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1. Introduction
It is widely acknowledged that pain is a universal experience
that affects human beings across the life span, serving an important protective function. Typical protective behaviors are the withdrawal from the noxious stimulus, nonverbal expressions that
signal others for impending harm, and verbal utterances. Some of
these occur involuntarily, as a reﬂex, whereas other behaviors
are more deliberate. However, there is accumulating evidence that
it is not pain itself, but the meaning of pain that predicts the extent
to which individuals engage in these protective behaviors [1,3].
About a decade ago, we summarized the research evidence supporting the role of fear of pain in the development of chronic pain
disability, presented a model incorporating basic mechanisms, but
also noted a number of unresolved issues that called for further scientiﬁc attention [39] (Fig. 1). In the last decade, the number of
studies on this subject has increased exponentially [21], and novel
directions are being proposed [6]. Two main stances have emerged.
First, although pain has intrinsic threatening features, the threat
value of similar pain stimulus may vary across contexts and individuals. Second, protective responding may be adaptive in the
short term, but may paradoxically worsen the problem in the long
term. In the current updated review, we brieﬂy summarize the progress made since, and highlight a selected number of remaining
challenges and areas for future research.
2. The pain-related fear–disability association
In our 2000 review, the fear-avoidance (FA) model was introduced as a way to describe how pain disability, affective distress,
and physical disuse develop as a result of persistent avoidance
behaviors motivated by fear. The FA model has become increasingly popular, and a large body of evidence is in line with its
⇑ Corresponding author at: University of Leuven, Research Group on Health
Psychology, Department of Psychology, Leuven 3000, Belgium. Tel.: +3 216325915;
fax: +3 216325923.
E-mail address: johan.vlaeyen@psy.kuleuven.be (J.W.S. Vlaeyen).

assumptions. Research supporting the FA model stems from
cross-sectional studies with chronic pain patients [21], prospective
studies in acute pain [10,17,33] and studies using structural equation modeling examining the dynamic and sequential relationships
among the variables of the FA model [11,40]. Collectively, these
ﬁndings underscore the important role of pain-related fear in the
development of disability. One of the unanswered questions, however, is how pain-related fear occurs in the ﬁrst place.
3. The acquisition of pain-related fear
By virtue of its biological signiﬁcance, pain is an important motivator in learning. Indeed, pain informs the individual that there is the
imminent or actual threat of body damage. Therefore, pain is considered an unconditioned stimulus (US) that activates an immediate
defensive system. Fostering successful adaptation, individuals subsequently anticipate the occurrence of a US by gathering propositional knowledge about the association between neutral cues or
conditioned stimuli (CS) and the US. In Pavlovian conditioning, a
conditioned response (CR) is elicited when the individual is exposed
to a CS, also in the absence of the US. What kind of stimuli are involved in such learning, and what are the potential sources of information leading to such propositional knowledge (Fig. 2)?
Because of their relative ease to use, most fear learning researchers employ exteroceptive (mostly visual) stimuli. For example, when
one color (CS+) signals the presentation of painful stimulus (US), and
another color does not (CS ), participants usually respond with
greater potentiated eye-blink startle, heightened skin conductance,
and cardiac deceleration in the presence of the CS+, as compared to
CS , in the absence of the US [4]. In clinical situations, however,
and by virtue of their functional proximity, interoceptive and proprioceptive stimuli, rather than exteroceptive ones, may be better predictors of pain as a US. Interoceptive stimuli are those that provide
afferent information from receptors that monitor the internal state
of the body [8]. Interoceptive fear conditioning therefore occurs
when an association between and interoceptive CS and a US has been
established [7]. Proprioception is restrictively deﬁned as the perception of posture and movement, also referred to as postural somesthesis [20]. Proprioceptive fear conditioning is particularly relevant in
patients with pain in the musculoskeletal system. A recent study
used joystick movements, of which the direction predicted painful
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Fig. 1. Graphical display of the fear-avoidance model, reproduced from Vlaeyen and Linton [39].
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Fig. 2. Graphical display of the acquisition and extinction of pain-related fear, including stimulus topography, protective behaviors and possible pathways. US: Unconditioned
stimulus, CS: Conditioned stimulus, CR: Conditioned response.

