, 2007), depression (Gotlib, Krasnoperova, Yue, & Joormann,
2004), sleep-related disorders (Macmahon, Broomfield, & Espie, 2006), chronic fatigue
(Hou, Moss-Morris, Bradley, Peveler, & Mogg, 2008), and also pain. In pain research, the
emotionally laden stimuli have been replaced by pain-related stimuli to investigate biased
attention for pain information (Asmundson, Kuperos, & Ron Norton, 1997; Pearce & Morley,
1989).

The existence of pain-related attentional biases has been supported by research,

although findings are not always consistent. In a narrative review, Pincus and Morley (2001)
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concluded that biases towards sensory pain stimuli, but not towards affective pain stimuli,
are present in individuals with chronic pain. In an early meta-analysis of Stroop studies,
Roelofs, Peters, Zeegers, and Vlaeyen (2002) found evidence of attentional biases towards
both sensory and affective pain stimuli. Schoth, Nunes, and Liossi (2012) conducted a meta-
analysis of dot probe studies specifically comparing individuals with chronic pain to healthy
controls. These authors found evidence of attentional biases with both shorter (300 - 500 ms,
Hedges g = 0.29) and longer (1250 ms, g = 0.42) stimulus presentation times. All of these
reviews have been small, including only up to 10 attentional bias studies, prohibiting firm
conclusions.

A more comprehensive meta-analysis has subsequently explored evidence for
attentional biases to pain information across both pain and pain free populations (Crombez,
Van Ryckeghem, Eccleston, & Van Damme, 2013). When the studies that used the dot probe
were investigated alone, it was concluded that attentional biases to pain related information
existed in patients with chronic pain in comparison to healthy controls, but only for sensory
pain word stimuli (d = 0.29). Therefore, it appears that attentional biases occur for those with
chronic pain compared to those without, but that attentional biases are limited to sensory pain
word stimuli when using the dot probe task. Although Crombez et al.’s (2013) meta-analysis
is relatively recent, with the literature search being conducted in 2010, only a limited number
of studies using the dot probe task were available at that time. Since then, the number of dot
probe studies in this area has more than doubled, warranting the importance of an update of
their meta-analysis. Further, Crombez et al.’s (2013) meta-analysis used data from several
attentional bias tasks, and therefore could not address the effects of specific characteristics of

the dot-probe task.

During the last decade, the dot-probe task has become the most widely used task to

investigate attention bias, and overcomes some of the problems and limitations of earlier
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tasks, such as the Stroop paradigm. Indeed, Stroop interference may arise from cognitive
interference during worrying, or from a freezing response during the presentation of
emotionally valenced stimuli (de Ruiter & Brosschot, 1994; Karmann, Lautenbacher, &
Kunz, 2015; Nigg, 2000). The dot-probe therefore allows for more nuanced investigation of
attentional bias parameters, compared with tasks such as the Stroop paradigm, which are
likely to be at least partly accounting for general threat effects in addition to attentional bias

(Algom, Chajut, & Lev, 2004).

The overall objective of the present meta-analysis was to explore a) the factors
driving attentional bias to pain (using the dot-probe task), and b) whether these biases are
discriminative between different pain groups. Determining the conditions under which biases
are present may help to understand their putative role in different populations, such as those
anticipating pain and those experiencing acute and chronic pain. The dot-probe task has also
been adapted for use as a therapeutic tool to modify attentional biases, which has shown
promise for anxiety disorders (Jones & Sharpe, 2017) and preliminary evidence for
improving pain-related disability (Sharpe et al., 2012); however the mechanisms of change
have been difficult to establish (Todd et al., 2015). A more detailed exploration of the dot—
probe task may therefore assist in developing more accurate intervention tools. Further,
determining whether attentional bias is consistently associated with the anticipation or
experience of pain, may also help to identify individuals who are at risk of developing
chronic pain. Indeed, a recent study found that individuals with greater attentional biases to
affective pain words were more likely to go on to develop chronic pain (Sharpe, Haggman,
Nicholas, Dear, & Refshauge, 2014). The first aim was therefore to explore within which
groups attentional biases are present. We conceptualised the pain experience according to the
following groups: Currently experiencing pain (chronic pain, or acute pain), anticipating

upcoming pain (anticipating either experimental or procedural pain), social concern for pain
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(pain is present or anticipated in a close family member), or healthy (not currently in pain and
not classified according to the other group categories). If attentional biases are related to the
experience of pain, then we would expect that those currently experiencing pain would show
greater attentional biases, at least to (sensory) pain stimuli, than healthy individuals. This
view is supported by the meta-analysis of Crombez et al. (2013) and the model developed by
Pincus and Morley (2001). If, on the other hand, attentional biases result from the salience of
pain or the frequency with which people are exposed to pain-related stimuli, we would expect
that those anticipating pain or with a social concern for pain would also exhibit attentional
biases, and that these biases would be greater than in healthy individuals. Such a view could
be supported by fear-avoidance models of pain, in which attentional hypervigilance may
occur in anticipation of pain (Crombez et al., 2012; Vlaeyen & Linton, 2000). If, however,
attentional biases are a ubiquitous response to pain stimuli, then we would expect all groups,
including healthy participants, to display attentional biases to pain stimuli. Theoretical
models tend to argue that pain naturally captures attention (e.g. Eccleston & Crombez, 1999),
whereas attentional biases are often measured towards stimuli such as words and pictures. If
we were to find attentional biases towards pain stimuli in all groups, it would extend current
theoretical assumptions about attentional capture beyond actual pain. The second aim was to
determine the parameters of the dot probe task that lead to expected differences in attentional
biases between the pain groups where attentional biases are identified (e.g. patients with
chronic pain), and healthy individuals. These parameters include those related to (a) the
stimuli: type of (pain) stimulus, whether the stimuli are words or pictures, stimulus
presentation duration, orientation of stimuli; (b) task procedure: task instructions given, inter-
trial intervals, proportion of pain trials, proportion of filler trials, whether gaze maintenance
methods (such as eye-tracking or digit trials) were present, attentional target action required

from participants, whether participants respond with one or two hands, and the tool used to
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record responses; and (c) the study itself: publication year, and overall study quality rating.
Identifying such parameters can provide insights into the nature and underlying processes of
attentional biases, such as whether the nature of attentional biases to sensory pain and
affective pain information differ, how generalizable and robust attentional bias effects are,
whether attentional biases are automatic processes, whether effects are more easily observed
at early or late stages of attentional processing, and under which parameters we can best
detect attentional bias effects. These findings will also help in designing a future generation

of dot probe studies that can more reliably detect expected effects.

