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Abstract
Background Although pain-related avoidance is mainly 
intended to reduce the accompanying anticipatory fear, 
avoidance behavior may paradoxically increase fear 
when a previous avoidance response is no longer avail-
able, suggesting that there is a bidirectional relationship 
between pain-related fear and avoidance.
Purpose We hypothesized that avoidance can serve as a 
source of information that fuels irrational pain-related 
threat appraisals, which, in turn, increases pain-related 
fear.
Methods Participants (N = 66) were exposed to a painful 
heat stimulus and randomly assigned to the avoidance or 
control group. They were instructed to avoid the full heat 
intensity by pressing a stop button in the presence of a 
stop cue. Only avoidance group participants received a 
stop cue and were allowed to press the stop button, while 
control group participants received the same instructions 
but never had the opportunity to avoid the full heat in-
tensity. In reality and unknown to participants, the inten-
sity and duration of the heat stimulus was independent 
of the avoidance response. In the subsequent test phase, 
the avoidance response was unavailable for both groups. 
We measured pain-related fear, threat appraisals/harm-
fulness, and pain intensity.
Results In line with our expectations, pain-related fear 
levels were higher when the avoidance response was 
no longer available compared to those when the avoid-
ance response was available. Increased threat appraisals 

mediated the relationship between avoidance behavior 
and increased pain-related fear.
Conclusions The perceived opportunity to avoid increased 
pain-related fear through threat appraisals, suggesting a 
more complicated relationship between pain-related fear, 
threat appraisals, and avoidance behavior than the uni-
directional relationships proposed in the fear-avoidance 
model. Clinical implications are discussed.

Keywords:  Avoidance ∙ Pain-related fear ∙ Threat ap-
praisals ∙ Pain intensity

Introduction

How we experience pain can be influenced by beliefs, 
expectations, motivations, and emotions, as well as 
our own behavior [1]. The fear-avoidance model de-
scribes two pathways in response to pain initiated by 
an injury. If  a pain experience is interpreted as a sign 
of (impending) harm, pain-related fear may occur and 
associated avoidance behavior, which ultimately can lead 
to disability, disuse, and depression. On the contrary, 
the nonthreatening appraisal of pain will more likely 
lead to confrontation and speedy recovery [2–4]. A rela-
tively large body of evidence is in line with this model’s 
assumptions, and a systematic review and meta-analysis 
concluded that, despite the low quality of the investiga-
tions, pain-related fear is associated with chronic muscu-
loskeletal pain and disability and is a precursor to chronic 
pain and disability [5]. In addition, several studies have 
demonstrated high levels of pain-related fear to result in 
avoidance behavior (e.g., [6–7]). However, less is known 
about how avoidance behavior affects fear and threat 
appraisals.

The bidirectional relationship between perceived 
threat and safety-seeking behaviors has been proposed 
to contribute to the persistence of anxiety disorders [8]. 
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Safety-seeking behaviors typically prevent the discon-
firmation of imminent threat [9]. More recent anxiety 
research revealed that engaging in avoidance behavior 
may bear threat-inducing properties [10, 11]. Van den 
Hout et  al. reported that highly anxious people infer 
higher threat when they avoid more [12]. Lovibond et al. 
showed that threat appraisals (such as the expectancy of 
an unconditioned stimulus; i.e., US expectancy) regulate 
fear and that avoidance aims to reduce the expectancy 
of a threatening outcome [9]. In that sense, individuals 
use their avoidance behavior to infer that the stimulus, 
which is avoided, might be harmful. For example, be-
cause an individual suffering from chronic low-back 
pain has been avoiding lifting a heavy object, (s)he might 
consider lifting that object as a harmful movement, al-
though this might not necessarily be the case. In line with 
this reasoning, preliminary evidence for the hypothesis 
that pain avoidance increases pain-related fear was pro-
vided in our previous study [13]. We reported increased 
pain-related fear levels for those avoiding a painful heat 
stimulus compared to those who did not have the oppor-
tunity to avoid that stimulus. In our experimental para-
digm, avoidance group participants were led to believe 
that they could avoid the full intensity of the painful 
heat stimulus by pressing the stop button, while control 
group participants believed that they were exposed to the 
maximum heat stimulus at all times. However, the dur-
ation and intensity of the heat stimulus were kept equal 
in both groups and did not change throughout the ex-
periment. Only for the avoidance group, the visual feed-
back about the rising temperature of the heat stimulus 
stopped before it reached its maximum upon instructed 
button press, creating the illusion of avoiding the max-
imal intensity of the painful heat stimulus.

The observation that fear increased after ex-
erting avoidance behavior provides evidence for the 
bidirectionality hypothesis. The current study aims to 
replicate our previous work [13], and extending this to 
provide more insight into the underlying mechanisms of 
the bidirectional relationship between pain-related fear 
and avoidance. Compared to the earlier study, we include 
more measurement times for assessing fear, pain inten-
sity, and threat appraisal to follow the temporal dynamics 
and to investigate the mediating role of threat appraisal 
in the avoidance–fear relationship. We hypothesized the 
following: (a) the prior possibility to avoid the painful 
heat stimulus increases pain-related fear (self-reports 
and eyeblink startle response) of subsequent pain stimuli 
when the option to avoid is not available anymore; (b) 
the perceived avoidance attenuates pain reports despite 
exposure to identical physical stimulus intensity; and (c) 
the change in threat appraisal of pain mediates the re-
lationship between avoidance behavior and subsequent 
increase of pain-related fear.