shock to the hand (e.g., moving upward as CS+ and moving downward as CS ) [26]. As compared with a condition in which both
movements were explicitly unpaired with painful shock, the CS+
movement elicited increased fear of movement-related pain, larger
eye-blink startle amplitudes, and slower movement latency responses than the CS , validating the acquisition of fear of movement-related pain in healthy individuals.
Regardless of stimulus topography, at least 3 distinct pathways
for acquiring knowledge between potential cues and pain have
been proposed. First, people can learn from direct experiences, as
was the case in the abovementioned studies [4,26]. However, there
are also indirect pathways, such as transmission through verbal
instructions or observation. Verbally transmitted information can
hold semantically negative information that may yield relevant
information about the relationship between 2 stimuli. For example,
the threat value of pain can be manipulated by telling participants
performing a cold pressor task, ‘‘when feeling a tingling sensation
in your hand, this may be the ﬁrst signs of frostbite’’ [36] or warning patients that ‘‘lifting weights may cause back injury’’ [16],
without actually experiencing these associations. But there is also
a nonverbal pathway, during which the mere observation of another person in pain can be sufﬁcient to install fear of that

particular stimulus [12]. In one study, participants observed human models who performed a cold pressor task, in which the color
of the water (orange or pink) was associated with painful or neutral facial expressions [13]. When tested themselves, the observers’
fear and pain scores show that they learned the CS–pain associations that they previously observed in the model, despite equal
temperatures of both cold pressors. An intriguing yet untested idea
is that interactions among these pathways may facilitate learning.
For example, previous observational learning may enhance subsequent experiential learning of pain-related fear during the actual
encounter of a similar CS pain pairing.
4. The role of (un)predictability
Although fear conditioning research and its application to painrelated fear has been valuable for the understanding of chronic regional musculoskeletal pain, it may not be appropriate for more
generalized pain disorders. Presumably because of lack of apparent
safety cues, experiencing an unpredictable threat induces a more
general form of distress, demonstrated by feelings of worry and
chronic apprehension [27]. The degree of predictability may have
an impact on the experienced pain intensity. Indeed, an interesting
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ﬁnding in the study using joystick movements was that in the
unpredictable condition, both pain intensity and unpleasantness
of the pain were rated signiﬁcantly higher as compared with the
paired condition, despite the equal number and physical intensities
of the stimuli. The role of predictable versus unpredictable pain
and the effects of different types of (un)predictability (pain duration, pain offset, pain location, pain quality, etc.) clearly warrants
more systematic experimental scrutiny, and may open a novel
window on the understanding of generalized pain syndromes.
5. Weighing pain and nonpain goals
Another concern with the current FA model relates to the idea
that pain-related fear emerges in a context of multiple goals
[6,37,38]. The goal to avoid pain is only one to be pursued in an
environment with concomitant, often competing goals. Indeed,
one of the most debilitating consequences of pain-related avoidance behavior is the withdrawal from previously valued activities.
In this respect, chronic pain patients frequently weigh the value of
their pain avoidance against the costs related to the loss of valued
activities [31,32]. For example, in one study goal, self-efﬁcacy, goal
conﬂict, and pain severity independently predicted pain-induced
fear, which in turn mediated the effects of goal conﬂict on physical
disability and depression in chronic low back pain patients [18].
The idea that pain-related goal conﬂicts may increase the threat
value of the pain is an intriguing one, largely left untested [19].
6. Novel assessment tools for pain-related fear
If pain-related fear mechanisms are a distinct trajectory by
which acute pain becomes chronic, then they should be potent factors for identiﬁcation. The Örebro Musculoskeletal Pain Screening
Questionnaire was developed for this purpose, with which it is
possible, with reasonable accuracy, to identify patients who risk
developing persistent disability [14,25]. However, more research
on the relative contribution of the FA variables on future outcome
is needed to construct instruments with increased predictive accuracy. Also, the question remains regarding for whom, when, and
where screening is best conducted, as well as how the information
should be used in planning further assessment and treatment.
