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Johan Vlaeyen a, Mariëlle Goossens a, Geert Crombez b

a Department of Medical, Clinical and Experimental Psychology, Maastricht University, P.O. Box 616, 6200 MD Maastricht, The Netherlands
b Department of Experimental, Clinical and Health Psychology, Ghent University, Belgium

Received 6 February 2006; received in revised form 24 July 2006; accepted 7 August 2006

Abstract

Previous studies using a primary task procedure have demonstrated that an experimental pain stimulus interrupts ongoing
task performance in healthy volunteers and patients, and that this interruption is intensified by catastrophic thinking about pain
and the perceived threat value of the pain stimulus. However, no studies have investigated the interruption of attention by rel-
evant threatening stimuli in specific patient samples. In the present study, 40 patients with chronic whiplash syndrome and 40
healthy controls performed a primary task while simultaneously a potentially threatening neck fixation (i.e., extension and rota-
tion) was imposed. Pain catastrophizing, fear of movement/(re)injury, hypervigilance, and depression were assessed. The patients
showed a more pronounced deterioration of performance compared to controls when the neck rotation and extension fixations
were introduced. Within the groups, neither catastrophic thinking nor fear predicted the magnitude of the performance
deterioration.
� 2006 International Association for the Study of Pain. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Psychosocial factors, such as pain catastrophizing
and pain-related fear, have been found to be important
in the exacerbation and maintenance of chronic low
back pain problems (Vlaeyen et al., 1995a,b; Vlaeyen
and Linton, 2000). Few studies have explored the role
of these variables in other pain syndromes. For example,
it is plausible that these variables are also of value in

patients with chronic neck pain after a motor vehicle
accident. Indeed, some of these patients report high
levels of pain catastrophizing and pain-related fear
(Nederhand et al., 2004). Accordingly, it is reasonable
to assume that similar psychosocial mechanisms as in
chronic low back pain apply. In this study, we explore
one of these mechanisms, i.e. attention.

When pain is interpreted as a physical threat, it
demands attention and interrupts ongoing activities.
This is a normal mechanism related to the activation
of a primitive defensive system that urges escape from
somatic threat (Eccleston and Crombez, 1999). How-
ever, when pain is chronic and no immediate cure is
available, patients may become overalert for pain
and its cues, resulting in a persistent disruption of
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attention and behavior. Such overalertness, or
‘‘hypervigilance,’’ emerges when patients experience
intense pain, have catastrophic thoughts about pain,
and become fearful of pain (Goubert et al., 2004;
Crombez et al., 2005).

Studies investigating the variables that are implicated
in (hyper)vigilance have most often used a primary task
paradigm (Crombez et al., 1994; Eccleston, 1994), in
which participants are instructed to perform an atten-
tion-demanding task (e.g., differentiating two different
tones) while experiencing pain (e.g., an electrocutaneous
stimulus). A decrease in task performance during pain is
considered a measure for the attentional interruption by
pain. Interference by pain has been demonstrated in both
healthy volunteers and pain patients (Crombez et al.,
1996, 1998a, 1999, 2002). Attentional interruption has
been found to be amplified by (1) the novelty of pain
(Crombez et al., 1994), (2), the threat of intense pain
(Crombez et al., 1998a), (3) increased somatic awareness
(Eccleston et al., 1997), (4) pain-related fear (Crombez
et al., 1999) and (5) pain catastrophizing (Crombez
et al., 1998b; Peters et al., 2000, 2002; Vancleef and Peters,
2006).

In the current experiment, we investigated attentional
disruption in patients with chronic whiplash syndrome
using the primary task paradigm. We used (potentially)
noxious stimuli with particular relevance to this patient
group. Pilot testing with several movements indicated
that especially rotating and extending the neck is consid-
ered threatening by these patients. Therefore, as a
threatening stimulus we used fixations of the neck in a
rotated or extended position during task performance.
We hypothesized that patients would show stronger
interference of task performance during neck fixations
than healthy controls. We also expected that within
the patient group, high pain catastrophizing and high
pain-related fear would be associated with stronger
interference.

