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The transition from acute to chronic pain is accompanied by increased engagement of emotional and
motivational circuits. Adaptations within this corticolimbic circuitry contribute to the cellular and behavioral
maladaptations associated with chronic pain. Central regions within the corticolimbic brain include the
mesolimbic dopamine system, the amygdala, and the medial prefrontal cortex. The evidence reviewed herein
supports the notion that chronic pain induces signiﬁcant changes within these corticolimbic regions that
contribute to the chronicity and intractability of pain. In addition, pain-induced changes in corticolimbic
circuitry are poised to impact motivated behavior and reward responsiveness to environmental stimuli, and may
modulate the addiction liability of drugs of abuse, such as opioids.

The French philosopher René Descartes (1596–1650) is credited for
one of the earliest eﬀorts to understand the physiological basis of the
sensation of pain. Taking a dualist perspective between the body and
mind, he described pain aﬀerents in the skin as ‘delicate threads’ that
form a direct and unmodiﬁable link to the brain (Descartes, 1664).
However, even in Descartes' day, this simplistic view of pain processing
was criticized for being unable to account for the complex and
modiﬁable relationship between pain stimulus and perception. For
example, Henry Beecher noted during the Second World War that badly
wounded soldiers returning from battle complained little of their pain,
and required much less morphine than civilians aﬄicted with similar
injuries (Beecher, 1946). Conversely, cognitive and aﬀective factors can
amplify pain. For example, pain catastrophizing individuals, in which
the pain-related threat is irrationally exaggerated, report greater pain
and disability (Pulvers and Hood, 2013). We now appreciate that the
sensation of pain is encoded by sensory, aﬀective, and cognitive
elements, and the interplay between these factors can amplify or
diminish the perception and experience of pain.
Chronic pain is a disease state that is mechanistically distinct from
acute pain (Tracey and Bushnell, 2009). It is deﬁned as pain that
persists beyond normal healing time, and thus lacks the acute warning
function of physiological nociception (Treede et al., 2015). In fact,
chronic pain can persist despite the lack of clear nociceptive inputs
(Baliki et al., 2010), and thus evolves into a self-perpetuating disease

independent of the initiating stimulus. Of course, not all acute pain
stimuli evolve into chronic pain conditions, and many studies have
attempted to deﬁne the factors that contribute to the transition from
acute to chronic pain.
Recent human imaging studies suggests adaptation in brain regions
involved in emotional and motivated behavior (the corticolimbic
circuitry) are particularly important in the transition from acute to
chronic pain (Chang et al., 2017; Hashmi et al., 2013; Vachon-Presseau
et al., 2016a). Alterations in corticolimbic circuitry may impact chronic
pain in two ways. First, it may directly exacerbate the perception of
pain, either through ampliﬁcation of cortical and emotional circuitry or
by interfering with endogenous pain control (Bushnell et al., 2013).
Second, changes in corticolimbic function may impact the analgesic
capacity or addiction liability of drugs, such as opioids, whose function
is mediated by overlapping brain circuits. The latter point is supported
by observations that repeated use of opioids or psychostimulants
produce some behavioral and cellular modiﬁcations that are shared
with chronic pain states. For example, chronic drug use is associated
with allostatic changes in the brain that contribute to a negative
aﬀective state (Evans and Cahill, 2016). So, while initial drug use is
driven largely by the euphoria associated with drugs of abuse (positive
reinforcement), the desire to alleviate the negative consequences of
withdrawal (negative reinforcement) may drive drug use in dependent
states, much in the same way physical pain stimuli drive behaviors
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environmental (Ren et al., 2015) and opioid analgesics (Hipolito et al.,
2015; Ozaki et al., 2002; Taylor et al., 2015). Importantly, treatment
interventions that restore normal dopamine levels (i.e. L-DOPA) restore
striatal function and improve pain behavior (Miller et al., 2015; Ren
et al., 2015). However, a recent study has reported chronic pain leads to
increased in dopaminergic ﬁring, and further studies are warranted to
unravel these conﬂicting reports (Zhang et al., 2017).
We have shown that brain-derived neurotrophic factor (BDNF)
signaling driven by microglial activation in the VTA contributes to a
loss in opioid-stimulated dopamine release in chronic pain (Taylor
et al., 2015), a mechanism that is also exhibited in opioid dependent
states (Taylor et al., 2016b). In fact, inﬂammation-driven hypodopaminergia is a characteristic of many conditions associated with anxietylike conditions (Felger and Treadway, 2017), and may indicate a
pivotal phenomenon driving the negative aﬀective states of both
chronic pain and drug withdrawal.
