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Abstract: The purpose of this study was to identify neural correlates of pain anticipation in people

with nonspecific low back pain (NSLBP) that correlated with pain-related distress and disability, thus

providing evidence for mechanisms underlying pain behavior in this population. Thirty NSLBP suf-

ferers, with either high levels of pain behavior or low levels on the basis of Waddell signs, were

scanned with functional magnetic resonance imaging while a straight-leg raise (of the side deemed

to cause moderate pain in the lower back) was performed. On each trial colored stimuli were pre-

sented and used to indicate when the leg definitely would be raised (green; 100% certainty), might

be raised (yellow; 50% certainty), or would definitely not be raised (red; 100% certainty). In response

to expected versus unexpected pain the group difference in activation between patients with high

levels of pain behavior and low levels of pain behavior covaried as a function of anxiety scores in

the right insula and pregenual anterior cingulate cortex and as a function of catastrophizing in pre-

frontal and parietal cortex and hippocampus. The results suggest NSLBP populations with the highest

levels of pain-related distress are more likely to attend to and infer threat from innocuous cues,

which may contribute to the maintenance of pain behavior associated with some chronic pain states.

Perspective: This article shows a likely neural network for exacerbating pain anticipation in NSLBP

contributing to high levels of pain behavior in some people. This information could potentially help

clinicians and patients to understand how anticipation of pain may contribute to patient pain and

disability.
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F
ear of pain, driven by anticipation (and not actual
sensory experience), is suggested to be a strong
negative reinforcer for persistent avoidance

behavior and functional disability in some chronic low
back pain (cLBP) populations.31,61,69 According to this
fear-avoidance model,62 anticipation of pain often re-
sults in poor task performance that cannot be accounted

for by pain severity12 and this has been empirically
shown in several studies by lower levels of performance
in patients who anticipated pain induced by a task
(such as leg-raising or lifting a heavy sack39,61) than
those who did not. The underlying neural mechanisms
of such behavior are, however, unknown. The purpose
of this study was to determine which neural structures
mediate the anticipation of pain in patients with
nonspecific low back pain (NSLBP) and furthermore,
whether there is a different level of brain activation,
detectable with functional magnetic resonance
imaging (fMRI), in patients with NSLBP and the highest
levels of pain-related fear and disability.
Human neuroimaging studies have identified several

areas putatively involved in the anticipation of experi-
mental pain in healthy control subjects including anterior
cingulate cortex (ACC; Brodmann area [BA] 32/24),
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cerebellum, ventral premotor, and ventromedial prefron-
tal cortex (vmPFC), periaqueductal gray, and hippocam-
pus.7,24,46-48 A key psychological factor in the subjective
experience of anticipated pain is its predictability:
Noxious stimulation that is unpredictable in either its
occurrence or intensity can increase anxiety and cause
hyperalgesia with increased activity seen in the vmPFC,
midcingulate cortex, and hippocampus, and knowledge
that noxious stimulation is certain to occur involves
activation of the rostral cingulate cortex, anterior insula,
and cerebellum.40,46,47

In patients with NSLBP and the highest levels of pain-
related anxiety, fear, and disability, the psychological con-
sequences of anticipation and perception of pain should
be most apparent. To determine which patients with
NSLBPhad sucha profileweperformeda clinical examina-
tion using the Waddell signs (WS)68 and used a series of
questionnaires designed to measure these factors (see
Methods for details). The WS are a series of physical signs
frequently found in patients with cLBP, which may draw
attention to the possibility of ‘maladaptive overt illness-
related behavior which is out of proportion to the under-
lying physical disease and more readily attributable to
associated cognitive and affective disturbance.’67 The
aim of the current study was to investigate whether dif-
ferences in brain activity would be apparent in patients
with NSLBP who have the highest levels of pain behavior,
assessed using WS, and scores on psychometric measures
of pain-related distress and disability (compared with a
control group of NSLBP patients without such traits) in
response to a certain (ie, predictable, occurring in 100%
of all trials) or an uncertain (ie, unpredictable, occurring
in 50% of all trials) painful event. Rather than use an
experimental pain stimulus we adapted the ‘straight-leg
raise’ (SLR), the common clinical test used in the diagnosis
of sciatica, to exploit the common feature seen in cLBP pa-
tients whereby this simple maneuver frequently provokes
pain in the lumbar region. Such pain is probably gener-
ated in paraspinal muscles that in electrophysiological
tests show abnormal activation patterns during flexion/
extension movement.1 We chose to use this model
because it is a reliable method for eliciting pain,39 can
be used safely in the scanning environment, and provides
unique informationon thebrain regions involved in antic-
ipating a clinically-relevant pain in patients with signifi-
cant pain-related distress. We predicted that participants
with the highest levels of pain behavior (measured ac-
cording toWS) would show increased activity in response
to a certain painful event (in the rostral cingulate cortex,
anterior insula, and cerebellum) and uncertain pain (in
vmPFC, midcingulate cortex, and hippocampus), which
furthermore correlates with psychometric measures of
pain-related distress and disability compared with a con-
trol group of NSLBP patients without such traits.

