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Pain is an intrinsically unpleasant experience with features that protect an organism by promoting motivation and learning. Pain
relief, a negative reinforcement of pain, is considered a reward and activates the brain’s reward system. Te reward circuit in the
brain involves reward and pain. Acupuncture has a multidimensional and comprehensive regulating efect on chronic pain.
However, the reward efect of acupuncture in relieving chronic pain and the mechanism of the brain reward circuit involved in
acupuncture analgesia are not thoroughly studied. In this article, we have reviewed the defnition of pain abnormalities and
negative emotions in patients with chronic pain, the conceptual characteristics of analgesic reward, and the new progress in
studying brain reward circuits and functions. Moreover, we have expounded on the critical clinical and scientifc signifcance of
studying the reward efect of acupuncture analgesia and related brain reward circuits, the pain mechanism obtained from human
neuroimaging studies, and the survey results on the efects of acupuncture on reward/motivation circuits. Some viewpoints and
suggestions on the reward efect of acupuncture analgesia and related reward circuits have been put forward to clarify the
multidimensional characteristics and benign regulation of acupuncture analgesia. Studies on the reward efect of acupuncture in
relieving chronic pain and the regulating efect of the brain reward loop on acupuncture analgesia help to deepen the clinical
understanding of acupuncture analgesia, innovate the research concept of acupuncture analgesia, and provide help for further
studies on the central mechanism of acupuncture in improving chronic pain in the future.

1. Introduction

Acupuncture analgesia has a long history, and its efec-
tiveness, simplicity, and few adverse reactions have been
widely recognized at national and international levels. Of the
64 indications for acupuncture recommended by the 1996
World Health Organization Conference in Milan, Italy, 32
are related to pain. Currently, pain remains one of the main
indications for acupuncture. Acupuncture analgesia relieves
patients’ degree of pain and avoids addiction, immuno-
suppression, gastrointestinal injury, and other adverse re-
actions caused by taking analgesic drugs. It improves the
quality of life of patients with pain; therefore, acupuncture
analgesia has been increasingly used in clinical practice.
Several reports have demonstrated the efcacy of acu-
puncture in treating infammatory, neuropathic, cancer, or

other types of pain. However, due to the multitargeted
characteristics of the acupuncture efect, the mechanism of
acupuncture analgesia has not been fully elucidated.

Previous basic and clinical studies on acupuncture an-
algesia have focused on reducing pain perception and in-
cidence frequency and improving the quality of life [1]. With
the advancement of studies on pain, these previous studies
have found that acupuncture can ease the pain of patients
and further regulate the negative emotions and cognition
induced by pain. Terefore, as a new perspective of acu-
puncture analgesia, studies assessing the appropriate strat-
egies on how to improve pain threshold and regulate an
individual’s pain-related emotion and cognition level,
changing from a single mode of nociceptive feeling to
a multidimensional way of “pain-emotion-cognition,” are
required in the future.
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2. Pain: Not Just a Feeling

Pain is a complex physical and psychological activity and is
one of the most common clinical symptoms. Professor
Campbell, former president of the American Pain Society,
proposed to rank pain as the ffth vital sign after pulse, blood
pressure, respiration, and body temperature [2]. As early as
1979, the International Association on the Study of Pain
(IASP) and World Health Organization defned pain as “an
unpleasant feeling, emotional experience, or description
associated with actual or potential tissue damage” [3]. Tissue
damage is a standard prerequisite for pain. However, oc-
casionally, pain occurs when tissue damage cannot be ob-
served. To accommodate this development, the defnition of
pain was revised by the IASP in 2020, redefning “pain as
a distressing experience associated with actual or potential
tissue damage with sensory, emotional, cognitive, and social
components” [4]. Te new defnition emphasizes that pain
emotion, cognition, and sociability are essential dimensions
in evaluating pain, in addition to the feeling of hurt, which is
the feeling of pain.

