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Abstract

Purpose of Review It has been known for decades that classical conditioning influences pain perception. However, the precise
relationship between conditioning and pain remains unclear. In addition, the clinical implications of their relationship are vastly
underappreciated. Thus, we aim to (a) examine how conditioning increases or decreases pain sensitivity, (b) assess how condi-
tioning contributes to the development and maintenance of chronic pain, and (c) explore strategies to utilize conditioning to
optimize pain treatment.

Recent Findings We first review studies regarding how classical conditioning alters pain perception with an emphasis on two
phenomena where conditioning increases pain sensitivity (i.e., conditioned hyperalgesia) or decreases it (i.e., conditioned
hypoalgesia). Specifically, we critically examine empirical studies about conditioned hyperalgesia and conditioned hypoalgesia,
explore reasons why conditioning leads to these two seemingly opposite phenomena, and discuss the neural mechanisms behind
them. We then highlight how conditioning contributes to the development and maintenance of chronic pain, and present
neuroscientific evidence for maladaptive aversive conditioning in chronic pain patients. Moreover, we propose a framework
for understanding how to exploit conditioning to optimize pain treatment, including minimizing conditioned hyperalgesia,
maximizing conditioned hypoalgesia, and eliminating excessive fear and overgeneralization in chronic pain.

Summary Classical conditioning profoundly modulates the experience of pain and affects the development and maintenance of
chronic pain. The relationship between them has far-reaching clinical implications in pain treatment. Further investigations
should tackle crucial issues in previous studies, including the complex relationship between conditioning and explicit expecta-
tion, and a lack of relevant clinical studies. Resolving these issues, future research would advance our understanding of the nature
of pain, help relieve the suffering of patients, and thus contribute to promoting human flourishing.
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Introduction
This article is part of the Topical Collection on Psychological and
Behavioral Aspects of Headache and Pain Pain is an unpleasant sensory and emotional experience
associated with actual or potential tissue damage [1],
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upon individual’s learning ability. For example, avoiding
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comprehensive appreciation of the interaction between
learning and pain.

As a basic form of learning, classical conditioning, or
Pavlovian conditioning, which establishes associations be-
tween two events in the most general terms [5], has been
linked to changes of pain sensitivity (quantified as pain thresh-
old, pain tolerance, or pain ratings to nociceptive stimuli) in
many studies [6°¢, 7¢, 8, 9]. In a typical classical conditioning
procedure, a neutral stimulus (conditioned stimulus, CS) is
repeatedly paired with a potent stimulus (unconditioned stim-
ulus, US) that evokes a biologically meaningful response (un-
conditioned response, UR). After several times of learning,
the CS can, by itself, elicit a response (conditioned response,
CR) related to the UR. Importantly, some researchers and
clinicians believe that pain is a classically conditioned re-
sponse [10, 11], and conditioning plays a significant role in
the development and maintenance of chronic pain [3, 11, 12].
However, the precise relationship between conditioning and
pain remains largely unclear, and clinical implications of their
relationship are vastly underappreciated [13].

In this article, we review relevant studies that assessed the
relationship between classical conditioning and pain (see
Fig. 1). Specifically, we first discuss two phenomena caused
by conditioning: one is that pain sensitivity is increased,
namely conditioned hyperalgesia; the other is that pain sensi-
tivity is decreased, namely conditioned hypoalgesia. We then
provide evidence on how conditioning contributes to the de-
velopment and maintenance of chronic pain, and discuss pos-
sible clinical implications of the relationship between classical
conditioning and pain. Finally, we point out crucial issues that
need to be addressed in the future.

Conditioned Hyperalgesia and Conditioned
Hypoalgesia

Conditioned hyperalgesia has been defined as the phenome-
non that classical conditioning increases one’s pain sensitivity
[8, 14]. In contrast, conditioned hypoalgesia refers to the phe-
nomenon that pain sensitivity is reduced after classical condi-
tioning [8, 15]. However, both definitions are oversimplified
to some extent and may cause confusions with other concepts,
especially conditioned nocebo hyperalgesia and conditioned
placebo hypoalgesia.