Methods

Participants

A total of 66 healthy, pain-free volunteers participated in 
the study (50 females; mean ± standard deviation (SD; 
range) age  =  22.24  ± 4.75 (18–41) years). Participants 
were recruited at KU Leuven using social media and 
distribution of flyers around the campus. Psychology 
students received course credits for participation; other 
participants received a monetary compensation of €8. 
Participants were excluded if  they reported to suffer 
from any cardiovascular disease, chronic pain condition, 
pain at the nondominant forearm, psychiatric disorder 
(current or in the past), neurological condition, or to be 
pregnant. The Social and Societal Ethics Committee of 
KU Leuven approved the experimental protocol (Reg 
#: G-2017-10-960). All participants provided written in-
formed consent, which stated that they were allowed to 
decline participation at any time during the experiment 
without any consequences. Participants were randomly 
assigned, via block randomization, to one of two experi-
mental groups: the avoidance group (n = 33, 29 females) 
or the control group (n = 33, 21 females).

Apparatus

Phasic painful heat stimuli were generated by a Peltier 
element-based computer-controlled thermal stimula-
tion device (Medoc, TSA, RAMA Yishau, Israel) and 
delivered through a thermode surface of 30 × 30 mm2 
attached to the nondominant medial forearm. Acoustic 
startle probes (white noise delivered at 102 dBA with in-
stantaneous rise time of 50 ms) were presented binaurally 
using headphones (Hoher, Stereo headphones, HF92) 
to elicit the eyeblink startle responses to measure pain-
related fear [14].

Study Protocol

We used a between-subject design with an avoidance 
group that was presented with the perceived opportunity 
to avoid and a control group that never received the op-
portunity to avoid. The protocol is almost identical to 
the one reported in our previous study [13], apart from 
the following methodological improvements: (a) pain-
related fear and threat levels are now measured at trial 
level; (b) although the control group is never given the 
opportunity to avoid (i.e., they are never presented with 
the stop cue), instructions to avoid the maximal painful 
heat stimulus are given to both groups and not just to 
the avoidance group. The experiment was conducted 
during one single 60-min session and consisted of the 
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following phases: preparation and calibration, habitu-
ation, experiential, full intensity, intervention, and test. 
After the experiment, participants completed a number 
of questionnaires (see 2.4 Questionnaires). This study 
was preregistered at Open Science Framework (https://
osf.io/dwt9y).

Experimental task

Participants observed a red vertical bar filling up on a 
computer screen during each heat stimulus presenta-
tion, providing visual feedback about the progress of 
the rising temperature of the heat stimulus. The vertical 
bar depicted the labels “baseline” at the bottom of the 
bar and “maximum” at the top of the bar (for an over-
view of the experimental design and trial structure, see 
Fig. 1). While the temperature was rising, the bar grad-
ually filled up.
Preparation and calibration phase.   Participants re-
ceived oral and written information about the experi-
ment. They were informed that they would be exposed 
to painful heat stimuli but that the stimulus intensity 
would be individually determined during the calibra-
tion phase. After signing the informed consent, we 
attached the thermode to the nondominant medial 
forearm. Next, during the calibration phase, the heat 

stimulus intensity was set at individual pain threshold 
(PTH) and 1° degree above the pain threshold, which 
was the maximum intensity (PTH + 1°C; see our 
previous study for a detailed description of  the heat 
stimulus calibration procedure [13]). Once the indi-
vidual intensity was determined, the presentation of 
each heat stimulus throughout the experiment was as 
follows: the heat stimulus always started at a baseline 
temperature of  10°C below the maximum intensity and 
ramped up with a rate of  0.5°C/s to the individually 
determined maximum temperature (PTH + 1°C) and 
remained at that temperature level for 5 s.
Habituation phase.  This phase is included to establish a 
reliable baseline level of startle responding. Participants 
were instructed that they would be presented with 
“short, loud noises” throughout the experiment. Next, 
10 auditory startle probes were presented with a vari-
able intertrial interval of 10–15 s. No painful heat stimuli 
were given during this phase.
Experiential phase.   This phase is included for partici-
pants to learn that the visual feedback on the screen 
actually corresponds to the experienced temperature 
on the arm. All participants received two trials, during 
which the heat stimulus reached the maximum PTH + 
1°C temperature and the visual feedback displayed that 
the maximum temperature was reached (bar colored red 

Fig. 1. Overview of the experimental design and exemplary trial structure. PTH + 1°C = maximum temperature; ITI = intertrial interval; 
calibration = determine individual pain threshold level; habituation = presentation of 10 startle probes.
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until label “maximum”). Next, two trials followed where 
the heat intensity reached the PTH temperature and the 
visual feedback stopped before it reached its maximum.
Full-intensity phase. All participants received three trials, 
during which the heat stimulus and visual feedback con-
currently stopped at maximum heat pain intensity (PTH 
+ 1°C) and, thus, the visual feedback bar filled up until 
the maximum.
Intervention phase.  Both groups received the following 
instructions: “As soon as you see the stop-cue on the 
screen, press the stop-button immediately to stop the 
heat stimulation.” The stop cue was a stop sign presented 
next to the visual feedback bar on the screen. The stop 
cue always appeared at the same time, very close to the 
end of the stimulation during the intervention phase for 
the avoidance group. However, participants in the con-
trol group never saw the stop cue during the interven-
tion phase and, thus, were never allowed to perform the 
avoidance response. As a result, they received three trials 
during which the visual feedback again stopped at its 
maximum (PTH + 1°C). In contrast, avoidance group 
participants received the stop cue during the intervention 
phase trials. Upon emitting the avoidance response (i.e., 
pressing the stop button), the visual feedback stopped 
before it reached its maximum. In reality, however, un-
known to the participants in the avoidance group, the 
bar filled up at a slower pace, as a result of which the par-
ticipants received the maximum intensity heat stimulus 
(PTH + 1°C) similar to the control group.
Test phase. Both groups received the following instruc-
tion: “The stop-cue will no longer be presented, you 
cannot stop the stimulation anymore.” Next, they re-
ceived three full-intensity heat stimuli in which the visual 
feedback bar also reached its maximum.

