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Chapter 1

General introduction



CHAPTER 1

Why is it that some people develop chronic pain after an injury, while others don’t? In
this general introduction, we first provide an overview of the evolution in the
conceptualisation of pain, moving from a traditional biomedical perspective towards
biopsychosocial approaches. Second, we focus on the fear-avoidance model of chronic
(musculoskeletal) pain (Lethem, Slade, Troup, & Bentley, 1983; Vlaeyen & Linton,
2000; 2012) and describe how the effects of avoidance behaviour, pain-related fear, and
threat appraisals/beliefs, may play a role in the development and maintenance of chronic
pain. Third, we take a closer look at current theories of avoidance learning, and the
relationship between fear and avoidance. Lastly, we discuss the research aims and the

project outline of this dissertation.

1.1 Pain — from biomedical towards biopsychosocial approaches

Ouch! An expression many of us have used when suddenly experiencing acute pain.
According to the early biomedical approach, tissue damage on the body periphery
activates specialized pain receptors to transfer this nociceptive input via the spinal cord
to the brain. Once the brain receives this signal, we feel pain. This theory on the
physiology of pain, inspired by the ideas of René Descartes in his book “L’Homme”
(1664), assumes a unidirectional, one-to-one relationship between tissue damage and
pain. According to this theory, the obvious intervention to alleviate the pain should be
the treatment of the underlying tissue damage. However, a number of clinical
observations, where pain persisted in the absence of tissue damage, could not be
explained by this mechanistic approach. This instigated the formulation of another
theory, considering biological, psychological, and social factors of which the latter two
had been neglected in the traditional biomedical approach (Gatchel, Peng, Peters, Fuchs,
& Turk, 2007).

According to the International Association for the Study of Pain, pain is “an
unpleasant sensory and emotional experience associated with actual or potential tissue
damage, or described in terms of such damage” (Merskey & Bogduk, 1994). This
definition of pain reflects the current understanding of pain where emotions are
considered an integral part of the painful experience. From this perspective, how we

experience pain can be influenced by beliefs, expectations, motivations, other emotions,
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GENERAL INTRODUCTION

as well as our own behaviour (Arntz & Claassens, 2004; Gatchel, Peng, Peter, Fuchs, &
Turk, 2007; Markfelder & Pauli, 2020; Staats, Hekmat, & Staats, 1996). Although
experiencing pain is usually unpleasant, it has a clear function for our survival, because
it signals potential harm or danger to the body and it promotes behaviours, such as
avoidance and escape, to protect ourselves against these dangers (Eccleston & Crombez,
1999; Morley & Eccleston, 2004; Williams, 2016). When one is confronted with acute
pain, trying to avoid subsequent exposure to the presumed nociceptive stimulus is an
adaptive strategy potentially preventing (further) injury. However, sometimes pain
becomes a false alarm, such as in the case of chronic pain, where there is often no
objectifiable injury and where pain is disconnected from its original function.

The Gate Control Theory (Melzack & Wall, 1965) was proposed as a new theory of
pain mechanisms, postulating that the brain is actively involved in the process of pain
perception, rather than only passively receiving information from the periphery.
According to this theory, the transmission of information about painful events was not a
simple one-way process, but consisted of multiple processes, including cognitions and
emotions. A key role is assigned to the spinal cord, where there is a gating system located
in the substantia gelatinosa in the dorsal horn of the spinal cord. This gating mechanism
controls ascending signals from the periphery and descending signals from the brain.
With the Gate Control Theory, the role of the brain became central in creating the pain
perception, and this significantly contributed to the idea that this theory “forced the
medical and biological sciences to accept the brain as an active system that filters,
selects, and modulates inputs” (Melzack, 1999, p. S123).

Another important milestone in the understanding of pain was a behaviour model
proposed by Fordyce in 1976, highlighting the role of learning processes in the
development of problematic pain behaviour. Fordyce drew attention to the importance
of observable behaviours (e.g. avoiding activity, expressing pain) in maintaining
disability. Fordyce, who was strongly inspired by operant conditioning principles,
suggested that pain behaviours are reinforced by repeated associations with specific
outcomes. For example, when avoiding lifting heavy objects, because of the fear to hurt
one’s back (overt pain behaviour), the probability of the reoccurrence of this instrumental

behaviour increases because of negative reinforcement (e.g. the absence of pain). Other
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CHAPTER 1

operant conditioning principles related to pain behaviours include positive reinforcement
(e.g. attention, help), the lack of positive reinforcement of healthy behaviours, and
positive (e.g. accusation of exaggeration) or negative (e.g. social exclusion) punishment.
Fordyce’s operant learning approach fostered considering direct consequences of various
pain behaviours in the treatment of pain disability (Fordyce & Steger, 1979; Fordyce,
1976; 1984; 1988). The theoretical basis provided by Fordyce’s operant learning
approach was followed by increased recognition of the role of cognitions and
information processing in the development of the pain problem (Morley, 2011; Turk &
Rudy, 1992). Further building on this cognitive approach, a widely used model is the
fear-avoidance model of (chronic) pain as put forward by Lethem et al. (1983) and
further elaborated by Vlaeyen and Linton (2000, 2012), which emphasizes the
importance of pain-related fear in the development and maintenance of chronic pain.
Given the importance of this model for this dissertation, we will discuss the fear-

avoidance model in detail in section 1.2.2.

1.2 Chronic pain

When does pain become chronic pain? Once pain is disconnected from its acute warning
function, and persists past normal healing time, pain is considered as chronic when it
lasts or recurs for more than 3 to 6 months (Merskey & Bogduk, 1994). In the next
section we will review the impact of chronic pain on the quality of life of individuals
who suffer from chronic pain. In addition, we will discuss the fear-avoidance model,

which describes the development and maintenance of chronic pain.