The challenge of assessment is to identify patients in whom painrelated fear and its ensuing avoidance are a signiﬁcant problem. In
our 2000 review, we called for broadening assessment techniques
extending the cognitive aspects to the behavioral and physiological
features. Today, advances have been made in self-report measures,
but little progress in other aspects. Questionnaires have been further
developed [9,30], alternative pictorial assessment methods are now
available for identifying perceived ‘‘harmful’’ movements [22,34],
and automated activity monitoring devices has been used [35].
One particular challenge is to objectively measure escape and avoidance behavior. Not just for the avoidance of fear-eliciting activities,
but also for the more subtle safety-seeking behaviors, reliable and
valid assessment methods are currently lacking [29].
7. The reduction of pain-related fear
Treatment procedures and the evaluation of their effects have
developed dramatically. Exposure in vivo has a strong pedigree
as one of the most powerful cognitive behavioral treatments for
reducing disabling fear and anxiety, and has now been applied in
patients with chronic pain [2,15]. Several single-subject experimental studies show impressive improvements in fear, catastrophizing, and function, which have initiated subsequent
randomized controlled trials, (e.g., [23]). Although the results vary,
effect sizes are at most moderate, suggesting room for

improvement. Recent studies on the mechanisms behind exposure
therapy reveal that CS US associations are not ‘‘unlearned’’ during
the extinction of fear, but that instead, inhibitory responses are
learned during extinction. This means that the original (excitatory)
CS US association remains intact, but competes with a new (inhibitory) CS ‘‘no US’’ association. Exposure can thus best be designed
such that new nonthreat associations be formed, and subsequently
generalized across time and contexts. Such an approach shifts the
focus toward the inclusion of multiple CSs, eliminating safety
behaviors during exposure and using mental rehearsal to bridge
exposure contexts to other daily life contexts [5]. Given these
new insights, remaining issues call for further scrutiny. What is
the relative impact of actual exposure versus observational or verbally transmitted information about associations between the CSs
and the absence of pain or its feared consequences [24]? Do the effects of exposure to proprioceptive conditioned stimuli generalize
to interoceptive ones, and vice versa [7]? What is the moderating
effect of patient levels of executive control? How can fear-reduction techniques be applied in secondary prevention [28]? What
are minimal competencies for treatment providers executing exposure? Many of these ways to optimize the effects of exposure await
experimental and clinical testing.
8. Conclusion
The last decade has seen a surge in the study of the FA model of
pain in both basic and clinical investigations. The recent literature
mainly supports the basic assumptions of the model, but it also provides greater depth, inspiring future research and novel clinical
applications. In particular, the model draws on the associative learning, and experimental research provides a fertile ground for future
work on the intricacies of its mechanisms. Research is needed, for
example, to clarify how interoceptive stimuli might work as a CS,
what the role of (un)predictability has on fear responding, and
how competing goals may inﬂuence fear learning. Clinically, the FA
model has made a contribution to advance our understanding of
the development and reduction of persistent disability, but considerable challenges remain in order to harvest the full beneﬁt of the
knowledge gained. Future efforts should focus on developing more
speciﬁc assessment procedures that could direct clinicians to the
best treatment options and optimize tailoring. Although exposure
techniques are clearly helpful, there is promise in developing them
further in order to understand how the model operates in patients
as well as for more effective applications. These new avenues are
likely to strengthen the predictive validity and clinical utility of future FA models in the context of chronic pain and disability.
Conﬂict of interest statement
The authors have no conﬂict of interest to report.
Acknowledgements
Johan W.S. Vlaeyen was supported by the Social Sciences Research Council of the Netherlands (NWO), and the Research Foundation, Flanders, Belgium (FWO Vlaanderen). Steven J. Linton
received grants from the Swedish Council for Working Life and Social Research.
References
[1] Arntz A, Claassens L. The meaning of pain inﬂuences its experienced intensity.
Pain 2004;109:20–5.
[2] Bailey KM, Carleton RN, Vlaeyen JWS, Asmundson GJG. Treatments addressing
pain-related fear and anxiety in patients with chronic musculoskeletal pain: a
preliminary review. Cogn Behav Ther 2010;39:46–63.
[3] Beecher HK. Pain in men wounded in battle. Ann Surg 1946;123:96–105.