Chronic pain-induced alterations within the terminal regions of
dopamine projections are also correlated with pain perception and
aberrant reward behavior. Midbrain dopamine neurons projecting to
the striatum synapse onto GABAergic medium spiny neurons (MSN),
the major output neuron of the striatum. MSNs come in two ﬂavors - the
direct (dMSN) and indirect (iMSN), based on their basal ganglia
projections and expression of dopamine G-protein coupled receptors
(Gerfen et al., 1990). dMSNs express the Gs-coupled dopamine D1
receptor, and are activated by synaptic dopamine; iMSNs express the Gicoupled dopamine D2 receptors are inhibited by dopamine. The
reduced levels of synaptic dopamine in chronic pain have been shown
to drive an increased excitability of the iMSNs, which are normally
inhibited by dopamine, and this increase in activity contributes to
tactile allodynia (Ren et al., 2015). Replacement of cellular dopamine
levels with L-DOPA restored iMSN activity and alleviated pain behavior.
A separate study has also described additional synaptic modiﬁcations
on iMSNs, with chronic pain leading to a depression of excitatory
synaptic transmission driven by galanin-dependent alteration in NMDA
receptor stoichiometry (Schwartz et al., 2014). These studies suggest
that the activity of D2-expressing iMSNs is selectively impacted in
chronic pain. Human imaging studies provide further evidence that the
indirect pathway of the striatum is critical for pain perception. In a
positron emission tomography (PET) study of healthy controls, dopamine D2 receptor binding was positively associated with subjective
ratings of sensory and aﬀective qualities of pain in healthy controls
(Scott et al., 2006). In chronic back pain patients, PET imaging revealed
lower D2/D3 receptor activation in the striatum following a pain
stimulus, and was associated with pain sensitivity and negative aﬀect
(Martikainen et al., 2015).
Pain-induced changes in the striatum are not restricted to basal
ganglia projections, and cortical-striatal connections are also altered in
chronic pain. In human fMRI studies, increased functional connectivity
between the ventral striatum (nucleus accumbens, NAc) and prefrontal
cortex predicted pain persistence (Baliki et al., 2012), and was
associated with risky reward behavior (Berger et al., 2014). Interruption of NAc activity via lidocaine infusion in an animal model of chronic
pain alleviated pain behavior (Chang et al., 2014). Thus, changes in
striatal output, possibly mediated by altered dopamine eﬄux from
midbrain terminals, contribute to pain behavior. However, it is unlikely
that changes in mesolimbic dopamine circuitry are limited to nociceptive behaviors, and recent studies have begun to unravel the impact of
hypodopaminergic signaling on motivated and reward behavior in the
context of chronic pain.
As discussed previously, dopamine signaling is important for
motivating approach or avoidance behavior following presentation of
a salient stimulus, rather than the hedonic value. In this way, chronic
pain induces behaviors indicative of a deﬁcit in dopaminergic signaling.
For example, when food rewards are easily available (i.e., under a ﬁxed
ratio operant responding task), there is no diﬀerence in reward
consumption between chronic pain and control groups (Okun et al.,

related to pain relief (Koob, 2015). Moreover, both chronic pain and
drug withdrawal are associated with anhedonia and depression driven
by a hypofunction of brain circuits mediating reward and motivation
(Elman and Borsook, 2016; Massaly et al., 2016; Shippenberg et al.,
2007). While chronic pain and opioid addiction diﬀer in many respects,
an appreciation for the shared neural mechanisms between pain and
reward processes may help enlighten our understanding of the chronic
pain state and identify novel treatment strategies.
The ability to evaluate and respond to environmental cues predicting reward and aversion (such as pain) requires integration of sensory
information with reward value, expectation, and memory. It also
requires cognition to incorporate these inputs, and ﬁnally motor output
to coordinate an appropriate response. Thus, the perception of pain and
reward is a multidimensional experience that is a result of coordinated
activity in regions that span the neuroaxis, from the brainstem to
frontal lobes. To thoroughly review all relevant adaptations to these
circuits in chronic pain would be outside the scope of this article.
Rather, this review focuses on a subset of regions that are implicated in
reward and motivated behavior, and in which there exists substantial
evidence that these regions are also perturbed in chronic pain. The
importance of these circuits to pain chronicity, analgesia, and addiction
behavior will be discussed.