1.2.1 The burden of chronic pain

The impact of chronic pain on people’s daily activities and quality of life is not to be
underestimated. Several studies have shown that chronic pain affects at least 10% to 30%
of the adult population in Europe (Breivik, Collett, Ventafridda, Cohen, & Gallacher,
2006; Reid, Harker, Bala, Truyers, Kellen, Bekkering, & Kleijnen, 2011). Chronic pain
not only affects people’s daily activities and quality of life, but there are also influences

on the social and family environment of people suffering from chronic pain. For
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example, these people do not engage in social activities anymore, they can lose their
jobs, get depressed, and they run an increased risk of other somatic and psychological
illnesses (Breivik et al., 2006). As a result, there is a significant burden associated with
chronic pain, not only related to the costs of the health care system, but also from the
loss of productivity and from disability related payments to sufferers from chronic pain
(Reid et al., 2011). According to Breivik, Eisenberg and O’Brien (2013), national
healthcare and socioeconomic costs of conditions associated with chronic pain represent
3-10% of the gross domestic product in Europe. A recent study by Dieleman and
colleagues (2020) revealed that in the USA in 2016 chronic low back and neck pain had
the highest amount of health care spending with an estimated $134.5 billion in spending.
Other musculoskeletal disorders accounted for the second highest cost to the health care
system (estimated at $129.8 billion). Despite the high level of spending in the treatment
of pain, the results in terms of addressing the conditions associated with chronic pain are
still unsatisfactory. The focus is mainly on biomedical solutions to chronic pain (e.g.
prescription of opioids), and 40% of patients report to be dissatisfied with their care
(Gatchel, 2004; Gatchel et al., 2007).

There clearly is a need to better understand the development and maintenance of
chronic pain and to adopt a multidisciplinary approach to improve the patient’s condition
and circumstances through both pharmacological and non-pharmacological treatments.
Therefore, it will be necessary to develop research initiatives that will include
biopsychosocial perspectives to produce new insights into the mechanisms that modulate
pain, with an aim to develop effective health policies to prevent and manage chronic

pain, thereby increasing daily functioning in individuals suffering from chronic pain.

1.2.2 The fear-avoidance model of chronic pain

The fear-avoidance model introduced by Lethem, Slade, Troup and Bentley (1983), and
further elaborated by Vlaeyen and Linton (2000; 2012, see Figure 1.1), describes two
pathways in response to pain initiated by an injury. If an individual appraises the pain as
non-threatening, the individual will confront the pain and deal with it in an adaptive

manner that allows the individual to proceed toward recovery.
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If the individual appraises the pain as threatening, it may be dealt with in a maladaptive
manner, resulting in a vicious cycle of pain-related fear and avoidance behaviour, which

ultimately leads to disability, disuse, and depression.

Injury
Disuse
Depression
Disability Recovery
Avoidance
T Pain Experience Confrontation
Pain-related fear
Pain Catastrophizing No Fear
T High threat  Low threat
value value

Negative Affectivity
Threatening lliness Information

Figure 1.1. Fear-avoidance model of chronic pain (Vlaeyen & Linton, 2000; 2012).

1.2.3 Pain-related fear and avoidance behaviour

Fear and avoidance behaviour have been proposed to account for chronic pain and are
the key components of the fear-avoidance model. Pain-related fear is defined as a
“general term to describe different forms of fear with respect to pain” (Helsen, Leeuw,
& Vlaeyen, 2013, p.1267). The different forms of fear may include e.g. fear of pain itself,
fear of (re)injury, fear of physical activities. The importance of pain-related fear in the
development and maintenance of chronic pain has been extensively demonstrated. Pain-
related fear has shown to affect attentional processing of pain, and lead to decreased
physical activity, functional disability, and distress (Eccleston & Crombez, 1999; Leeuw,
Goossens, Linton, Borsma, & Vlaeyen, 2007; McCracken, Zayfert, & Gross, 1992; van
den Hout, Vlaeyen, Houben, Soeters, & Peters, 2001).
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GENERAL INTRODUCTION

Avoidance refers to actions aimed at postponing or preventing an aversive situation (in
this case pain) from occurring (Pierce & Cheney, 2008). Avoidance is adaptive when
there is a real threat, but when the avoidance response of perceived threats is out of
proportion of the actual threat, then the costs of avoiding (e.g. missing out on
opportunities) exceed the benefits (Barlow, 2002; Pittig, Treanor, LeBeau, & Craske,
2018). In the case of chronic pain, where pain is typically no longer a sign of actual
danger, avoidance behaviour is no longer adaptive and may initiate a pathway towards
functional disability (Zale, Lange, Fields, & Ditre, 2013). Furthermore, avoidance
behaviours may lead to the misattribution of safety to the avoidance behaviour itself,
which prevents disconfirmation of threat beliefs (Lovibond, 2009; Meulders, Van Daele,
Volders, & Vlaeyen, 2016; Salkovskis, 1991; Volders, Meulders, De Peuter, Vervliet, &
Vlaeyen, 2012).