Method

Literature search

This meta-analysis was conducted following the PRISMA guidelines. Relevant
published research was identified through two searches of the following electronic databases:
MEDLINE, PsychINFO, and Web of Science. The first search was conducted on 14 October
2010 for an earlier meta-analysis (Crombez et al., 2013) with broad search terms: [selective
attention* OR attention* bias* OR vigilance OR hypervigilance OR Stroop OR dot probe OR
probe detection OR Posner OR spatial cueing OR spatial cuing] AND pain. From this
original search, studies using the dot probe task and meeting the present inclusion and
exclusion criteria were selected. The search was updated on 28 November 2017. As the
present meta-analysis focused specifically on the dot-probe task (and not the Stroop or spatial
cueing task), the search terms were narrowed to the following: [selective attention* OR
attention* bias* OR vigilance OR hypervigilance OR dot probe OR probe detection] AND
pain. In addition, key journals (e.g. PAIN, European Journal of Pain) and the references of
relevant review articles were searched manually in order to determine if there were any

missing studies.



ATTENTIONAL BIAS TO PAIN-RELATED INFORMATION

Inclusion and exclusion criteria

Studies were included or excluded based on overall study factors, types of
participants, and type of attentional bias task used. Only published studies were included in
the present review, as (a) it may have been difficult to retrace and collect raw data of
unpublished studies and (b) it was reasoned that studies that had not undergone peer review
could not be guaranteed to be of a high quality. Where overlapping or identical data was
reported in more than one manuscript, the data with the larger, more inclusive sample size
was included, or, if they were identical, then the earliest publication of this data was used.
Where necessary, study description information could be drawn from the related publications.

As we were only interested in attentional bias in adults, participants were required to
be at least 18 years old. Where possible, if a study included some participants under 18 years
of age, only individual participant data from those aged 18 years or older was included, as
was the case for 11 studies (Boston & Sharpe, 2005; Brookes, Sharpe, & Dear, 2017; Dear,
Sharpe, Nicholas, & Refshauge, 2011b; Lautenbacher et al., 2010; McDermott, Peck,
Walters, & Smitherman, 2013; Sharpe et al., 2017; Sharpe, Johnson, & Dear, 2015; Sharpe et
al., 2010; Sharpe, Nicholson Perry, Rogers, Refshauge, & Nicholas, 2013; Van Heck,
Oosterman, de Kleijn, Jongsma, & Van Rijn, 2017; Van Ryckeghem, Crombez, Van Hulle, &
Van Damme, 2012). The data and effect sizes for these studies may therefore differ from the
published manuscripts. Where the raw data was not obtainable, studies were still included if
the mean age of participants was 18 years or older (Bardel, Woodman, Perreaut-Pierre, &
Barizien, 2013; Lautenbacher et al., 2010).

Studies needed to include at least 20 participants per arm or pain group. For studies
containing some groups with less than 20 participants and at least one group with 20 or more

participants, the groups with 20 or more participants were still retained for the analyses
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(Asmundson, Carleton, & Ekong, 2005; Asmundson et al., 1997; Schoth & Liossi, 2010).
Further, if a study included a clinical intervention, only pre-intervention data was used (e.g.
Bowler et al., 2017; Sharpe et al., 2012; Todd, Sharpe, & Colagiuri, 2016). Finally, studies
were required to investigate attentional biases in relation to pain-related information using the
dot-probe task. The dot probe task consists of the presentation of a fixation point, followed by
two visual stimuli that are presented simultaneously, either in the upper and lower, or left and
right sections of the screen. One stimulus is of a category of interest (e.g. pain or threat),
whilst the other is neutral or benign. The stimulus pair is immediately followed by a single
visual target (or probe) in the same position as the stimulus of interest (congruent trials) or
the same location as the neutral stimulus (i.e., opposite location to the stimulus of interest;
incongruent trials). The task of the participants is to respond to the probe, or to one of its

features (e.g. by a button press).

Coding system

The protocol was developed prior to conducting the present meta-analysis, detailing
the aims, which key variables and moderators would be extracted and how they would be
coded, and the quality rating criteria. The coding scheme was based on the coding system
documented by Crombez et al. (2013), but was expanded to include specific methodological
variables. These variables were determined by the authors, in collaboration with other
members of the research laboratory group. An iterative process was used, whereby the
authors read and provided feedback on the protocol until all authors were satisfied. The
protocol was then pilot-tested on a selection of studies, and where the coding was ambiguous,
the protocol was amended. All studies were then coded using this standardized procedure.
The final protocol is available at http://hdl.handle.net/1854/LU-8560705. All coding was

conducted independently by the first two authors, and any disagreements or ambiguity were
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resolved through discussion to reach consensus. The final author was available for
consultation during this process to ensure that the protocol was adhered to.

Pain categories were used to classify participants. The chronic pain group included
participants who were categorised as such by the authors of the original study, with a
minimum definition of pain occurring for at least 3 months. The acute pain group included
participants who rated themselves as being in pain at present, but for less than 3 months. The
anticipating pain group were participants who were healthy, but were either anticipating a
subsequent painful task (e.g. cold pressor pain) as part of the research, or anticipating a
painful medical procedure in the near future. The social concern for pain group included
studies in which a close relative of the participant, such as a partner or child, experienced
pain either as part of a pain condition or as an experimental task (e.g. cold pressor pain).
Participants were classified as healthy if they did not meet criteria for any of the other groups,
and were identified as part of a healthy control group by the authors of the study.