Pain can be divided into two categories: physiological
and pathological pain. Physiological pain, also known as
acute pain, is vital for the survival of individuals. Patho-
logical pain is caused by tissue damage and can lead to
prolonged changes in the periphery and center, leading to
hyperalgesia and touch-induced pain [5]. Several chronic
pains result from acute pain and their mechanisms are
unknown. Pain that usually lasts more than 3 months (or
more than 50% of days within 6 months), exceeds the ex-
pected healing time, and lacks a critical warning function of
physiological nociception is considered chronic [6]. Te
prevalence of chronic pain is approximately 12%–30%,
which severely afects patients’ quality of life and results in
a substantial socioeconomic burden [7]. Patients with
chronic pain usually experience pain with varying degrees of
mental and emotional disorders, such as depression and
anxiety. Conversely, afective and cognitive disorders are
also early risk factors for chronic pain [8,9]. When an injury
occurs, pain acts as a warning stimulus to produce a series of
defensive responses to protect the body from damage.
However, if the pain is severe or persistent, it causes in-
tolerable mental torture to the body [10]. Depression and
anxiety represent the most abnormal emotional manifes-
tations associated with pain [11]. In the absence of any
antidepressant medication, the depression scores of patients
with pain associated with depression also improved sig-
nifcantly as the degree of pain decreased, indicating that
patients with pain are often associated with depression and
that the severity of depression is related to the degree of pain
[12]. In patients with chronic pain, severe impairment of
individual functional status and quality of life may induce
anxiety. For example, the incidence rate of anxiety in pa-
tients with chronic neck and shoulder pain is 35.83%. Te
degree of anxiety is related to the depression level, duration
of disease, body mass index, family relationships, and other
factors [13]. In addition, anxiety can also cause pain to
persist or worsen. For example, patients who are anxious
often do not dare to move because they worry about pain

and injury, resulting in impaired physical function and
reduced the quality of life.

Currently, clinical practice relieves acute pain by regu-
lating nociceptor aferents, and good results are obtained
[14]. However, the treatment of chronic pain remains in-
sufcient. Te main reason is that the existing treatment
methods cannot efectively relieve patients’ psychological
and emotional problems, that is, the aversion associated with
chronic pain. Patients with chronic pain usually have
a strong motivation for pain relief. Recent neuroimaging
studies have also shown that adaptive changes in the brain
reward/motivation loop may mediate chronic pain’s psy-
chological and emotional mechanisms [15]. Tus, the
presence of negative emotions of pain, on the one hand,
drives an individual to escape from harm in acute pain
conditions, and on the other hand, causes the individual to
seek relief in chronic pain conditions [16]. Terefore, the
goal of pain treatment has also changed from simple pain
relief to simultaneous pain reduction behavior, changing
patients’ negative perceptions of their pain and enhancing
self-confdence and self-control [17]. Acupuncture can ef-
fectively relieve pain itself and improve cognitive impair-
ment and negative emotions and other complications [18].
Tis article reviewed the literature on the pain and reward/
motivation loop and the efect of acupuncture on this loop to
provide new ideas for the internal mechanism of acu-
puncture exerting multidimensional regulation to produce
an analgesic efect.

3. Reward/Motivation Circuits

Te midbrain limbic reward network, also known as the
mesolimbic dopamine (DA) system, is the core region of the
reward mechanism [19]. Traditionally, the DA circuit from
the ventral tegmental area (VTA) to the nucleus accumbens
(NAc) constitutes the basic midbrain reward system.
However, in recent years, there has been a new un-
derstanding of the DA theory of the central reward system,
which shows that the reward loop exists in a complex parallel
network [20]. Te primary neural basis of the mesencephalic
limbic reward network is that the NAc receives neural DA
projections from the VTA of the midbrain (i.e., the VTA-
NAc pathway), and DA is an essential neurotransmitter in
the reward mechanism [21]. In addition, NAc also receives
projections from brain regions related to the “emotional”
dimension of pain, such as the amygdala (AMY), anterior
cingulate cortex (ACC), and prefrontal cortex (PFC), and
participates in the coding of reward mechanisms [22–27].
Te NAc does not directly encode sensory pain information
but can transmit signifcant signals of emotional values and
stimuli [28]. It receives aferent nociceptive information
through the projections of the accessory cortex and cortical
regions and participates in pain processing. Simultaneously,
spinal dorsal horn neurons can also project directly to the
NAc. Neurons in the spinal dorsal horn can also project
directly to the NAc [29]. In addition, signals transmitted
down from the NAc can also modulate spinal nociceptive
signals through the medulla’s rostral ventromedial medulla
region [30]. A previous study [31] used rapid scanning
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voltammetry to detect real-time DA concentrations and
found that aversive stimulation increased DA concentra-
tions in the striatum. Te nociceptive tail can induce DA
release in the dorsal striatum and NAc core, but in the NAc
shell, DA release occurs only after stimulation is terminated.
According to the time course of DA activity of NAc shell, it is
consistent with the view that pain relief is a reward. A blood
oxygen level study that has relied on blood oxygen level
dependent-functional magnetic resonance imaging (BOLD-
fMRI) measurements has also shown similar results to
neurochemical reactions; the NAc shows a negative signal at
the beginning of pain but a positive sign at the time of pain
relief [32].