The difference between conditioned hypoalgesia and con-
ditioned placebo hypoalgesia seems to lie in the cause of
hypoalgesia. The former describes situations where classical
conditioning itself modulates pain sensitivity, and the latter
refers to the placebo effect induced by a conditioned placebo
paradigm [16]. In the paradigm, verbal information about the
link between the CS and the US is often, if not always,
disclosed to the subjects, which indicates that subjects hold
explicit expectations about the effect of conditioning [17-22].
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This difference may appear to be a good candidate to distin-
guish conditioned hypoalgesia and conditioned placebo
hypoalgesia. However, classical conditioning and expectation
have an exceedingly complicated relationship, and they can-
not be easily distinguished in practice (see “Future
Directions”). Therefore, we adopt a broader definition of con-
ditioned hypoalgesia and include all studies that make use of
the classical conditioning paradigm to induce hypoalgesia.
The same logic also applies to conditioned hyperalgesia and
conditioned nocebo hyperalgesia. In other words, we define in
this article conditioned hyperalgesia/hypoalgesia as the phe-
nomenon that individuals feel more/less pain to the same no-
ciceptive stimulus after classical conditioning (see Fig. 2), re-
gardless of whether verbal information or explicit expectation
is involved or not.

Empirical Studies on Conditioned Hyperalgesia
and Conditioned Hypoalgesia

Conditioned Hyperalgesia

The effect of conditioned hyperalgesia has been well-
established in many studies [7¢, 23-26]. For example,
Madden et al. [25] investigated whether classical conditioning
could decrease pain threshold in healthy adults using a differ-
ential conditioning paradigm (see Fig. 2), in which one CS
(CS+) is paired with the US (e.g., a painful laser stimulus), and
another CS (CS-) is not paired with any US or paired with a
distinct US (e.g., a warm laser stimulus). The study mainly
consisted of two phases: the conditioning phase and the test
phase. In the conditioning phase, the CS+ and the CS—, two
vibrotactile stimuli delivered at different locations on the back,
were paired with a painful laser stimulus and a warm laser
stimulus, respectively. In the test phase, both the CS+ and
the CS— were followed by painful laser stimuli of the same
intensity. It was found that the CS+, but not the CS—, lowered
the pain threshold in the test phase, indicating that conditioned
hyperalgesia can be established using classical conditioning.
The same conditioned hyperalgesic effect was also observed
in studies where different types of US were adopted, such as
electrical shocks [26] and contact heat [24]. Intriguingly, con-
ditioned hyperalgesia occurs even when the CS is presented
implicitly, namely, the duration of the CS is very short, for
example, tens of milliseconds. Harvie et al. [23] altered the CS
duration to examine whether conditioned hyperalgesia was
driven by the expectation about the association between the
CS and the US. It turned out that the CS duration did not
influence the magnitude of conditioned hyperalgesia, suggest-
ing an implicit conditioned hyperalgesia. With the help of
visual masking techniques, Egorova et al. [27], Jensen et al.
[24], and Egorova, Park, and Kong [28] offered further evi-
dence for the existence of implicit conditioned hyperalgesia.
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Fig. 1 Schematic diagram indicating how classical conditioning affects
pain and its clinical implications. Classical conditioning may increase
(conditioned hyperalgesia) or decrease (conditioned hypoalgesia) pain
sensitivity. Classical conditioning could also result in maladaptive
conditioning, such as excessive fear and overgeneralization, which

A few studies, however, failed to establish conditioned
hyperalgesia [29-32]. It should be noted that all these studies
relied on conditioning exclusively, and that verbal information
about the association between the CS and the US was not
available. It is therefore plausible that, without verbal infor-
mation, conditioning itself results in a less strong or undetect-
ed conditioned hyperalgesia effect, as suggested in Reicherts
et al. [33].

Conditioned Hypoalgesia

The effect of conditioned hypoalgesia has been well-
documented in a large number of studies [17, 18, 20, 24,
33-36]. For example, Jensen et al. [24] used male face pic-
tures as the CS, and contact thermal pain stimuli as the US,
and found that subjects perceived the same thermal stimulus
as less painful when it was preceded by a face associated with
a low pain stimulus rather than a new face that was never
paired with any US. Interestingly, they also found the same

Fig. 2 Conditioned hyperalgesia and conditioned hypoalgesia. The
differential conditioning paradigm is widely used to investigate how
conditioning affects pain. The paradigm consists of a conditioning
phase and a test phase. In the conditioning phase, one CS (e.g., a heart
icon) is paired with a US (e.g., painful heat), and another CS (e.g., a club
icon) is paired with a distinct US (e.g., less painful or non-painful heat). In

contributes to the development and maintenance of chronic pain. To
effectively reduce/eliminate unwanted pain, we could adopt some
promising strategies, which aim to minimize conditioned hyperalgesia,
maximize conditioned hypoalgesia, and eliminate excessive conditioned
fear and overgeneralization

hypoalgesic effect even when the CS was presented for 12 ms
and followed by a visual mask, indicating the existence of
implicit conditioned hypoalgesia. Moreover, conditioned
hypoalgesia has been successfully established with different
types of the US, for example, painful laser stimuli [37, 38] and
painful electrical stimuli [34, 35].