Stimuli were first categorised on stimulus type, based on whether the stimuli were
words or pictures, and then on stimulus category. Stimuli were allocated to the following
categories and subcategories (in parentheses) in preferential order: pain stimuli (sensory pain,
affective pain, mixed pain); ill-health stimuli that were not specifically considered pain
related by the authors of the included studies (illness, injury, disability, general health threat);
threat stimuli that were not related to pain or ill-health (general threat, social threat, anger);
positive stimuli. Furthermore, we coded the dot-probe task on stimulus presentation duration
(subliminal, < 500ms, 500-1000ms, >1000ms), and orientation of stimuli (up-down, left-
right). Stimulus categorisation was conducted independently by two of the authors, and
consensus was reached with no disagreements.

In addition, we coded information about the task procedure: (a) whether participants

were given explicit instructions about the stimuli, such as using no explicit instructions,

10
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participants told to attend to one stimulus (e.g. to read the top word of a pair; Asmundson et
al., 2005), or participants told to attend to both stimuli (e.g. Dear, Sharpe, Nicholas, &
Refshauge, 2011a), (b) whether gaze maintenance methods (such as eye-tracking or digit
trials used to assess focus on the task) were present, (c) whether the target action required
probe detection (responding with one button based on whether or not a probe is present),
probe localisation (responding with one of two buttons based on where the probe appears on
the screen, e.g. on the left or right), or probe discrimination (responding with one of two
buttons based on the type of probe, e.g. ‘p’ vs. ‘q’), (d) response type (keyboard press,
response box, other), (e) response method (one hand, two hands, no instructions).

Finally, we coded numerical information about the trials: inter-trial interval (ms),
number of pain related trials, number of non-pain related trials, number of catch trials,
number of gaze maintenance trials, and total number of trials, from which other measures
such as proportion of pain trials and proportion of filler trials could be calculated. Additional
information, such as publication year, was also extracted.

Studies were screened on internal and external quality rating criteria (see
Supplementary File A) adapted from Crombez et al. (2013) and agreed upon by all authors.
All studies were independently double coded on study quality, and then consensus was
reached for all discrepancies through discussion. Publication bias for primary analyses was
assessed with Egger’s regression intercept and forest plots, and adjusted using Duval and
Tweedie’s trim and fill analysis. Finally, we conducted heterogeneity analyses to ensure the

robustness of findings.

Meta-analytic procedures
Original datasets were obtained for 94% of the included studies. From these datasets,

participants who were under 18 years of age were excluded. Attentional bias congruent and
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incongruent reaction time means, the correlation between these means, standard deviations
and sample size were calculated where possible from the original data. For the rest of the
included studies, this information was obtained from the manuscripts. Correlations between
congruent and incongruent reaction times were calculated across all included studies and an
overall estimate of this correlation was derived (r = 0.899, 95% CI [0.884, 0.911]). This
correlation was used as an estimate of association where actual correlations were not
available.

Meta-analytic procedures were conducted using the Comprehensive Meta-Analysis
program, version 3.3.070 (2014) . The primary effect of interest was the standardised paired
difference (Cohen’s d for paired data) between congruent and incongruent mean reaction
times, with a 95% confidence interval. Cohen’s (1992) guidelines were applied for small (d =
0.1 to d <0.5), medium (d = 0.5 to d < 0.8), and large (d > 0.8) effect sizes. In addition, an
attentional bias index (i.e. the unstandardised paired difference between congruent and
incongruent mean reaction times) was also calculated for main analyses, as this may be
relevant for comparison for future researchers.

For all analyses, a random effects model was used to pool the data from different
studies. A mixed effects model (i.e. a random-effects model within subgroups and a fixed-
effect model across subgroups) was used to perform moderator analyses. Furthermore, due to
a low number of studies in some subgroups it was opted to pool within group estimates of
Tau?. Heterogeneity was assessed using the Q-value significance test, which provides an
indicator of whether or not heterogeneity is present (Borenstein, Hedges, Higgins, &
Rothstein, 2009). Finally, for the continuous coded variables (e.g. inter-trial interval), we
performed meta-regressions with a 2-tailed test using the methods of moments procedure and

applied a Knapp-Hartung correction.
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The analyses are structured in four parts. In the first part, we explored the overall
attentional bias effects to pain words and pain pictures across all groups (chronic pain, acute
pain, anticipating pain, or healthy). All pain word stimuli (e.g. sensory pain, affective pain,
mixed pain) were grouped together to enable comparison with pain pictures, which are
undifferentiated. In the second part, differences between the pain/non-pain groups were
explored for each of the main word stimulus categories: sensory pain, affective pain, threat,
ill-health, and positive. Some theoretical frameworks (e.g. Pincus & Morley, 2001), suggest a
distinction between sensory and affective pain stimuli, and therefore these stimuli were
analysed separately for subsequent analyses. In the third part, moderator analyses were
conducted for pain stimuli in groups where heterogeneity was identified, and where there
were at least three studies within each parameter group, to reduce the risk of bias. In the
fourth part, the chronic pain and healthy groups were compared for sensory pain words,
within each of the parameter categories where there were at least three studies present.
Sensory pain words were focused upon because this was the pain stimulus that was found to

have the strongest effects in the previous meta-analysis (Crombez et al., 2013).

Results

Study selection

The initial search retrieved 1,138 references, with the update retrieving an additional
1030 references. Titles, abstracts, and full text articles from the available literature were
screened for inclusion in the review. Records were independently screened by two raters, and
as no studies were found to have been missed in the screening process, the screening was
considered satisfactory.