In the brain reward network, the PFC, ACC, VTA, NAc,
AMY, and lateral hypothalamus constitute important net-
work nodes that regulate pain and reward. Te down-
projection circuit of glutamatergic nerves in the PFC
forms a critical circuit of cerebral cortex reward [33]. Te
lateral PFC provides direct or indirect glutamatergic neural
projections to the VTA, activates VTA DA neurons, releases
DA, and produces reward-related behaviors [34]. Moreover,
the PFC, as an essential component of the “pain matrix,” is
a critical brain region that regulates pain emotions and
participates in pain-related reward and cognition functions
[35,36]. Enhancement of neuronal activity in the reward
circuit associated with the PFC is a common feature in the
formation of chronic pain relief and a core structure of the
pain-related brain reward or reinforcement system [37].
Glutamate (Glu) is the most crucial neurotransmitter in the
PFC, and its excitatory synaptic transmission is closely re-
lated to PFC function. As ionotropic Glu receptors, N-
methyl-D-aspartate (NMDA) receptors participate in vari-
ous crucial nervous system functions, including learning and
memory and reward. Te NMDA receptor mediates excit-
atory postsynaptic potentials via the protein kinase C sig-
naling pathway and is a signifcant regulator of neural
synaptic plasticity. A prior study [38] showed that neurons
in the PFC underwent long-term plasticity changes during
chronic pain. During neuralgia, the PFC reorganizes mor-
phologically and functionally, including Glu-mediated
projection circuits and DNA methylation, which are posi-
tively correlated with pain sensitivity and mood abnor-
malities [39] (Figure 1).

4. Effect of Pain and Pain Relief on the Reward/
Motivation Circuits

Negative emotions produced by pain are an important part
of pain perception. However, the reward mechanism is the
self-regulation mechanism of the body’s nervous system to
relieve negative emotions and promote positive emotional
states [22]. In a recent study on chronic pain, the elimination
of negative emotions and the return to a normal state are
used as indicators of pain relief. A prior psychological study
[40] has suggested that properly handling a state of disgust is
rewarding. Although the idea that pain relief can be a reward
has long appeared in human studies [41,42], it has only
recently been demonstrated in animals [43,44]. Traditional
animal models have limitations in exploring pain by

measuring the pain threshold that does not truly refect
animal pain emotions [45]. In animal models, the condi-
tioned position paradigm is often used to determine the
emotional dimension of animal pain. Te paradigm uses
a specifc position or environmental signal as a conditioned
stimulus and a reward or punitive stimulus as an un-
conditioned stimulus. Te two are repeatedly paired and
reinforced to form a conditioned refex. Te animal’s ex-
posure to the environment or signal will show a clear
preference or escape response. Negative emotions in animals
show conditioned place aversion (CPA) when pain is as-
sociated with environmental cues [46].