However, several recent studies failed to establish con-
ditioned hypoalgesia [39—41]. Two reasons might explain
these failures. First, some of these studies introduced a neg-
ative expectation about the effect of the treatment by telling
subjects that they might not [40] or would not [41] receive
an analgesic drug or cream, and the negative expectation
about the treatment efficacy may dampen the effect of clas-
sical conditioning, which in turn leads to the failure of es-
tablishing conditioned hypoalgesia. Second, the number of
CS-US pairings in the conditioning phase was too small to
induce a detectable conditioned hypoalgesia effect in some
studies, for example, 2 pairings in Flaten et al. [40] and 12
pairings in Rhudy et al. [41].

Conditioned
hyperalgesia

Conditioned
hypoalgesia

©

the test phase, both CS and a new stimulus (e.g., a diamond icon) are
followed by the same test stimulus. Conditioned hyperalgesia occurs if
the heart icon leads to a higher pain compared to the diamond icon, and
conditioned hypoalgesia occurs if the club icon leads to a lower pain
compared to the diamond icon
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Why Conditioned Hyperalgesia and Conditioned
Hypoalgesia?

Existing studies support the existence of two seemly paradox-
ical phenomena: classical conditioning decreases AND in-
creases pain sensitivity. This paradox suggests the existence
of extra variables that could modulate the relationship be-
tween classical conditioning and pain sensitivity. The nature
of classical conditioning indicates that potential modulating
variables may include properties of the US [14, 42] and the
CS [8].

Relative stimulus intensity, the difference of stimulus in-
tensity between a target US and a control US, is one of the
most obvious properties of the US that could influence the
effect of conditioning. In the differential conditioning para-
digm, the target US can be defined as the US paired with the
CS+; the control US can be defined as the US paired with the
CS-. In this case, positive/negative relative stimulus intensity
means that the intensity of the target US is higher/lower than
that of the control US, which would result in conditioned
hyperalgesia/conditioned hypoalgesia. The importance of rel-
ative stimulus intensity has been confirmed in many studies
[18, 24,27, 28, 43, 44]. For example, Jensen et al. [24] found
that, as compared with new faces that were not paired with any
US, male faces associated with contact heat stimuli of positive
relative intensity led to conditioned hyperalgesia, whereas
male faces coupled with heat stimuli of negative relative in-
tensity generated conditioned hypoalgesia.

In addition to relative stimulus intensity, emotional valence
of the US could also modulate the relationship between con-
ditioning and pain sensitivity: generally speaking, positive
emotions decrease pain and negative emotions increase pain
[45]. It should be noted that different negative emotions may
lead to different outcomes. For example, Rhudy and Meagher
[42] demonstrated that conditioned fear decreased pain sensi-
tivity, whereas conditioned anxiety increased it, which was
supported by multiple lines of evidence [46—49].

Apart from the properties of the US, the type of the CS
could be another variable modulating the relationship between
conditioning and pain sensitivity. Miguez et al. [§] reviewed
studies about conditioned hyperalgesia and conditioned
hypoalgesia, and concluded that olfactory and gustatory CS
produced conditioned hyperalgesia, and that visual, auditory,
and contextual CS evoked conditioned hypoalgesia. It is im-
portant to note that, if paired with a US of positive relative
intensity, audiovisual CS are still able to induce conditioned
hyperalgesia [7¢], indicating how different modulating vari-
ables interact with each other to determine the overall condi-
tioning effect.

In brief, certain properties of the US and the CS are effec-
tive in modulating the relationship between classical condi-
tioning and pain sensitivity. However, the existence and the
effectiveness of other modulating variables, and the complex
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interplay between those modulators are not thoroughly stud-
ied. Both questions call for further investigations.