Ò

J.W.S. Vlaeyen, S.J. Linton / PAIN 153 (2012) 1144–1147
[4] Bradley MM, Silakowski T, Lang PJ. Fear of pain and defensive activation. Pain
2008;137:156–63.
[5] Craske MG, Kircanski K, Zelikowsky M, Mystkowski J, Chowdhury N, Baker A.
Optimizing inhibitory learning during exposure therapy. Behav Res Ther
2008;46:5–27.
[6] Crombez G, Eccleston C, Van Damme S, Vlaeyen JW, Karoly P. The fear
avoidance model of chronic pain: the next generation. Clin J Pain; in press
[7] De Peuter S, Van Diest I, Vansteenwegen D, Van den Bergh O, Vlaeyen JW.
Understanding fear of pain in chronic pain: interoceptive fear conditioning as a
novel approach. Eur J Pain 2011;15:889–94.
[8] Dworkin BR, Dworkin S. Learning of physiological responses: II. Classical
conditioning of the baroreﬂex. Behav Neurosci 1995;109:1119–36.
[9] George SZ, Valencia C, Zeppieri G, Robinson ME. Development of a self-report
measure of fearful activities for patients with low back pain: the Fear of Daily
Activities Questionnaire. Phys Ther 2009;89:969.
[10] Gheldof EL, Crombez G, Van den Bussche E, Vinck J, Van Nieuwenhuyse A,
Moens G, Mairiaux P, Vlaeyen JW. Pain-related fear predicts disability, but not
pain severity: a path analytic approach of the fear-avoidance model. Eur J Pain
2010;14:870. e871–870, e879.
[11] Goubert L, Crombez G, Van Damme S. The role of neuroticism, pain
catastrophizing and pain-related fear in vigilance to pain: a structural
equations approach. Pain 2004;107:234–41.
[12] Goubert L, Vlaeyen JW, Crombez G, Craig KD. Learning about pain from others:
an observational learning account. J Pain 2011;12:167–74.
[13] Helsen K, Goubert L, Peters ML, Vlaeyen JW. Observational learning and painrelated fear. An experimental study with colored cold pressor tasks. J Pain
2011;12:1230–9.
[14] Hockings RL, McAuley JH, Maher CG. A systematic review of the predictive
ability of the Örebro Musculoskeletal Pain Questionnaire. Spine
2008;33:E494–500.
[15] Hollander M, de Jong JR, Volders S, Goossens MEJB, Smeets RJEM, Vlaeyen JWS.
Fear reduction in patients with chronic pain: a learning theory perspective.
Exp Rev Neurother 2010;10:1733–45.
[16] Houben RM, Ostelo RW, Vlaeyen JW, Wolters PM, Peters M, Stomp-van den
Berg SG. Health care providers’ orientations towards common low back pain
predict perceived harmfulness of physical activities and recommendations
regarding return to normal activity. Eur J Pain 2005;9:173–83.
[17] Jensen JN, Karpatschof B, Labriola M, Albertsen K. Do fear-avoidance beliefs
play a role on the association between low back pain and sickness absence? A
prospective cohort study among female health care workers. J Occup Environ
Med 2010;52:85–90.
[18] Karoly P, Okun MA, Ruehlman LS, Pugliese JA. The impact of goal cognition and
pain severity on disability and depression in adults with chronic pain: an
examination of direct effects and mediated effects via pain-induced fear. Cogn
Ther Res 2008;32:418–33.
[19] Karsdorp PA, Vlaeyen JW. Goals matter: both achievement and pain-avoidance
goals are associated with pain severity and disability in patients with low back
and upper extremity pain. Pain 2011;152:1382–90.
[20] Konorski J. Integrative activity of the brain. An interdisciplinary
approach. Chicago, IL: University of Chicago Press; 1967.
[21] Leeuw M, Goossens ME, Linton SJ, Crombez G, Boersma K, Vlaeyen JW. The
fear-avoidance model of musculoskeletal pain: current state of scientiﬁc
evidence. J Behav Med 2007;30:77–94.