Conversely, chronic pain’s palliative or analgesic efect
produces a sense of pleasure that manifests as a positive
emotional state or as a negative reinforcement of pain, which
is considered a reward that activates the brain reward system
[22,47]. Te administration of analgesic and non-analgesic
drugs to slow pain model animals resulted in conditioned
place preference (CPP). Tis behavior of CPP triggered by
pain relief is closely related to the activation of mesolimbic
circuits. Some researchers used peripheral nerve blockade to
relieve persistent pain in rats [43]. After pain relief, the
expression of DA neurons in the VTA region was signif-
cantly increased, and the release of DA in the NAc shell
increased considerably. If the expression of DA neurons or
the transmission of DA signals was inhibited, the occurrence
of CCP behavior could be hindered. Notably, pain relief also
signifcantly afects the midbrain limbic reward network
[48]. Researchers [49] used the CPA model to study the
negative emotions of pain. During training, rats were in-
jected with formalin, a pain-causing substance, in box A, and
no drug was administered in box B. During the test phase,
the animals were allowed to select their stay position without
freely being in painful stimulation. Te results showed that
the rats had signifcantly shorter stay time in box A; that is,
they showed avoidance of box A. Tis suggests that the
formalin-induced CPA (F-CPA) model is successfully
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Figure 1: Reward/motivation circuits.
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developed, refecting the aversion associated with sponta-
neous formalin-induced pain. ACC receives nociceptive
signals from the medial thalamus through the spinal-
thalamic pathway, and its rostral portion (rostral anterior
cingulated cortex (rACC)) plays an important role in the
processing of pain aversion. Microinjection of excitatory
amino acids into rACC produces CPA without afecting the
sensory threshold [50]. In contrast, destruction of rACC
attenuates F-CPA but does not alter the pain response in-
duced by formalin alone. Te inhibition of rACC extra-
cellular signal-regulated kinase activation blocks F-CPA
expression [51].

Pain and pain relief can signifcantly infuence reward/
motivational circuits [52]. BOLD-fMRI activation is typi-
cally observed in reward/motivation networks, including
the orbitofrontal cortex, NAc, and VTA, following acute
noxious stimulation [53]. A previous study [54] using
positron emission tomography (PET) imaging to visualize
DA receptors showed that nociceptive stimulation in-
creased DA neurotransmission in NAc. In addition, this
pain-induced dopaminergic activation within NAc is as-
sociated with changes in individual negative emotional
evaluation during pain. Another PETscan study found that
the D2/D3 receptor binding potential in the ventral
striatum of patients with chronic nonneuropathic back
pain was lower compared with that of healthy subjects. Te
D2/D3 receptor binding potential in this brain region was
negatively correlated with the positive afective state score
and pain tolerance evaluation in patients with chronic back
pain [55]. Animal experiments have also observed that CPP
after sustained pain relief is closely related to the activation
of DA energy in the mesolimbic circuit. Peripheral nerve
blockade relieves persistent postoperative pain in rats,
which can signifcantly induce CPP behavior in animals.
Meanwhile, the expression of Fos in DA neurons in the
VTA region is increased substantially, and the release of
DA in the NAc shell is also signifcantly increased. How-
ever, inhibiting VTA pain relief-induced CPP can be
blocked by blocking DA signaling in regional DA neurons
or by blocking DA signaling within the NAc, providing
direct evidence for the association between pain-
motivational behavior and midbrain reward/motivation
circuits. In addition, in the rat head pain model, pain relief
can activate DA neurotransmission in NAc [56]. Te
abovementioned results suggest that the activation of the
midbrain reward/motivation circuit can refect the degree
of pain relief so that the analgesic efect of a particular
therapeutic measure can be indirectly judged by observing
the activation of this circuit [57].

Terefore, the midbrain reward system plays a crucial
role in the perception and regulation of chronic pain
symptoms. Chronic pain stimulation changes the functional
structure of the midbrain limbic reward network, and the
release of neurotransmitters is signifcantly reduced, leading
to impairment of the reward efect, which leads to or ag-
gravates chronic pain. Moreover, the activation of the
midbrain limbic reward mechanism can refect the degree of
pain relief; that is, the midbrain limbic reward network is
closely related to chronic pain [58], and the reward efect of

pain relief is closely associated with the activation of the
brain reward system [43,59–64].