1.3 The role of associative learning in pain-related fear and avoidance

As is the case in other manifestations of fear, pain-related fear and avoidance are
acquired through associative learning (den Hollander, De Jong, Volders, Goossens,
Smeets, & Vlaeyen, 2010; Lethem et al., 1983; Philips, 1987; Vlaeyen & Linton, 2000).
There are two forms of learning (or conditioning): (1) classical (or Pavlovian)
conditioning, and (2) instrumental (or operant) conditioning. We will briefly discuss
these two learning principles against the background of chronic pain in the paragraphs
below. Lastly, we will review various theoretical models related to the role of learning

in the acquisition of avoidance.
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1.3.1 Classical conditioning

In a typical classical pain-related fear conditioning procedure, a neutral conditioned
stimulus (CS, e.g. a movement) is paired with a biologically relevant unconditioned
stimulus (US, e.g. a painful electrocutaneous stimulus) that elicits an unconditioned
response (UR, e.g. pain-related fear). Through repeated paired CS-US presentations, an
individual learns to predict the occurrence of the US in the presence of the CS. Learning
has taken place once the (originally) neutral CS receives motivational properties and
comes to elicit conditioned responses (CRs) (see Figure 1.2; Stimulus-Stimulus (S-S)
learning). For instance, if pain (US) is present during a certain movement (CS), a person
will become more afraid to make the movement. The fear of the movement indicates that
the movement has acquired a new meaning, i.e. the movement is now associated with
pain, and hence motivates protective behaviour. It is important to note that the
conditioned responses (CRs) are often highly adaptive behaviours to the US (Dayan,
Niv, Seymour, & Daw, 2006). In the example above, it is adaptive to be afraid of pain,

as it usually signals harm to the body.

Before conditioning:

Pain Fear
(unconditioned stimulus: US) (unconditioned response; UR)
Movement No response
(conditioned stimulus: CS)
.

During conditioning:

Pain Fear
(unconditioned stimulus; US) (unconditioned response; UR)

| I
| | (repeated) pairing
|

[ Movement ’

(conditioned stimulus: CS)

After conditioning:
. 'Movenllent Fear
(conditioned stimulus: CS) (conditioned response: CR)

Figure 1.2. Stages of classical conditioning
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1.3.2 Instrumental conditioning

Instrumental conditioning of pain behaviour occurs when the probability of the emittance
of an individual’s action (instrumental response, R, e.g. pain-related avoidance
behaviour) has increased as a result of its meaningful consequences (outcome O, e.g. less
pain). The outcome is referred to as a reinforcer when the outcome causes an increase in
responding, and a punisher when the outcome involves a decrease in responding. The
relation between response and outcome can be described as a R-O association. However,
there is more to instrumental conditioning than the R-O association. According to
Thorndike (1911), the contextual stimulus (S) in the presence of the instrumental
response (R) establishes an association between the response R and the contextual

stimulus S and not between response and outcome (see Figure 1.3).

Contextual Response Reinforcing
stimulus outcome
S R o

S-R association

Figure 1.3. S-R associations in instrumental learning

The S-R association is the only thing learned and the outcome (O) is a catalyst for the
learning of the S-R association. Other associations can be formed as well in instrumental
conditioning; an outcome can be paired with the contextual stimulus (S-O association,
Figure 1.4) or a three-term contingency where the outcome is followed by the occurrence
of the response (R-O) and that the R-O contingency is only established in the presence
of contextual stimulus (S(R-O) association, Figure 1.5). Applied to pain conditions,

instrumental conditioning allows a person to control the painful events.

Contextual Response Reinforcing Contextual Response Reinforcing

stimulus outcome stimulus outcome

S R (0] S R (0]

|

1 J \ l
S-O association S(R-0) association
Figure 1.4. S-O associations Figure 1.5. S(R-O) associations

in instrumental learning in instrumental learning
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1.3.3 Two-factor theory of Mowrer

Avoidance behaviour is a form of instrumental conditioning in which the response (i.e.
avoiding) prevents an aversive outcome (e.g. pain). Most theories propose that the
acquisition of avoidance is established by both classical and instrumental conditioning.
The two-factor fear-avoidance theory of Mowrer (1951) was one of the first models on
avoidance learning, and assumes a dynamic relationship between Pavlovian or classical
acquisition of fear and instrumental avoidance behaviour. According to Mowrer,
conditioned fear (first factor) is required for avoidance (second factor) to occur, as
avoidance behaviour is a response to fear, rather than a response to pain. The two-factor
fear-avoidance theory states that avoidance should lead to extinction of fear, which in
turn should result in extinction of avoidance behaviour.

Mowrer’s theory has also been used as a basis for clinical interventions (Eysenck &
Rachman, 1965) and the following example is an illustration of its application: in
exposure therapy, patients are repeatedly exposed to a fearful stimulus or situation in
order to reduce the fear, e.g. somebody with spider phobia will be confronted with a
living spider in a bowl and has to keep looking at the spider till the fear levels go down.
This suggestion for a patient to be continued to be exposed to the fearful stimulus until
the fear or anxiety has declined, is based on the two-factor theory, i.e. if the exposure to
the spider would be terminated while the fear or anxiety levels are still high, then the
fear reduction caused by taking the spider away could promote escape or avoidance next
time the individual would be exposed to a spider (Emmelkamp, 1982; Mathews, Gelder,
& Johnston, 1981).

However, the two-factor fear-avoidance model has been challenged by several
studies. For example, Solomon, Kamin and Wynne (1953) showed that avoidance
behaviour persists even when shocks are no longer delivered. Also, experimental data
have indicated that ending exposure to a fearful stimulus while fear levels were high or
low, resulted in similar clinical improvements (De Silva & Rachman, 1984; Rachman,
Craske, Tallman &, Solyom, 1986), suggesting that fear-reduction as proposed by the
two-factor model is not necessarily the only negative reinforcer of avoidance. These and
other findings that were difficult to explain by the two-stage fear avoidance theory

encouraged the development of other theories of avoidance.
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In the next three paragraphs we will discuss the cognitive theory of Seligman and
Johnston (1973), the integrated expectancy-based model of Lovibond (2006), and the
model of De Houwer and colleagues (2005) regarding avoidance as a negative occasion

setter.

