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Abstract
Acupuncture is an ancient needling modality within Traditional Chinese
Medicine used for chronic pain management. Western biophysical and
Chinese meridian theory views of pain differ, and so do their respective
management practices. The reversible effect of naloxone on the acupunc-
ture induced analgesia is well known. Research has also shown correlations
between acupuncture and its effect on the peripheral nerve endings,
connective tissue, neurotransmitters, and inflammatory mediators. Cen-
trally, studies with functional imaging and dynamic quantitative sensory
testing substantiate the modulatory role of acupuncture in the “wind-up”
phenomenon of spinal wide dynamic range neurons and different brain
areas related to pain perception and modulation. Despite this increased
understanding in the mechanisms and the analgesic efficacy of acupunc-
ture, controversy continues to evolve around the issues of placebo effect
and its potential therapeutic role in the main stream medicine.
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1 Introduction

Chronic pain can cast a profound negative impact
on quality of life in the general patient population.
In the United States alone, pain affects approxi-

mately 100 million adults, costing $560–$635
billion per year, which is greater than the com-
bined annual healthcare cost for heart disease,
cancer, and diabetes [1]. Current pain medica-
tions can cause various negative side effects,
including gastrointestinal upset, liver toxicity,
cardiac toxicity, and respiratory depression. It has
been estimated that in the United States alone, 44
people per day die from misusing prescription
pain killers [2], and 7,000 people per day are seen
for other complications related to misuse of
analgesics [3]. Although various regulatory
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policies have been implemented nationwide to
track aberrant behavior of patients (for example,
doctor shopping), data from a recent study reveals
that the United States continues to have a pain
medication overdose epidemic [3]. This ongoing
conundrum calls for alternate effective pain
treatment modalities with fewer side effects. More
and more chronic pain patients are now turning to
Integrative Medicine, which combines Comple-
mentary Alternative Medicine (CAM) modalities
such as acupuncture with other conventional (al-
lopathic) modalities for pain management [4].
Among these modalities, acupuncture emerges as
one of the most studied and applied methods in
pain management.

Acupuncture is a treatment modality within
Traditional Chinese Medicine (TCM). It is often
used in combination with herbal remedies,
physical manipulation, exercise, and lifestyle
modification. It has been used for pain analgesia
for thousands of years, with the first document
dating back to about 100 BC in “The Emperor’s
Classic of Internal Medicine” [5]. A recent report
called “Acupuncture: Review and Analysis of
Reports on Controlled Clinical Trials”, released
by the World Health Organization (WHO) and
the National Institutes of Health (NIH), states
that acupuncture can be used for 43 different
clinical areas including analgesia for the head
and face, the locomotor system, gout, biliary and
renal colic, traumatic or postoperative pain,
dentistry, childbirth, surgery, and
post-chemotherapy nausea and vomiting [6].
Although auricular (ear) acupuncture (Fig. 1) is
less well known than conventional meridian
based body acupuncture, it has gained recogni-
tion and utilization in clinical practice over the
past few decades. In 1990, the WHO standard-
ized 39 ear points, and created a standard trans-
lated nomenclature to facilitate teaching of this
modality of acupuncture [7].

There have been multiple systematic reviews
supporting the clinical efficacy for both ear [8, 9]
and body acupuncture in analgesia [10] while the
reported side effects are generally minor and
transient [11]. Aside from efficacy assessments,
there has been ongoing effort in investigating the
acupuncture-related analgesia mechanisms based

on the current understanding in neuroanatomy,
molecular biology, and physiology. These inves-
tigations are often conducted in correlation with
the traditional acupuncture practice principles.

This chapter reviews several key issues rele-
vant to acupuncture analgesia as follows:

1. The historic background of acupuncture in the
Western societies;

2. Pain from the viewpoints of both the Western
Medicine and TCM;

3. The current understanding in both peripheral
and central mechanisms of acupuncture
analgesia;

4. The pros and cons of the methodology behind
acupuncture research.

2 Background of Acupuncture

Although acupuncture has been applied for
treating different illnesses or symptoms, its
application in treating pain is likely more accep-
ted by patients than any other indications. A 2010
survey of hospitals in the United States showed

Fig. 1 Ear acupuncture
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that the top four uses of Complementary Alter-
native Medicine (CAM) were pain-related [4],
and that analgesia was one of the main reasons for
patients to seek acupuncturists to either comple-
ment or substitute conventional care. Despite
ongoing research efforts, studying acupuncture
using the randomized controlled trials (RCTs) has
been challenging due to a lack of consensus on
placebo, and difficulty of study blinding.

