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Background: Empirical evidence suggests that affective responses to pain are changed in
chronic pain. The investigation of startle responses to pain might contribute to clarifying whether
such alterations also expand to motivational defensive reactions. We aimed at comparing startle
responses to tonic heat pain with high threat (HT) or low threat (LT) in patients with chronic
musculoskeletal pain and controls. As pain-related anxiety and catastrophizing are typically
elevated in chronic pain, we expected to find stronger startle responses in patients specifically
under experimental HT.

Methods: Patients with chronic musculoskeletal, preferentially, back pain (N = 19) and
matched pain-free controls (N = 19) underwent two pain-related threat conditions (high and
low) in balanced order. Only, in the HT condition, 50% of the trials were announced to include
a short further noxious temperature increase at the end. Startle responses to loud tones were
always assessed prior to a potential temperature increase in the phase of anticipation and were
recorded by surface electromyogram.

Results: Surprisingly, we observed no differences in startle responses and ratings of emotional
and pain responses between patients and controls despite significantly higher pain-related anxiety
and catastrophizing in the patients. Overall, startle was potentiated in the HT condition, but only
in participants who started with this condition.

Conclusion: Our results suggest that, in general, patients with pain are not more responsive
emotionally to experimental threat manipulations despite elevated pain anxiety and catastroph-
izing. Instead, exaggerated responses in patients might be triggered only by individual concerns
relating to pain, which are not sufficiently mirrored by our threat paradigm.

Keywords: musculoskeletal pain, catastrophizing, anxiety, defensive motivation, experimental
pain, startle reflex, threat induction

Introduction

Chronic pain is associated with considerable emotional distress which becomes obvious
by the high comorbidity with affective disorders.! Relating to this, it has been shown
that compared to healthy controls, patients with pain report higher levels of pain-related
anxiety and catastrophizing®? and show enhanced activation in emotional brain circuits
during noxious stimulation.*® These empirical findings suggest that emotional pain
processing is altered in patients with chronic pain conditions.

Given these differences in affective responding, the question arises whether the
motivational defensive component of pain — that is, the urge to escape the noxious
stimulus — is also altered in chronic pain. Such alterations in motivational defensive
processes might —although being protective against harm due to acute pain — contribute
to the development of maladaptive avoidance behavior in chronic pain if the defensive
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system is activated too easily and strongly. One of the most
established paradigms for measuring motivational defensive
states is the startle paradigm: The startle reflex is reliably
potentiated by threatening stimuli, thus capturing the moti-
vational component of negative emotions, that is, activation
of the defensive system.”®

Previous evidence concerning startle responses to experi-
mental pain in healthy individuals has been controversial,
suggesting that certain characteristics of the stimulation
paradigm might determine whether defensive responses are
triggered by pain. Two studies reporting negative findings
used constant stimulation over several minutes,>'? whereas
startle potentiation by pain was shown in another study
which administered brief painful and non-painful stimuli
in a random order."" These observations indicate that highly
predictable pain stimulation might be too low in threat to elicit
defensive responding, which is in line with previous research
linking unpredictable pain stimulation to high threat (HT).!>"%

Based on these considerations, we recently developed
a new paradigm encompassing two tonic pain conditions
differing in predictability and thus pain-associated threat.'®
In the HT condition, participants are led to expect a further
increase in stimulation intensity which then occurs in half of
the trials; in the low threat (LT) condition, constant stimula-
tion is applied and participants are informed that no further
increase will occur. Our previous study with healthy controls
yielded an interaction between condition and sequence, with
startle potentiation in the HT compared to the LT condition
only in the subgroup that completed HT first. In the current
study, this paradigm was used to investigate differences
between patients with chronic pain and pain-free controls
in defensive reactions (ie, startle) due to pain-related threat.
Chronic musculoskeletal pain was chosen as the clinical
model because of the proven relevance of psychological
factors for the development and maintenance of this chronic
pain condition.!”-!8

All the participants underwent both the conditions (LT
and HT) in a counter-balanced order; startle responses were
elicited by noise bursts and recorded by surface electromyo-
gram (EMG) in the phase of anticipation, that is, always
prior to the time points when increases were scheduled in
the HT condition and at matched time points in trials without
scheduled increases. We also included a standard motivational
priming task'® with the presentation of affective pictures in
order to check for general differences in startle responding
between patients and controls. In addition, we administered a
set of questionnaires assessing different emotional and cogni-
tive processing styles relating to pain (eg, pain anxiety and

catastrophizing) in order to verify whether our patient sample
actually scored higher on these questionnaire measures and to
investigate the interrelations between self-report and startle
responses during pain stimulation. We assumed that patients
with pain would show exaggerated startle responses during
pain compared to controls specifically in the HT condition,
presumably as a consequence of high pain anxiety or cata-
strophizing, which is crucially implicated in the development
and maintenance of chronic pain.?0-2

Materials and methods

Subjects

Patients with pain

Patients with chronic pain attending a multimodal 4-week
pain management program at the outpatient unit for pain
therapy of the Sozialstiftung Bamberg (Bamberg, Germany)
were recruited. This program is run by an interdisciplinary
team of medical doctors specialized in anesthesiology and
pain therapy, psychological therapists, physical therapists,
occupational therapists, art therapists, and medical assis-
tants and is composed of different therapeutic modules like
individual and group therapy with medical or psychological
focus, physical therapy, psychological pain coping training,
body awareness training, relaxation, creative therapeutic ses-
sions, and outdoor activities (eg, Nordic walking).

Between January 2012 and February 2013, 94 patients
attended the program, of whom 41 patients met our inclusion
criteria and were approached. Twenty-three patients agreed
to participate, representing a recruitment rate of 56%. Four
patients dropped out during pain testing because they could
not tolerate the pain stimulation (N = 3) or the startle noise
(N = 1), resulting in a final sample of 19 patients. Testing
took place at a mean of 9.7 days (SD = 5.7) after the start of
the pain management program. The age of the chronic pain
patients ranged between 23 and 57 years (mean age = 44.0
years, SD =9.9, 11 women and 8 men).

The inclusion criteria are patients were required to present
with a primary diagnosis of musculoskeletal pain (neck pain,
upper back pain, and low back pain) or fibromyalgia with
pain lasting for a minimum of 6 months before participa-
tion. Headaches (migraine, tension-type headache, or non-
specified headache) were allowed as secondary diagnosis.
The exclusion criteria were other predominant pain diagnosis
(eg, patients suffering primarily or exclusively from head-
ache), surgical interventions within the last year and severe
mental disorders (mild or moderate affective disorders were
allowed due to their high comorbidity with chronic pain). The
distribution of pain diagnoses in our final sample is shown
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in Table 1. Table 2 provides an overview of patients’ medica-
tion. Patients were not asked to pause analgesic medication

Table | Predominant pain sites in patients with chronic pain (n
=19)

Diagnosis Total Percent

Chronic back pain, thereof 10 53

Neck pain

Upper back pain |

Low back pain 6

Neck pain and low back pain 2
Chronic back pain and fibromyalgia, thereof |

Low back pain and fibromyalgia |
Chronic back pain and headache, thereof 3

Neck pain and migraine |

Neck pain, low back pain, and headache |

(not specified)

Neck pain, low back pain, TTH, and migraine |
Chronic back pain, fibromyalgia, and headache, 2 10.5
thereof

Neck pain, fibromyalgia, and TTH |

Neck pain, low back pain, fibromyalgia, and |

migraine
Fibromyalgia 2 10.5
Fibromyalgia and headache, thereof | 5
Fibromyalgia, TTH, and migraine |

Note: Diagnoses made by medical doctor trained in anesthesiology and pain therapy.
Abbreviation: TTH, tension-type headache.