Studies were screened out based on the exclusion criteria described, as detailed in

Supplementary File B. After exclusion, there was a final selection of 52 articles (N = 4466).
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Thirty-four (65%) of these articles (N = 2887) were new since the meta-analysis of Crombez
et al. (2013) confirming the need for a novel meta-analysis investigating attentional bias for
pain related information. The search flowchart is provided in Figure 1, and a list of the

included studies can be found in Supplementary File C.

INSERT FIGURE 1 NEAR HERE

Descriptive statistics

There were three studies reporting on participants experiencing acute pain (n = 204),
17 studies reporting on patients with chronic pain (n = 1099), nineteen studies reporting on
people anticipating pain (anticipating experimental pain k = 16, n = 1349; anticipating
procedural pain k =3, n = 160), and 27 studies reporting on a healthy sample (n = 1603). As
only one study (n = 52) fell within the social concern for pain category (Vervoort et al.,
2011), this study was excluded from further analyses. For further information about the study

characteristics, see Supplementary File D.

Quality analysis

On average, studies fulfilled 72% of the external validity criteria and 49% of the
internal validity criteria. The low internal validity was primarily due to inadequate methods
for accounting for task engagement (19.6% of studies), and not sufficiently accounting for the
relevance of the pain-related stimuli to the sample (39.2% of studies). Detailed information

on the quality ratings can be found in Supplementary File A.
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Pain word and picture stimuli

Attentional biases to pain word and pain picture stimuli were explored across the pain
groups, as displayed in Table 1. For pain words, there was a significant effect overall (d =
0.060, p = .002). This effect did not change when Duval and Tweedie’s trim and fill method
was used to adjust the effect to account for potential missing studies to the left of the mean (d
=0.060, 95% CI[0.020, 0.100]). There was a significant effect for chronic pain patients (d =
0.136, p =.002). With Duval and Tweedie’s trim and fill analysis to adjust for missing
studies to the left of the mean, the effect remained similar (d = 0.138, 95% CI[0.033,
0.243]). There was no significant effect of attentional bias to pain words for acute pain
patients (d = 0.127, p = .119), those anticipating pain (d = 0.041, p = .173), or healthy
individuals (d = 0.022, p = .541). For pain pictures, the overall effect was not significant (d =
0.029, p = .339), and remained consistent when Duval and Tweedie’s trim and fill was used
to the left of the mean (d = 0.029, 95% CI [-0.030, 0.087]). There was a significant effect for
chronic pain patients (d = 0.110, p = .045), and again using Duval and Tweedie’s trim and
fill to the left of the mean, the effect remained similar (d = 0.110, 95% CI [0.002, 0.217]).
There was no significant effect of attentional bias towards pain pictures for those anticipating
pain (d = 0.054, p = .347) or healthy individuals (d = -0.044, p = .337). There were no

studies using pain pictures within an acute pain sample.

INSERT TABLE 1 NEAR HERE
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Comparing pain groups for each type of word stimuli
The second set of analyses compared pain groups (chronic pain, acute pain,
anticipating pain, and healthy) for each type of word stimuli (sensory pain, affective pain,

threat, ill-health, and positive), as displayed in Table 2.

INSERT TABLE 2 NEAR HERE

The overall within-groups effect for sensory pain words across all groups was small
but significant (d = .083, p = .001), also reflected in the small mean attentional bias index (M
=3.103 ms; SE = 0.88). This effect did not change when Duval and Tweedie’s trim and fill
analysis was used to estimate missing studies to the left of the mean (d = 0.083, 95% CI
[0.028, 0.137]). Follow-up analyses indicated that effect-sizes differed significantly between
groups (Q3 = 12.61, p = .006). There was a significant attentional bias toward sensory pain
information for those with chronic pain (d = 0.198, p <.001), with an average attentional
bias index of 9.143 ms (SE = 2.07). Using Duval and Tweedie’s trim and fill to the left, this
effect remained similar (d = 0.196, 95% CI [0.056, 0.336]). There was significant
heterogeneity (Q11 = 36.28, p < .001) between effect sizes, warranting follow-up moderator
analyses. The effect for people experiencing acute pain was also significant (d = 0.303, p =
.003), with an average attentional bias index of 13.901 ms (SE = 3.76). Again, significant
heterogeneity was found between the effect sizes (Q2 = 12.60, p = .002). The effect sizes and
heterogeneity between effect sizes of studies including people anticipating pain (d = 0.038, p

=.339; Q17 =16.22, p =.508), and healthy participants (d = 0.012, p = .841; Q16 =24.97, p

.070) were not significant. See Supplementary File E for more information on bias statistics

for primary analyses, including forest plots and Egger’s regression test.
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The overall effect for threat words was not significant (d = -0.012, p = .746), and
neither was the difference between groups (Q3 = 6.09, p = .107). Results did however show
significant heterogeneity between effect sizes for samples of patients with chronic pain (Q7 =
30.71, p <.001), samples of patients with acute pain (Q2 = 8.55, p =.014), and samples of
healthy individuals (Q11 = 23.66, p = .014). For affective pain words, ill-health words, and
positive words, no significant overall or between groups effect-sizes were found, and there
was no significant heterogeneity for any of the subgroups.

As the focus of this meta-analysis is on attentional biases for pain-related information,
we opted to further investigate heterogeneity in effect sizes of studies investigating
attentional bias towards sensory pain words within the chronic pain group. There were

insufficient studies (k = 3) to conduct further analyses within the acute pain group.

Chronic pain group: Moderators of attentional bias towards sensory pain words

We planned to investigate the following categorical moderators: stimulus orientation,
stimulus presentation time, task instructions about stimulus processing, presence of gaze
maintenance methods, target action required upon probe presentation, type of response
tool/equipment, and method of response (i.e., whether participants used one or two hands to
respond). However, as researchers have often used similar task parameters across studies
using sensory pain words, there were insufficient studies (k < 3) in the comparison groups to
conduct the planned analyses. The exceptions were target action and stimulus presentation
time. For target action, there was a significant effect for studies using probe discrimination (d
=0.239, p = .023), but not for studies using probe localisation (d = 0.168, p = .239).
However, the difference was not significant (Q1 = 0.16, p = .691). For stimulus presentation

times, there was a significant effect for studies presenting the word stimuli for 500-1000 ms
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(d=0.205, p =.029), but not for studies presenting the word stimuli for >1000 ms (d =
0.256, p = .141). Again, the difference was not significant (Q: = 0.07, p =.797).