2. Method

2.1. Participants

Forty chronic whiplash patients who responded to an
advertisement in a journal of the Dutch and Belgian Whip-
lash patients’ associations and 40 healthy control persons
who were recruited from a list of volunteers completed the
experiment. The groups were matched for sex and age
(65% females, in both groups; mean age of the control
group 47 years, [SD = 11.2]; mean age of the patient group
47 years, [SD = 11.0]). Patients had complaints of neck pain
after a motor vehicle accident for a minimum of 6 months
(mean = 6.7 years, SD = 3.4). 57.5 percent of the controls
had a paid job of more than 20 h a week, compared to
47.5 percent in the patient group. All participants gave
informed consent and were free to terminate the experiment
at any time.

2.2. Questionnaires

2.2.1. Disability

The Dutch version of the Neck Disability Index
(NDI) consists of 10 items concerning functional activi-
ties, pain intensity, concentration and headache. The 10
items are scored 0 (no activity limitations) to 5 (major
activity limitations) and summed to yield a total score.
The NDI is a valid and reliable instrument, sensitive to
measure changes within a population of neck pain
patients (Vernon, 1997; Helmerson Ackelman and Lind-
gren, 2002).

2.2.2. Pain catastrophizing

Participants completed the Dutch version of the Pain
Catastrophizing Scale (PCS; Sullivan et al., 1995). Respon-
dents are asked to reflect on past painful experiences and to
indicate the degree to which they experienced each of the 13
thoughts or feelings during pain on a five point scale from 0
(not at all) to 4 (all the time). The Dutch version of the PCS
has been shown to be valid and reliable (Van Damme et al.,
2002a).

2.2.3. Fear of movement/(re)injury

The Dutch version of the Tampa Scale for Kinesiophobia
(TSK: Miller et al., 1991) was used to measure fear of move-
ment/(re)injury. The 17 items are scored on a four point scale
from ‘‘I do not agree at all’’ (1) to ‘‘I absolutely agree’’ (4). The
scale has a good internal consistency and a good test – retest
reliability (Swinkels-Meewisse et al., 2003; Roelofs et al.,
2004).

2.2.4. Attention to pain

The Dutch version of the Pain Vigilance and Awareness
Questionnaire (PVAQ; McCracken, 1997) is a 16 item scale
used to measure attention to pain. Subjects are instructed to
think back to their pain experiences in the last two weeks
and rate the frequency with which they attended to pain
from 0 (never) to 5 (always). The Dutch version of the
PVAQ has good internal consistency and good construct
validity (McWilliams and Asmundson, 2001; Roelofs et al.,
2003).

2.2.5. Depression

The Center for Epidemiological Studies Depression Scale
(CES-D; Radloff, 1977) consists of 20 items to measure differ-
ent dimensions of depression. Questions are rated on a four
point scale (0–3). The Dutch version of the CES-D has a good
internal consistency and a very good sensitivity and specificity
(Beekman et al., 1994).

2.2.6. Manipulation check

Pain was assessed using visual analog scales (VAS) con-
sisting of a 100 mm horizontal line anchored with two labels
‘‘no pain at all’’ on the left side and with ‘‘worst pain ever’’
on the right side (Price et al., 1983). For the threat value and
the unpleasantness of the fixations VASs were used with the
anchors ‘‘not at all threatening’’ and ‘‘extremely threaten-
ing’’ and ‘‘not at all unpleasant’’ and ‘‘extremely
unpleasant’’.
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2.3. Primary task

The primary task paradigm was programmed and present-
ed by the E-prime software package (Psychology Software
Tools, Inc., 2002) on an AMD Athlon 500 Mhz computer with
a 85 Hz, 17-in. color monitor. E-prime measures response
times with millisecond accuracy.