Table 2 Consumption of analgesics and antidepressants in the
chronic pain patients (n = 19)

Medication Total Percent
Analgesics 17 89
On demand, thereof 4

Nonsteroidal anti-inflammatories |
Nonopioid analgesics 0
Nonsteroidal anti-inflammatories and 2
nonopioid analgesics
Nonsteroidal anti-inflammatories and opioid |
analgesics
On demand in combination with |
antidepressants, thereof
Nonsteroidal anti-inflammatories
As prescribed, thereof
Nonsteroidal anti-inflammatories

— N A -

Nonsteroidal anti-inflammatories and opioid
analgesics
Nonsteroidal anti-inflammatories, nonopioid |
analgesics, and opioid analgesics
As prescribed in combination with 8
antidepressants, thereof
Nonsteroidal anti-inflammatories 4
Nonopioid analgesics 2
Nonsteroidal anti-inflammatories and |
nonopioid analgesics
Nonopioid analgesics and opioid analgesics |
Antidepressants 2 I

Note: Analgesics consumed as prescribed and were taken at least once a day.

on the day of testing in order to assure their compliance and
minimize interference with the ongoing pain therapy.

Controls

Nineteen healthy, pain-free controls (female: N=11; age: 25-56
years, M=44.6, SD = 8.7) were matched with the patients based
on sex and age by selecting them from a larger sample of healthy
participants. For every patient, we selected an “experimental
twin” with the same sex and a minimal difference in age (0-3
years) from our pool of healthy controls; independent #-tests
confirmed that the two groups did not differ regarding age.
Seventeen of the 19 controls were also part of the healthy sample
analyzed in our previous publication." Healthy participants were
recruited by advertisement at the University of Bamberg and in
the local newspaper. None of them had taken any central nervous
medication or consumed alcohol at least 24 h prior to the test
session according to self-report. Exclusion criteria (assessed by
a telephone interview) included all acute or chronic diseases.

Menstrual cycle

Overall, six of the 22 female participants took oral contracep-
tives; of the remaining 16, three were in the first, four in the
second, and three in the third phase of their menstrual cycle,
five were post-menopausal, and information was missing for
one participant. There were no differences between patients
and controls regarding contraceptive intake or distribution of
menstrual phases at the time point of assessment.

Ethics

All subjects provided written informed consent and received
monetary compensation for their participation. The experi-
mental procedure was approved by the ethics committee of
the University of Bamberg.

Materials and procedures

All the experimental sessions were conducted in the after-
noon. The duration of the whole session was ~1 h. Partici-
pants sat upright in a comfortable chair and were carefully
familiarized with all the methods to be used before the start
of the experiment.

The testing procedure included: 1) filling out a set of
questionnaires assessing different emotional and cogni-
tive processing styles relating to pain; 2) the assessment of
startle responses to affective pictures; 3) the psychophysical
determination of stimulation intensity; and 4) the assessment
of startle responses in two tonic heat stimulation conditions
(LT and HT). The sequence of the affective startle task (2)
and the pain block (3 and 4) was balanced across subjects.
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Pain was induced by the use of a Peltier-based, computer-
ized thermal stimulator with a 3x3 cm? contact probe (Medoc
TSA-2001; Medoc Ltd, Ramat Yishai, Israel). The contact
probe was attached to the ventral site of the left forearm; the
exact position on the forearm was changed after predetermina-
tion of stimulation intensity and again between the two threat
stimulation conditions in order to avoid local sensitization.

Questionnaire measures

As we aimed at a broad coverage of different cognitive and
emotional processing styles relating to pain, we used a set of
four questionnaires that are related but neither theoretically
nor empirically redundant. This set consisted of German
versions of the Pain Catastrophizing Scale (PCS),?* the Pain
Anxiety Symptoms Scale (PASS),?>? the Pain Vigilance
and Awareness Questionnaire (PVAQ),” and the Anxiety
Sensitivity Index (ASI).? The PCS and PVAQ were translated
into German by our workgroup, using a standard “forward—
backward” procedure. Translation accuracy was evaluated by
an English native speaker based on similarity of the result-
ing backward English version to the original version. Our
German version of the PVAQ has been validated for use in
clinical and nonclinical samples.?’

The PCS*was developed as a measure of catastrophizing
related to pain. It comprises 13 items that can be divided into
three subscales, namely rumination, magnification, and help-
lessness. The items (eg, “I worry all the time about whether
the pain will end”) are rated on a 5-point scale. The PASS?*
is composed of four subscales — cognitive anxiety, escape/
avoidance, fearful appraisal, and physiologic anxiety —and is
designed to measure fear of pain across cognitive, behavioral,
and physiologic domains. The items (eg, “When I feel pain I
am afraid that something terrible will happen”) are rated on a
6-point scale. The PVAQ* was developed as a comprehensive
measure of attention to pain. It consists of 16 items (eg, “I am
quick to notice changes in pain intensity”) that are rated on
a 6-point scale and that assess awareness, vigilance, preoc-
cupation, and observation of pain. The ASI** is a 16-item self-
report questionnaire designed to measure anxiety sensitivity,
that is, the fear of anxiety-related sensations due to the belief
that they might have harmful consequences. It is composed of
three subscales: fear of somatic sensations, fear of cognitive
dyscontrol, and fear of socially observable anxiety reactions.
The items (eg, “It scares me when my heart beats rapidly”)
are rated on a 5-point scale. In contrast to pain catastroph-
izing, pain anxiety, and pain vigilance, anxiety sensitivity is
not a pain-specific concept but has been proven to be strongly
associated with pain-related fear.?®

All the questionnaires demonstrated good internal con-
sistency (PCS: Cronbach’s oo = 0.94; PASS: Cronbach’s o. =
0.92; PVAQ: Cronbach’s a.=0.77; ASI: Cronbach’s o.=0.93);
values of Cronbach’s o were very similar to those reported
for the original English versions.?>**2%% In addition, inter-
correlations of the four questionnaires ranged between 0.456
and 0.857 in the current study, which is in accordance with
inter-correlations reported for English versions.?0-

Assessment of startle responses to affective pictures
In order to check for general differences in startle responding
between patients and controls, we administered a standard
motivational priming paradigm'® in which startle responses
are recorded during the passive viewing of affective pictures.
Commonly, compared to neutral pictures that serve as refer-
ence category, startle is potentiated while viewing negative
pictures and inhibited while viewing positive pictures.’
Affective pictures were selected from the IAPS.* Based on
previous research studies,'®*5 we chose attack pictures as
negative category and erotic pictures as positive category. As
we were interested in startle responses to pain stimulation, we
added pain-related pictures as second category with negative
valence. Neutral pictures were used as reference category. For
each of the four valence categories, we chose six represen-
tative pictures, resulting in a total of 24 pictures (the IAPS
identification numbers were as follows: erotic pictures: 4652,
4659, 4660, 4670, 4687, 4695; attack pictures: 1120, 1300,
1525, 6250.1, 6300, 6510; pain-related pictures: 3010, 3180,
3261, 3350, 9253, 9410; neutral pictures: 2200, 5120, 5534,
7002, 7031, 7150). The sequence of pictures was random-
ized once and then set for all participants. Each picture was
presented for 6 s; a startle noise (white noise bursts of 105
dB and 50 ms duration) was applied during each picture 3,
4, or 5 s after picture onset. After each picture, subjects rated
picture valence and arousal as well as the perceived mean
intensity of the startle noise (ratings are not reported here).
This rating period lasted for 10 s, resulting in a total duration
of 6.4 min for the whole task. Data from one patient were
missing for this task due to problems with EMG recording.