In addition, five continuous moderators were investigated within a single meta-
regression: article publication year, proportion of pain trials, proportion of non-active
(neutral-neutral, digit, catch) trials, inter-trial interval, and the quality rating. The overall
meta-regression model was not significant (Fs,11 = 1.17, p = .420), and none of the variables
independently accounted for variance in attentional bias. Although there was a moderately
high variance inflation factor for proportion of pain trials, potentially suggesting multi-
collinearity and overlap with proportion of non-active trials, running the analyses separately
for each variable produced an identical pattern of results. See Supplementary File F for

further information.

Comparing chronic pain and healthy groups across parameters for sensory pain words
Previous analyses clearly showed that chronic pain patients only show an attention
bias towards sensory pain words. To further address under which circumstances (i.e., with
which parameters) attentional bias for sensory pain words differs between chronic pain
patients and healthy volunteers, we calculated the effect sizes for each parameter separately
for those in the chronic pain group and the healthy group, and where possible (i.e. when there
were at least three studies in both groups), compared the effect sizes. The results, including
confidence intervals, are presented in Table 3. Effect sizes were able to be compared for the
following parameters: upper-lower stimulus orientation, 500-1000ms stimulus presentation
time, >1000ms stimulus presentation time, task instructions to process both stimuli, gaze
maintenance absent, target action as probe discrimination, target action as probe localisation,
keyboard as the response tool, and method of response with two hands. Where it was not

possible to compare effect sizes due to a small number of studies, the effects were still
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included in Table 3 to provide information for future researchers who may wish to use some

of these parameters, despite the lack of firm effects yet.

INSERT TABLE 3 NEAR HERE

Results indicated that when using an upper-lower stimulus orientation, there was a
significantly larger attentional bias towards sensory pain words for the chronic pain group (d
=0.237, p =.002) compared to the healthy group (d =-0.015, p =.713; Q1 = 8.462,p =
.004). For stimulus presentation time of 500 - 1000ms, there was also a significantly larger
effect for the chronic pain group (d = 0.212, p = .003) compared to the healthy group (d =
0.031, p = .455; Q1 =4.901, p =.027). However, for presentations greater than 1000ms,
there was no significant difference between the chronic pain group (d = 0.270, p = .387) and
the healthy group (d = 0.045, p =.715; Q1 =0.448, p = .503). When participants were
instructed to attend to both stimuli, the effect sizes were not significantly different between
the chronic pain group (d = 0.219, p = 0.010) and the healthy group (d = 0.084, p = 0.08; Q1
= 1.806, p = .179). When gaze maintenance was absent, there was a significantly greater
attentional biases for the chronic pain group (d = 0.237, p = .002) compared to the healthy
group (d =-0.007, p = .866; Q1 = 8.168, p = .004). When target action involved probe
discrimination, there was no significant difference between those in the chronic pain group (d
=0.239, p = .019) and the healthy group (d = .053, p = .491; Qi1 =2.103, p =.147); and for
probe localisation there was also no significant difference between the chronic pain group (d
=0.170, p = .275) and the healthy group (d = 0.022, p =.687; Q1 =0.811, p=.368). When a
keyboard was the response tool, there was no significant difference between attentional bias
effects in the chronic pain group (d = 0.167, p = .020) and the healthy group (d =-0.011,p =

.849; Q1 =3.795, p = .051). Finally, when participants used two hands to respond to the probe
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there was no significant difference between the chronic pain group (d = 0.214, p = .009) and

the healthy group (d = 0.045, p =.347, Q1 =3.214, p =.073).

Discussion

The present meta-analysis investigated the existence of attentional biases (assessed
using the dot-probe task) in different (pain) populations, and explored the impact of pivotal
theoretical and methodological variables. Overall, patients with chronic pain and acute pain
displayed a small but significant attentional bias towards sensory pain words that was
maintained across many parameters of the dot probe task. These effects were not found for
those anticipating pain or healthy individuals; nor were they found for other types of stimuli,
such as affective pain, threat, ill-health, or positive words. The parameters for which biases to
sensory pain words were found with chronic pain patients included: instructing participants to
process both stimuli, using an upper-lower stimulus orientation, presenting the stimuli for
500-1000ms, not using gaze maintenance methods, using probe discrimination, and
responding with either a keyboard press or response box using two hands.

Our pattern of results is in keeping with previous reviews by Crombez et al. (2013)
and Pincus and Morley (2001). The overall effect for sensory pain biases within chronic pain
patients using the dot probe task (d = 0.196) was slightly smaller than the effect (d = 0.292)
found by Crombez et al. (2013), however this effect remained significantly larger than the
effect observed in healthy individuals, indicating that this effect is relatively robust. These
findings together suggest that the sensory representations of pain are important when it comes
to capturing attention in patients with chronic pain, rather than affective representations (as
would be detected by affective pain stimuli, or even potentially threat or positive word
stimuli). Interestingly, researchers have posited that an attentional bias towards positive

words or away from affective pain words is a risk factor for chronic pain, in that attentional
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bias towards positive words may indicate poor coping and dysfunctional pain avoidance
(Lautenbacher et al., 2010; Todd et al., 2015). Current findings provide no support for this
view.