5. Effects of Acupuncture on the Brain Reward/
Motivation Circuits

Acupuncture, as a technique of peripheral nerve regulation,
has paid signifcant attention to the role of the central circuit
[16]. Previous studies have pointed out that acupuncture
analgesia can activate the brain reward circuit [16,65–67]. A
previous study [68] has reported that the analgesic efect of
acupuncture afects the “self-evaluation” of the human body
and activates the brain reward system, with the activation of
the brain striatal system being an essential mechanism for
acupuncture to produce pleasure [69]. Functional nuclear
magnetic resonance studies [70–72] have shown that acu-
puncture produces an analgesic efect by modulating the
limbic lobe-limbiclobe-neocortex network system. Tat is,
acupuncture can modulate the activity of the limbic cortex
and subcortical structures, including the PFC, anterior
cingulate gyrus, AMY, hippocampus, and hypothalamus. A
prior study [73] used fMRI to study the efects of acu-
puncture with diferent cues on brain activation. Partici-
pants in the “acupuncture treatment group” were informed
that acupuncture was part of the treatment, whereas par-
ticipants in the “acupuncture stimulation group” were in-
formed that acupuncture was a pain stimulus. Te two
groups received the same amount of acupuncture, and there
was only a diference in language guidance.Te results of the
study showed that both groups of acupuncture could activate
brain regions (ventral striatum) related to brain reward, but
the “acupuncture treatment group” produced more robust
brain activation signals than the “acupuncture stimulation
group.” Another fMRI study [74] showed that improving
patients’ expectation of acupuncture enhanced the thera-
peutic efect of knee osteoarthritis pain, and the patient’s
expectation score was positively correlated with the re-
duction of pain and activation degree of related brain re-
gions (NAc, anterior cingulate gyrus, ventral PFC). Using
resting fMRI, acupuncture treatment of chronic low back
pain can also activate the brain reward system, signifcantly
enhancing the functional connection of the VTA/aqueductal
gray to the AMY circuit [65]. An fMRI study based on
a mixed-efects model showed that immediate relief of
chronic pain and negative emotions by acupuncture were
associated with signifcant changes in spontaneous neural
activity in the default network, basal ganglia region, and
brain region where the limbic system is located, and NAc,
especially in contrast to the spontaneous neural activity of
chronic pain in the insular and bilateral occipital lobes [75].
Notably, a previous study [76] has shown that acupuncture
improves depressive symptoms in patients with severe de-
pression and activates the brain reward circuit. Considering
that acupuncture also activates the reward loop in the brain
of healthy subjects, these results suggest that the reward loop
in the brain is a standard mechanism by which acupuncture
modulates emotional disorders. In addition, animal exper-
iments also indicate the modulation of the reward system by
acupuncture. For example, acupuncture regulates opioid
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peptide receptors in the NAc, Glu, and gamma-
aminobutyric acid in the AMY, and pyramidal neurons in
the anterior cingulate gyrus [77]. A prior study [78] has
shown that electroacupuncture relieves emotional pain in an
animal model of infammatory pain involving the anterior
cortical opioid peptide system.Te efects of acupuncture on
glutamatergic pyramidal neurons in the ventral medial PFC
were observed by multichannel electrophysiology and im-
munohistochemistry [79]. A recent study [80] has also
highlighted the importance of cortical mechanisms,
reporting that the efect of electroacupuncture on pain relief
may be achieved through cortical loop regulation mediated
by cannabinoid receptor 1. Pariente et al. [81] used PET
scanning to study the efect of patients’ expectations and
beliefs on acupuncture analgesia.Te results showed that the
honest acupuncture and comfort acupuncture (with the
same treatment expectation) groups had more robust acti-
vation in the midbrain, right dorsolateral PFC, and ACC
than the skin prick group (with the expectation of treatment
efect).