Questionnaires

For descriptive purposes, participants completed several 
questionnaires upon completion of the experiment. We 
measured trait anxiety with the trait version of the State-
Trait Anxiety Inventory (STAI-T) [15]; fear of pain with 
the Dutch version of the Fear of Pain Questionnaire 
(FPQ-III NL) [16], and positive and negative affect with 
the Positive Affectivity and Negative Affectivity Scale 
(PANAS) [17].

Manipulation Check

At the end of the experiment, two single items on an an-
chored scale from 0 to 100 assessed the perceived control 
over the painful heat stimulus (“When it was possible, 
to what extent did you feel you could influence the dur-
ation and thus also the intensity of the heat stimulus?”) 
and the credibility of the visual feedback on the screen, 

respectively (“To what extent was the visual feedback 
on the screen accurate about the stimulus intensity?”). 
These questions served as manipulation checks.

Outcome Measures

Self-reports

On a trial-by-trial basis, participants rated pain-related 
fear, the perceived harmfulness of the stimulus (threat 
appraisal), and pain intensity before and after each heat 
stimulation (i.e., prospective/retrospective fear and per-
ceived harmfulness ratings; expected/experienced pain 
intensity ratings) on a scale from 0 to 100, with the fol-
lowing questions: (a) “How afraid are/were you of the 
heat stimulus?”; (b) “How harmful will the heat stimulus 
be/ was the heat stimulus?”; (c) “How painful will the 
heat stimulus be/was the heat stimulus?”

Startle eyeblink modulation

In addition to the self-reports, a psychophysiological 
correlate of fear (i.e., the eyeblink startle response) was 
measured (for an overview of psychophysiological cor-
relates of pain-related fear see [18]). The startle reflex, 
which is triggered by startle-evoking stimuli (in this case, 
an acoustic probe), is a cross-species, full-body reflex in-
volved in defensive response mobilization. The eyeblink 
response is one component of the startle response. In 
human fear conditioning research, eyeblink startle re-
sponses are generally measured by recording the surface 
electromyography (EMG) activity on the M. orbicularis 
oculi beneath the left eye. Electrodes were attached ac-
cording to the site specifications described by Blumenthal 
et al. [14]. The raw signal was amplified by a Coulbourn 
isolated bioamplifier with a bandpass filter (LabLinc 
v75-04). The recording bandwidth of the EMG signal 
was between 90 Hz and 1 kHz. The signal was rectified 
online and smoothed by a Coulbourn multifunction in-
tegrator (LabLinc v763-23A) with a time constant of 
20 ms. The EMG signal was digitized at 1,000 Hz from 
500 ms before the onset of the auditory startle probe until 
1,000 ms after probe onset. Throughout all the experi-
mental phases, startle probes were presented during each 
trial (trial duration: 26.5 s): two during the heat stimulus 
(an early probe, between 2 and 8 s, and a late probe to-
ward the end of the stimulation, between 18 and 24 s), 
and one startle probe was presented randomly during the 
intertrial interval (ITI: 30–35 s, between 10 and 20 s). We 
included the probe during ITI as a baseline comparison 
(participants should have learned that no painful stimu-
lations were given during ITI). Preprocessing occurred 
as follows: we calculated the peak amplitudes using 
a Matlab script. Every peak amplitude was defined as 
the maximum of the response curve within 21–175 ms 
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after probe onset and was scored by subtracting its base-
line score (averaged EMG level between 1 and 20  ms 
after probe onset). The raw scores were transformed to 
T-scores to account for interindividual differences in 
physiological reactivity. All startle waveforms were visu-
ally inspected for technical abnormalities and artifacts. 
All startle data were included during the analysis.

Data Analysis Strategy

First, descriptive statistics were computed to describe 
the sample and to test for group differences on the dif-
ferent psychological trait questionnaires. Second, to 
check whether our manipulation worked, independent 
samples t-tests were conducted to compare the per-
ceived control over the heat stimulus and the credibility 
ratings of the visual feedback on the screen between the 
avoidance and control group. Third, to test the first hy-
pothesis that prior possibility to avoid the painful heat 
stimulus increases pain-related fear of subsequent pain 
stimuli when the option to avoid is not available any-
more, we conducted 2 Group (avoidance and control) 
× 9 Trial (T1–T9) repeated-measures (RM) analyses of 
variance (ANOVAs) on prospective and retrospective 
pain-related fear ratings. Furthermore, we performed 
planned comparisons between the last trial of the full-
intensity phase and the first trial of the test phase. We 
expected larger effects of losing the opportunity to avoid 
on the prospective pain-related fear ratings than on the 
retrospective pain-related fear ratings. We assume the 
ratings to be updated after participants experienced the 
heat stimulus. In other words, participants feel less afraid 
after they experienced the “maximum” heat stimulus 
again during test. Additionally, we performed a 2 Group 
(avoidance and control) × 2 Probe (during stimulation 
and ITI) × 9 Trial (T1–T9) RM ANOVA on the startle 
data. We carried out planned comparisons between the 
last trial of the full-intensity phase and the first trial of 
the test phase. In addition, because responses to a single 
probe are not always reliable, we performed a 2 Group 
(avoidance and control) × 2 Probe (during stimulation 
and ITI) × 3 Phase (full intensity, intervention, and test) 
RM ANOVA on the startle data to confirm whether 
similar results emerged as observed in the trial-level ana-
lysis. See Supplementary Material for analysis.