1.3.4 The cognitive theory of Seligman and Johnston

In the cognitive theory of Seligman and Johnston (1973) the role of informational factors
on avoidance learning is explicitly addressed. This theory includes two main
components: an emotional component and a cognitive component. The emotional
component refers to classical (Pavlovian) conditioned fear responses. The cognitive
component refers to a decision making process, assessing the trade-off between the
expected costs of pain versus the expected costs of avoidance. According to Seligman
and Johnston, one of the main principles is that the avoidance response is driven by the
expectancies about response-outcome (R-O) contingencies and not by stimulus-response
(S-R) associations. As a result, individuals will develop two R-O expectancies during
avoidance learning: 1) no painful outcome will occur if an avoidance response is
performed; 2) a painful outcome will occur if an avoidance response is not performed.
In general, individuals would prefer not to experience a painful outcome and therefore
they will decide to perform an avoidance response.

Unlike Mowrer’s two-factor theory, where fear motivates avoidance responses and
thus it should be expected that avoidance would be extinguished once fear has
extinguished, the cognitive theory can explain that avoidance can be maintained despite
the potential reduction in fear. To use our earlier example of spider phobia, although the
levels of fear for the spider may have been reduced as a result of exposure to the spider,
the expectancy of the danger of the spider has not been disconfirmed and therefore

avoidance towards spiders can be preserved.
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1.3.5 The expectancy model of Lovibond

Lovibond’s expectancy model (2006) is an extension of the cognitive theory of Seligman
and Johnston (1973). In the expectancy model, like in the cognitive theory, avoidance
learning is governed by both classical (Pavlovian) and instrumental (operant)
conditioning processes. Also, in both models, during instrumental learning individuals
acquire knowledge about the effects of avoidance and non-avoidance (R-O associations;
whereby R is avoidance or non-avoidance and O is the outcome, e.g. non-painful/painful
outcome). An important deviation from the cognitive theory of Seligman and Johnston
(1973) is that according to the expectancy model, expectancies play a crucial role in both
instrumental as well as in classical (Pavlovian) conditioning and awareness of the CS-
(no)US contingency is crucial for classical (Pavlovian) conditioning. In addition, a
deviation from past theories is that the expectancy model assumes that all knowledge
during avoidance learning is acquired via propositions (Mitchell, De Houwer, &
Lovibond, 2009). This means that according to the expectancy model avoidance
behaviour can be acquired not only via direct experience (associative learning), but also
via e.g. instruction or observation, whereby higher order, rule-based processes play a
role.

With the introduction of the expectancy model, most experimental data regarding
avoidance behaviours can be accommodated. For example, the expectancy model can
explain how avoidance is acquired, how, despite extinction of fear, avoidance can be
maintained and why future avoidance will be reduced as a result of response prevention
during extinction. Also, especially because the expectancy model assumes expectancies
to play a crucial role in classical (Pavlovian) conditioning, it can better account for the
relation between fear and avoidance. For example, the question why does fear return
during response prevention, can be explained by the expectancy model: an individual
who cannot perform an avoidance response expects an aversive outcome and because of

this outcome expectancy, fear will be generated towards the aversive outcome.
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1.3.6 Avoidance as a negative occasion setter

In the avoidance learning model of De Houwer and colleagues, an avoidance response
serves as a signal that a CS is not going to be followed by an aversive event (De Houwer,
Crombez, & Baeyens, 2005). This is referred to as a “negative occasion setter” in
associative learning theory (Holland, 1992; Schmajuk & Holland, 1998). To illustrate
this with an example, we assume two potential movements to reach a target location.
Proprioceptive stimuli, such as movements, can actually serve as CSs as shown by
studies of Meulders and colleagues (e.g. Meulders, Vansteenwegen, & Vlaeyen, 2011),
evoking fear responses (Vlaeyen, 2015). In our example, one of the movements is always
followed by a punisher (e.g. pain), whereas the other movement (avoidance response) is
never followed by a punisher. Occasion setting can be seen as the capacity of, in this
case, an avoidance response to disambiguate the relation between reaching a target
location and an outcome. In negative occasion settings, the presence of the occasion
setter (the avoidance response) signals that reaching the target location will not be
followed by the punisher, whereas the absence of the occasion setter signals that reaching
the target will be punished.

The findings that avoidance responses may have negative occasion setting properties,
as proposed by De Houwer and colleagues, were replicated and extended in several of
their studies (Declercq & De Houwer, 2008), whereby they compared the properties of
avoidance behaviour to functional properties of negative occasion setters identified by
Holland (1992). Those properties are: a) trained modulation (i.e. conditioned responding
(e.g. fear) towards the target is stronger in the absence of the occasion setter (avoidance
response) than in the presence of the occasion setter); b) resistance to
counterconditioning (i.e. the presence of a contingency between the occasion setter and
the reinforcer does not have an effect on the degree to which the occasion setter
influences conditioned responding towards the target); c¢) selective transfer (i.e. the
observation that a negative occasion setter will also influence conditioned responding
towards other targets, but in a selective manner. It will more strongly influence
conditioned responding towards targets that were previously involved in occasion setting
training). However, more recent evidence argues against the negative occasion setting

account, as the property of selective transfer of modulation in avoidance learning does
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not provide (unique) support for the occasion setting account and the results of this more
recent research can be explained by the expectancy model of Lovibond (2006) (Declercq
& De Houwer, 2011).