2.1 Clinical Efficacy

There is an abundance of acupuncture analgesia
literature that are not RCTs (see Table 1).
Despite concern over placebo effect, potential
conflict of interests, study biases, and conflicting
data, these early investigations opened the doors
for some of the better designed RCTs conducted
more recently.

In a 2012 systematic review and meta-analysis
of acupuncture analgesia related RCTs, Vickers
et al. analyzed data from 29 clinical trials
including 17,922 patients and found that
acupuncture was more superior than sham
acupuncture and placebo for relieving chronic
back (Fig. 2) and neck pain, osteoarthritic pain,
chronic headache, and shoulder pain [10]. Usi-
chenko et al. reviewed RCTs of ear acupuncture
for postoperative pain. 9 out of 23 trials fulfilled
inclusion criteria, which included surgical
patients with a thoracotomy, burn, hip replace-
ment, knee replacement, oocyte aspiration, molar
extraction, knee arthroscopy, or laparoscopic
nephrectomy. Results were interpreted as
“promising but not compelling” [9]. Another
group, Asher et al., analyzed 17 trials which met
inclusion criteria, and concluded that ear
acupuncture may be effective to treat various
types of acute and chronic pain conditions, but
further well-designed studies are warranted [8].

2.2 Side Effects

The side effect profile of acupuncture is relatively
low, minor, and transient compared to the pos-
sible side effects known to occur in other inva-
sive allopathic pain treatments. A 2013
systematic literature review reported that known
side effects associated with auricular acupuncture
may include short-term local pain, skin irritation,
minor bleeding, and dizziness [11]. In a 2015
review of adverse events for acupuncture and
moxibustion, tissue, nerve and internal organ
injuries (especially pneumothoraxes), though low
in frequency, were reported as the main major
complications. Other minor side effects may
include syncope, infections, hemorrhage, allergy,
burn, aphonia, hysteria, cough, thirst, fever,
somnolence, and broken needles [12]. Despite
theoretical concern with abortion as a possible
side effect, the authors of this chapter have not
found any published cases of accidental
acupuncture-induced abortions in the
English-language literature. To the contrary,
acupuncture has been safely used for pregnant
women with chemical dependence [13], fertility

Table 1 List of non-RCT related to acupuncture
analgesia

Positive Negative or equivocal to
comparator

Occipital neuralgia
[12]

Local anesthesia for inguinal
hernia repair

Cancer pain [13–15] Labor pain [29]

Cervical
radiculopathy [16]

Postpartum surgical repair
(compared to lo anesthetic)
[30]

Increase pain
threshold during
athletic training [17]

Supraspinatus tendinitis [31]

Headaches after
non-penetrating blast
exposure [18]

Tooth pain [32]

Acute dental pain [19] Trigeminal neuralgia (similar
to comparator carbamazepine)
[33]

Rheumatoid arthritis
[20, 21]

Posterior pelvic pain
and low back pain in
pregnancy [22]

Post total hip
arthroplasty [23]

Endometriosis [24]
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treatments [14] and reversal of breeched babies
[15, 16].

3 Western and Traditional Chinese
Medicine View of Pain

3.1 Western Medicine View of Pain

The Western medical understanding of pain is
based on a biopsychosocial model containing
interactions among various neuropsychological
and neurosensory mechanisms [17]. The Inter-
national Association for the Study of Pain defines
pain as “an unpleasant sensory and emotional
experience associated with actual or potential
tissue damage, or described in terms of such
damage” [18].

3.1.1 Peripheral and Central Pain
Processing

In a broad sense, peripheral afferent neurons
carry pain signals to the spinal cord where they
synapse to excitatory or inhibitory secondary
ascending neurons in the dorsal horn. The spinal
cord then transmits pain signals up to the brain.
The actual experience of pain is multifactorial
and subjective. Supraspinal pain processing
involves the anterior cingulate gyrus, thalamus,
primary and secondary somatosensory cortices.
In addition, prefrontal cortices and the amygdala
are known to modulate both efferent and afferent
signals. Functional magnetic resonance imaging

(fMRI) studies have shown that many factors can
affect pain perception. These factors include, but
are not limited to: the frequency of stimuli [19],
placebo analgesia [20], words [21], music [22]
mood [23, 24], and even genetics [25, 26].

While peripheral signaling of pain originates
distal to the spinal cord and central pain pro-
cessing occurs in both spinal and supraspinal
levels, these nervous systems appear to be highly
interactive in pain signal processing and modu-
lation. Central pain mechanistic alterations can
often contribute to a peripheral neuropathic pain
condition. For example, in painful diabetic neu-
ropathy [27], spinal fMRI reveals that decreased
central descending inhibition can contribute to
the mechanical hyperalgesia and allodynia
observed in the periphery [28], while the main-
tenance of pain requires continued peripheral
noxious input [29].