Psychophysical determination of stimulus intensity
Prior to the pain stimulation block, the individual stimulus
intensity had to be determined in order to ensure comparable
levels of pain sensation in all the participants. For this pur-
pose, we used a two-step procedure (threshold determination
and rating procedure) with a total duration of about 15 min.
In the first step, the individual heat pain threshold (PT)
was assessed. We decided to use the method of adjustment,
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which is particularly reliable due to its independence of
reaction time. Participants were asked to obtain a stimulus
level that they perceived as barely painful by adjusting the
thermode temperature using heating and cooling buttons,
starting from a baseline temperature of 35°C. A constant
press of the buttons resulted in heating and cooling rates of
0.5°C/s, respectively. Totally, there were six trials, of which
the first was used as familiarization trial and the remaining
five were averaged to constitute the threshold estimate.

In the second step, we applied a psychophysical rating
procedure, which has been established as standard in our
laboratory.’”* The aim of this procedure was to determine
two stimulation temperatures that corresponded to a visual
analogue scale (VAS) rating of 60 and 70, respectively. Partici-
pants were asked to rate eight heat stimuli (5-s duration) with
plateaus at temperatures of 0°C, +1°C, +2°C, +3°C relative
to the individual PT. Stimuli were applied in a predetermined
pseudo-random order (two stimuli per temperature; rate of
change to and from plateau: 2°C/s; inter-stimulus interval [ISI]:
8-10 s). Intensity ratings were provided on a horizontal VAS
of 100 mm after each stimulus. Participants were informed
about the verbal anchors of the VAS (left end: “no pain”; right
end: “extreme pain”) by the experimenter. If the most intense
stimulus (PT +3°C) was rated below 50, the series was repeated
with an increase by 1°C for all temperature levels.

After completion of this rating procedure, a power func-
tion was fitted to the psychophysical data (Table Curve 2D;
Scientific Solutions; Lausanne, Switzerland), which provided
corresponding temperature intensities for VAS ratings of 60
and 70.

Assessment of startle responses to pain

After stimulus intensity had been determined, we applied two
pain stimulation conditions. These two conditions were very
similar regarding characteristics of the tonic heat stimulus
but differed specifically regarding the experience of pain-
associated threat. Stimuli in the LT condition were of constant
intensity and were also announced as such. In the HT condition,
participants were led to expect a further increase in stimulus
intensity, which was in fact applied in 50% of the trials. The
time interval for presentation of startle probes was identical in
both the conditions (18-28 s after stimulus onset); this interval
was chosen in order to assure that the startle probe was always
presented prior to the further increase in the HT condition.
Both the conditions were preceded by a corresponding practice
trial, so that participants were informed about the nature of the
impending condition. The sequence of the two threat conditions
was balanced across subjects and was distributed as follows:

10 patients and 8 controls were assigned to the sequence “low
threat — high threat,” 9 patients and 11 controls were assigned
to the sequence “high threat — low threat.”

The design of both the conditions is described in detail in
the following paragraphs and is also illustrated in Figure 1.

LT condition

The LT condition consisted of 12 repetitions of the same
stimulus type (stimulus A; Figure 1). Temperature increased
from the 35°C baseline to 40°C (rate of rise: 5°C/s) and
remained constant for 5 s; after that, it increased to the tem-
perature intensity corresponding to a VAS rating of 60 (rate
of rise: 2°C/s) and remained there for 40 s. A startle probe
was presented between 18 and 28 s after stimulus onset. After
40 s, temperature decreased to baseline and the subjects pro-
vided ratings regarding the startle noise and the temperature
(see “Ratings” section for detailed information on ratings).
The next stimulus followed after an ISI of 5 s. During each
stimulus, the message “Temperature will not increase further”
was displayed in blue letters on the computer screen in front
of the participant. This message appeared 13 s after onset of
the painful temperature, at least 5 s before the startle probe,
and remained on the screen until stimulus offset.

HT condition

The HT condition consisted of two stimulus types (stimulus A
and stimulus B; Figure 1). Stimulus A and B were presented
in a predetermined random order (ABBABABBABAA) with
both the stimulus types being repeated six times.

Stimulus A was identical to the 12 stimuli applied in the
LT condition (see “LT condition” section). Stimulus B dif-
fered from stimulus A only in the respect that the temperature
remained on VAS 60 only for 35 s (instead of 40 s); after that,
it increased to VAS 70 for 5 s. Again, a startle probe was
presented in the interval between 18 and 28 s after stimulus
onset (prior to the second increase). During each stimulus
(A and B), the message “Temperature may increase further”
was displayed in red letters on the computer screen in the
same time window as in the LT condition.

Maximum values for tonic stimulation were set to 48.5°C
for VAS 60 and to 49.5°C for VAS 70 in order to avoid poten-
tial tissue damage. Temperature intensity had to be restricted
to these maximum values for four control participants and
one patient with pain. However, a simple f-test yielded no
significant difference in temperature ratings between these
five participants and the remaining 33 (valence ratings: T
[37] = 1.739, p = 0.090; arousal ratings: T [37] = 0.204,
p = 0.839), indicating that the subgroup stimulated with
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Low threat condition

°C
Intensity 2

Intensity 1

40

Stimulus A (x 12)

Message: “Temperature will not increase
further” (blue letters)

35

30 40 50 S

High threat condition

°C
Intensity 2

Intensity 1

40

Stimulus B (x 6)

Stimulus A (x 6)

Message: “Temperature may increase further”

(red letters)

35
0 10 20

30 40 50 S

Figure | Trial design of both the threat conditions (low threat and high threat conditions).

restricted intensities did not perceive the stimulation as less
intense and aversive.

Startle probe presentation

Startle probes were brief acoustic stimuli of 50 ms duration
and 105 dB intensity (white noise bursts). The startle probes
and a masking background noise (constant white noise, 68 dB)
were applied binaurally over headphones. One startle probe was
presented during each pain stimulus, resulting in 12 probes per
condition. The familiarization trial applied prior to each condi-
tion also served as startle habituation trial. The interval of 18-28
s after stimulus onset was used for startle probe presentation in
order to ensure that participants had read the message on the
screen and were either expecting a second temperature increase
(HT condition) or no further increase (LT condition).

Ratings

After each pain stimulus, participants were required to pro-
vide three ratings regarding the startle noise (1 rating) and
the temperature (2 ratings) within the next 22 s. The intensity
of the startle noise was rated on a computerized numerical

rating scale ranging from 0 (labeled as “no noise”) to 100
(labeled as “extremely loud noise”), which was displayed as
a scrollbar. Participants operated the scrollbar via a mouse
slide; the starting position of the cursor was determined
randomly in each trial. The temperature was rated regard-
ing two affective dimensions, valence and arousal, using
a computerized version of the Self-Assessment Manikin
(SAM),*which is a gold standard for the ratings of emotional
responses. We decided on assessing emotional responses
instead of pain intensity as the stimulation temperature was
already tailored to predefined intensities (VAS 60 and 70,
respectively). Participants were asked to provide ratings of
valence and arousal by choosing one of five manikins or a
box in between via mouse click. Ratings ranged from 1 to 9,
with higher ratings corresponding to positive valence and
high arousal. Noise ratings of one control participant were
invalid due to problems with handling the scrollbar.