Neural Mechanisms of Conditioned Hyperalgesia
and Conditioned Hypoalgesia

Conditioned Hyperalgesia

Conditioned hyperalgesia is probably mediated by anxiety
[42], which is supported by accumulating evidence from neu-
rochemical and neuroimaging studies. On the one hand, the
contribution of cholecystokinin (CCK), the neurochemical ba-
sis of anxiety [50], to the modulation of verbally-induced
nocebo effects has been well documented [51, 52], even
though the direct role of CCK in conditioned hyperalgesia
has rarely been tested. Since verbally-induced nocebo [50]
and conditioned hyperalgesia [42] are both dependent on the
mediation of anxiety, it would be reasonable to hypothesize
that CCK is also involved in conditioned hyperalgesia.

On the other hand, neuroimaging studies have demonstrat-
ed that the conditioned anxiety engenders activation of the
brain regions that contribute substantially to the development
of conditioned hyperalgesia. Amygdala and insula, two im-
portant nuclei subserving the processing of anxiety [53, 54],
were more activated when thermal pain stimuli were delivered
following the CS+ rather than the CS— [55]. The functional
connectivity between these two regions was also found to be
elevated in conditioned hyperalgesia [56]. Additionally, hip-
pocampus, a key area for the formation and expression of the
conditioned anxiety triggered by the CS [57, 58], was more
activated to the presentation of the CS+ rather than the CS— in
the test phase [30, 48, 55, 56, 59].

Conditioned Hypoalgesia

Classical conditioning probably decreases pain sensitivity by
modulating subject’s psychological states, such as expectation
and emotion [60], which in turn activate the descending pain
inhibitory system and generates hypoalgesic effects by
inhibiting the ascending nociceptive signals [61]. This notion
is supported by many neurochemical and neuroimaging stud-
ies. At the neurochemical level, the descending pain inhibitory
system could be activated or deactivated by multiple neuro-
transmitters, including endogenous opioid, endocannabinoid,
gamma-Aminobutyric acid (GABA), and glutamate [61, 62].
Conditioned hypoalgesia could be attenuated or even reversed
by the administration of antagonists or agonists of these neu-
rotransmitters [34, 47, 63—66]. For example, Flor et al. [34]
showed that conditioned hypoalgesia was reversed if nalox-
one, an antagonist of endogenous opioid, was injected, but
remained if physiological saline was injected. Conditioned
hypoalgesia could also be attenuated by the administration
of diazepam [67], benzodiazepine [68], or midazolam [69],
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all of which could enhance the effect of GABA, an inhibitory
neurotransmitter.

Neuroimaging studies have provided further evidence to
support the role of the descending inhibition system in condi-
tioned hypoalgesia. In the descending inhibition system,
periaqueductal gray (PAG) receives inputs from higher brain
areas and projects to the spinal dorsal horn via rostral ventro-
medial medulla (RVM) [70, 71]. Using the functional magnet-
ic resonance imaging (fMRI) technique, Bingel et al. [72]
observed a significant activation of PAG, but not of RVM, in
conditioned hypoalgesia. The small size of RVM and the lim-
ited spatial resolution of fMRI probably explain why the acti-
vation of RVM was absent. Using special techniques to in-
crease the spatial resolution, Eippert et al. [73] successfully
found that both PAG and RVM were activated in conditioned
hypoalgesia.

As explained earlier, the effect of conditioned hypoalgesia
could be modulated by many psychological variables, such as
expectation and emotion. Importantly, brain regions related to
these psychological variables (e.g., hippocampus, dorsolateral
prefrontal cortex (dIPFC), ventromedial prefrontal cortex,
rostral anterior cingulate cortex, and amygdala) have been
demonstrated to be involved in conditioned hypoalgesia [37,
55,72, 74, 75]. For example, delivering low-frequency repet-
itive transcranial magnetic stimulation to disrupt the function
of dIPFC, an area implicated in expectation and anticipation
[37, 74, 75], Krummenacher et al. [74] successfully blocked
conditioned hypoalgesia. In addition, many studies found that
lesions of amygdala, a crucial nuclei for emotional processing
[57], resulted in a diminution or even an elimination of con-
ditioned hypoalgesia [76-78].

Classical Conditioning and Chronic Pain

Classical conditioning influences not only acute pain but also
chronic pain, which persists even when tissue damage has
been recovered [79]. In this section, we first delineate influ-
ential theoretical models regarding how conditioning contrib-
utes to the development and maintenance of chronic pain, and
then discuss neuroscientific evidence for altered pain-related
conditioning in chronic pain patients.