1. Mesolimbic dopamine system
The mesolimbic dopamine system is formed of dopamine cell bodies
within the midbrain ventral tegmental area (VTA) and substantia nigra
(SN) that send reciprocal projections throughout the limbic brain,
including the striatum, amygdala, habenula, hippocampus, and prefrontal cortex (PFC) (Haber, 2014).
Based upon the observation that rewarding cues, including drugs of
abuse and analgesia, stimulate the release of dopamine (Di Chiara and
Imperato, 1988), the mesolimbic dopamine system has long been
implicated in reward. However, it is now clear that dopamine, although
crucial for reward processing, does not drive the hedonic experience of
reward (“liking”) but rather the instrumental behavior of reward-driven
actions (“wanting”) (Robinson and Berridge, 1993, for review, Berridge
Kent and Kringelbach, 2015). Dopamine signaling is further nuanced by
temporal factors, and can signal on short (phasic) and long (tonic) time
scales (Floresco et al., 2003; Schultz, 2007). Phasic dopamine signals
occur due to burst ﬁring of dopamine neurons, usually following
presentation of a salient cue, and signals on the millisecond time scale.
Tonic dopamine is released from terminals in a spike-independent
manner, and contributes to the background, steady-state level of
extracellular dopamine. Importantly, phasic and tonic dopamine signaling have an inverse relationship, where increased tonic dopamine
levels lead to reduced phasic dopamine signaling via autoreceptormediated inhibition (Benoit-Marand et al., 2001; Moquin and Michael,
2009).
Cognitive ﬂexibility and positive mood arise from a highly responsive phasic dopamine system (Ashby et al., 1999). Consequently,
reduced phasic dopamine signaling is a hallmark of anhedonia
(Romer Thomsen et al., 2015), and is exhibited in both drug dependent
(i.e. Zhang et al., 2009) and chronic pain states (for review Taylor et al.,
2016a). Given the high incidence of anhedonia and negative aﬀect
reported in the chronic pain population, it is possible that deﬁcits in
dopamine signaling contribute to some of these symptoms (for review
Borsook et al., 2016; Rayner et al., 2016). Emerging evidence supports
the hypothesis that chronic pain is characterized by a hypodopaminergic state. For example, ﬁbromyalgia patients exhibited decreased VTA
activation in response to pain and reward-predictive cues, as detected
by functional magnetic resonance imaging (fMRI) (Loggia et al., 2014).
Reduced spontaneous spiking of VTA neurons has been detected in an
animal model of chronic pain (Ren et al., 2015). Moreover, several
studies using in vivo recording of striatal dopamine release described
signiﬁcant reductions in evoked dopamine release in response to both
2
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mechanical allodynia (Li et al., 2013). As is seen in the mesolimbic
dopamine system, inﬂammation plays a critical role in mediating many
of the synaptic changes observed in the amygdala. For example, chronic
pain induces microglial activation in the BLA (Taylor et al., 2016c), and
local infusion of a TNF alpha neutralizing antibody reverses anxiety like
behaviors in mice with persistent inﬂammatory pain (Chen et al.,
2013). Additional research is needed to characterize the impact of
altered BLA function on the reduced striatal dopamine function
observed in chronic pain.
How changes in amygdala function contribute to reward behavior in
a chronic pain state is a question that continues to be studied, but we
can look to the drug addiction literature to provide some clues. Chronic
drug use leads to altered BLA activity and insensitivity to reward
devaluation (Schoenbaum and Setlow, 2005; Wassum and Izquierdo,
2015), and lesions of the BLA lead to increased reward seeking under
punishment (Pelloux et al., 2013). There is some evidence that chronic
pain patients may have similar impaired reward responding. For
example, chronic pain patients show deﬁcits in emotional decision
making tasks, such as the Iowa Gambling Task (Apkarian et al., 2004).
The mechanism in which BLA activity inﬂuences motivated behavior in
the context of pain is an area that requires further study.

2016; Schwartz et al., 2014). However, as the energy required to solicit
a food reward increases (i.e. under a progressive ratio schedule),
animals with chronic pain consume signiﬁcantly less food than controls
(Hipolito et al., 2015; Schwartz et al., 2014).