The most parsimonious explanation for the presence of biases in those with acute and
chronic pain (and not in those free of pain) is that attentional bias is a feature or consequence
of the pain experience. This view is supported by theoretical models such as the schema
enmeshment model (Pincus & Morley, 2001), whereby individuals develop enmeshed pain
schemas leading to cognitive biases as a result of an ongoing pain experience. This is also
consistent with the misdirected problem solving model (Eccleston & Crombez, 2007), where
those with pain are thought to prioritise pain, becoming ‘stuck’ in an effort to solve the
problem of pain, at the expense of other life goals. Accordingly, attentional bias may then
best viewed as a process involved in the maintenance or exacerbation of pain problems. In
line with this view, attentional bias has been found to predict and explain later pain outcomes
(see Todd et al., 2015), although relatively few studies have addressed this idea, and further
research is needed to corroborate these findings.

That only those experiencing pain display an attentional bias towards pain
information may seem at odds with the notion that attentional bias is a normal phenomenon
that will emerge in everyone who anticipates pain (Van Damme, Legrain, Vogt, & Crombez,
2010). This finding is also in contrast with the idea that individuals often display attentional
biases to stimuli that are immediately relevant for the pursuit of their goals (Vogt, De
Houwer, Moors, Van Damme, & Crombez, 2010), such as the anticipation of or attempt to
control actual pain (Crombez et al., 2013; Notebaert et al., 2011). It may well be that the
unique presence of an attention bias for pain-related information in people experiencing pain,

but not in those anticipating pain is specific for tasks that use symbolic stimuli. In healthy
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individuals, linguistic representations of pain may be insufficient to generate a bias in the
absence of a goal to reduce or avoid pain.

Doubts have been raised about whether symbolic stimuli, such as pain words, are able
to automatically activate the relevant pain memory or schema, an assumption underlying the
phenomenon of attentional bias (Van Ryckeghem & Crombez, 2018). The observation that
more than half of the studies in our meta-analysis did not sufficiently account for the
relevance of the pain-related stimuli to the sample may add to this problem. Indeed, it is
reasonable to assume that only words unambiguously related to the experience of pain may
elicit an attentional bias. Some words may be generally accepted as pain relevant (e.g. the
word ‘pain’). Other words may be specific to a pain syndrome, or even to an individual’s
experience (Andersson & Haldrup, 2003; Crombez, Hermans, & Adriaensen, 2000; Dear et
al., 2011a). This problem may have reduced the magnitude of the effect size of attentional
bias towards pain-related information in current meta-analysis. When researchers wish to
pursue words or pictures as pain-related information we strongly recommend documenting
how strongly their stimuli are associated with pain. Existing techniques may be easily
adapted for this purpose (Fazio, Williams, & Powell, 2000), but have seldom been used in the
area of cognitive biases (see Ferguson, Moghaddam, and Bibby (2007) for an exception).
Another avenue of research is to develop somatosensory versions of attentional bias tasks
(Crombez, Heathcote, & Fox, 2015; Van Ryckeghem & Crombez, 2014; Van Ryckeghem &
Crombez, 2018; Van Ryckeghem & Vervoort, 2016). One such variant of an attentional bias
task was included in the meta-analysis of Crombez et al. (2013), i.e. a modified spatial
cueing paradigm in which the cues were made predictive of actual pain by means of a
classical conditioning procedure (e.g. Van Damme et al., 2004; Van Ryckeghem et al., 2012).
However, researchers have recently been exploring and developing alternatives (Van

Damme, Bulcke, Van Den Berghe, Poppe, & Crombez, 2018). Important challenges will be
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to make these tasks relevant for the pain of patients, and to achieve an acceptable level of
reliability in order to investigate the role of individual difference variables.

To our surprise, we were unable to perform many of the planned moderator analyses.
This was largely due to the lack of variation in task parameters of the dot probe task. Over the
years, researchers seem to have favoured a particular set of parameters to study attentional
bias in pain. From the studies included, these common parameters included using word
stimuli, not giving explicit instructions about stimulus processing or instructing participants
to process both stimuli, upper-lower stimulus orientation, presenting the stimuli for 500-
1000ms, not including gaze maintenance methods, using probe localisation or more recently
using probe discrimination, and responding with a keyboard press using two hands. Many of
these parameters were found to result in significant effects for chronic pain patients in
comparison to healthy individuals in the present research: upper-lower stimulus orientation,
presenting the stimuli for 500-1000ms, and not including gaze maintenance methods; whilst
others may not have resulted in significant differences due to smaller numbers of studies and
therefore less power. These parameters may indicate under which conditions pain-relevant
attentional biases can be observed. However, with many studies using the same parameters, it
is difficult to determine which particular parameters may influence the effects, and which are
redundant. Future research could aim to disentangle the impact of these commonly combined
parameters by systematically varying them.

It is generally assumed that the tasks used to measure attentional bias (such as the dot-
probe task) are valid, in that they actually measure “attentional bias”. However, changing task
parameters in order to optimise the effect size may have unintended effects, as doing so may
result in changes to the underlying process being assessed. For example, the process being
measured at subliminal stimulus presentation lengths (vigilance) may be different to the

process being measured when stimuli are presented for 1000ms (difficulty disengaging).
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Also, in many studies researchers have begun to instruct participants to read both word
stimuli, hence making attention to these stimuli task relevant. It is likely that in such
situations intentional and strategic processes may come more to the fore.

The overall quality of the studies has not improved since the meta-analysis of
Crombez et al. (2013), with current ratings of 72% and 49% for external and internal validity,
respectively, compared with 70% and 57% in the previous meta-analysis. One of the most
notable limitations of the selected studies was the lack of information about the pain
experience, particularly in the control group. Current pain level was often not reported, but is
essential even within healthy samples given that pain is highly prevalent, and a majority of
people will experience an episode of pain within a 6 month period (Hastie, Riley, &
Fillingim, 2005). In addition, most studies did not adequately assess relevance of the pain-
related information to that sample. As such, the content validity of the stimulus material used
is currently poor. Finally, very few accounted for task engagement, which can help to
increase the validity of the task. One way is to use eye-tracking methodology, which can both
ensure eye gaze focus on the task, as well as providing a more direct measure of task
engagement through eye tracking data (e.g. Sharpe et al., 2017; Yang, Jackson, & Chen,
2013; Yang, Jackson, Gao, & Chen, 2012).