Theoretical Models of Conditioning in Chronic Pain

Gentry and Bernal [80] were the first to expound classical
conditioning’s role in the development of chronic pain. They
suggested that innocuous stimuli (CS), such as certain body
positions, might be paired with nociceptive stimuli (US), and
that after conditioning these innocuous stimuli could elicit
conditioned responses resembling the UR, such as fear, sym-
pathetic activation, and increased muscle tension. This view-
point is supported by the findings that patients suffering from

chronic pain showed larger conditioned muscle tension re-
sponses than healthy subjects [81, 82].

The importance of classical conditioning in pain
chronification is also emphasized in the fear-avoidance
model [83]. The model states that individuals would re-
spond to pain with two different strategies: confrontation
or avoidance [12, 84]. If the confrontation strategy is
adopted, no excessive pain-related fear would be experi-
enced and pain would cease after the healing of injury. In
contrast, if the avoidance strategy (i.e., catastrophizing
pain) is adopted, pain-related fear would evolve, which in
turn leads to disability, disuse, hypervigilance, and misin-
terpretation of bodily sensations. These overreactions to
pain would further increase fear, thus forming a vicious
circle of fear and avoidance, which contributes significantly
to the elevation of pain sensitivity and persistence of excru-
ciating pain. This model is supported by abundant findings
that pain catastrophizing and fear of pain were strong pre-
dictors of chronic pain [85-88].

Gentry and Bernal’s [80] explication of pain chronification
and the fear-avoidance model [83] focus on how pain-related
psychological states and physiological activations are classi-
cally conditioned. However, they rely on the assumption that
pain is the consequence of fear and muscle tension, and do not
regard pain as the target of conditioning. Holding the view that
pain per se is an immediate conditioned response [11], the
imprecision hypothesis claims that the imprecise encoding
of pain-related stimuli or events leads to overgeneralization,
which contributes to the development and maintenance of
chronic pain. Specifically, if overgeneralization happens to
patients who suffer from excruciating pain, neutral stimuli
not associated with the US but resembling the CS would
exacerbate pain, such that the adaptive and protective pro-
cess becomes maladaptive and dysfunctional. Indeed, a re-
cent meta-analysis study found that patients with chronic
pain had an impaired discrimination ability [89], indicating
the prevalence of overgeneralization in chronic pain
patients.

In summary, multiple theoretical models posit the impor-
tance of conditioning—maladaptive conditioning such as ex-
cessive conditioned fear and overgeneralization in
particular—in the development and maintenance of chronic
pain.

Neural Mechanisms of Maladaptive Conditioning
in Chronic Pain

Neural mechanisms of maladaptive conditioning in chronic
pain are not well understood. However, there are a handful
of interesting and inspiring findings. Using a typical differen-
tial conditioning paradigm, Schneider, Palomba, and Flor [82]
found that chronic low back pain patients did not exhibit a
significant CS+ and CS— differentiation of contingent
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negative variation (CNV) in the last several trials of the con-
ditioning phase. The CNV is a typical cortical measure of the
association between the CS and the US [90], and thus the
insignificant difference of CNV indicated an impaired condi-
tioning ability of patients at the cortical level. In addition,
compared to healthy adults, patients with irritable bowel syn-
drome (IBS) had altered activity in brain regions associated
with fear, hypervigilance, and threat assessment in the condi-
tioning phase, such as ventrolateral prefrontal cortex, posterior
cingulate cortex, amygdala [91], and subregions of cerebellum
[92], supporting the role of excessive fear in the development
of chronic pain for IBS patients.

Clinical Implications

Since pain, especially chronic pain, is a main source of human
suffering and ranks among the most burdensome non-fatal
diseases in the world [93], eradicating unnecessary pain is a
major goal for scientists and clinicians in the whole pain so-
ciety. To achieve this, minimizing conditioned hyperalgesia
and maximizing conditioned hypoalgesia are two desirable
goals, since classical conditioning may increase or decrease
pain under certain circumstances. Moreover, the theoretical
models of pain chronification we described earlier offer in-
sights into effective chronic pain treatment through eliminat-
ing excessive conditioned fear and overgeneralization (for a
summary, see “Goals” and “Strategies” in Fig. 1).