Additional studies have measured opioid seeking behavior in
chronic pain (for review, Massaly et al., 2016). Interpreting these
studies are complicated by the fact that opioids inﬂuence motivated
behavior not only through their positive reinforcing eﬀects (i.e. their
euphoric attributes), but also through negative reinforcement via their
analgesic properties. Nonetheless, several careful studies examining
reward and motivated behavior in rodent models of chronic pain
suggest deﬁcit in opioid responding is driven by a hypo-responsive
dopamine system. For example, opioids injected directly into the VTA
fail to elicit a reward response in chronic pain (Taylor et al., 2015).
Moreover, rodents self-administering opioids show a decreased in drug
consumption at lower doses compared to controls (Hipolito et al., 2015;
Lyness et al., 1989; Wade et al., 2013). Opioid self-administration in
chronic pain escalates as the dose of opioid increases (Hipolito et al.,
2015; Martin et al., 2007).
In addition to its role in motivated behavior, the mesolimbic
dopamine system can also inﬂuence analgesia. Pain relief can indirectly
inﬂuence corticolimbic circuitry via inhibition of ascending nociceptive
inputs. For example, even peripherally or spinally restricted analgesia
produces reward behavior, is self-administered, and evokes a striatal
dopamine response when these treatments are applied in the context of
pain (Martin et al., 2006; Navratilova et al., 2012). Most drugs of abuse
that stimulate the dopamine system (including opioids and psychostimulants) also possess analgesic properties (Franklin, 1998). Moreover,
morphine injected directly into the VTA is analgesic and lesioning the
VTA impairs morphine analgesia (but not spinal anti-nociception)
(Morgan and Franklin, 1990; Phillips and LePiane, 1980). Chronic pain
has been shown to impair the ability of opioids to stimulate dopamine
eﬄux in the nucleus accumbens, with both inﬂammatory and chronic
pain conditions exhibiting reduced opioid-stimulated dopamine eﬄux
(Hipolito et al., 2015; Taylor et al., 2015). Thus, deﬁcits in dopamine
signaling will not only contribute to motivational and mood deﬁcits in
chronic pain, but may also interfere with analgesic capacity of opioids.

3. Medial prefrontal cortex
The medial prefrontal cortex (mPFC) is involved in sensory integration, decision making, and fear learning (Giustino and Maren, 2015). As
such, it plays a vital role in aﬀective and cognitive dimensions of pain.
The mPFC is classiﬁed into distinct neuroanatomical subregions: the
anterior cingulate cortex (ACC), the prelimbic cortex, and the infralimbic cortex. They form reciprocal excitatory connections to limbic
regions such as the amygdala, NAc, and VTA (Heidbreder and
Groenewegen, 2003; Hoover and Vertes, 2007). Like other cortical
regions, the mPFC is further divided into medial-lateral layers I-VI, with
layer V pyramidal neurons forming the primary excitatory output of the
region. While acute pain stimuli activate the mPFC (Devoize et al.,
2011; Felice et al., 2014; Nickel et al., 2017), this region undergoes
both morphological and functional reorganization in chronic pain
(Metz et al., 2009).
The infralimbic and prelimbic cortical subregions integrate sensory
and limbic information and promote goal-directed behaviors through
cortico-striatal connections. This is achieved, in part, by mPFC glutamatergic projections to the striatum and midbrain that modulate
dopamine eﬄux (Del Arco and Mora, 2008; Jackson and
Moghaddam, 2001). Thus, changes in prelimbic and/or infralimbic
cortical activity may contribute to the altered dopamine signaling and
motivated behavior, discussed above (Hipolito et al., 2015; Ren et al.,
2015; Schwartz et al., 2014; Taylor et al., 2015).
Within the prelimbic cortex, persistent pain is associated with
decreased metabolic activity (Thompson et al., 2014). More speciﬁcally, layer V pyramidal neurons showed reduced responses to excitatory glutamatergic inputs in chronic pain, and this was associated with
decreased basal glutamate levels within the region (Kelly et al., 2016).
A study using in vivo single unit recording demonstrated that the
reduced prelimbic function was due to an increased feed-forward
inhibition from BLA inputs (Ji and Neugebauer, 2011; Ji et al., 2010).