Researchers have begun to directly target attentional bias in clinical interventions.
There is good evidence for the effectiveness of attentional bias modification procedures for
improving a range of conditions (MacLeod, 2012), particularly for anxiety disorders (Bar-
Haim, 2010; Jones & Sharpe, 2017). However, this area is not without controversy, as the
tasks purported to modify attentional bias do not do so consistently (Koster & Bernstein,
2015). As yet, systematic research on attentional bias modification in chronic pain is (just)
emerging. There are some initial and promising results, although mechanisms of change have

been harder to identify (Sharpe et al., 2012; Todd et al., 2015). More carefully designed,
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registered trials are needed in this area. Further, we need more research to determine whether
attentional bias is an authentic causal factor in the development or exacerbation of pain
problems, as with anxiety disorders (Van Bockstaele et al., 2014). This is not merely an
intellectual and theoretical endeavour. If attentional bias is proved to be driven by the
appraisal of pain as a threatening experience, other therapeutic techniques may work equally
well, including cognitive-behavioural techniques (Dehghani, Sharpe, & Nicholas, 2004; Van
Ryckeghem & Crombez, 2014).

There are some limitations to this meta-analysis. As only cross-sectional research was
included, the direction of causality between attentional bias and the chronic pain experience
is unclear. Further, many of the parameters investigated were interrelated, and multi-
collinearity occurred in some instances. It is therefore not always clear which specific
parameters accounted for the effects observed or whether their combination is important. In
addition, some groups (such as those with acute pain and those with social concern for pain)
and parameters remain underrepresented, meaning that the planned moderators could not be
adequately assessed. Therefore, some of our conclusions are preliminary and await further
corroboration. It is also worth noting that the classification of stimuli into categories such as
sensory pain, health, and threat was retained from the original studies, and as such may not
always represent the most accurate or conceptually sound categorisation of stimuli. We
strongly recommend that researchers pilot-test stimuli in a relevant sample to ensure that they
fit the category of interest prior to using them in the dot-probe task and other attentional bias
measures. Finally, we were unable to look at the role of individual differences in attentional
bias. It may well be that some effects are only found in groups of individuals with particular
characteristics such as pain catastrophizing, pain-related fear, or threatening pain
interpretations; although some of these individual differences were investigated by Crombez

et al. (2013) with no effects.
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Conclusions

This meta-analysis containing 52 articles found small but consistent evidence for
attentional biases towards pain words and pain pictures for individuals with chronic pain,
evidence for attentional bias towards sensory pain words for individuals with chronic and
acute pain, and also evidence for the discriminative nature of attentional bias in
differentiating between individuals with chronic pain and those without, when sensory pain
words were used. We make important recommendations for future research. Firstly, it is
recommended that sensory pain stimuli is used to investigate the nature of attentional biases
that are observed with patients with chronic pain, and that combining sensory pain stimuli
with other kinds of stimuli such as affective pain, threat, and ill-health stimuli into a single
category is likely to weaken the effects. Secondly, biases to symbolic representations of pain
(i.e. words) are likely to be observed in patients with chronic and acute pain, but not healthy
individuals, regardless of whether or not they are anticipating pain. Taken together, these
findings point towards the role of sensory aspects of the pain experience, rather than the
emotional content, in producing pain-related attentional biases. Finally, researchers should try
to explicitly vary different parameters (in line with the theoretical understanding of
attentional biases). In addition, more research with those with acute pain and a social concern
for pain is needed to determine the effect on attentional biases so that we can improve the

evidence base further in this area.
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Search results from update
28 November 2017
n=1030
(unduplicated citations)

Articles excluded: n = 30
¢ Does not use the dot probe
(n=28)
o <20 participants per group
(n=1)
® Not pain-related (n = 1)

Search results from Crombez
etal. (2013)*: n=1138
(unduplicated citations)

n = 46 identified articles

Full articles retrieved:
n=2_84

Full article text excluded: n = 40
o Stimuli not pain related (n = 10)
e Abstract only (n = 1)
e <18 years (n = 3)
¢ Does not use the dot probe (n = 22)
e <20 participants per group (N = 4)

Articles eligible for analysis:
n=44

Articles excluded: n = 11
¢ Duplicated data (n = 9)
e Data unavailable (n = 2)

\

Dot probe articles included
from original search
n=19

Articles included from new
search
n=33

Additional articles identified by key
researchers
n=0

Figure 1. Meta-analysis search flowchart.

Note: *For full initial search strategy, see Crombez et al. (2013).

Total articles included for
analysis
n=>52




Table 1

Comparing attentional biases across pain groups for pain words and pain pictures

Sample AB score Effect size Heterogeneity

k n ABIndex SE d p 95% CI Q/Q Between p
Pain words 53 3484 1.716 0.665 0.060  .002 0.022 : 0.099 5.344 148
Chronic pain 12 754 6.596 2.018 0.136  .002 0.052:0.221 20.244 .042
Acute pain 3 204 5.419 3.234 0.127  .119 -0.033: 0.287 3.396 183
Anticipating pain 19 1509 1.070 0.869 0.041 173 -0.018: 0.101 12.481 821
Healthy 19 1018 0.667 1.228 0.022 541 -0.048 : 0.091 25.892 102
Pain pictures® 16 1127 0.991 0.954 0.029 339 -0.030 : 0.087 4.900 .086
Chronic pain 5 338 3.281 1.597 0.110  .045 0.002:0.217 1.321 .858
Anticipating pain 4 306 1.837 2.208 0.054  .347 -0.058 : 0.166 1.697 .638
Healthy 7 483 -1.114 1.412 -0.044 337 -0.133: 0.046 3.452 750

Notes: d = standardized paired difference, AB = attentional bias, SE = standard error of the mean. Mixed effects model used (fixed between
studies, random between pain groups); where more than one value used in the study, outcomes averaged. “No studies used pain pictures within
an acute pain sample.