Minimizing Conditioned Hyperalgesia

Minimizing conditioned hyperalgesia can be achieved by
making use of effective techniques to combat the adverse ef-
fect of associative learning. Unfortunately, relevant studies
discussing how to erase conditioned hyperalgesia are still
lacking, and most studies focus on developing strategies for
eliminating conditioned fear. Therefore, we mainly introduce
how conditioned fear can be eradicated, hoping that these
studies could stimulate further investigations into erasing con-
ditioned hyperalgesia.

Conditioned fear, which develops because of the continu-
ous CS-US pairings, would be diminished by countercondi-
tioning and classical extinction, as both techniques aim to
disrupt the link between the CS and the US. The countercon-
ditioning technique weakens conditioned fear by pairing the
same CS with an appetitive US after the initial conditioning
[94]. Meulders et al. [95] investigated whether countercondi-
tioning was able to reduce conditioned fear using a voluntary
joystick movement paradigm [96], in which moving a joystick
in different directions (CS) was associated with different out-
comes (US). They first paired one direction of the joystick
with a painful electrical shock, and then paired it with a US
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representing monetary rewards. This procedure turned out to
successfully decrease conditioned fear [95].

In contrast, the extinction technique intends to reduce or
eliminate the effect of conditioning by no longer pairing the
CS with any US once conditioning has been established [97].
Several studies found that visceral pain-related fear was re-
duced, though not eliminated altogether, after subjects
underwent classical extinction procedures [98—100].
Importantly, Meulders et al. [95] compared the effects of
counterconditioning and classical extinction on attenuating
movement-related fear, and found that they produced compa-
rable effects. Recently, Maeda et al. [101] optimized the effect
of extinction by combining it with the provision of verbal
information about the detailed procedure of extinction (i.e.,
the CS would not be followed with the US any more), and
found that the effect of this “instructive extinction” was sig-
nificantly better than that of classical extinction.

Although extinction has been proved to be effective, it is
noteworthy that extinction only inhibits the retrieval of rele-
vant memories, and that it does not erase the memories them-
selves [97, 102]. For this reason, the memories would re-
emerge if a large amount of time has passed (spontaneous
recovery), the US is delivered unexpectedly (reinstatement),
or the CS is presented in a context different from that of ex-
tinction (renewal) [103]. Fortunately, these issues could be
resolved by methods based on memory reconsolidation, an
active process necessary for long-term memories to be
restabilized after being activated and destabilized [104, 105].
According to the reconsolidation hypothesis, memories can be
literally erased by intervening the reconsolidation process, and
thus will not re-emerge any more [103, 106]. In fact, the effect
of reconsolidation-inspired techniques has been validated in
different species (e.g., rats, mice, and humans) and research
domains (e.g., fear conditioning, declarative memory, and
drug craving) [103, 107—112]. For clinical applications, dis-
ruption of reconsolidation in humans can be achieved using
drugs such as Propranolol and Ketamine, and behavioral pro-
cedures such as retrieval-extinction [113].

In spite of being relatively scarce, some studies have
attempted to extinguish conditioned hyperalgesia [27, 28, 43,
114, 115], concluding that the effect of conditioned
hyperalgesia was difficult to reverse using classical extinction
[116°]. However, the failure of extinction might be explained
by two reasons. First, no independent extinction procedure was
included in most studies [21, 43, 114, 115]. A typical procedure
used in previous studies was as follows: subjects were classi-
cally conditioned, and went through a “test/extinction” phase,
where subjects rated how much pain they felt when a pain
stimulus was delivered following the CS. If conditioned
hyperalgesia continues in the entire “test/extinction” phase, it
was claimed to be immune to extinction. The purpose of the
“test/extinction” phase was thus arguably twofold: (1) to test
whether subjects were successfully conditioned and (2) to
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examine the effect of extinction. In contrast to the standard
procedure of extinction where no US is paired with the CS
[97], the operation that pain stimuli (US) were delivered fol-
lowing the CS in the “test/extinction” phase would weaken the
extinction effect. Second, explicit expectation, typically in-
duced by the verbal information about the efficacy of the treat-
ment, was involved in many studies [27, 115]. The failure of
extinction thus might be either due to the strong expectation
subjects held about the conditioning effect, or due to the intrin-
sic characteristic of conditioned hyperalgesia. To better under-
stand the extinction of conditioned hyperalgesia, it would be
important to exclude the confounding of explicit expectation.