Methods

Participants
Thirty participants with NSLBP (16 male and 14

female), aged between 21 and 67 years (with a mean

age of 45 years; SD = 12.4) were recruited. Because of
excessive head movement, 1 participant was removed
from the final analysis and data are presented for the re-
maining 29 participants (the participant was removed on
the basis of the criterion for acceptable head motion set
by Kornelsen et al,29 who performed fMRI in 11 failed
back surgery syndrome patients and 14 healthy control
subjects). We can confirm that head motion in our study
did not exceeded 2 mm in any data set and there was no
difference in head motion between groups (patients
with high numbers of WS [WS-H] = .062 mm vs patients
with low numbers of WS [WS-L] = .068 mm; P = .527).
However, 1 participant still had a mean absolute
displacement of >2 SDs from the overall group mean
and we have therefore chosen to exclude this person’s
data on this basis. The study protocol was approved by
the local NHS Research Ethics Committee and the Univer-
sity of Liverpool ethical review board andwas conducted
in accordance with the Declaration of Helsinki (1989).
Participants gave fully informed written consent of their
willingness to participate. The patient inclusion criteria
were: pain over 6 months, mechanical back pain without
sciatica, no previous surgeries for back pain (including
facet denervation), magnetic resonance imaging
showing no structural spinal abnormality other than
degenerative change in no more than 3 lumbar discs,
and SLR associated with back pain (not leg pain).
To differentiate participantswith NSLBP on the basis of

their pain-related behavior, each patient underwent a
clinical examination by 2 specialists (spinal surgeon
[G.F.], pain physician [T.N.]) independently, which
included the assessment of WS. The aim was to identify
WS-H participants versus WS-L participants. Any discrep-
ancy in scoring between assessors was resolved by
consensus. The WS are a series of validated clinical signs
found in patients with cLBP61 as follows: tenderness (su-
perficial skin tender to light touch or nonanatomic deep
tenderness not localized to 1 area), simulation (axial
loading pressure on the skull of a standing patient in-
duces lower back pain, or rotation of the shoulders and
pelvis in the same plane induces pain), distraction (differ-
ence in SLR in supine and sitting positions), regional
(weakness in many muscle groups; ie, ‘give-away weak-
ness’ or when the patient does not give full effort on mi-
nor muscle testing or sensory loss in a stocking or glove
distribution; ie, nondermatomal), and over-reaction
(disproportionate facial or verbal expression; ie, pain
behavior).
WS have been shown to have good construct validity3

and are suggested to be a reliable basis for identifying
patients with cLBP.2 Unfortunately, a ‘‘validated’’ cutoff
and data on the sensitivity/specificity of WS are lacking.
However, Waddell et al68 originally suggested that the
presence of $3 signs represents a positive nonorganic
test and this definition has been used in most previous
studies.20 In the present study, we chose to use a more
conservative definition to secure 2 distinct NSLBP popu-
lations, namely the presence of $4 positive symptoms
as the cutoff for the WS-H group and the presence of 1
or 0 positive signs as the cutoff for WS-L group. Thirteen
participants (6 female) formed the WS-H group and the
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