14 Avoidance behaviour and fear — a bidirectional relationship?
Avoidance behaviours can be considered a sub-set of safety behaviours, which refer to a
range of actions intended to detect, avoid, escape or neutralise a feared outcome
(Salkovskis, 1991; Salkovskis, Clark, & Gelder, 1996; Wells, Clark, Salkovskis,
Ludgate, Hackmann, & Gelder, 1995; Deacon & Maack, 2008). In daily life contexts,
safety precautions are taken against feared outcomes. For example, people wear a helmet
when riding bikes to prevent serious head injury in case they would be involved in an
accident. Such safety behaviour is functional and can be seen as a rational response to a
perceived threat. However, they can also be non-functional, when evoked in the absence
of actual threat. Using our example from above, keeping your bike helmet on when going
into a restaurant can be considered non-functional, because chances of head injury, even
if you would fall during your visit to the restaurant, are rather low and probably not as
detrimental as when being involved in an accident whilst biking. Also, when the emitted
behaviour is not in line with the actual threat, cognitive dissonance may be induced.
Individuals may resolve this dissonance by adjusting their threat attribution to fit their
behaviour (Festinger, 1957; van Uijen, Leer, & Engelhard, 2018).

Safety behaviours are common in individuals with anxiety and are assumed to be
crucial in the maintenance of irrational fear. Because fear and anxiety are known to
contribute to the development and maintenance of chronic pain (Vlaeyen & Linton,
2000; 2012), we propose that pain avoidance in chronic pain has a similar status as safety
behaviours in anxiety disorders. Although safety/avoidance behaviours that actually
reduce threat are essential for survival and people’s well-being (Diener, 2012), excessive
and unnecessary avoidance is considered to be a hallmark in anxiety disorders (Clark,
1999; Salkovskis, 1991). Gangemi and colleagues (2012) suggested that safety
behaviours are not necessarily the result of threatening information, but that they
reversibly can be used as a source of information themselves, as evidence of the danger.

In this way, safety behaviours might lead to a misattribution of safety, preventing the
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disconfirmation of inaccurate threat beliefs (Salkovskis, 1991). For example, the results
from a study by van Uijen and Toffolo (2015) indicated that checking behaviour, which
is the most common safety behaviour in obsessive-compulsive disorder (OCD),
contributed directly to the exacerbation of OCD symptoms. Similar findings from other
studies show that health-related safety behaviours increased health anxiety and
hypochondriacal beliefs (Olatunji, Etzel, Tomarken, Ciesielski, & Deacon, 2011), and
safety behaviours related to cleaning exacerbated threat perception and contamination
anxiety (Deacon & Maack, 2008). In general, these studies showed that engaging in
safety behaviour increases anxiety and threat beliefs.

Avoidance is commonly viewed unidirectionally, as instigated by fear, and to result
in fear reduction (Maia, 2010; Mowrer, 1947). However, recent studies suggest that
engaging in avoidance behaviour may bear threat-inducing properties (Engelhard, van
Uijen, van Seters, & Velu, 2015; Gangemi et al., 2012; Pittig, Wong, Gliick, & Boschet,
2020). From the above examples from some recent studies in the area of anxiety
disorders, anxiety or threat beliefs do lead to safety behaviours (one direction) and in
turn, engaging in safety behaviours increases anxiety and threat beliefs (other direction),
thereby suggesting a bidirectional relationship. This would also be in line with self-
reinforcing “circularity” of the fear-avoidance model. As a result, we decided to
investigate if there is also a bidirectional relationship between pain-related fear and pain
avoidance behaviour. The results may be relevant to further our understanding of the

development and maintenance of chronic pain.

1.5 Research aims and project outline

The primary aim of the present PhD research project was to introduce a new line of
experimental work to further investigate the bidirectional relationship between pain-
related fear and avoidance behaviour, and, if necessary, to propose a modification of the
current fear-avoidance model based on the findings of the studies in the present project.
In a series of studies we have experimentally manipulated (the perception of) avoidance

behaviour and tested the effects on changes in fear and pain reports.
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In chapter 2 we describe our first experimental study aimed to test the effects of
avoidance of a painful heat stimulus on pain-related fear and pain outcomes
(intensity/unpleasantness) in healthy, pain-free participants. In this study we
hypothesized that engaging in avoidance may (paradoxically) increase rather than
decrease pain-related fear (i.e. bidirectionality hypothesis). Participants were randomly
assigned to the avoidance group or the control group. Avoidance group participants were
instructed to perform an avoidance response by pressing the stop-button upon
presentation of a cue to avoid full exposure to a painful heat stimulus, while control
group participants were not provided the opportunity to avoid the full painful heat
stimulus. However, in reality and unknown to the participants, the intensity and duration
of the heat stimulus occurred independently of the avoidance response, and was therefore
identical in both groups. This meant that the avoidance was perceived avoidance,
because the participants could not really avoid the maximum intensity of the painful
stimulus. During the test, the avoidance response (i.e. pressing the stop-button) was no
longer available. Self-reported pain-related fear, threat value of the heat stimulus, pain
intensity, and pain unpleasantness were assessed. In addition, during the experiment
eyeblink startle responses were collected as a physiological measure of pain-related fear.