Furthermore, even if extinction is indeed unable to reduce
conditioned hyperalgesia, the efficacy of other methods is
worthwhile to evaluate. Some researchers have suggested that
methods such as latent inhibition and overshadowing, though
rarely examined, would be effective in reversing conditioned
hyperalgesia [116¢]. Latent inhibition, sometimes termed as
the CS-preexposure effect, impairs learning about the relation-
ship between the CS and the US by pre-exposing subjects to
the CS before conditioning [117]. Overshadowing refers to the
phenomenon that when two stimuli of different saliency are
paired simultaneously with a US, the conditioned response to
the less salient stimulus will be weakened. Please note that
empirical studies have already demonstrated that latent inhi-
bition [118, 119] and overshadowing [120—122] can block the
nocebo effect of nausea. To minimize conditioned
hyperalgesia, future studies are required to directly test the
efficacy of these alternative methods.

Maximizing Conditioned Hypoalgesia

Conditioned hypoalgesia is a longed-for outcome in clinical
applications. Therefore, maximizing conditioned hypoalgesia,
that is, keeping the effect as strong as possible and as long as
possible, is highly needed. To obtain a greater conditioned
hypoalgesia effect, the conditioning paradigm should be opti-
mized by, for example, choosing an appropriate CS type and
increasing the number of CS-US pairings. The importance of
CS type is supported by Valentini et al. [38]. They used happy,
neutral, and painful faces as the CS, and painful laser stimuli
as the US, and found that happy faces led to a greater condi-
tioned hypoalgesia effect compared to other two types of CS.
The role of the number of CS-US pairings is confirmed by
Colloca et al. [43] and Schafer et al. [36], who showed that a
larger number of trials gave rise to a larger conditioned
hypoalgesia effect.

Apart from generating a greater effect, an optimized condi-
tioned paradigm is also able to induce a persistent conditioned
hypoalgesia. For example, Egorova et al. [28] found that using
human faces as the CS rather than abstract images and pseudo-
words established a conditioned hypoalgesia withstanding ex-
tinction. Additionally, partial reinforcement schedules, in

which the CS is not always paired with the US in the condi-
tioning phase, i.e., P (US|CS) < 1 [123], were also found to be
effective in preserving conditioned hypoalgesia [20].

Moreover, reconsolidation-inspired techniques are also
promising in keeping conditioned hypoalgesia as persistent
as possible. As mentioned in the previous section, the
reconsolidation hypothesis asserts that long-term memories
are prone to modification after being retrieved. Importantly,
such modification includes enhancing existent memories. In
fact, human studies have proved that an administration of a
mild stressor or glucose after retrieval of old memory strength-
ened declarative memory [124, 125]. Being scarce currently,
further studies may attempt to examine the efficacy of
reconsolidation-inspired techniques in extending conditioned
hypoalgesia in the future.

Eliminating Excessive Fear and Overgeneralization

Since excessive conditioned fear and overgeneralization are
supposedly responsible for the transition from acute pain to
chronic pain, eliminating them are two important goals in
developing effective treatments of chronic pain.

Inspired by the fear-avoidance model, graded exposure
in vivo (GEXP) is one of the promising treatments focusing
on eliminating excessive conditioned fear. GEXP consists of
three steps: cognitive-behavioral assessment, education, and
exposure in vivo [126]. Cognitive-behavioral assessment de-
termines the idiosyncratic aspects of pain-related fear for each
patient using questionnaires, interviews, and behavioral tests,
which help establish graded hierarchies of pain-related fear. In
the step of education, the therapist explains the fear-avoidance
model to the patient and corrects misinterpretations and mis-
conceptions the patient has about chronic pain. In the final
step, the patient is exposed to fearful events in a hierarchical
way and encouraged to perform fearful activities that were
intentionally avoided.

The efficacy of GEXP has been attested across a variety of
chronic pain, such as chronic low back pain [127-132], com-
plex regional pain syndrome type I [133], work-related upper
extremity pain [134], and spinal pain [135]. It successfully
reduced pain-related fear, catastrophizing, and functional dis-
ability [127, 129—-135], and the effects persisted up to 6 months
after treatment [132, 134]. However, most studies adopted
single-case designs with a limited number of subjects.
Further studies using more rigorous designs (e.g., randomized
controlled trials) and a larger sample size are highly needed to
ascertain the efficacy of GEXP in reducing chronic pain.