Electromyographic recording and analysis
Startle blinks were quantified by recording surface EMG activity
on the musculus orbicularis oculi beneath the right eye. For that
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purpose, Ag/AgCl electrodes filled with electrode paste were
used. Prior to application of the electrodes, skin was cleaned
with an alcoholic skin detergent to reduce electrode resistance.

EMG raw signals were recorded using the device Sigma
PLpro/Type Databox DB 36 including a 16 bit AD convertor
with a dynamic range from 0.5 pV to 2 mV. The recording
bandwidth of the EMG signal was between 0.2 and 300 Hz;
input resistance was >20 mOhm. The signal was sampled at
512 Hz. After recording, the raw signal was analyzed offline
using the program “Vision Analyzer” (Brain Products;
Munich, Germany). Our algorithm for the analysis of startle
responses was based on the recommendations by Blumenthal
et al*' and has been repeatedly applied in previous studies.”!*!6
The raw signal was smoothed, using a 50 Hz notch filter, 20
Hz high-pass filter, and 256 Hz low-pass filter. After that, the
signal was rectified and then integrated over a time interval
from 0 to 250 ms after startle probe onset. Startle responses
were considered as invalid and excluded from analysis if
considerable fluctuations in the baseline EMG activity were
detected and/or if the peak of activity did not occur in the pre-
defined time window (30—100 ms) after the onset of stimulus.

Further statistical analyses were based on two variables,
namely peak latency and amplitude of blink responses. Peak
latency was defined as time from the onset of startle probe
to the maximum value of voltage. Amplitude was defined as
voltage difference between the averaged baseline and volt-
age peak within a time frame of 30—100 ms after the onset of
startle probe. For the pain block, peak latency and amplitude
were calculated separately for each response, resulting in a
total of 24 values (12 values per condition) per subject. Miss-
ing values —resulting from the exclusion procedure described
earlier — were substituted by means, which were calculated
from the data available before and after the missing data point.
For the emotion block, mean values of latency and amplitude
were calculated for each of the four valence categories based
on the available segments, resulting in four values per subject.

Statistical analysis

Descriptive measures

Differences between 1) patients and controls and 2) the two
sequence groups (LT-HT and HT-LT) regarding PT, stimula-
tion temperature, and questionnaire measures were explored
using independent sample #-tests.

Startle responses to affective pictures

To evaluate the effects of group and picture valence on
startle peak latency and amplitude, we conducted two
repeated measurement analyses of variance (ANOVAs) with

“picture category” (attack, pain-related, erotic, and neutral)
as within-subject factor and “group” (patients vs controls)
as between-subject factor.

Adjusting degrees of freedom with Greenhouse-Geisser
correction was necessary if sphericity could not be observed.
For F-tests, partial n? is reported as an estimate of effect size.
For detailed analyses, t-tests were computed; Cohen’s d is
reported to describe the effect size for paired comparisons.

Startle responses to pain

To evaluate the effects of group and the experimental
threat conditions on startle peak latency and amplitude,
we conducted two repeated measurement ANOVAs with
“condition” (LT vs HT) and “time course” (startles 1-12)
as within-subject factors and “group” (patients vs controls)
as between-subject factor.

Adjusting degrees of freedom with Greenhouse-Geisser
correction was necessary if sphericity could not be observed.
For F-tests, partial n? is reported as an estimate of effect size.
For detailed analyses, t-tests were computed; Cohen’s d is
reported to describe the effect size for paired comparisons.

Subjective ratings

To evaluate the effects of group and the experimental threat con-
ditions on valence and arousal ratings of the temperature as well
as on startle noise ratings, we conducted three repeated measure-
ment ANOVAs with “condition” (LT vs HT) as within-subject
factor and “group” (patients vs controls) as between-subject
factor. Adjusting degrees of freedom with Greenhouse-Geisser
correction was necessary if sphericity could not be observed. For
F-tests, partial n? is reported as an estimate of effect size. For
detailed analyses, #-tests were computed; Cohen’s d is reported
to describe the effect size for paired comparisons.

Correlations between startle and questionnaire measures
To explore the relationship between pain-related psychologi-
cal variables on the one hand and startle reactions on the
other hand, we computed correlations between questionnaire
scores and startle amplitude in both the conditions (HT and
LT) as well as the difference score (startle amplitude,, . minus
startle amplitude ).

SPSS 21 (IBM Corporation; Armonk, NY, USA) was used
for all calculations; significant effects were assumed at o.=0.05.

Results

Participant characteristics
Descriptive statistics of scores of each questionnaire are
presented in Table 3. Independent sample 7-tests showed that
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Table 3 Descriptive statistics of questionnaire scores for patients
and controls in our questionnaire

M (SD) M (SD)
Patients with pain Pain-free controls
(N=19) (N=19)

PCS 29.79 (9.32) 14.53 (9.35)

PASS 109.16 (35.48) 58.89 (30.16)

PVAQ 50.37 (9.54) 35.63 (10.02)

AS| 23.53 (13.44) 11.47 (5.72)

Abbreviations: PYAQ, Pain Vigilance and Awareness Questionnaire; PASS, Pain
Anxiety Symptom Scale; PCS, Pain Catastrophizing Scale; ASI, Anxiety Sensitivity
Index.

patients with pain scored significantly higher compared to
pain-free controls not only on pain-specific questionnaires but
also on anxiety sensitivity (PCS: T [36] = 5.039, p < 0.001,
d=1.68; PVAQ: T [36] =4.643, p < 0.001, d = 1.55; PASS:
T [36] = 4.705, p < 0.001, d = 1.57; ASI: T [36] = 3.596,
p =0.001, d = 1.20). In contrast, there were no significant
differences between the two sequence groups as regards the
temporal position of threat (LT-HT, HT-LT) (PCS: T [36] =
0.378,p=0.708,d=0.12; PVAQ: T [36] = 0.063, p = 0.950,
d =0.02; PASS: T [36] = 0.338, p = 0.737,d = 0.11; ASIL:
T [36] =0.542, p =0.591, d = 0.18).

Effects of group and picture valence on

startle peak latency and amplitude

Startle peak latency

Mean values of peak latency lay in the expected range
(patients: M = 76.4 ms, SD = 18.4; controls: M = 78.6 ms,
SD = 14.7). There was no main effect of group on startle peak
latency (F[1,35] =0.292; p =0.592, n? = 0.019). Likewise,
we also observed no significant effect of picture category
(FTL,36] = 1.009; p = 0.322; n? = 0.008) and no significant
interaction (F[3,105] =0.310; p = 0.818, n? = 0.009).

Startle amplitude
The ANOVA vyielded a significant main effect of picture
category (F[1.2,41.7] = 8.903; p = 0.003; n? = 0.203). As
expected, startle amplitude was potentiated during attack
compared to neutral pictures (attack: M = 15.85 pV, SD =
26.96; neutral: M = 10.68 pnV, SD = 17.78; T [36] = 2.944;
p =0.006, d = 0.12) and inhibited during erotic compared
to neutral pictures (erotic: M = 7.60 uV, SD = 13.61; T [36]
= 2.876; p = 0.007, d = 0.15). Surprisingly, there was no
significant difference between pain-related and neutral pic-
tures (pain-related: M =9.85uV, SD=16.60; T [36] = 1.214;
p=0.233,d=0.05).