In addition, acupuncture can also regulate several
neurochemicals in the brain reward/motivation system.
Electroacupuncture promotes the release of opioids from the
central nervous system to exert its analgesic efect. After the
activity of opioid receptors in the NAc is blocked by opioid
receptor antagonists, the analgesic efect of acupuncture is
reduced [82,83], and rACC endogenous opioid signals are
necessary for relieving pain aversion [64,78]. In addition,
electroacupuncture can activate the brain reward system and
increase the 5-hydroxytryptamine (5-HT) level in the NAc of
bound conscious rats, suggesting that acupuncture may be
efective in the treatment of emotional disorders [84]. Recent
studies have shown that repeated electroacupuncture has
a pronounced analgesic efect on rats with chronic neuralgia
and can signifcantly improve their pain aversion. Te efect
of electroacupuncture on pain aversion may be related to the
upregulation of GluAl, metabotropic glutamate receptor 1
(mGluR1), c-aminobutyric acid (GABA)B2 protein, and
Piccolo gene expression in AMY [85,86]. Acupuncture can
relieve pain and negative emotion simultaneously as anal-
gesia. An fMRI study showed [74] a positive correlation
between the efcacy of acupuncture in treating knee oste-
oarthritis pain and the degree of activation of brain regions
related to the limbic reward system (NAc, PFC, and ACC).
Te study also proposed that the degree of pain relief and
activation of related brain regions would be increased when
patients received the same treatment. Similar to another
study, acupuncture with diferent cues was found to increase
the DA level in the relevant nuclei in the reward network,
thus inhibiting pain [73,87].

Te series suggested the widespread efects of acu-
puncture on the brain reward system. Notably, if the ex-
tensive infuence of acupuncture on the brain reward system
refects the broad spectrum of acupuncture efects [73], then
the specifc core reward loop of acupuncture analgesia re-
ward has yet to be clarifed. Optogenetic techniques provide
a crucial research tool for the detailed study of cerebral
circuits in acupuncture analgesia [88]. Te expression of
light-sensitive proteins in a specifc cell population of

a single source (excitatory or inhibitory neurons or glial
cells) by genetic engineering methods so that cells that do
not express light-sensitive proteins does not respond to light
stimulation, and the use of light to regulate neurons non-
invasively and reversibly has high accuracy in studying the
regulation of specifc cell populations in the reward circuit.

In particular, the new generation of optogenetic tech-
nology combines the supermicro calcium imaging system of
free-moving neurons with the optogenetic supermicro cal-
cium imaging system of free-moving neurons, which has the
characteristics of cell-specifc regulation, high-
precisionspatial-temporal resolution, reproducibility, and
functional anatomy of neural networks. It achieves the high
temporal, spatial, and cell resolution required for acu-
puncture studies. If it is combined with nervous electro-
physiology and integrated with behavioral data, it
dramatically enriched the experimental contents and results
and made the study results more convincing [89,90].

6. Summary and Outlook

In summary, because patients with chronic pain experience
pain and negative emotions, pain relief needs to not only
alleviate the physiological aspect of pain but also return
negative emotions (pain aversion) to normal as a reference
index. Previous studies have demonstrated that adaptive
changes in the brain reward/motivation loop during chronic
pain may be involved in and worsen the emotional response
to chronic pain. Acupuncture, including electro-
acupuncture, can signifcantly inhibit pain sensation with
the immediate analgesic efect and improve pain-induced
negative emotions, including anxiety and depression ac-
companied by pain and cognitive changes. Te brain reward
motivation system is activated simultaneously as acupunc-
ture analgesia, which can relieve pain aversion by promoting
the release of opioids and 5-HT in the brain reward/moti-
vation circuit and upregulating the expression of AMY’s
(Glu)Al, mGluR1, and GABAB2 proteins, thus exerting its
analgesic efect.

Several problems need to be solved in the reward efect of
acupuncture analgesia. First, a previous study [22] has
shown that the pain sensitivity of rats reaches a peak 24 h
after surgical incision pain. Te pain still exists 96 h after the
operation, but the pain sensitivity is signifcantly reduced.
Te experimental animals produced signifcant CPP by
nerve block with lidocaine 24 h after the incision. However,
after 96 h of modeling, the nerve block with lidocaine could
not produce CPP, suggesting that the course of the disease
afects the reward efect. Does the reward efect of acu-
puncture analgesia also have the characteristic of aging?
Especially for chronic pain, the course of the disease is often
long, and the central nervous system undergoes plasticity
changes. Second, whether diferent acupuncture treatment
schemes, such as acupuncture frequency, manipulation,
selection of acupuncture points, and diferent electro-
acupuncture frequencies and current intensities, have other
efects on analgesic reward efect remains to be further
studied. Tird, the formation of the reward efect of acu-
puncture analgesia itself is a type of conditional learning
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process that involves the coding, consolidation, and
reconsolidation of learning and memory. We must deeply
understand the similarities and diferences between the
reward learning process of acupuncture analgesia and the
standard positive emotion learning process, which will
provide necessary mechanism support for acupuncture
treatment of patients with chronic pain.