The frequencies of the tones were adopted from previous
experimental studies (Crombez et al., 1996, 1998b, 1999). High
(1000 Hz) and low (250 Hz) pitch tones (200 ms duration) were
emitted by the speakers of the computer. Participants respond-
ed with two fingers by pressing the left or the right button on a
response box. Which button (left or right) corresponded to
which tone (high or low) was counter-balanced. Tones were
randomized via E-prime with the restriction that no more than
three consecutive trials consisted of a tone with the same pitch.
The task was presented five times (see below) with each phase
consisting of 54 trials. There was no fixed inter-trial interval.
Participants had to press a button on the response box to gen-
erate the next tone.

2.4. Procedure

The experiment was approved by the Medical Ethical Com-
mittee of the University Hospital Maastricht. Participants
were tested individually in a sound attenuated room designed
for psychophysiological experiments. Participants gave
informed consent. At the start of the experiment participants
were asked to rate their current pain on a VAS. Participants
were then seated in front of a computer to perform the task.
All instructions were presented on the computer screen. Partic-
ipants were instructed to respond to the high and low tones as
quickly as possible without sacrificing accuracy.

The auditory discrimination task was performed during five
phases.

Baseline phase 1: participants completed the tone task with-
out any distraction.
Rotation phase: participants performed the tone discrimina-
tion task while the head was fixated in a rotated position.
More specifically, participants wore a regular somi-brace
with thorax-fixating neck collars, which was adapted for
this experiment with a flexible and removable chinrest

(see Fig. 1). The head was rotated and fixated at 45� to
the side that participants themselves indicated as their
‘‘worst’’ side, or in the case there was no worst side, to
the left.
Baseline phase 2: the brace was removed and participants
only performed the tone discrimination task.
Extension phase: participants performed the tone discrimi-
nation task while the head was fixated in an extended posi-
tion. This time participants had to extend their head as far
as possible, while their chin was placed on the chinrest.
Baseline phase 3: the brace was removed and participants
again performed only the tone discrimination task.
Manipulation check: immediately after baseline phase 3,
participants rated to what extent they found the rotation
and the extension of the head threatening, painful and
unpleasant on the VAS scale. Finally, at the end of the
experiment participants rated again their current pain.

Each phase lasted 5–6 min, depending on the patients’
speed. Between each phase there was a short period of a few
minutes of rest in which the brace was attached or removed
and in which patients received the new instruction.

2.5. Statistical analyses

Analyses were conducted with the Statistical Package for the
Social Sciences version 11.0 (SPSS Inc., 444N. Wacker Drive,
Chicago, IL, 60606, USA). The main analyses used repeated
measures analysis of variance (ANOVA) with phase as the
within-subjects factor and group as the between-subjects factor.

3. Results

3.1. Self-report data

Patients reported significantly higher scores than con-
trols for neck pain disability, pain catastrophizing, fear
of movement/(re)injury, attention to pain and depres-
sion. Table 1 presents an overview. Though patients
showed elevated scores on the CES-D, they cannot be
considered clinically depressed. As expected, patients
rated both fixations (rotation and extension of the neck)

Fig. 1. The modified somi-brace. The chin can rest on a modified chinrest and can be fixated in a rotated and extended position.
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as more threatening, more painful and more unpleasant
than controls (Table 1).

3.2. Primary task data

For the analyses of the reaction times (RTs), the first
10 trials of each phase were considered familiarization
trials and were therefore removed from statistical analy-
ses. Within-subjects, outliers in the RT data were also
removed (range: individual mean RT ± 2 individual
SD) (Ratcliff, 1993). Fig. 2 shows the mean response
times (RT) per phase for each group.