However, there was no significant main effect of group
(FTL,35]1=0.211; p = 0.649, n*> = 0.006) and no significant

interaction (F1.2,41.7]1=0.045; p=0.987,12=0.001). Thus,
we were able to replicate the established motivational priming
effect and found no evidence for altered startle response to
affective pictures in the patient group.

PT and stimulation intensities

There were no significant differences in PT between patients
with chronic pain and pain-free controls (patients: M =
43.4°C, SD = 2.4°C; controls: M = 44.4°C, SD = 2.65; T
[36]=1.173, p =0.248, d = 0.39). Likewise, there were also
no significant differences in the two stimulation intensities,
which were determined in the rating procedure. For intensity
1 (corresponding to a VAS rating of 60), mean values were
45.4°C (SD =2.3°C) for patients and 46.3°C (SD =2.2°C) for
controls (T [36] = 1.261; p = 0.215, d = 0.42). For intensity
2 (corresponding to a VAS rating of 70), mean values were
46.1°C (SD = 2.3°C) for patients and 47.1°C (SD = 2.1°C)
for controls (T [36] = 1.424; p=0.163, d=0.47). There were
also no significant differences between the two sequence
groups (PT: T [36] = 0.533, p = 0.597, d = 0.19; intensity
1: T [36] =0.337, p=0.738, d = 0.11; intensity 2: T [36] =
0.276, p =0.784, d = 0.09).

Effects of group and threat conditions on

startle peak latency and amplitude

Startle peak latency

Mean values of peak latency were found to be in the expected
range (patients: M = 75.1 ms, SD = 15.3; controls: M =
78.6 ms, SD = 12.1). There was no main effect of group on
startle peak latency (£1,36] =0.709; p =0.405;?>=0.019).
Likewise, no significant effect of threat condition (F[1,36] =
1.009; p=0.322;n*=0.027) and of time course (F]7.3,263.2]
=1.814; p=0.081; n?>=0.048) was observed. There were no
significant interaction effects.

Startle amplitude
Due to huge intra-individual variations in startle amplitude
from trial to trial, we decided to smooth the time series by
computing averages: Trials were grouped into four succeed-
ing blocks (trial 1-3,4-6, 7-9, and 10-12) and then averaged.
By using this procedure, we aimed to achieve higher stability
than when using single data points and still allowed for check-
ing for possible trends over time (linear, quadratic, or cubic).
Descriptive statistics of startle amplitude for both the
groups in each trial block of the LT and HT condition are
given in Table 4. We detected no significant main effect of
group (FT1,36] = 0.327; p = 0.440; n> = 0.017) and also
no interactions with group. Thus, there was no difference
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Table 4 Descriptive statistics of startle amplitude (pV) for
patients and controls for each trial block (1—4) in both the threat
conditions (high threat and low threat)

M (SD) M (SD)
Trial block Pa.tlents with Pain-free
pain (N =19) controls
(N=19)
5 < Block | (Trials 1-3) 19.33 (24.10) 28.71 (48.83)
% ;.% Block 2 (Trials 4-6) 18.37 (32.66) 25.56 (45.53)
) -g Block 3 (Trials 7-9) 18.08 (26.45) 25.10 (46.00)
T ° Block 4 (Trials 10-12) 12.25 (13.91) 21.63 (36.25)
8 < Block I (Trials 1-3) 11.47 (14.23) 19.00 (23.06)
[
{Li ;.% Block 2 (Trials 4-6) 12.30 (14.23) 16.85 (20.68)
% -cg) Block 3 (Trials 7-9) 11.44 (17.21) 15.61 (24.56)
= ° Block 4 (Trials 10-12) 12.98 (20.30) 18.35 (32.57)

between patients and controls in startle amplitude as reac-
tion to the noxious stimulation and threat manipulation. The
lack of group differences in startle modulation observed in
both the experimental conditions — picture viewing and pain
stimulation — suggests normal emotional responsiveness in
our patient sample.

Importantly, the effect of “time course” also failed
to reach significance (F[2.1,76.8] = 1.621; p = 0.203; 1n?
= 0.043), indicating that there was no decline in startle
amplitude due to habituation, for example, in the course of
each condition. Correspondingly, no significant trend for
“time course” was observed (linear, quadratic, or cubic;
all p > 0.100). However, there was a significant effect of
threat condition (F1,36] =4.655; p=0.038;1?>=0.115); as
hypothesized, startle amplitude was overall higher in the HT
compared to the LT condition (HT: M =21.1 uV, SD =34.7;
LT: M =148 uV,SD=19.9; T [37] =2.180, p =0.036, d =
0.35). All other effects failed to reach significance.

Due to the nonsignificant effect of group, we decided on
combining both the groups and running a second ANOVA
with “condition” (LT vs HT) and “time course” (startle blocks
1-4) as within-subject factors and “sequence of conditions”
(LT-HT vs HT-LT) as between-subject factor. Besides the
still significant main effect of “condition” (F[1,36] =4.715,
p=0.037,m2=0.116), the ANOVA also yielded a significant
main effect of “sequence of conditions” (F[1,36] = 4.983;
p =0.032; n? = 0.122). Most importantly, we found a sig-
nificant interaction between “condition” and “sequence of
conditions” (F[1,36] =4.715; p=0.037; n*=0.116); effects
of the threat condition on startle amplitudes were detected
mainly in participants who completed the HT condition first.
In this subgroup, startle responses were significantly higher in
the HT compared to the LT condition (HT: M =32.8 uV, SD
=447, LT: M=20.6 pV, SD=25.4; T [19] =2.340, p=0.030,

d=0.52), whereas there was no significant difference between
the two threat conditions in participants who started with
LT (LT: M=8.3 uV, SD=7.5; HT: M = 8.2 uV, SD = 6.6;
T [17] =0.071, p = 0.944, d = 0.02; Figure 2). In addition,
when comparing responses to both the conditions between
the two sequence groups (LT-HT and HT-LT), participants
starting with HT showed higher responses to both the condi-
tions than those starting with LT (group comparison for HT:
T [36] = 2.306, p = 0.025, d = 0.75; group comparison for
LT: T [36] =1.983, p =0.050, d = 0.64).

Again, there was no main effect of or interaction with
“time course” (all p > 0.050).

Effects of group and threat conditions on

temperature and noise ratings

As we obtained no difference between patients and controls
in temperature and noise ratings (all p > 0.50), we again
combined both the groups and conducted three ANOVAs
with “condition” (LT vs HT) as within-subject factor and
“sequence of conditions” (LT-HT vs HT-LT) as between-
subject factor. Results of these ANOVAs are shown in Table 5
and summarized in the following paragraphs.

Temperature valence ratings

The ANOVA conducted on temperature valence ratings
yielded no significant main effect of “condition” or “‘sequence
of conditions” (Table 5). However, there was a significant
interaction: participants who started with the LT condition
rated the HT condition as significantly more aversive than the
LT condition (LT: M = 3.66, SD = 1.57; HT: M =3.04, SD
=1.6; T [17] =2.66, p=0.016, d = 0.39). In contrast, there
was no difference between conditions in participants who
started with the HT condition (HT: M =3.99, SD=1.47,LT:
M=3.95SD=1.89;T[19]=0.228, p =0.822, d = 0.03).