Fourth, to test our second hypothesis that perceived 
avoidance attenuates pain reports despite exposure to 
identical physical stimulus intensity, we performed a 2 
Group (avoidance and control) × 9 Trial (T1–T9) RM 
ANOVA on expected and experienced pain intensity 
ratings. Planned comparisons were performed on the 
pain ratings for the last trial of the full-intensity phase 
versus the last trial of the intervention phase, as well as 
for the last trial of the intervention phase versus the first 
trial of the test phase.

For each significant RM ANOVA effect, ƞg2 is re-
ported as the recommended effect size statistic for 
RM designs [19]. In case of violation of sphericity, 
Greenhouse–Geisser corrections were applied. All stat-
istical tests are considered significant at p < .05. Holm–
Bonferroni corrections were applied to correct for 
multiple comparison testing.

Finally, to test our third hypothesis whether threat ap-
praisal (as measured by harmfulness of the painful heat 
stimulus) mediates the effect of avoidance on pain-related 
fear, ordinary least-squares path analysis was employed 
to estimate coefficients in the model [20, 21]. This model 
was tested using regression (to calculate statistics for spe-
cific paths) and bootstrapping (to generate a confidence 
interval [CI] for the mediation effect/indirect effect). The 
bootstrapping method is considered the most powerful, 
most effective method in small samples, and the least vul-
nerable to Type I errors. In addition, bootstrapping is a 
nonparametric resampling procedure, which does not as-
sume normal distributions for any variable. We resampled 
the data 10,000 times. More specifically, we expected that 
the threat appraisal (measured as the prospective harmful-
ness of the painful stimulus) increases from the last trial 
of the intervention phase (Trial 6) to the first trial of test 
phase (Trial 7) for participants of the avoidance group and 
that this increase in prospective threat appraisal mediates 
the increase in prospective pain-related fear. To test the 
mediation, we performed the following steps: we calcu-
lated the increase in perceived harmfulness and in pain-
related fear by subtracting the first trial of the test phase 
by the last trial of the intervention phase, which gave us 
the variables of interest: Δthreat and Δfear. With these 
two variables, we performed the mediation analysis as de-
scribed above. Δthreat may be considered a mediator to 
the extent to which it carries an influence of group allo-
cation (avoidance/control group; independent variable) to 
the Δfear (dependent variable). Hence, mediation can be 
said to occur when there is a significant indirect effect. The 
test on the indirect effect is based on bootstrap 95% CIs. 
If 95% CI of the indirect effect does not contain zero, we 
would say mediation has occurred.

Results

Descriptive Statistics

Groups did not differ on self-reported pain intensity or 
temperature (PTH and PTH + 1°C) of the stimulation 
during calibration (on a scale from 0 to 100), indicating 
that the heat stimuli were perceived similar across groups 
at the onset of the experiment. There were no significant 
differences in trait anxiety (STAI-T), fear of pain (FPQ-
III-NL), and positive and negative affect (PANAS) be-
tween groups. Please see Table 1 for an overview. 
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Manipulation Checks

The avoidance group indicated that they felt more in con-
trol over the intensity of the heat stimulus compared to 
the control group (Avoidance: M  = 50.88, SD = 23.60; 
Control: M = 20.09, SD = 23.67; t(64) = 6.95, p < .001). 
Groups did not differ in how credible they found the 
visual feedback (Avoidance M  =  67.58, SD  =  16.45; 
Control: M = 68.53, SD = 16.29; t(64) = −0.23, p = .82).

Hypothesis 1: Pain-Related Fear Increases When the 
Opportunity to Avoid is No Longer Available

Self-reported pain-related fear

Figure 2 displays the mean pain-related fear ratings per 
group measured before (prospective fear; panel a) and 
after (retrospective fear; panel b) each trial.
Prospective pain-related fear.   The RM ANOVA on the 
prospective pain-related fear ratings revealed a main 
effect of trial, indicating that the fear ratings changed 
throughout the experiment, F(3.75, 239.78) = 15.47, p < 
.001, ηg2 = .04. There was no significant main effect of 
Group, F(1, 64) = 0.61, p = .44. Furthermore, the Group 
× Trial interaction effect for prospective pain-related 
fear failed to reach significance, F(3.75, 239.78) = 1.74, 
p = .15. We tested the hypothesis that prior avoidance be-
havior would lead to increased pain-related fear for the 
avoidance group. The planned contrast compared the last 
trial of the full intensity phase (Trial 3) with the first trial 
where the avoidance response was no longer available 
(Trial 7). Consequently, the planned contrast evaluating 
the change in prospective fear reached significance for 
the avoidance group, t(512) = 4.32, p <.0001, and not for 
the control group, t(512) = 0.55, p = .58. Furthermore, 
we tested whether prospective pain-related fear increased 
as a result of the mere instruction of being able to avoid. 
We compared the last trial of the full intensity phase  