A 2 (group: control, patient) · 5 (phase: baseline 1,
rotation, baseline 2, extension, baseline 3) ANOVA with
repeated measures showed that there was a main effect
for group (F(1,78) = 38.60, p < 0.001). Patients
(M = 766 ms, SD = 285) were overall slower than con-
trols (M = 472 ms, SD = 91). There was also a main
effect for phase, (F(4,75) = 4.91, p = 0.001) which was
further qualified by a phase · group interaction,
(F(4, 75) = 4.05, p = 0.005). Repeated contrasts showed

that the phase · group interaction reached significance
for the baseline 1 to rotation phase contrast
(F(1,78) = 9.3, p = 0.003) and for the baseline 2 to
extension phase contrast (F(1, 78) = 8.38, p = 0.005).
Whereas patients showed increased RTs during both
threat conditions compared to the previous baseline
condition, controls did not show this delay. Simple first
contrasts showed that patients did return to baseline in
baseline 2 (F(1,78) = 1.77, p = 0.188), but in baseline 3
there was still a significant increase in RTs compared
to phase 1 (F(1,78) = 6.66, p = 0.012).

3.3. Moderation and mediation

Performance decrements were further analyzed by
computing the differences in RTs for the two experimen-
tal phases minus baseline RT (RT rotation phase – RT
baseline 1, RT extension phase – RT baseline 2) (see
Table 1). To test whether the delayed RTs were related
to pain-related fear or pain catastrophizing, either in
the whole group or specifically in patients, both interfer-
ence indexes were subjected to hierarchical regression
analyses with the factor group and total scores on the
TSK and PCS as predictor variables in step 1, and the
interactions between group · TSK and group · PCS as
predictor variables in step 2. All variables met the
assumption of homogeneity of variance. Only a signifi-
cant effect of group was found. Pain-related fear nor
pain catastrophizing contributed to the delay in RTs
during rotation or extension. There were no significant
interaction effects (see Table 2).

Finally, we tested whether the delay in RTs was
mediated by perceived threat or perceived painfulness
of the rotation or extension. We tested mediation
according to the guidelines by Baron and Kenny

Table 1
Summary scores of questionnaires, VAS-scales of fixations and interference indexes: mean scores, standard deviations, and Independent samples
t-test

Controls mean (SD) Patients mean (SD) t (df) Sig. (two-tailed)

NDI 3.83 (5.38) 23.87 (7.68) �13.53 (78) <.001
TSK 31.08 (6.25) 36.63 (6.77) �3.59 (78) <.001
PCS 9.10 (9.04) 15.08 (10.72) �2.70 (78) .009
PVAQ 27.78 (12.09) 33.57 (9.29) �2.41 (78) .019
CES-D 15.70 (6.78) 19.05 (6.44) �2.27 (78) .026
Baseline PAIN 7.30 (14.59) 48.85 (23.23) �9.58 (78) <.001
PAIN after exeperiment 3.38 (11.78) 51.03 (25.46) �10.74 (78) <.001
Rotation: threat 10.20 (19.62) 43.10 (29.04) �5.94 (78) <.001
Rotation: pain 6.75 (14.68) 46.28 (27.23) �8.08 (78) <.001
Rotation: unpleasantness 18.88 (27.95) 54.68 (27.03) �5.82 (78) <.001
Extension: threat 16.55 (23.56) 62.13 (30.0) �7.52 (78) <.001
Extension: pain 10.30 (18.16) 64.28 (25.32) �10.91 (78) <.001
Extension: unpleasantness 30.28 (32.65) 72.67 (27.53) �6.23 (78) <.001
DRT2 � RT1 7.53 (60.98) 93.15 (166.77) �3.05 (78) .003
DRT4 � RT3 7.23 (44.88) 95.42 (187.32) �2.90 (78) .005

NDI, Neck Disablity Index; TSK, Tampa Scale for kinesiofobia; PCS, Pain Catastrophizing Scale; PVAQ = Pain Vigilance and Awareness
Questionnaire; D RT2 � RT1 = reaction time rotation phase � reaction time baseline 1, DRT4 � RT3 = reaction time extension phase � reaction
time baseline 3.