Temperature arousal ratings

The ANOVA conducted on temperature arousal ratings
yielded no significant main effect of “condition” or “‘sequence
of conditions” and also no significant interaction (Table 5).
Overall, the thermal stimulation was rated as moderately
arousing (M =4.2, SD=2.1).

Startle noise ratings

For startle noise ratings also, we detected no significant main
effect of “condition” or “sequence of conditions” and also no
significant interaction (Table 5). Overall, ratings for the noises
burst were — as expected — in the medium range (M = 47.5,
SD =17.3).
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Figure 2 Startle amplitude (M + SE) in the two threat conditions for both the sequences (high threat—low threat and low threat-high threat) and both the groups (patients

and controls).
Notes: p < 0.05 (exact significance: see text - 0.025 for HT, 0.050 for LT).
Abbreviations: M, mean; SE, standard error; HT, high threat,; LT, low threat.

Table 5 Results of repeated measurement ANOVAs (condition
X sequence of conditions) for temperature and startle noise
ratings (N = 40, patients and controls combined)

Factor F p-value n?
® EO Condition 3403 0.073 0.086
§_ E Sequence of conditions 1.462 0.234 0.039
E g Condition X sequence of conditions 4.621 0.038 0.114
o & Condition 2,082 0.158 0.055
§_ ;f Sequence of conditions 0.321 0.574 0.009
E g Condition X sequence of conditions 1.229  0.275 0.033
2 Condition 2.099 0.156 0.057
§ % Sequence of conditions 1.559 0.220 0.043
;,E “g Condition X sequence of conditions 0.793  0.379 0.022

Note: Bold figures indicate significant (p < 0.05).
Abbreviation: ANOVA, analysis of variance.

Correlations between questionnaire

scores and startle responses

In chronic pain patients, we found a significant positive
correlation between PASS score and startle amplitude in the
LT condition (r = 0.458; p = 0.049); in the HT condition,
this correlation was still positive but far from significance
(r=0.243; p=0.316). Thus, patients reporting higher levels
of pain-related anxiety showed stronger startle reactions to
pain in case of low situational threat.

Conversely, in pain-free controls, there was a signifi-
cant negative correlation between PVAQ score and startle
amplitude in both the conditions (HT condition: »=—0.508,
p =0.026; LT condition: r = —0.528, p = 0.020), suggest-
ing that pain-free subjects who reported higher vigilance
to pain showed smaller startle reactions irrespective of
threat level.
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All the other correlations failed to pass the level of sig-
nificance (all p > 0.05). Thus, only three of 24 correlations
(12 for each group) reached significance.

Discussion

Our study aimed at investigating startle responses to tonic
pain with varying threat levels in patients with chronic pain
compared to matched healthy controls. Pain-associated threat
was manipulated by applying either constant, predictable
stimulation (LT condition) or constant stimulation including
announced but unpredictably timed further increases in tem-
perature (HT condition). We hypothesized that pain patients
would show higher reactions than controls particularly in the
HT condition. This specific assumption was derived from
previous research showing effects of trait catastrophizing on
performance in a painful task being most pronounced under
high situational threat,*> which were interpreted within the
framework of theories postulating the activation of stable
cognitive schemas relating to threat by threat-associated
situational cues.** ¢

Contrary to our hypotheses, startle reactions during
noxious stimulation as well as valence and arousal ratings
were comparable in patients and controls despite signifi-
cantly higher pain-related anxiety, pain catastrophizing, pain
vigilance, and anxiety sensitivity in the patient group. Thus,
patients showed neither stronger activation of the motiva-
tional defense system (startle responses) nor stronger emo-
tional responding on a subjective level (ratings).

This finding is somewhat surprising given the different
experiences with pain in these two groups. According to
a catastrophizing hypothesis of chronic pain,® one would
expect stronger motivational and emotional responding to
pain stimuli in patients with chronic pain due to heightened
levels of pain-related anxiety and catastrophizing, which have
been frequently reported.>* In line with this, fMRI studies
have shown enhanced activity in affective brain regions dur-
ing experimental pain stimulation*® and disturbed resting-
state connectivity in frontolimbic networks>#’*® in chronic
back pain patients. Furthermore, chronification of back pain
seems to be accompanied by a shift in brain activity from
nociceptive to emotional circuits.* Some studies suggest that
patients with pain also evaluate experimental pain as more
unpleasant than controls;*** however, this view has been
challenged by several negative findings.>'—

One possible explanation for the lack of group differences
might be that individual differences in pain-related anxiety
between pain patients and controls might not become visible in
unambiguous experimental situations, relating to the concept

of the strong situation.** This concept has been proposed to
explain the effects of manipulations in anxiety experiments;
here, strong situations, that is, situations providing unam-
biguous threat cues, tend to trigger uniform responding in
all participants independent of their individual level of trait
anxiety, whereas individual differences become obvious in
weak situations which offer some degree of ambiguity.>* Our
experimental paradigm might be regarded to create strong
situations as the HT condition was clearly announced by
situational cues and participants knew exactly what to expect.

An alternative explanation for the lack of group dif-
ferences might be that pain patients show exaggerated
responding only to more individualized or stronger threat
manipulations. For example, it might be necessary to induce
concerns that the painful stimuli might actually cause bodily
harm; this has been done in several studies by using threaten-
ing instructions concerning the stimulation paradigm.425657
Direct comparison of different types of experimental threat
manipulations and their effects on healthy participants
and patients with chronic pain should be targeted in future
studies.

The observation of a significant main effect of threat
condition is in line with the observation that startle is poten-
tiated during the uncertain expectation of aversive stimula-
tion which has been replicated numerous times in anxiety
research.’* However, replicating the results of our previous
study conducted with a healthy pain-free sample,'® we also
detected a significant interaction between threat condition
and sequence: The difference between the two conditions,
that is, higher startle reactions in the HT compared to the LT
condition, was significant only in the subgroup completing
the HT condition first. This pattern of results might indicate
that the effect of threat is strong (and thus easily detectable)
only under conditions of novelty, whereas it is more subtle
(and thus harder to detect with small sample sizes) in case
of familiarity with the painful stimulus. Alternatively, the
subjective appraisal of pain-associated threat as low or high
might have been partly transferred from the first to the second
condition. Similar to context conditioning, having the first
experience with the painful stimulus in a non-threatening
context might have led to a less-threatening appraisal of the
HT condition afterwards and vice versa despite a change in
instructions. Importantly, the observation that this sequence
effect was equally pronounced in patients with pain and con-
trols despite higher pain-related catastrophizing and anxiety
in the patient group suggests that it is based on experiences
with a specific situation rather than on general experiences
with pain as more or less threatening.
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Limitations

There are some limitations in our study. First, our sample of
patients with chronic pain was not perfectly homogeneous
with ~40% of the patients presenting with two or three pain
diagnoses. However, we deemed it as most important that
1) patients had a primary diagnosis of neck or back pain or
fibromyalgia and 2) our sample was representative for patients
with musculoskeletal pain admitted to an outpatient unit. Sec-
ond, most of the patients took analgesic and/or antidepressant
medication which might have influenced responses to our
experimental manipulation. Third, we did not include direct
ratings of subjective threat in order to avoid response bias
by making the subjects aware of the key relevance of threat
experiences; instead, threat was indirectly assessed using the
arousal subscale of the SAM which is a standard instrument
for the evaluation of emotional stimuli. However, future
studies might benefit from including a manipulation check of
threat at the end of the experiment and/or the assessment of
state anxiety in the course of the experimental session. Finally,
due to the pilot-like character of our study and the limited
sample size, we decided on being less conservative as regards
control of type 1 error and using a relatively simple analytical
strategy (ie, inclusion of only one between factor at a time)
as well as skipping Bonferroni correction in the correlational
analyses; future studies investigating larger samples should
be more conservative in this respect.