It is of great signifcance to study the reward efect of
acupuncture in relieving chronic pain. First, many patients
with chronic pain expect the pleasure of acupuncture to
relieve pain. However, it is unclear whether this is the
motivation for patients to seek further acupuncture treat-
ment. Tis is an important clinical question to be answered
in the basic study of acupuncture. Second, the characteristics
of pain reward and its regulation mechanism are essential
manifestations of an organism to maintain homeostasis in
the face of environmental challenges. Te idea of controlling
chronic pain by changing the reward/motivation system is of
great concern. Tird, the reward efect of pain relief will
drive the motivation and behavior related to pain relief, thus
accelerating the pain relief, which is of great clinical sig-
nifcance. Finally, studies have shown that signifcant al-
terations in pain relief reward are closely related to analgesic
tolerance. Terefore, if we can study the reward efect of
acupuncture on pain relief (negative enhancement of pain)
or the regulating efect of the brain reward system on
acupuncture analgesia, we will innovate the study concept of
acupuncture analgesia and provide new ideas and per-
spectives for further elucidating the mechanism of acu-
puncture analgesia. Given the association between pain and
the brain reward/motivation system, neuroimaging tech-
nology can be used to trace brain regions that mediate
acupuncture action. Te response of the brain reward/
motivation system can be used as an objective indicator to
determine the analgesic efcacy of acupuncture, which will
provide help for further exploring the central mechanism of
acupuncture to improve chronic pain in the future.
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appraisal and the reward system,” Acupuncture in Medicine,
vol. 25, no. 3, pp. 87–99, 2007.

[69] C.Wang, M. Chen, C. Qin, X. Qu, X. Shen, and S. Liu, “Lateral
hypothalamic orexin neurons mediate the reward efects of

pain relief induced by electroacupuncture,” Frontiers in
Molecular Neuroscience, vol. 15, Article ID 812035, 2022.

[70] K. K. Hui, J. Liu, N. Makris et al., “Acupuncture modulates the
limbic system and subcortical gray structures of the human
brain: evidence from fMRI studies in normal subjects,” Hu-
man Brain Mapping, vol. 9, no. 1, pp. 13–25, 2000.

[71] K. K. Hui, J. Liu, O. Marina et al., “Te integrated response of
the human cerebro-cerebellar and limbic systems to acu-
puncture stimulation at ST 36 as evidenced by fMRI,” Neu-
roImage, vol. 27, no. 3, pp. 479–496, 2005.

[72] J. Fang, Z. Jin, Y.Wang et al., “Te salient characteristics of the
central efects of acupuncture needling: limbic-paralimbic-
neocortical network modulation,” Human Brain Mapping,
vol. 30, no. 4, pp. 1196–1206, 2009.

[73] I. S. Lee, C. Wallraven, J. Kong et al., “When pain is not only
pain: inserting needles into the body evokes distinct reward-
related brain responses in the context of a treatment,”
Physiology & Behavior, vol. 140, pp. 148–155, 2015.

[74] J. Kong, Z. Wang, J. Leiser et al., “Enhancing treatment of
osteoarthritis knee pain by boosting expectancy: a functional
neuroimaging study,” Neuro Image: Clinic, vol. 18, pp. 325–
334, 2018.

[75] A. Xiang, Y. Yu, X. Jia et al., “Te low-frequency BOLD signal
oscillation response in the insular associated to immediate
analgesia of ankle acupuncture in patients with chronic low
back pain,” Journal of Pain Research, vol. 12, pp. 841–850,
2019.