(Trial 3), with the first trial of the intervention phase 
(just after the instruction was given; Trial 4). The change 
in prospective pain-related fear was not significant nei-
ther for the avoidance group: t(512) = 0.99, p = .32, nor 
for the control group: t(512) = 0.88, p = .38.
Retrospective pain-related fear.  The RM ANOVA on the 
retrospective pain-related fear ratings revealed a main 
effect of trial, indicating that the retrospective pain-
related fear ratings changed throughout the experiment, 
F(3.96, 253.75) = 8.10, p < .0001, ηg2 = .02. There was 
no significant main effect of Group, F(1, 64)  =  0.91, 
p = .33. Furthermore, the Group × Trial interaction term 
was not significant, F(3.96, 253.75) = 0.68, p = .61. The 
planned contrast evaluating the change from the last trial 
of the full-intensity phase (Trial 3) with the first trial of 
the test phase (Trial 7) just failed to reach significance for 
the avoidance group, t(512) = 1.93, p = .054, and was not 
significant for the control group, t(512) = −0.29, p = .77.

In sum, prior avoidance behavior leads to a signifi-
cant increase in prospective pain-related fear ratings 
but failed to reach significance in the retrospective 
pain-related fear ratings (i.e., after participants experi-
enced the painful stimulus). We did not replicate the 
finding from our previous study that pain-related fear 
increased as a result of  the mere instruction of  being 
able to avoid [13].

Physiological measure of pain-related fear: startle 
eyeblink modulation

Figure 3 displays the mean fear-potentiated startle amp-
litudes for both groups separately for each trial. The RM 
ANOVA revealed a significant main effect of Group, F(1, 
64) = 4.33, p < .05, ƞg2 = .002. Also, a significant main 
effect of trial, F(8, 512) = 5.68, p < .0001, ƞg2 = .04, and 
Probe, F(1, 64) = 239.33, p < .0001, ƞg2 = .32, was ob-
served. Furthermore, the Probe × Trial interaction was 
significant F(8, 512) = 5.11, p < .0001, ƞg2 = .03. As a 

Table 1. Descriptive statistics and independent samples t-tests for the questionnaires scores for both the avoidance group (n = 33) and the 
control group (n = 33) separately

Total Avoidance group Control group  

N = 66 M (SD) M (SD) t(64) p

Temperature PTH (°C) 43.55 (2.74) 43.70 (2.72) 0.22 .82

Pain intensity PTH 57.21 (19.16) 56.03 (18.92) 0.25 .80

Pain intensity PTH+1 72.05 (16.19) 71.53 (16.03) 0.13 .89

STAI-T—total 37.61 (8.29) 40.15 (8.52) −1.23 .22

FPQ—total 75.33 (14.15) 77.00 (9.46) −0.56 .58

PANAS—positive 36.09 (4.53) 33.73 (5.60) 1.81 .08

PANAS—negative 19.85 (5.91) 21.27 (5.88) −0.98 .33

FPQ Fear of Pain Questionnaire; PANAS positive and negative affect; PTH pain threshold; PTH+1 1°C above pain threshold; SD 
standard deviation; STAI-T Trait version of the State-Trait Anxiety Inventory. 
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follow-up to the significant interaction effect, we exam-
ined the effect of Probe at each trial level, with a one-way 
ANOVA. All one-way ANOVAs at trial level were signifi-
cant. For an overview of the simple main effects, please 
see Supplementary Table S1. As expected, the startle 
amplitudes elicited during stimulation were higher than 
the startle amplitudes during ITI, suggesting that parti-
cipants were more fearfully aroused during heat stimu-
lation than in absence of the stimulation. The following 
interactions were not significant: Group × Trial inter-
action, F(8, 512) = 0.48, p = .87; Group × Probe inter-
action, F(1, 64) = 0.0005, p = .98; Group × Trial × Probe 
interaction, F(8, 512) = 0.97, p = .46. To test our hypoth-
esis that pain-related fear would increase after avoidance 

behavior, planned contrasts were performed evaluating 
the changes from the last trial of the full-intensity phase 
(Trial 3) to the first trial of the test phase (Trial 7). We 
found a significant increase in the startle amplitude for 
the avoidance group, t(1024) = 2.26, p =  .024, but not 
for the control group, t(1,024) = −1.17, p = .24. We also 
observed an increase in startle amplitude during stimu-
lation from the last trial of the full-intensity phase 
(Trial 3) to the first trial of the intervention phase (Trial 
4) for the avoidance group, t(1,024) = 3,38, p < .001, as 
well as for the control group, t(1,024) = 3.26, p < .001. 
The analysis of the mean startle amplitudes on phase 
level can be found in the Supplementary Material and 
Supplementary Fig. S1.

Fig. 2. Prospective (panel a) and retrospective (panel b) pain-related fear ratings with standard error bars for the avoidance group and 
the control group during the full intensity, intervention, and test phase. **p < .01.

Fig. 3 Mean startle amplitudes for the avoidance group and control group for all trials during stimulation (solid line) and during 
intertrial interval (ITI; dashed line). The raw scores from the startle measures were converted to Z-scores to account for interindividual 
differences. For better visualization of the data, the Z-scores were transformed to T-scores to avoid negative values on the Y-axis. *p < .05
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In sum, the mean startle amplitudes seem to cor-
roborate the self-reported increase in prospective 
pain-related fear after the avoidance response was no 
longer available (i.e., during the first trial of  the test 
phase). Furthermore, both groups show an increase in 
startle responses after the avoidance instructions were 
delivered.