Conclusion

The similarity between patients and controls of the moti-
vational priming effect observed in the viewing task for
emotional pictures indicates that, in general, emotional
responsiveness is not necessarily altered in patients with
chronic pain. More importantly, we also observed no dif-
ferences between patients and controls in startle responding
to pain in two conditions with varying threat levels despite
significantly higher pain-related catastrophizing and anxiety
in the patient group. Altogether, emotional regulation seemed
to be preserved in patients with chronic musculoskeletal pain.
Differences between pain patients and healthy individuals
might become obvious only in more ambiguous situations
or in situations where specific health concerns of the patients
are provoked by the threat manipulation. In addition, the fact
that sequence effects were similarly pronounced in patients
and controls indicates that just previous experiences with
specific pain stimuli might be more decisive for the subjec-
tive appraisal of pain-associated threat than the remote pain
history.

Acknowledgment
This study was supported by a research grant from the
Deutsche Forschungsgemeinschaft (La 685/6-3).

Disclosure
The authors report no conflicts of interest in this work.

References

1. BairMJ, Robinson RL, Katon W, Kroenke K. Depression and pain comor-
bidity: a literature review. Arch Intern Med. 2003;163(20):2433-2445.

2. Osman A, Barrios FX, Kopper BA, Hauptmann W, Jones J, O’Neill
E. Factor structure, reliability, and validity of the pain catastrophizing
scale. J Behav Med. 1997;20:589-605.

3. Khatibi A, Dehghani M, Sharpe L, Asmundson GJ, Pouretemad H.
Selective attention towards painful faces among chronic pain patients:
evidence from a modified version of the dot-probe. Pain. 2009;142(1):
42-47.

4. KobayashiY, Kurata J, Sekiguchi M, et al. Augmented cerebral activa-
tion by lumbar mechanical stimulus in chronic low back pain patients:
an FMRI study. Spine 2009;34(22):2431-2436.

5. Baliki MN, Chialvo DR, Geha PY, et al. Chronic pain and the emo-
tional brain: specific brain activity associated with spontaneous fluc-
tuations of intensity of chronic back pain. J Neurosci. 2006;26(47):
12165-12173.

6. Lloyd DM, Findlay G, Roberts N, Nurmikko T. Illness behavior in
patients with chronic low back pain and activation of the affective
circuitry of the brain. Psychosom Med. 2014;76(6):413-421.

7. Bradley M, Cuthbert B, Lang P. Affect and the startle reflex. In: Dawson
M, Schell A, Boehmelt A, editors. Startle Modification: Implications
for Neuroscience, Cognitive Science and Clinical Science. New York:
Cambridge University Press; 1999:157-183.

8. Grillon C, Baas J. A review of the modulation of the startle reflex by affec-
tive states and its application in psychiatry. Clin Neurophysiol. 2003;114:
1557-1579.

9. Horn C, Blischke Y, Kunz M, Lautenbacher S. Does pain necessarily
have an affective component? Negative evidence from blink-reflex
experiments. Pain Res Manag. 2012;17(1):15-24.

10. Horn C, Schaller J, Lautenbacher S. Investigating the affective compo-
nent of pain: no startle modulation by tonic heat pain in startle responsive
individuals. Int J Psychophysiol. 2012;84(3):254-259.

11. Crombez G, Baeyens F, Vansteeenwegen D, Eelen P. Startle intensifica-
tion during painful heat. Eur J Pain 1997;1(2):87-94.

12. Arntz A, Van Eck M, de Jong PJ. Unpredictable sudden increases in
intensity of pain and acquired fear. J Psychophysiol. 1992;6(1):54-64.

13. Carlsson K, Andersson J, Petrovic P, Petersson K, Ohman A, Ingvar M.
Predictability modulates the affective and sensory-discriminative neural
processing of pain. Neuroimage. 2006;32:1804-1814.

14. Oka S, Chapman C, Kim B, et al. Predictability of painful stimulation
modulates subjective and physiological responses. J Pain. 2010;11:
239-246.

15. Lin CS, Niddam DM, Hsu ML, Hsieh JC. Pain catastrophizing is
associated with dental pain in a stressful context. J Dent Res. 2013;92:
130-135.

16. Horn-Hofmann C, Lautenbacher S. Modulation of the startle reflex by
heat pain: does threat play a role? Eur J Pain. 2015;19(2):216-224.

17. Linton SJ. A review of psychological risk factors in back and neck pain.
Spine 2000;25(9):1148-1156.

18. Linton SJ, Nicholas MK, MacDonald S, et al. The role of depression
and catastrophizing in musculoskeletal pain. Eur J Pain. 2011;15(4):
416-422.

19. Bradley MM, Codispoti M, Cuthbert BN, Lang PJ. Emotion and motiva-
tion I: defensive and appetitive reactions in picture processing. Emotion.
2001;1:276-298.

submit your manuscript

1798

Dove

Journal of Pain Research 2017:10


www.dovepress.com
www.dovepress.com
www.dovepress.com

Journal of Pain Research downloaded from https://www.dovepress.com/ by 141.13.150.164 on 08-Mar-2021
For personal use only.

Dove

Startle modulation by heat pain — the role of threat

20.

21.

22.

23.

23.

24.

25.

26.

217.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

Quartana PJ, Campbell CM, Edwards RR. Pain catastrophizing: a critical
review. Expert Rev Neurother. 2009;9(5):745-758.

Asmundson GJ, Parkerson HA, Petter M, Noel M. What is the role of
fear and escape/avoidance in chronic pain? Models, structural analysis
and future directions. Pain Manag. 2012;2(3):295-303.

Theunissen M, Peters ML, Bruce J, Gramke HF, Marcus MA. Preop-
erative anxiety and catastrophizing: a systematic review and meta-
analysis of the association with chronic postsurgical pain. Clin J Pain.
2012;28(9):819-841.

Sullivan MJ, Bishop SR, Pivik J. The pain catastrophizing scale: devel-
opment and validation. Psychol Assess. 1995;7(4):524-532.
McCracken LM, Zayfert C, Gross RT. The pain anxiety symptoms scale:
development and validation of a scale to measure fear of pain. Pain.
1992;50(1):67-73.

Walter B, Hampe D, Wild J, Vaitl D. Die Erfassung der Angst vor
Schmerzen: eine modifizierte deutsche Version der Pain Anxiety
Symptom Scale (PASS-D). [Assessment of anxiety of pain: a modified
German version of the Pain and Anxiety Symptom Scale (PASS-D)].
Schmerz. 2002;15(Suppl 1):S83. German.

McCracken LM. “Attention” to pain in persons with chronic pain: a
behavioral approach. Behav Ther. 1997;28(2):271-284.

Reiss S, Peterson RA, Gursky DM, McNally RJ. Anxiety sensitivity,
anxiety frequency and the prediction of fearfulness. Behav Res Ther.
1986;24(1):1-8.

Kunz M, Capito ES, Horn-Hofmann C, et al. Psychometric properties of
the German version of the Pain Vigilance and Awareness Questionnaire
(PVAQ) in pain-free samples and samples with acute and chronic pain.
Int J Behav Med. 2017;24(2):260-271.