Our second study, described in chapter 3, is a replication of the first study,
implementing methodological improvements and minor modifications to the design of
the paradigm to test the assumption that avoidance of a painful heat stimulus can be used
as a source of threat information, thereby affecting pain-related fear and pain. Also, this
second study aimed to provide more insight into the underlying mechanisms of the
bidirectional relationship between pain-related fear and avoidance. 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, and that the change in threat
appraisal of pain mediates the relationship between avoidance behaviour and subsequent
increase of pain-related fear. Healthy participants were again randomly assigned to the
avoidance or control group and were exposed to a painful heat stimulus. As a
methodological improvement relative to the first study, now both groups received the
instruction that they could avoid the full heat intensity by pressing a stop-button in the

presence of a stop-cue, unlike in the first study, where only the experimental group had
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received this instruction. Only avoidance group participants received a stop-cue and were
allowed to press the stop-button, while control group participants, although they had
received the same instructions, never had the opportunity to avoid the full heat intensity.
Again, the same measures as in our first study (chapter 2) were collected.

The third study, described in chapter 4, investigated the effects of ineffective
avoidance of an electrocutaneous painful stimulus on subsequent pain-related fear and
pain, and whether avoidance behaviour persists despite its ineffectiveness. Relative to
the previous two studies, described in chapters 2 and 3, where perceived avoidance was
operationalised by simply pressing a stop-button with no associated costs, here, to
actually avoid the painful stimuli, participants had to perform a more effortful
movement. By doing so, avoidance came with a cost, which is also the case in chronic
pain and is more ecologically valid than avoidance with no associated costs. More
specifically, we examined motor-behavioural characteristics of avoidance behaviours
during different movements using the HapticMaster, a 3-degrees of freedom, force-
controlled robotic arm. First, we hypothesized that pain-related fear increases when
previously effective avoidance behaviour becomes ineffective. Second, we hypothesized
that experimental group participants, who have acquired effective avoidance behaviour
during the acquisition phase, will emit more avoidance behaviour during the ineffective
avoidance compared to the control group. Healthy participants were block randomized
and assigned to the experimental group or the control group. Experimental group
participants acquired avoidance behaviour during a robotic arm-reaching avoidance task,
in which participants could choose to perform trajectory movements that were either
followed by a painful stimulus in 100% of the trials (movement T1), in 50% of the trials
(movement T2) or never followed by a painful stimulus (movement T3; a measure of
avoidance behaviour, i.e this movement T3 had the maximal deviation from the shortest
trajectory T1). When the target location was reached via movement T1, which had the
least lateral displacement, no force was exerted. When the target location was reached
via movements T2 and T3, respectively moderate and strong resistance were applied by
the HapticMaster. In a subsequent phase, participants from the experimental group could
no longer avoid the painful stimulus effectively, because now each movement (T1, T2,

T3) was followed by a painful stimulus 50% of the trials. Control group participants
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never had the opportunity to effectively avoid the painful stimulus. Self-reported pain-
related fear, pain expectancy, pain intensity and avoidance were assessed. We also
collected data on the proportions of the chosen movement trajectories and the pain
threshold and pain tolerance of the individual participants to explore the effects of
effective and ineffective avoidance behaviour.

Our fourth study, described in chapter 5, introduced an innovative aspect relative to
the study described in chapter 4, by investigating whether performing a movement to
avoid a painful stimulus in the context of a novel, ambiguous movement increases threat
and pain-related fear towards this novel movement, and whether avoidance behaviour
persists when given the choice between performing the acquired movement or an
alternative, novel movement to avoid a painful stimulus. We used a robotic arm-reaching
task, where healthy participants were block randomized and assigned to either the
experimental group or the control group. During the avoidance acquisition phase,
participants could choose between two movement trajectories to reach a target location
and they learn that the shortest movement trajectory (T1) was always followed by a
painful electrocutaneous stimulus, but they can prevent the painful stimulus by selecting
a longer movement trajectory (T3), that is never paired with pain. Next, in the avoidance
manipulation phase, we removed the option to perform the shortest trajectory and
introduced the option to perform a novel, intermediate trajectory (T2). Performance of
T2 was paired with pain only the first time a participant chose this movement trajectory.
From the second T2 movement onwards, no painful stimuli were given anymore, but this
information was unknown to the participants. The experimental group participants had
the free choice to select a novel, intermediate trajectory (T2), or the longest trajectory
(T3), whereas the control group participants were only allowed to perform the novel,
intermediate trajectory (T2). In a final free-choice test phase, participants of both groups
could choose any of the three trajectories (T1, T2, T3). Only movement trajectory T1
was always paired with a painful electrocutaneous stimulus, while T2 and T3 were never
paired with a painful electrocutaneous stimulus in this phase. Avoidance was
operationalised as the number of times T3 was chosen relative to the alternatives (T1,

T2). We collected pain expectancy and pain-related fear ratings for all movements.
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The four experimental studies of this present project are described in more detail in the
relevant chapters of this dissertation and the main findings of the studies, as well as some

suggestions for future research, are provided in chapter 6, the general discussion.
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CHAPTER 2

Abstract

Fear-avoidance models propose that pain-related fear may spur avoidance behaviour
leading to chronic pain disability. Pain-related fear elicits avoidance behaviour, which is
typically aimed at reducing fear. We hypothesized that engaging in avoidance may
(paradoxically) increase rather than decrease pain-related fear (i.e. bidirectionality
hypothesis). In a between-subject design, participants (N=64) were randomly assigned
to the avoidance group or the control group. Avoidance group participants were led to
believe they could avoid full exposure to a painful heat stimulus by pressing the stop-
button, while control group participants believed they were exposed to the full painful
heat stimulus at all times. In reality and unknown to the participants, the intensity and
duration of the heat stimulus was independent of the avoidance response, and was
identical in both groups. During the test, the avoidance response (i.e. pressing the stop-
button) was no longer available. As expected, pain-related fear levels were higher after
avoiding the painful heat stimulus. Interestingly, in the avoidance group, pain-related
fear increased after receiving instructions that avoidance would be possible, even before
actually engaging in avoidance behaviour. In the control group, no significant change
was observed in pain-related fear throughout the experiment. The eyeblink startle

measures did not corroborate this data pattern.