Targeted on eliminating overgeneralization, sensory dis-
crimination training has received much attention. Since over-
generalization arises due to the unwanted ability of stimuli
resembling the CS to elicit the CR, it might be reversed by
sensory discrimination training, which improves patients’ dis-
criminative ability by training them to distinguish different
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sensory inputs (e.g., tactile stimuli delivered at different loca-
tions) that may serve as potential CS. In addition, sensory
discrimination training could also undo cortical reorganiza-
tion, the structural and functional alterations in the represen-
tational maps of sensory and motor information in the brain
resulting from chronic pain [136—138]. This technique has
been confirmed to alleviate pain in phantom limb pain [139,
140], chronic low back pain [141-143], and complex regional
pain syndrome type I [144—147]. It is noteworthy that most
existing studies trained patients to distinguish tactile stimuli.
Some interesting questions for the future thus would be:
Would it be still effective if training is focused on other sen-
sory modalities (e.g., visual, auditory, or even painful stimu-
lation)? Will it be better to combine other sensory information
(e.g., visual feedback) with tactile stimulation in training?

Future Directions

Classical conditioning can influence pain perception by alter-
ing pain sensitivity and contributing to the development and
maintenance of chronic pain, and has far-reaching clinical
implications in pain treatment. However, there are two major
unsolved issues awaiting future investigation.

One is that the complex relationship between classical con-
ditioning and explicit expectation poses a serious obstacle for
attempts to elucidate the psychological mechanisms of condi-
tioned hyperalgesia and hypoalgesia. Many existing studies
combine conditioning and verbal information to induce a
hyperalgesic or hypoalgesic effect [17, 18, 59, 148]. As a
result, any success or failure in establishing conditioned
hyperalgesia or hypoalgesia might be attributed to either or
both of them. Some promising strategies have been proposed
to disentangle classical conditioning from explicit expecta-
tion, but most of them are imperfect solutions.

For example, implicit conditioning, in which the CS is
presented for only tens of milliseconds and is followed by a
visual mask [24, 27, 28, 44], has been suggested to be able to
rule out the contribution of expectation [6°¢]. However, im-
plicitness is not identical to unconsciousness [149—151], and
thus implicit conditioning does not necessarily exclude the
involvement of conscious expectation. The open-label design,
where subjects are informed of the placebo or nocebo manip-
ulations after the conditioning phase [19, 36], is another prom-
ising approach to exclude the confounding influence of expec-
tation. Nevertheless, this design does not preclude the involve-
ment of expectation, but intends to exclude the influence of it
ex post on the basis of the not easily testable assumption that
verbal information makes subjects unlearn the association be-
tween the CS and the US. Studies about subjects with minimal
cognitive abilities such as invertebrates [152], decerebrate
humans [153], and isolated spinal cords [154] also offer pos-
sibilities to test the unique contribution of conditioning. The
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problem with this strategy is whether pain or nociception is
still an appropriate descriptor for these subjects and to what
extent results from them and humans are comparable. In sum-
mary, the confounding influence of expectation in conditioned
hyperalgesia and conditioned hypoalgesia seems intractable at
present, and it necessitates further investigations to help im-
prove existing strategies and develop novel strategies.

The other important issue is that the number of studies
working on chronic pain patients is quite limited compared
to those recruiting healthy subjects. Even though plenty of
theoretical and empirical evidence has suggested a bright fu-
ture of exploiting conditioning in treating chronic pain, a lack
of relevant clinical studies hinders a thorough appreciation of
the clinical value of conditioning. Two further issues should
also be considered for future clinical studies. First, longitudi-
nal studies are in need to track the development, maintenance,
and, if possible, recovery of chronic pain in the future.
Different from the widely-used cross-sectional designs, which
compare healthy subjects and patients at a given time point,
longitudinal studies would be able to identify the causal role of
conditioning in pain chronification and recovery. Second,
since chronic pain is not a homogeneous disease, but one that
can be further divided into many categories [155], whose eti-
ology and treatments would be different, comparing the ef-
fects of conditioning in different categories of chronic pain
will be highly informative and beneficial.

Conclusions

Classical conditioning has been demonstrated to profoundly
modulate the experience of pain and partly shape pain’s role in
human health. This article provides a comprehensive review
of'the classical conditioning aspects of acute and chronic pain,
and discusses extensively the prospects of utilizing condition-
ing in pain treatment. A systematic knowledge of condition-
ing’s role in pain furthers our understanding of the nature of
pain, helps relieve the suffering of patients, and thus contrib-
utes to promoting human flourishing.
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