Ocafez KL, McHugh RK, Otto MW. A meta-analytic review of the
association between anxiety sensitivity and pain. Depress Anxiety.
2010;27(8):760-767.

Peterson RA, Heilbronner RL. The anxiety sensitivity index: construct
validity and factor analytic structure. J Anxiety Disord. 1987;1(2):
117-121.

Burns JW, Glenn B, Bruehl S, Harden RN, Lofland K. Cognitive factors
influence outcome following multidisciplinary chronic pain treatment:
areplication and extension of a cross-lagged panel analysis. Behav Res
Ther. 2003;41(10):1163-1182.

Greenberg J, Burns JW. Pain anxiety among chronic pain patients:
specific phobia or manifestation of anxiety sensitivity? Behav Res Ther.
2003;41(2):223-240.

Drahovzal DN, Stewart SH, Sullivan MJ. Tendency to catastrophize
somatic sensations: Pain catastrophizing and anxiety sensitivity in
predicting headache. Cogn Behav Ther. 2006;35(4):226-235.
Moss-Morris R, Humphrey K, Johnson MH, Petrie KJ. Patients’
perceptions of their pain condition across a multidisciplinary pain
management program: do they change and if so does it matter? Clin J
Pain 2007;23(7):558-564.

Lang PJ, Bradley MM, Cuthbert BN. International Affective Picture System
(IAPS): Digitized Photographs, Instruction Manual and Affective Ratings.
Technical Report A-6. Gainesville, FL: University of Florida; 2005.
Bernat E, Patrick CJ, Benning SD, Tellegen A. Effects of picture content
and intensity on affective physiological response. Psychophysiology.
2006;43(1):93-103.

Yarnitsky D, Ochoa JL. Studies of heat pain sensation in man: per-
ception thresholds, rate of stimulus rise and reaction time. Pain.
1990;40(1):85-91.

Kunz M, Chatelle C, Lautenbacher S, Rainville P. The relation between
catastrophizing and facial responsiveness to pain. Pain. 2008;140(1):
127-134.

Kunz M, Chen JI, Lautenbacher S, Vachon-Presseau E, Rainville P. Cere-
bral regulation of facial expressions of pain. J Neurosci. 2011;31(24):
8730-8738.

39.

40.

41.

42.

43.
44

45.

46.

47.

48.

49.

50.

SI.

52.

53.

54.

55.

56.

57.

58.

59.

Kunz M, Rainville P, Lautenbacher S. Operant conditioning of facial
displays of pain. Psychosom Med. 2011;73(5):422-431.

Lang P. Self-Assessment Manikin. Gainesville, FL: University of Florida;
1980.

Blumenthal TD, Cuthbert BN, Filion DL, Hackley S, Lipp OV, Van
Boxtel A. Committee report: Guidelines for human startle eyeblink
electromyographic studies. Psychophysiology. 2005;42(1):1-15.
Karsdorp PA, Ranson S, Schrooten MG, Vlaeyen JW. Pain cata-
strophizing, threat, and the informational value of mood: task per-
sistence during a painful finger pressing task. Pain. 2012;153(7):
1410-1417.

Bower GH. Mood and memory. Am Psychol. 1981;36(2):129-148.
MacLeod C, Rutherford EM. Anxiety and the selective processing of
emotional information: mediating roles of awareness, trait and state
variables, and personal relevance of stimulus materials. Behav Res Ther.
1992;30(5):479-491.

Gray JA, McNaughton N. The Neuropsychology of Anxiety. New York:
Oxford; 2000.

Edwards MS, Burt JS, Lipp OV. Selective attention for masked and
unmasked emotionally toned stimuli: effects of trait anxiety, state
anxiety, and test order. Br J Psychol. 2010;101(2):325-343.

Jiang Y, Oathes D, Hush J, Darnall B, Charvat M, Mackey S, Etkin A.
Perturbed connectivity of the amygdala and its subregions with the
central executive and default mode networks in chronic pain. Pain.
2016;157(9):1970-1978.

Baliki MN, Mansour AR, Baria AT, Apkarian AV. Functional reorganiza-
tion of the default mode network across chronic pain conditions. PLoS
One. 2014;9(9):e106133.

Hashmi JA, Baliki MN, Huang L, et al. Shape shifting pain: chroni-
fication of back pain shifts brain representation from nociceptive to
emotional circuits. Brain. 2013;136(9):2751-2768.

King CD, Sibille KT, Goodin BR, et al. Experimental pain sensitiv-
ity differs as a function of clinical pain severity in symptomatic knee
osteoarthritis. Osteoarthritis Cartilage. 2013;21(9):1243-1252.

Price DD, McGrath PA, Rafii A, Buckingham B. The validation of visual
analogue scales as ratio scale measures for chronic and experimental
pain. Pain. 1983;17:45-56.

Vachon-Presseau E, Martel MO, Roy M, et al. Acute stress contributes
to individual differences in pain and pain-related brain activity in healthy
and chronic pain patients. J Neurosci. 2013;33(16):6826—-6833.
Kjogx H, Kasch H, Zachariae R, Svensson P, Jensen TS, Vase L. Experi-
mental manipulations of pain catastrophizing influence pain levels in
patients with chronic pain and healthy volunteers. Pain. 2016;157(6):
1287-1296.

Mischel W. The interaction of person and situation. In: Magnusson D,
Endler NS, editors. Personality at the Crossroads: Current Issues in
Interactional Psychology. Hillsdale, NJ: Erlbaum; 1977:333-352.
Lissek S, Pine DS, Grillon C. The strong situation: a potential impedi-
ment to studying the psychobiology and pharmacology of anxiety
disorders. Biol Psychol. 2006;72(3):265-270.

Boston A, Sharpe L. The role of threat-expectancy in acute pain: effects
on attentional bias, coping strategy effectiveness and response to pain.
Pain. 2005;119(1):168-175.

Van Damme S, Crombez G, Wever KN, Goubert L. Is distraction less
effective when pain is threatening? An experimental investigation with
the cold pressor task. Eur J Pain. 2008;12(1):60-67.

Grillon C, Baas JP, Lissek S, Smith K, Milstein J. Anxious responses to pre-
dictable and unpredictable aversive events. Behav Neurosci. 2004;118(5):
916-924.

Grillon C. Models and mechanisms of anxiety: evidence from startle
studies. Psychopharmacology. 2008;199(3):421-437.

Journal of Pain Research 2017:10

submit your manuscript

1799

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Journal of Pain Research downloaded from https://www.dovepress.com/ by 141.13.150.164 on 08-Mar-2021
For personal use only.

Horn-Hofmann et al

Dove

Journal of Pain Research

Publish your work in this journal

The Journal of Pain Research is an international, peer reviewed, open
access, online journal that welcomes laboratory and clinical findings
in the fields of pain research and the prevention and management
of pain. Original research, reviews, symposium reports, hypoth-
esis formation and commentaries are all considered for publication.

Submit your manuscript here: https://www.dovepress.com/journal-of-pain-research-journal

Dove

The manuscript management system is completely online and includes
a very quick and fair peer-review system, which is all easy to use. Visit
http://www.dovepress.com/testimonials.php to read real quotes from
published authors.

1800 submit your manuscript

Dove

Journal of Pain Research 2017:10


www.dovepress.com
www.dovepress.com
www.dovepress.com

	Publication Info 4: 
	Nimber of times reviewed 4: 