Hypothesis 2: Perceived Avoidance Attenuates Pain 
Intensity Despite Exposure to Identical Physical 
Stimulus Intensity

Figure  4 displays the mean pain intensity ratings per 
group measured before (expected; panel a) and after (ex-
perienced; panel b) each trial.

Expected pain intensity 

Figure  4 (panel a) shows the expected pain intensity 
ratings for both groups. The RM ANOVA of expected 
pain intensity showed a significant main effect of trial 
only, F(4.65, 297.39) = 7.75, p < .0001, ƞg2 =  .02. The 
following effects were not significant: main effect of 
Group, F(1, 64)  =  0.22, p  =  .64; Group × Trial inter-
action, F(4.65, 297.39) = 0.47, p = .78. Avoidance group 
participants expected a lower pain intensity when they 
performed the avoidance response (intervention phase) 
compared to the beginning of the experiment where they 
could not perform an avoidance response (full-intensity 
phase): last trial of full intensity (Trial 3)  versus last 
trial intervention (Trial 6), t(512) = −1.95, p < .05. This 
was not the case for the control group, t(512) = −0.14, 
p  =  .89. Participants in the avoidance group expected 
higher pain intensity during the first trial where they 
could no longer use the avoidance response (test phase; 
Trial 7) compared to the last trial where the avoidance 
response was available (intervention phase; Trial 6), 
t(512) = 1.98, p < .05. This was not the case for the con-
trol group, t(512) = 1.05, p = .30.

Experienced pain intensity 

Figure 4 (panel b) graphically displays the means of ex-
perienced pain intensity ratings for both groups. The RM 
ANOVA reveals a significant main effect of trial, F(5.22, 
334.08) = 6.75, p < .0001, ƞg2 = .01, and just failed to 
show a significant Group × Trial interaction, F(5.22, 
334.08) = 1.99, p = .08, ƞg2 = .003. The main effect of 
group was not significant, F(1, 64) = 0.07, p = .80. The 
planned contrasts evaluating the change in experienced 
pain intensity during avoiding and not avoiding revealed 
similar results as the expected pain intensity. Experienced 
pain intensity significantly decreased for the avoidance 
group when the avoidance response was available: last 
trial of full intensity (Trial 3) versus last trial interven-
tion (Trial 6)  t(512)  =  −2.52, p < .05, and not for the 
control group, t(512) = −0.45, p = .66. Experienced pain 
intensity ratings significantly increased for the avoidance 
group when avoidance behavior was no longer available, 
t(512)  =  4.37, p < .001, but not for the control group 
t(512) = 1.20, p = .23. In sum, perceived avoidance be-
havior attenuates the expected and experienced pain in-
tensity of physically identical stimuli.

Hypothesis 3: The Threat Appraisal of Pain Mediates 
the Relationship Between Avoidance Behavior and 
Pain-Related Fear

The paths of the mediation model (see Fig. 5) were cal-
culated as follows: (a) the regression of avoidance (group 
allocation) on Δthreat, b = 5.38, t(64) = 2.56, p < .05; (b) 
the regression of Δthreat on Δfear, b = 0.41, t(63) = 2.71, 
p < .01; and finally (c) the regression of avoidance on 
Δfear, controlling for Δthreat, b  =  4.88, t(63)  =  1.84, 
p =  .07. Bootstrapping the indirect effect of the model 
gave the following results: indirect effect = 2.18, standard 
error = 0.87, 95% CI [0.67, 4.05]. Since the 95% CI of the 
indirect effect does not contain 0, we conclude that medi-
ation has occurred. In other words, an increase in threat 

Fig. 4. Expected (panel a) and experienced (panel b) pain intensity ratings with standard error bars for the avoidance group and the con-
trol group during the full intensity, intervention, and test phase.
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appraisal, measured as the perceived harmfulness of 
the painful stimulus, mediated the relationship between 
the perceived ability to avoid the full pain intensity and 
changes in pain-related fear. The threat appraisal ratings 
can be found in Supplementary Fig. S2.

Discussion

The current study was set up to further test the idea 
that perceived ability to avoid pain affects pain-related 
fear. According to modern fear-avoidance models, 
interpreting pain as threatening (a sign of serious harm) 
results in pain-related fear, may spur avoidance behavior, 
and typically maintains chronic pain disability. The ini-
tial model proposed a circular but unidirectional rela-
tionship between threat appraisal, pain-related fear, and 
avoidance behavior [7]. However, the unidirectionality 
of the fear–avoidance relationship has been challenged. 
Although avoidance of painful stimuli is aimed at redu-
cing the accompanying anticipatory fear and expected 
pain, previous research has shown that pain avoidance 
itself  can paradoxically increase pain-related fear. In our 
previous study [13], pain-related fear levels increased 
after avoiding a painful stimulus, suggesting that the re-
lationship between avoidance behavior and fear may be 
bidirectional. The current study aimed to replicate these 
findings and additionally investigate the mediating role 
of the threat appraisal of pain (i.e., perceived harmful-
ness) in the avoidance–fear relationship. Compared to 
the previous study, the current one is notable for the fol-
lowing methodological improvements: (a) pain-related 
fear and threat appraisals were measured at trial level in-
stead of phase level, enabling the aforementioned medi-
ation analysis; and (b) instructions to avoid the maximal 

painful heat stimulus when a stop cue is presented are 
given to both groups instead of to the avoidance group 
only. This gives us more certainty that the observed in-
crease in pain-related fear in the avoidance group is due 
to the engagement in avoidance behavior instead of the 
mere instruction that avoidance is possible.