Table 1

Comparing attentional biases across pain groups for each type of word stimulus

Sample AB score Effect size Heterogeneity

k n ABIndex SE d p 95% CI Q/Q Between p
Sensory pain words 50 3341 3.103 0.881 0.083 .001 0.033:0.133 12.605 .006

Chronic pain 12 759 9.143 2.068 0.198 <001 0.092:0.304 36.282 <.001

Acute pain 3 204 13.901 3.764 0.303  .003 0.101 : 0.504 12.596 .002
Anticipating pain 18 1429 1.321 1.409 0.038 339 -0.040: 0.117 16.221 508
Healthy 17 949 0.445 1.443 0.014 .760 -0.075:0.103 24.965 .070
Affective pain words 27 2037 0.942 0.786 0.029 190 -0.014 : 0.073 1.771 .621
Chronic pain 9 633 2.554 1.699 0.051 204 -0.028 : 0.129 11.561 172
Acute pain 3 203 -1.951 2.684 -0.052 455 -0.190 : 0.085 0.009 .996
Anticipating pain 10 939 0.977 1.057 0.037 259 -0.027 : 0.101 7.829 551
Healthy 5 262 0.151 2.051 0.012 .841 -0.109: 0.134 1.880 758




Threat words
Chronic pain
Acute pain
Anticipating pain

Healthy

Health words
Chronic pain
Acute pain
Anticipating pain

Healthy

Positive words*
Anticipating pain

Healthy

32

12

28

11

13

7

6

2323

617

205

756

745

1809

637

205

458

509

932

490

442

-0.617

-3.625

-9.982

-0.055

2.320

-0.774

-1.302

-2.159

0.230

-0.894

0.185

0.493

0.035

1.316

2.761

4.771

2.516

2.023

0.869

1.651

2.876

1.560

1.535

1.022

1.787

1.246

-0.012

-0.082

-0.199

-0.006

0.082

-0.020

-0.023

-0.051

0.002

-0.022

0.004

0.009

-0.001

.746

253

.085

924

167

404

558

462

973

.629

.897

.847

988

-0.081 : 0.058

-0.222 : 0.059

-0.425:0.027

-0.134:0.121

-0.034: 0.199

-0.066 : 0.027

-0.101 : 0.055

-0.188 : 0.086

-0.090 : 0.094

-0.109 : 0.066

-0.060 : 0.069

-0.080 : 0.097

-0.094 : 0.093

6.088

30.709

8.552

10.875

23.664

0.422

4.135

0.076

7.601

11.055

0.021

3.472

0.702

107

<.001

.014

209

.014

.936

.845

.963

107

353

.886

748

.983

Notes: d = standardized paired difference, AB = attentional bias, SE = standard error of the mean. Mixed effects model used (fixed between
studies, random between pain groups); where more than one value used in the study, outcomes averaged. ~ Chronic pain and acute pain groups

excluded due to a lack of studies in these categories.



Table 3

Attentional biases towards sensory pain words for chronic pain patients and healthy individuals, across parameters

Chronic pain patients Healthy individuals Comparison*
Sample Effect size Sample Effect size
k n d p 95% CI k n d p 95% CI Q p
Overall effect 12 759 0.196 .006 0.056 : 0.336 17 949 0.014 .734 -0.068 : 0.097 4.798 .028
Stimulus orientation
Upper-lower 10 684 0.237 .002 0.088:0.387 12 712 -0.015 713 -0.098 : 0.067 8.462 .004
Left-right 2 75 -0.060 .603  -0.287:0.167 5 237 0.123 245 -0.084:0.330 - -
Stimulus presentation time
Subliminal - - - - - 2 150 -0.059 470 -0.219:0.101 - -
<500ms - - - - - 2 150 -0.097 594 -0.456:0.261 - -
500-1000ms 10 684 0.212 .003  0.073:0.350 11 632 0.031 455 -0.050:0.111 4901 .027
>1000ms 3 115 0.270 387  -0.341:0.882 6 277 0.045 715 -0.198:0.289 0.448 .503
Task instructions
Process one stimulus 2 66 0.087 483 -0.155:0.329 2 51 -0.215 131  -0.494:0.064 - -
Process both stimuli 8§ 602 0.219 .010 0.053:0.384 9 546 0.084  .121 -0.022:0.190 1.806 .179




No instructions

Gaze maintenance
Absent

Present

Target action

Probe discrimination
Probe localization
Probe detection

Response tool
Keyboard

Response box

Method of response
One hand

Two hands

No specified

10

11

10

91

684

75

547

146

66

719

40

66

693

0.214

0.237

-0.060

0.239

0.170

0.087

0.167

0.566

0.087

0.214

533

.002

.603

.019

275

483

.020

.001

483

.009

-0.459 : 0.888

0.088 : 0.387

-0.287:0.167

0.039:0.439

-0.135:0.474

-0.155:0.329

0.026 : 0.309

0.225:0.906

-0.155:0.329

0.054:0.374

13

11

12

12

2

352

782

167

233

665

51

604

345

78

718

153

-0.049

-0.007

0.145

0.053

0.022

-0.215

-0.011

0.073

-0.111

0.045

-0.047

411

.866

317

491

.687

0.131

.849

179

385

347

749

-0.164 :

-0.082

-0.139:

-0.098

-0.082 :

-0.494 :

-0.121

-0.033

-0.360 :

-0.049 :

-0.333

0.067

:0.069

0.429

:0.204

0.125

0.064

:0.100

:0.179

0.139

0.138

:0.240

8.168

2.103

0.811

3.795

3.214

.004

147

368

.051

.073

Note: * comparisons only made where k > 2 for both chronic pain group and healthy group
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