0
100
200
300
400
500
600
700
800
900

1000

baseline1 rotation baseline2 extension baseline3

patients

controls

Fig. 2. Mean RTs per phase for each group.
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(1986). We used dummy variables (0 = control,
1 = patient) for group identity. Group was a signifi-
cant predictor of the delay in RTs as well as of the
perceived threat and perceived pain during rotation
and extension. However, as illustrated in Fig. 3, when
group and perceived threat or perceived pain were
simultaneously entered into the model as predictors
of delayed RTs, the factor group remained the most
prominent predictor. We repeated analyses with the
factors group and pain increase (baseline pain � pain
after experiment), but these analyses did not give evi-
dence for mediation either. Thus the delay in RTs in
the patient group does not seem to be mediated by
their increased perception of threat or pain during fix-
ations or by pain increase.

4. Discussion

The present study examined attentional interference
by (potentially) noxious stimuli in patients with chronic
whiplash syndrome and healthy controls. Fixation of
the head and neck in either an extended or rotated posi-
tion was used as noxious stimulation with particular rel-
evance for patients with chronic whiplash syndrome.
Patients showed performance decrements on a simple
auditory reaction time task during neck fixations,
whereas controls did not show interference by these fix-
ations. The only significant predictor of performance
decrement was group membership (being a patient or
a healthy control). Individual differences in pain-related
fear and catastrophizing nor perceived painfulness or

Table 2
Linear regression model

Independent: DRT2 � RT1

Step 1: R2 = .12 F = 5.33 p = .007 Step 1: R2 = .13 F = 5.75 p = .005
Group b = .27 p = .021 Group b = .37 p = .001
TSK b = .13 p = .254 PCS b = �.16 p = .155

Step 2: R2 = .13 F = 3.85 p = .013 Step 2: R2 = .15 F = 4.30 p = .007
Group · TSK b = .59 p = .341 Group · PCS b = �.27 p = .250

Independent: DRT4 � RT3

Step 1: R2 = .10 F = 4.46 p = .015 Step 1: R2 = .1 F = 4.30 p = .017
Group b = .35 p = .004 Group b = .33 p = .005
TSK b = �.09 p = .448 PCS b = �.06 p = .596

Step 2: R2 = .11 F = 3.03 p = .035 Step 2: R2 = .11 F = 3.04 p = .034
Group · TSK b = �.31 p = .622 Group · PCS b = �.18 p = .446

Fig. 3. Analysis of mediator variables.
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threat of the fixation significantly affected the degree of
interference.

Our results reveal that activities that are perceived as
threatening by patients demand attention and interfere
with ongoing activity in patients with chronic whiplash
syndrome. Previous studies have demonstrated that
interference of performance by pain stimuli is present
in both healthy subjects and in pain patients, and that
this interference is increased by the threat value of the
painful stimulus (Crombez et al., 1996, 1998a, 1999,
2002; Eccleston et al., 1997; Vancleef and Peters,
2006). In the present study we used a somatic stimulus
with particular relevance for patients with chronic whip-
lash syndrome. Indeed the neck fixations were perceived
as more threatening in patients than in healthy controls.
The fixations were also scored as more painful by
patients. Thus the increased interference in patients ver-
sus controls may be a function of the higher threat value
of the fixation, the higher pain experience during the fix-
ations or both. However, we could not identify threat
value or pain experience as mediators of the perfor-
mance decrement. A shortcoming of the study was that
we assessed pain levels, threat value and unpleasantness
retrospectively at the end of the experiment. This may
have caused a recall bias. Future experiments should
assess these potential mediators during and immediately
after task performance.

We further predicted that participants with higher
levels of pain-related fear and pain catastrophizing
would show more interference than participants with
lower levels of pain-related fear and catastrophizing
(Eccleston et al., 1997; Peters et al., 2000; de Gier
et al., 2003). However, we only found a significant effect
of group. None of the other variables were significant in
explaining attentional interference. Also, the effect of
pain-related fear or catastrophic thinking about pain
did not differ between patients and healthy controls.
We did not find moderation effects. One possible expla-
nation for the absence of effects of individual differences
is the overall low level of pain catastrophizing in our
sample of patients. Catastrophic thinking about pain
in other samples of patients with whiplash injuries (Sul-
livan et al., 1998, 2002a,b) are almost twice as high as in
the present study. A low level of pain catastrophizing
may have reduced the power to detect significant effects.
However, the scores of pain-related fear (TSK) are not
in line with this argument. The TSK scores were in line
with those of other samples of chronic pain patients
(Peters et al., 2002; Nederhand et al., 2004). Further-
more, as was expected, pain-related fear and pain catas-
trophizing were highly interrelated in our sample.