Perspective: these observations provide partial support for the bidirectionality hypothesis
between avoidance behaviour and fear. These findings may have clinical implications
and suggest that allowing avoidance behaviours during treatment may thwart fear

reduction.
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2.1 Introduction

It is commonly accepted that pain can occur in the absence of apparent tissue damage,
which is often the case in chronic pain (Loeser & Treede, 2008). Furthermore, beliefs
and expectations can influence the experience of pain (Arntz & Claassens, 2004). The
fear-avoidance model of chronic pain provides a cognitive-behavioural explanation on
how acute pain may turn into chronic pain, and how pain and disability may be
maintained (Vlaeyen & Linton, 2000; 2012). The model emphasizes how catastrophic
(mis)interpretation of pain elicits pain-related fear that in turn may spur avoidance
behaviour leading to chronic pain disability. Recently, it has been proposed that engaging
in pain avoidance may paradoxically increase pain-related fear, suggesting that the
relationship between avoidance behaviour and fear may be bidirectional (Volders,
Boddez, De Peuter, Meulders, & Vlaeyen, 2015).

Fear refers to an immediate alarm reaction to a present threatening stimulus (Barlow,
2000). In the Encyclopedia of Pain, pain-related fear is described as “a general term to
describe different forms of fear with respect to pain” (Helsen, Leeuw, & Vlaeyen, 2013).
Avoidance behaviour can be viewed as safety-seeking behaviour, which refers to a range
of actions intended to detect, avoid, escape or neutralise a feared outcome (Cuming,
Rapee, Kemp, Abbott, Peters, & Gaston, 2009; Deacon & Maack, 2008). Although
safety-seeking behaviours that actually reduce threat are essential for survival and
people’s well-being (Diener, 2012), studies have shown that anxious individuals often
conservatively employ these in the absence of objective danger (Clark, 1999; Salkovskis,
1991). In this way, the absence of expected danger may be erroneously misattributed to
the safety-seeking behaviour, which prevents the disconfirmation of dysfunctional threat
beliefs (Salkovskis, 1991). Anxious individuals might conclude that their own actions
(i.e. their safety-seeking behaviours) prevent feared outcomes, thereby leading them to
draw invalid conclusions about the situation, i.e. behaviour as information (Gangemi,
Mancini, & van den Hout, 2012). A recent study by Engelhard, van Uijen, van Seters
and Velu (2015) showed that safety-seeking behaviour directed towards a stimulus that

was never paired with an unpleasant outcome paradoxically increased threat expectations
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to that stimulus when it was subsequently presented in the absence of the safety-seeking
behaviour. These findings indeed indicate that safety-seeking behaviour itself may bear
threat-inducing properties.

The current study investigated the effect of avoidance behaviour on pain-related fear.
We designed a between-subject study in which the opportunity to avoid was
experimentally manipulated by creating the illusion to avoid a painful stimulus in one
group (avoidance group), and not in another (control) group. However, the calibrated
pain stimulus intensity or duration was identical for both groups, and did not change
throughout the experiment. We hypothesized that (previous) avoidance of a painful
stimulus serves as a source of information that further fuels pain-related fear. More
specifically, our main hypothesis was that the prior possibility to avoid the pain stimulus
increases fear (self-reported and startle), threat value, and intensity/unpleasantness of
subsequent pain stimuli when the option to avoid is not available anymore. As our second
hypothesis, we expected that the ability to avoid would attenuate pain-related fear and

pain, despite identical physical stimulus intensity.

2.2 Methods

2.2.1  Participants

A total of 64 healthy, pain-free volunteers participated in the study (40 females; mean
(range) = SD age = 26.11 (18-59) + 9.78 years). Participants were recruited at the 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 conditions, pain at the non-dominant forearm,
psychiatric disorders (current or in the past), neurological conditions or were pregnant.
The Social and Societal Ethics Committee of KU Leuven approved the experimental
protocol (registration number: G-2015 12 430). All participants provided a written
informed consent, which stated that they were allowed to decline participation at any
time during the experiment without any consequences. Participants were randomly
assigned to one of two experimental groups: the avoidance group (n=32, 22 females) or

the control group (n=32, 18 females).
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2.2.2  Apparatus

Phasic painful heat stimuli were generated by a Peltier element-based computer
controlled thermal stimulation device (Medoc, TSA, RAMA Yishau, Israel), and
delivered through a thermode surface of 30 x 30 mm? attached to the non-dominant
medial forearm. Acoustic startle probes (white noise delivered at 102 dBA with
instantaneous rise time 50 ms) were presented binaurally using headphones (Hoher,
Stereo headphones, HF92) to evoke the eyeblink startle responses to measure pain-

related fear (Blumenthal, Cuthbert, Filion, Hackley, Lipp, & van Boxtel, 2005).