1147

[22] Leeuw M, Goossens ME, van Breukelen GJ, Boersma K, Vlaeyen JW. Measuring
perceived harmfulness of physical activities in patients with chronic low back
pain: the photograph series of daily activities-short electronic version. J Pain
2007;8:840–9.
[23] Leeuw M, Goossens ME, van Breukelen GJ, de Jong JR, Heuts PH, Smeets RJ,
Koke AJ, Vlaeyen JW. Exposure in vivo versus operant graded activity in
chronic low back pain patients: results of a randomized controlled trial. Pain
2008;138:192–207.
[24] Linton SJ, McCracken LM, Vlaeyen JW. Reassurance: help or hinder in the
treatment of pain. Pain 2008;134:5–8.
[25] Melloh M, Elfering A, Egli-Presland C, Roeder C, Barz T, Rolli-Salathé C, Tamcan
O, Mueller U, Theis J. Identiﬁcation of prognostic factors for chronicity in
patients with low back pain: a review of screening instruments. Int Orthop
2009;33:301–13.
[26] Meulders A, Vansteenwegen D, Vlaeyen JWS. The acquisition of fear of
movement-related pain and associative learning: a novel pain-relevant human
fear conditioning paradigm. Pain 2011;152:2460–9.
[27] Mineka S, Kihlstrom JF. Unpredictable and uncontrollable events: a new
perspective on experimental neurosis. J Abnorm Psychol 1978;87:256–71.
[28] Nicholas MK, George SZ. Psychologically informed interventions for low back
pain: an update for physical therapists. Phys Ther 2011;91:765–76.
[29] Prkachin KM, Schultz IZ, Hughes E. Pain behavior and the development of painrelated disability: the importance of guarding. Clin J Pain 2007;23:270–7.
[30] Roelofs J, van Breukelen G, Sluiter J, Frings-Dresen MHW, Goossens M, Thibault
P, Boersma K, Vlaeyen JWS. Norming of the Tampa Scale for Kinesiophobia
across pain diagnoses and various countries. Pain 2011;152:1090–5.
[31] Roy M. Weighting pain avoidance and reward seeking: a neuroeconomical
approach to pain. J Neurosci 2010;30:4185–6.
[32] Schrooten MG, Vlaeyen JW. Becoming active again? Further thoughts on goal
pursuit in chronic pain. Pain 2010;149:422–3.
[33] Swinkels-Meewisse IE, Roelofs J, Oostendorp RA, Verbeek AL, Vlaeyen JW.
Acute low back pain: pain-related fear and pain catastrophizing inﬂuence
physical performance and perceived disability. Pain 2006;120:36–43.
[34] Turk DC, Robinson JP, Sherman JJ, Burwinkle T, Swanson K. Assessing fear in
patients with cervical pain: development and validation of the Pictorial Fear of
Activity Scale-Cervical (PFActS-C). Pain 2008;139:55–62.
[35] Verbunt JA, Huijnen IP, Koke A. Assessment of physical activity in daily life in
patients with musculoskeletal pain. Eur J Pain 2009;13:231–42.
[36] Vlaeyen JW, Hanssen M, Goubert L, Vervoort T, Peters M, van Breukelen G,
Sullivan MJ, Morley S. Threat of pain inﬂuences social context effects on verbal
pain report and facial expression. Behav Res Ther 2009;47:774–82.
[37] Vlaeyen JW, Morley S. Active despite pain: the putative role of stop-rules and
current mood. Pain 2004;110:512–6.
[38] Vlaeyen JWS, Crombez G, Linton SJ. The fear-avoidance model of pain: we are
not there yet. Comment on Wideman et al. ‘‘A prospective sequential analysis
of the fear-avoidance model of pain’’ [Pain, 2009] and Nicholas ‘‘First things
ﬁrst: reduction in catastrophizing before fear of movement’’ [Pain, 2009]. Pain
2009;146:222.
[39] Vlaeyen JWS, Linton SJ. Fear-avoidance and its consequences in chronic
musculoskeletal pain: a state of the art. Pain 2000;85:317–32.
[40] Wideman TH, Adams H, Sullivan MJ. A prospective sequential analysis of the
fear-avoidance model of pain. Pain 2009;145:45–51.