[76] Z. Wang, X. Wang, J. Liu et al., “Acupuncture treatment
modulates the corticostriatal reward circuitry in major de-
pressive disorder,” Journal of Psychiatric Research, vol. 84,
pp. 18–26, 2017.

[77] R. Zhang, L. Lao, K. Ren, and B. M. Berman, “Mechanisms of
acupuncture-electroacupuncture on persistent pain,” Anes-
thesiology, vol. 120, no. 2, pp. 482–503, 2014.

[78] Y. Zhang, X. Meng, A. Li et al., “Electroacupuncture alleviates
afective pain in an infammatory pain rat model,” European
Journal of Pain, vol. 16, no. 2, pp. 170–181, 2012.

[79] M. Y. Chen, Y. Chen, H. Liu et al., “Efect of electro-
acupuncture on morphine-conditioned place preference and
activation of glutamatergic neurons in the ventromedial
prefrontal cortex in rats,” Zhen Ci Yan Jiu, vol. 46, no. 1,
pp. 8–13, 2021.

[80] J. A.Wei, X. Hu, B. Zhang et al., “Electroacupuncture activates
inhibitory neural circuits in the somatosensory cortex to
relieve neuropathic pain,” iScience, vol. 24, no. 2, Article ID
102066, 2021.

[81] J. Pariente, P. White, R. S. Frackowiak, and G. Lewith, “Ex-
pectancy and belief modulate the neuronal substrates of pain
treated by acupuncture,” NeuroImage, vol. 25, no. 4,
pp. 1161–1167, 2005.

[82] J. S. Han, “Acupuncture: neuropeptide release produced by
electrical stimulation of diferent frequencies,” Trends in
Neurosciences, vol. 26, no. 1, pp. 17–22, 2003.

[83] Z. Q. Zhao, “Neural mechanism underlying acupuncture
analgesia,” Progress in Neurobiology, vol. 85, no. 4, pp. 355–
375, 2008.

[84] J. S. Yu, B. Y. Zeng, and C. L. Hsieh, “Acupuncture stimu-
lation and neuroendocrine regulation,” International Review
of Neurobiology, vol. 111, pp. 125–140, 2013.

[85] Y. X. Yan, X. M. Feng, J. Y. Wang et al., “Efect of electro-
acupuncture intervention on expression of pain sensory and
afective proce- ssing-relatedµ-opioid receptor, etc. in the
amygdala in chronic neuropathy pain rats,” Zhen Ci Yan Jiu,
vol. 41, no. 1, pp. 3–10, 2016.

8 Evidence-Based Complementary and Alternative Medicine



[86] C. L. Duanmu, X. M. Feng, Y. X. Yan et al., “Efect of elec-
troacupuncture intervention on expression of synaptic
plasticity-related molecules in amygdala in chronic pain-
negative afection rats,” Zhen Ci Yan Jiu, vol. 42, no. 1,
pp. 1–8, 2017.

[87] Y. C. Yoo, J. H. Oh, T. D. Kwon, Y. K. Lee, and S. J. Bai,
“Analgesic mechanism of electroacupuncture in an arthritic
pain model of rats: a neurotransmitter study,” Yonsei Medical
Journal, vol. 52, no. 6, pp. 1016–1021, 2011.

[88] Y. Zhang, J. Y. Wang, S. Y. Li, L. Li, Y. Chen, and P. J. Rong,
“Application prospect of common viral tracers in study on
brain efect of acupuncture,” Zhongguo Zhen Jiu, vol. 41, no. 2,
pp. 205–209, 2021.

[89] Q. Y. He, Z. Shen, L. J. She, J. Q. Fang, and X. M. Shao,
“Feasibility of joint application of techniques of optogenetics
and neuroelectrophysiology to research of acupuncture an-
algesia,” Zhen Ci Yan Jiu, vol. 43, no. 8, pp. 476–479, 2018.

[90] I. H. Hsiao, H. Y. Liao, and Y. W. Lin, “Optogenetic mod-
ulation of electroacupuncture analgesia in a mouse in-
fammatory pain model,” Scientifc Reports, vol. 12, no. 1,
p. 9067, 2022.

Evidence-Based Complementary and Alternative Medicine 9