3.1.2 Nociceptive Versus Neuropathic
Pain

Aside from dividing pain mechanisms into cen-
tral and peripheral, pain can also be broadly
classified as nociceptive or neuropathic [30].

Nociceptive pain is usually caused by damage
to body tissue and involves specific peripheral
nociceptors that detect and transform noxious
stimuli as electrical signals via nerve axons.
Synaptic excitatory and inhibitory neurotrans-
mitters including amino acids (e.g., glutamate,
GABA), gasotransmittors (e.g., NO, CO),
monoamines (e.g., dopamine, norepinephrine,

Fig. 2 Acupuncture for low
back pain
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epinephrine, histamine, serotonin), peptides (e.g.,
substance P, opioid peptides), purines (e.g., ATP,
adenosine), and acetylcholine can modulate the
transmission of pain signals from the peripheral
to the central nervous system, or vice versa.

Neuropathic pain usually occurs when there is
nerve damage or recurrent pain sensitization to
the peripheral and/or central nervous systems.
Primary peripheral pain sensitization can occur
when inflammatory mediators such as bradykinin,
serotonin, cytokines, and prostaglandins are
released after peripheral tissue injury. These
mediators stimulate the nociceptors directly,
leading to the activation threshold reduction in
the afferent signal transmission. Several types of
afferent sensory fibers including A-beta, A-delta,
and C-fibers can be found on the skin, viscera,
meninges, muscles, and joints. A-beta afferent
fibers are moderately myelinated and transmit
touch and pressure. A-delta-fibers are mildly
myelinated and transmit pain and temperature.
C-fibers are unmyelinated, and transmit
mechanical, thermal, and chemical information.
While acute somatic pain is mostly transmitted
via A-delta and C-afferent fibers, visceral pain is
largely innervated by slow conducting C-fibers.
Thus, visceral pain is often poorly localized and
perceived as diffuse and dull. These visceral

fibers can also be closely associated with
post-ganglionic autonomic changes [31], leading
to symptoms such as nausea, vomiting, and
changes in heart rate variability. Referred pain
can occur when both somatic and visceral afferent
fibers converge onto the same spinal dorsal horn
resulting in the sensation of visceral pain being
felt at a site distant from the visceral source [32].

3.1.3 Autonomic Nervous System
Contribution to Pain

It is well known that neuropathic pain states can
be mediated or augmented with increased sym-
pathetic outflow [33]. The sympathetic system
has been one of the targets for interventional pain
treatments [34], and enhancing parasympathetic
efferent output has been perceived as one of the
ways to mitigate sympathetically mediated pain.
One potential way that acupuncture may enhance
the effect of the parasympathetic nervous system
is by needling the outer ear due to the neu-
roanatomical makeup of the ear.

Various sensory nerves (Fig. 3) that innervate
the ear include the lesser occipital nerve (cervical
nerve roots), the greater auricular nerve (cervical
nerve roots), the auricular-temporal anterior
branch of the trigeminal nerve (CN-V3), the
posterior auricular branch of the facial nerve

Fig. 3 Ear innervation
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(CN-VII), and the auricular branch of the vagus
nerve (CN-X). It is interesting to note that the ear
is the only peripheral anatomical structure that
directly receives vagal innervation. Therefore,
directly stimulating the ear provides an effective
way to enhance the vagal tone. One particular
study has found that auricular acupuncture can
affect cardiovascular, respiratory, and gastroin-
testinal systems [35]. Another study showed that
stimulating areas of the external ear innervated
by the auricular branch of the vagus nerve can
potentially enhance the vagal effect on various
organ systems [35]. As discussed earlier, there
have been multiple studies showing how ear
acupuncture is effective for pain analgesia [8,
36]. In addition, there have been comparative
studies showing that electroacupuncture to the
ear is more effective for pain control than con-
ventional auricular acupuncture, in patients with
chronic neck pain, chronic low back pain or
undergoing oocyte aspiration [37].

3.1.4 “Psychogenic” Pain
Psychogenic pain is a term used to describe pain
behavior or perception, predominantly caused by
various psychological factors [38]. This term is
being mentioned to acknowledge that pain
threshold can be changed by various psycho-
logical components. Later in this chapter,
acupuncture’s effect on mood and simultaneous
effect on pain analgesia will be revealed.