Findings of the study were the following: we success-
fully replicated the findings (a) that the prior perceived 
ability to avoid the painful stimulus increases pain-
related fear; (b) that perceived avoidance attenuates pain 
reports despite exposure to identical stimulus intensity; 
and additionally found (c) that the threat appraisal of 
pain mediates the relationship between avoidance be-
havior and subsequent pain-related fear.

The prospective pain-related fear ratings and psycho-
physiological data from the eyeblink startle responses sup-
port our first hypothesis. Participants of the avoidance 
group were more afraid when they no longer could per-
form their avoidance response. These findings are in line 
with previous research, mainly conducted in the field of 
anxiety disorders [10–12, 22]. Avoidance behaviors are 
assumed to play a role in the development and mainten-
ance of excessive fear. Here, we experimentally show that 
perceived pain avoidance hinders the disconfirmation of 
pain-related fear and threat appraisals. In this way, mis-
attribution of safety to the avoidance behavior itself oc-
curred, which resulted in decreased pain-related fear 
scores. That is, pain-related fear was low for the avoidance 
group during the intervention phase. However, during 
the crucial test phase, when the avoidance behavior could 
not be emitted anymore, avoidance group participants re-
ported more pain-related fear, although the stimulus in-
tensity was identical throughout the experiment compared 
to the control group participants who never avoided.

Our results seem to support our hypothesis that avoid-
ance behavior increases the threat appraisal of a painful 
stimulus, which then serves as a source of information to 
further fuel pain-related fear. This model is supported by 
the idea of ex-consequentia reasoning [23]. The avoid-
ance behavior itself, rather than the painful stimulus, 
may have led participants to infer danger (e.g., “I avoid, 
thus there must be danger”). These observations are 
also in line with findings in the field of anxiety research, 
where avoidance can be seen as counterproductive and 
can paradoxically enhance or maintain anxiety/fear and 
self-reported negative experiences [24–28]. We suggest 
that people with persistent pain show a similar tendency 
to attribute the absence of danger (e.g., reinjury) to their 
avoidance behavior, consequently preventing opportun-
ities to disconfirm threat appraisals [8, 29, 30]. Also, 
as can be seen from the mediation analysis, perceived 
threat mediates the relationship between avoidance be-
havior and pain-related fear. These findings suggest an 
additional avoidance –> threat –> pain-related fear loop 
as an extension to the fear-avoidance model, which may 

Fig. 5. Panel (a) shows the relation between group allocation and 
Δfear (without mediation). Panel (b) shows Δthreat as mediator in 
the relation between group allocation and Δfear. All coefficients 
represent unstandardized regression coefficients. Solid lines repre-
sent significant predictions. Dashed lines represent nonsignificant 
predictions. Values in the brackets represents standard errors. 
Values of group allocation: 0 = control group, 1 = avoidance 
group. *p < .05, **p < .01.
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act as an additional drive propelling the development of 
fear-related avoidance and disability levels typical for 
chronic pain.

Although pain usually is considered an US in itself, it 
also serves as a cue signaling another US, which is the ac-
tual (re)injury or bodily harm. In that context, avoiding 
painful stimuli (or pain increase) is to prevent the (re)
injury to occur. Although avoidance behavior is often 
described in its passive form, active forms of behavior 
do also exist, which often are called safety-seeking be-
haviors, such as deliberately acting in a certain way. In 
our study, avoidance group participants had the option 
to engage in active avoidance behavior (i.e., pressing a 
stop button) and were led to believe that, by doing so, 
they could avoid pain increase. This paradigm is in line 
with the fear-avoidance model, even though the avoid-
ance response in question is not refraining from activity 
(i.e., passive avoidance) but pressing a stop button (i.e., 
active avoidance or safety-seeking behavior).

Concerning our hypothesis that perceived avoid-
ance behavior attenuates pain intensity reports despite 
exposure to identical stimulus intensity, we found that 
the avoidance group participants, but not control group 
participants, indeed perceived less pain while engaging 
in avoidance behavior. We propose that the mechanism 
driving this hypoalgesia could be placebo-inducing ex-
pectancies. Specifically, in the experiential phase, par-
ticipants felt that the stimulus was less intense (i.e., 
stimulus intensity at the pain threshold level instead of 
1° above the pain threshold level) when the red bar did 
not reach its maximum. When participants performed 
the avoidance behavior, again the red bar did not reach 
its maximum, creating the (placebo) expectation that the 
stimulus intensity also would not reach its maximum [13, 
31]. In the control group, no such differences in pain in-
tensity were found.

In addition to these results, there are other remarkable 
observations. For the avoidance group, the reduction in 
pain intensity was not paralleled by reductions in pain-
related fear, and this may be due to a bottom effect as the 
levels of pain-related fear were already quite low. After 
the instruction to avoid, but prior to actually performing 
the avoidance response (i.e., pressing the stop button), 
the eyeblink startle responses increased for both groups. 
This observed increase in eyeblink startle responses 
might be a result of changes in attentional processing 
[32] due to the instruction that avoidance behavior would 
be available only upon presentation of the stop cue. For 
example, eyeblink startle responses may have been in-
fluenced by preparing to execute an avoidance response 
(motor preparation). Another potential explanation for 
the observed increase in the eyeblink startle response is 
that the instruction to avoid increases attention toward 
feared stimuli [33], which, in turn, may lead individuals 
to view themselves more at risk, leading to increased fear 

levels. As a result, eyeblink startle responses may not be 
well-suited measures of pain-related fear in this study. 
Additionally, in our previous study, we found an in-
crease in self-reported pain-related fear as a result of the 
mere instruction to avoid [13]. Although, in the current 
study, we did observe an increase in the eyeblink startle 
responses for both groups, just after the instruction to 
avoid at the start of the intervention phase, this was not 
reflected in the self-reported pain-related fear. At this 
stage, we do not have a plausible explanation for this ob-
servation. Furthermore, control participants who were 
given the same instructions, but never received the op-
portunity to avoid, displayed significantly lower startle 
responses during test compared to the start of the experi-
ment, indicating a decrease in fear of the heat stimulus 
(see Supplementary Material). This was not the case for 
the avoidance group.