Recently, impaired cholinergic modulation has also been shown to
contribute to the decreased prelimbic cortical activity associated with
chronic pain (Radzicki et al., 2017). Strategies that increase excitatory
output or decrease inhibitory tone on prelimbic pyramidal neurons are
eﬀective for decreasing pain and anxiety related behaviors in chronic
pain. For example, deactivation or activation of prelimbic pyramidal
neurons promoted or decreased pain and anxiety, respectively (Lee
et al., 2015; Wang et al., 2015). Conversely, optogenetic silencing of
GABAergic interneurons within the prelimbic cortex decreased pain
responses (Zhang et al., 2015). The analgesic and anxiolytic eﬀects of
prelimbic activation are driven by prelimbic-striatal projections, as

2. Amygdala
The amygdala integrates sensory stimuli with aﬀective valence, and
plays a pivotal role in mediating the aﬀective elements of pain. It is
composed of two primary nuclei, the basolateral amygdala (BLA) and
the central amygdala (CeA) that are thought to signal in a serial fashion
(Wassum and Izquierdo, 2015). As such, inputs to the BLA are largely
from sensory regions (thalamus, sensory cortices) with major outputs to
the CeA, as well as the NAc, bed nucleus of the stria terminalis (BNST),
PFC, and hippocampus. In this context, the CeA is primarily involved in
mediating behavioral output (Janak and Tye, 2015). However, the CeA
also receives direct sensory input by nociceptive aﬀerents from the
parabrachial nucleus (PBn) and contributes to the aﬀective dimensions
of pain (Braz et al., 2005). In chronic pain, synaptic transmission
between the PBn and CeA is potentiated in persistent and chronic pain,
and contributes to pain related anxiety (Nakao et al., 2012; Neugebauer
et al., 2004). Genetic silencing of CGRP neurons from the PBn to the
CeA blocked pain responses and memory formation, and optogenetic
stimulation of this pathway produced defensive responses and a threat
memory (Han et al., 2015; Zhang et al., 2014).
The BLA also sends projections to the NAc, which regulate
dopamine eﬄux and modulate motivated behavior (Phillips et al.,
2003). Alterations in BLA function is associated with the transition from
acute to chronic pain. For example, a smaller amygdala volume
predicted the transition to chronic pain in a human population
(Vachon-Presseau et al., 2016b). In animal studies, decreased arborization of BLA cells were observed in chronic pain (Tajerian et al., 2014),
and lesion of the BLA during early phase of chronic pain alleviated
3
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reward, an eﬀect that is accompanied by decreases ACC activity during
reward anticipation (Talmi et al., 2009). Changes in ACC activity
associated with chronic pain may alter reward responsivity in costbeneﬁt scenarios. For example, chronic pain-induced deﬁcits in the
BLA-ACC long term potentiation contribute to deﬁcits in the rat
gambling task (Cao et al., 2016). As discussed above, chronic pain
patients also have deﬁcits in emotional decision making tasks, a
phenomenon likely mediated by coordinated inputs throughout the
corticolimbic brain, including the ACC and amygdala.

selective activation of prelimbic glutamatergic terminals in the NAc was
suﬃcient to produce analgesic and anxiolytic eﬀects (Lee et al., 2015).
Less has been studied regarding changes in infralimbic structure and
function in chronic pain; however, information gleaned from the drug
addiction literature may be relevant here. The prelimbic and infralimbic cortices can be distinguished based on their unique projection
targets to the NAc core and shell, respectively (Sesack et al., 1989). The
prelimbic-NAc core glutamatergic projections mediate learned associations between drug and environment, and drive cocaine relapse (Gipson
et al., 2013; LaLumiere and Kalivas, 2008; Shen et al., 2011). In
contrast, infralimbic projections to the NAc shell are thought to inhibit
cocaine reinstatement and relapse (Peters et al., 2008). However,
opioid-dependent reinstatement behaviors are mediated by diﬀerent
mPFC projections. While lesions of the prelimbic, but not infralimbic
cortex, blocked cocaine reinstatement, lesions of the infralimbic, but not
prelimbic cortex, blocked heroine reward and reinstatement (Bossert
et al., 2011; Tzschentke and Schmidt, 1999). While the inﬂuence of the
infralimbic versus prelimbic pathways on pain related behavior is still
in its infancy, an initial study has found inactivation of prelimbic, but
not infralimbic cortex, impaired acquisition and expression of formalininduced conditioned place aversion (Jiang et al., 2014). This is perhaps
surprising that chronic pain resembles psychostimulant, rather than
opioid dependence, though may reﬂect the decreased excitatory output
of the prelimbic region, described above. In any case, further research
examining the impact of prelimbic and infralimbic cortical output on
pain-related behavior is needed. In particular, studies incorporating
goal-directed behavioral assays and contingent (rather than non-contingent) reinforcement is required to fully elucidate these processes.