A plausible explanation for our findings may be
found in our choice of neck fixations as experimental
stimulus. In previous studies, electrocutaneous stimuli,
that were rated as mildly or moderately threatening,
were used (Crombez et al., 1996, 1998a,b, 2002; Peters

et al., 2002). In this study, patients rated the neck fixa-
tions as highly aversive in our sample. This may have
limited the impact of individual differences in pain catas-
trophizing and pain-related fear. It is possible that all
patients experienced the neck fixations as highly threat-
ening and attentionally demanding. Indeed, according
to some theoretical models (Mogg and Bradley, 1998;
Eccleston and Crombez, 1999) everybody should attend
to threat or pain when it is perceived as highly threaten-
ing. Future studies may choose less threatening stimuli
that allow more variation between patients.

It should be noted that patients were also slower in
their task performance during baseline conditions in
comparison with the healthy controls. This parallels ear-
lier findings of studies comparing reaction time perfor-
mance between patients with pain complaints and
healthy controls (Peters et al., 2000, 2002). In patients
with chronic whiplash syndrome, this slowed-down per-
formance may be a particular prominent feature.
Indeed, patients suffering neck pain after a motor vehicle
accident often complain of impairment in cognitive pro-
cesses, such as divided attention (Radanov and Dvorak,
1996). A meta-analysis of cognitive disorders in these
patients showed that they perform badly on various neu-
ropsychological tests of attentional performance such as
the PASAT (Paced Auditory Serial Task) or the Stroop
Colour-Word Test (Kessels and Aleman, 2000). At pres-
ent it is unknown whether these attentional deficits are
the result of physical injuries or the result of interference
by pain and threat value of perceived symptoms and dis-
ability. However, our study shows that this attentional
deficit may be differentially affected by experiences that
are perceived as threatening and painful by patients.

We may conclude that there is an apparent effect of
incoming (threatening) stimuli on the current allocation
of attention. Patients with chronic whiplash syndrome
show attentional interference due to threatening and
painful fixations of the neck, but the degree of interfer-
ence is not associated with elevated levels of perceived
pain or threat. In further research, a more in depth anal-
ysis should be made to establish whether the attentional
interference is enhanced by the pain sensation (sensory
characteristics) or by its threat value (affective character-
istics), or by the interplay of both factors. Though we
used the most common mediational analysis in psycho-
logical research (Baron and Kenny, 1986), this method
lacks power and could be responsible for not finding
small or moderate effects. Though it is very unlikely to
make a Type I error with this method, it is most likely
to miss real effects. This problem could be solved by
increasing the sample size in further research
(MacKinnon et al., 2002). Furthermore, the different
components of attention could be investigated which
would provide more detailed information on retarded
task performance. Based on findings in the anxiety
literature (Fox et al., 2001; Koster et al., 2004), it has
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been argued that three components of attention for pain
can be distinguished (Van Damme et al., 2002b): (1) an
initial temporary shift of attention towards the threaten-
ing stimulus (attentional shift), (2) a long captivation of
attention by the threatening stimulus (engagement) and
(3) releasing the attention from the threatening stimulus
(disengagement). Recent studies have indicated that the
attentional demand of pain is particularly related to dif-
ficulties disengaging attention from pain and signals of
impending pain (Van Damme et al., 2002b, 2004a,b).
However, this difficulty in disengaging from pain has
only been demonstrated in healthy controls. In future
research it would be interesting to investigate the differ-
ent components of attention to relevant pain sensations
in specific clinical populations.
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