Particular strengths of this study are not only the suc-
cessful replication of our previous findings [13], corrob-
orating the validity of the paradigm to investigate the 
effects of pain avoidance on fear and the underlying 
mechanisms, but also the mediation analysis confirming 
the mediating role of perceived harmfulness of pain in 
the relationship between avoidance behavior and fear. 
Another methodological strength of this study is the 
operationalization of the avoidance behavior, whereby 
we created the illusion that participants could avoid the 
maximum pain by pressing a stop button, although, in 
reality and unknown to the participants, the intensity 
and duration of the heat stimulus was independent of 
the avoidance response. However, there are also some 
limitations. First, although we mentioned this as one 
of the strengths of this study, at the same time, the way 
we operationalized the avoidance can also be seen as a 
limitation for interpretation of the results in view of the 
fear-avoidance model of chronic pain because simply 
pressing a stop button with no associated cost is not eco-
logically valid. For chronic pain patients, avoidance be-
havior typically comes with a cost of limitations in daily 
functioning and, usually, they have more to lose than to 
gain with their avoidance behavior. However, one could 
argue that, in real life, both low-cost (e.g., avoiding a 
simple movement) and high-cost responses (e.g., not 
participating in valued life activities) are observed in 
avoidance behaviors of chronic pain patients. We assume 
the underlying mechanisms of the effects of low- and 
high-cost responses on pain-related fear and threat to be 
similar. This study, in which we used a low-cost avoid-
ance response (pressing a stop button) showed effects of 
this low-cost response on the levels of pain-related fear 
and threat. Similarly, in real life, we can also observe 
low-cost avoidance behaviors of chronic pain patients, 
like carrying pills, just in case pain would increase. These 
low-cost avoidance behaviors in chronic pain patients 
could likewise increase pain-related fear and threat [34]. 
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Second, we chose to give the avoidance instructions to 
both groups, which might have created frustration in the 
control group as they expected the opportunity to avoid 
the maximal painful stimulation but never received the 
opportunity to do so. Unfortunately, we did not include 
a measure of frustration and cannot be sure whether 
and how this may have affected our primary outcomes. 
However, the results of the control group were similar 
to our previous study [13], where no avoidance instruc-
tions were given to the control group. Third, this study 
included pain-free participants. Therefore, one should 
be cautious in generalizing these findings to individ-
uals with persistent pain. Future studies need to validate 
these findings using clinical samples. Fourth, the re-
sults of this study are based on a very specific situation. 
Participants in the avoidance group believed that they 
avoided the maximal pain while the heat stimulus was 
slowly increasing in temperature. Future studies should 
consider different experimental pain paradigms to test 
generality across pain modality. Fifth, although we gave 
the instruction to press the stop button upon the pres-
entation of a cue to avoid receiving increased pain, we 
did not record these avoidance responses but, based on 
observation of the participants during the experiment, 
most of the participants followed the instruction and 
pressed the stop button. Finally, please note that, in 
general, the effect sizes were relatively small and the re-
sults were obtained in a heavily controlled environment. 
Therefore, some caution is warranted in the interpret-
ation of the results.

In conclusion, we corroborated the previous finding 
that avoidance behavior reduces pain but increases 
pain-related fear when the avoidance option is lost. 
Additionally, we experimentally demonstrated that the 
increase of pain-related fear after previous avoidance be-
havior is mediated by the threat appraisal of the painful 
stimulus. These findings suggest a more complicated and 
interdependent relationship between pain-related fear, 
avoidance behavior, and threat than the unidirectional 
relationships originally proposed in the fear-avoidance 
model. One of the issues according to the fear-avoidance 
model is the persistence of avoidance behavior, even if  
this behavior is no longer functional. Indeed, chronic 
pain patients often continue avoiding movements/activ-
ities because they are afraid that these movements amp-
lify their pain or have detrimental consequences. The 
results of our study indicate that when the avoidance 
response is no longer available, initially there is a sig-
nificant increase of pain-related fear, whereas repeated 
experience of the pain without the avoidance behavior 
significantly reduces pain-related fear. These data sup-
port the use of exposure therapy to reduce pain-related 
fear in chronic pain patients. As a result, allowing avoid-
ance behaviors in clinical therapy for chronic pain may 

preserve threat and impede fear reduction [35]. Tackling 
avoidance behavior to reduce fear seems as important as 
reducing fear to halt the process of chronicity in individ-
uals with chronic pain. This can be realized by response 
prevention during repeated exposure to the painful 
stimuli as was done in the control condition of the cur-
rent study or by introducing rewards for the decision to 
perform painful movements [36].

Finally, the current findings can potentially help to 
further our understanding of how avoidance can main-
tain pain problems and, therefore, we propose an updated 
fear-avoidance model with a bidirectional relationship 
between pain-related fear and avoidance behavior medi-
ated by threat appraisals of pain.

Supplementary Material

Supplementary material is available at Annals of Behavioral 
Medicine online.
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