The ACC is located dorsal to the infralimbic and prelimbic cortices,
and has been well implicated in mediating the cognitive and aﬀective
aspects of pain (Apkarian et al., 2005). This region receives nociceptive
information from inputs originating from the thalamus, amygdala
(particularly the CeA), and the primary sensory cortex (Eto et al.,
2011; Shyu and Vogt, 2009; Vogt et al., 2003). In healthy individuals,
acute pain stimuli activate the ACC, where it encodes aﬀective, but not
sensory, aspects of pain (Duerden and Albanese, 2013; Rainville et al.,
1997). Lesions of the ACC attenuate the aﬀective components of pain
without impacting nociceptive behaviors (Gao et al., 2004; Johansen
and Fields, 2004; Johansen et al., 2001; Qu et al., 2011). Unsurprisingly, given its involvement in acute pain processing, much has been
described in this brain region in chronic pain. The reader is pointed to a
recent review on this subject for a more thorough analysis of these
changes (Bliss et al., 2016).
Brieﬂy, unlike the prelimbic cortex that shows pain-induced inhibition, the ACC layer V pyramidal neurons exhibit increased intrinsic
excitability in chronic pain (Blom et al., 2014; Koga et al., 2015). This
increased excitability is due to potentiated glutamatergic signaling, as
evidenced by increased presynaptic glutamate release and an enhancement of AMPA receptor signaling (Xu et al., 2008; Zhao et al., 2006).
Inhibiting postsynaptic AMPA receptors was suﬃcient to blunt pain
responses in a chronic pain state (Li et al., 2010; Wei et al., 2002). The
increased ACC excitability is further modulated by forebrain serotonergic inputs (Santello and Nevian, 2015). Importantly, once established,
the increased ACC activity occurs independently of primary aﬀerent
drive, as it persists in the presence of a peripheral nerve block (Wei and
Zhuo, 2001).
Increased ACC activity in chronic pain may inﬂuence behavior in
several ways. For one, ACC excitability in chronic pain mirrors what is
observed in anxiety phenotypes (Kim et al., 2011; Osuch et al., 2000),
and optogenetic stimulation of the ACC is suﬃcient to induce anxietylike behaviors (Barthas et al., 2015). Thus, increases in ACC activity
may certainly contribute to pain-induced anxiety. Moreover, the ACC is
a region at the interface of pain and reward, and is involved in
integrating costs and beneﬁts when multiple competing relevant stimuli
are encountered in the environment (Hillman and Bilkey, 2010). For
example, an acute pain stimulus decreases the value of a monetary

4. Conclusions
The Cartesian dualist theory of pain, whereby the intensity of pain is
directly proportional to the aﬀerent input, inadequately encompasses
the complexity of the pain experience. We now understand that in
addition to sensory components, pain is mediated by emotional and
cognitive circuits that can either amplify or diminish the pain experience.
The corticolimbic brain plays a central role in the aﬀect and
cognitive regulation of pain. There is now ample evidence, some of
which is reviewed above, that supports the notion that chronic pain
induces signiﬁcant changes in corticolimbic circuitry that directly relate
to the chronicity and intractability of this condition. In addition, paininduced changes in corticolimbic circuitry are poised to impact
motivated behavior and reward response to environmental stimuli,
and may modulate the addiction liability of drugs of abuse, such as
opioids. The question of opioid addiction liability in the chronic pain
population is a topic that has received much scrutiny considering the
current prescription opioid epidemic (Vowles et al., 2015). While
delving into this topic is outside the scope of this review, the reader
is pointed to several current reviews for further discussion (Brady et al.,
2016; Franklin et al., 2014; Volkow and McLellan, 2016). In any case,
additional studies examining the impact of chronic pain on reward and
motivated behavior are warranted.
The implications of an aberrant corticolimbic circuitry extend
beyond opioid addiction liability. As discussed above, a responsive
reward system is required for full analgesic potency of many analgesic
compounds, such as opioids. Thus, deﬁcits in corticolimbic circuitry
may interfere with pain management strategies. Moreover, deﬁcits in
corticolimbic function is associated with negative hedonic states, and
may contribute to the co-morbid mood disorders that are prevalent
within the chronic pain population (Elman et al., 2013). Strategies that
restore function within this system could be eﬀective means to alleviate
these negative aﬀective symptoms and/or improve the analgesic
eﬃcacy of opioid analgesics.
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