2.2.3  Study protocol

Heat stimulus intensity was set at individual pain threshold using a calibration procedure
based on a temperature protocol provided with Medoc software (previous studies have
used a similar procedure; Salomons, Moayedi, Erpelding, & Davis, 2014; Schwedt,
Zuniga, & Chong, 2015). During this individual calibration, a series of five heat stimuli
were administered, starting at a temperature of 36 °C ramping up at a rate of 0.5 °C/s
with a maximum temperature of 49 °C. To avoid temporal summation we used an
intertrial interval of 30-35 s during calibration and the experiment, as well as a 2-minute
break between the different experimental phases. Participants were instructed to stop the
heat stimulus by pressing a stop-button, i.e. clicking the left computer mouse button, at
the moment the stimulus became painful. The mean temperature of the last three trials
of the calibration procedure was set as the pain threshold (PTH). After calibration,
participants received a heat stimulus that was 1 °C higher than the pain threshold
(PTH+1°C), and they were told that this was the maximum stimulus intensity they would
receive during the remainder of the experiment. 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 and remained at that
temperature level for 5 s. During each heat stimulus presentation, we provided visual
feedback on the computer screen about the progress of the rising temperature of the heat
stimulus, consisting of a vertical bar with the labels “baseline” at the bottom of the bar,
and “maximum” at the top of the bar (see Figure 2.1 for an overview of the experimental

design and trial structure). While the temperature was rising, the bar grew upwards and
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gradually coloured red. Depending on group allocation, we manipulated the visual
feedback that was provided to the participant. During the experiential learning phase,
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. Next, two trials followed where the heat intensity reached the PTH
temperature and the visual feedback stopped before it reached its maximum. This phase
was included so participants experienced that the visual feedback on the screen
corresponded to the experienced temperature on the arm. During the full intensity phase,
all participants received three trials, during which the heat stimulus and visual feedback
concurrently stopped at maximum intensity and thus at the top of the feedback bar. At
the onset of the crucial intervention phase, participants in the avoidance group (n=32)
were led to believe that they successfully could avoid the pain stimulus peak, and
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”. This cue was a stop sign
presented next to the visual feedback bar on the screen. Next, three trials followed during
which the visual feedback stopped before it reached its maximum when the avoidance
response was triggered (i.e. stop-button press). In reality however, the participants in the
avoidance group still received the maximum intensity heat stimulus, similar to the
control group. Participants in the control group received no stop-cue or any instructions
at the start of the intervention phase; they received three trials during which the visual
feedback again stopped at its maximum. Finally, during the fest phase, three additional
heat stimulations occurred where participants in the avoidance group were told: “The
stop-cue will no longer be presented, you cannot stop the stimulation anymore”.
Participants in the control group received no instructions during the test phase.
Throughout the experimental phases, startle probes were presented during each trial (trial
duration: 26.5 s): two during the painful heat stimulus (one in the beginning, between 2-

8 s, and one towards the end of the stimulation, between 18-24 s), one startle probe was

presented randomly during the intertrial interval (ITI: 30-35 s, between 10 and 20 s).
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2.2.4  Outcome measures

Dependent variables were self-reports assessing 1) pain-related fear, 2) threat value of
the heat stimulus, 3) pain intensity, and 4) pain unpleasantness on a numerical scale
(NRS) from 0 to 100. At the start of each of the three phases, all participants were asked
to report how afraid they were of the next heat stimulation on a scale from 0 to 100, with
the labels 0 = “not afraid at all” and 100 = “extremely afraid”. Participants rated the
threat value of the painful heat stimuli twice, i.e. before the experimental phases started
(pre), and at the end of the experiment after the last painful heat stimulus (post). The
questions assessing threat value were respectively: 1) “To what extent do you think the
heat stimuli will be harmful to the skin?”, and 2) “How harmful to the skin did you think
the heat stimuli were?”. On a trial-by-trial basis, participants rated pain intensity and
unpleasantness before and after each heat stimulation (i.e. prospective/retrospective
ratings). In addition to the self-reports, a psychophysiological correlate of pain-related
fear (i.e. the eyeblink startle response) was measured (for an overview of
psychophysiological correlates of pain-related fear see Lonsdorf et al., 2017). The startle
reflex, which is triggered by startle-evoking stimuli (in this case an acoustic probe), is a
cross-species, full-body reflex involved in defensive response mobilisation. The
eyeblink response is one component of the startle response. In human fear conditioning
research, eyeblink startle responses are generally measured by recording the surface

electromyography (EMG) activity on the M. orbicularis oculi beneath the left eye.

43



CHAPTER 2

‘(oseyd 1593 pue uonUIAIAIUI ‘ANSudUI [[NJ)

oseyd 1od snjnwms jeay 9y} JO UONRIUSSAIJ dImony)s (el ojdwexs pue udisop [eluaWILIddXd MIIAIOAQ [ ' 24NS1]

wmm o€ ssawueseaidun  ujed ssauyueseajdun ujed
aAadsonas aandadsonal DT+HId 2Andadsold aandadsosd

aseyd
el

mmm 0€ ssawueseajdun  ured ssawueseajdun  ujed
andadsonal aapadsonas AT+HHLD  aandadsord aanadsod

aseyd
UORUSAIIU]

mmm o€ ssawueseaidun  ured ssauyueseajdun  ured
aAadsonal aAndadsonal JT+HId 2Andadsord aandadsoid

aseyd
Ayisuaqui |Ing

aseyd
UORUIAISU]

aseyd
Ayisusyul |In4

(382133504
| 3e213-21g
[uonenyiqeH
| uoneiqied

3L

44



THE OPPORTUNITY TO AVOID PAIN MAY PARADOXICALLY INCREASE FEAR

An increase in startle response occurs during fear states elicited by the anticipation of an
aversive stimulus, and is thought to be an index of fear learning (Weike, Schupp, &
Hamm, 2007). Electrodes were attached according to the site specifications described by
Blumenthal and colleagues (2005). 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 integrator (LabLinc v763-23A) with a time
constant of 20 ms. The EMG signal was digitized at 1000 Hz from 500 ms before the
onset of the auditory startle pro