3.2 Traditional Chinese Medicine
View of Pain

A TCM practitioner treats a disease state based
on the entirety of the person instead of just the
presenting symptoms. To illustrate this model of
medical practice, 3 patients present with similar
low back pain symptoms. At baseline, they have
different individual characteristics. The first
patient is pale, depressed, and shy. The second
patient is ashen, anxious, and often sweaty. The
third patient is a large football player with a deep
voice and is fierce in personality. In the Western
medical setting, they may all be given the same
diagnosis, prescribed similar analgesic

medications, and sent for physical therapy. On
the contrary, a TCM provider will consider the
acute complaints of the individual, along with
their baseline physical attributes, and treat the
imbalance of Qi. Understanding the key princi-
ples of Yin-yang and Qi is crucial in assessing
the patient’s baseline characteristics, and formu-
lating diagnoses and a treatment plan in TCM.

3.2.1 Yin-Yang Theory
Yin-yang theory encompasses the assumption
that a part can only be understood in relation to
its whole [39]. It describes an opposing and yet
complementary duality that is not all or nothing,
but rather a balance of two polar entities (Fig. 4).
Yin and yang create and can transform each other
[39]. Metaphysical examples of yin-yang
include: moon–sun, inside–outside, female–
male, and moist–dry. In the human body, the
lower body is designated as Yin, and upper as
Yang [40].

Yin-yang theory can also be used to charac-
terize disease symptoms. For example, TCM
providers will describe yin or yang imbalance as
excess or deficient, as illustrated in the following
examples:

• Yin deficit: heat sensations, possible night
sweats, insomnia, dry pharynx, dry mouth,
dark urine, a red tongue with scant fur, and a
“fine” and rapid pulse.

Fig. 4 Yin-Yang
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• Yang deficit: aversion to cold, cold limbs,
bright white complexion, long voidings of
clear urine, diarrhea, pale and enlarged ton-
gue, and a slightly weak, slow, and fine pulse.

In essence, TCM treatments aim to reestablish
the balance of yin-yang. Acupuncture needling is
only one of the modalities of TCM, which also
includes other modalities such as herbal remedies,
Tai Chi, Tui-Na, and diet and lifestyle changes.

3.2.2 Five Element Theory
Embedded in TCM is also the Five Element
theory (Fig. 5). This theory presumes that the
universe can be broken down into 5 elemental
qualities: metal, water, fire, wood, and earth.
Individuals’ environmental factors or physical
appearances are often used to assign their asso-
ciated elemental qualities, which in turn consist
of predefined interactional relationship.

3.2.3 Chinese Anatomy

Qi
Although there may not be a perfect direct
English translation for Qi, by and large, it

consists of several main connotations including
energy, life force, blood, defense mechanism,
and breath. In TCM, Qi is perceived to circulate
through the meridians (to be explained below),
and has branches connected to bodily organs and
functions. Various attempts have been made to
quantify Qi. Some say that it has a known fre-
quency [41], while others say it encompasses 4
fundamental physical or energy sources: gravi-
tational, electromagnetic, strong nuclear, and
weak nuclear [42]. Although many instruments
available directly to consumers claim to be able
to measure energetic fields, none have been
validated by research. TCM practitioners rely on
their perception of Qi as part of the yin-yang
system to treat patients, despite Qi having not
been validated by quantifiable research. The term
De-Qi refers to a sensation that signifies the
arrival of Qi at a needled acupoint. The mecha-
nistic assessments of De-Qi are discussed in the
De-Qi section of this book chapter.

Blood (Xue) and Body Fluids (Jinye)
Equally as important as Qi in TCM are the 2
other metaphysical terms known as Xue and
Jinye. Xue in TCM correlates with the western

Fig. 5 Five element theory
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physical form of blood, whereas, body fluid,
known as Jinye, nurtures and moisturizes differ-
ent structures of the body and also helps with
secretion (e.g., tears, urine, sweat, joint fluids,
gastric acid). Jinye is extracted from ingested
food items which aids in the creation of Xue.
Conversely, Xue, can also be transformed into
Jinye [43].

Meridians
In TCM, the meridians are considered channels
in which Qi travels (Fig. 6). The meridian net-
work is typically divided into 2 categories, the
Jingmai and the Luomai (“collaterals”). The
Jingmai contains: 12 tendinomuscular meridians,
12 divergent meridians, 12 principal meridians, 8
extraordinary vessels as well as the Huato
channel, and a set of bilateral low back points.
The Luomai (“collaterals”) contains 15 major

arteries that connect the 12 principal meridians in
various ways, in addition to interacting with their
associated internal organs and other related
internal structures. This collateral system also
encompasses branching,and capillary-like ves-
sels. There are 361 acupuncture points (not
counting bilateral points twice) [44], most of
which are situated along the major meridians
each of these points is known to have specific
functions in various TCM treatment algorithms,
which are beyond the scope of this chapter.

3.2.4 Treating Pain in TCM
Pain in TCM is generally viewed as part of the
clinical presentation associated with Qi imbal-
ance. In order to treat pain, a TCM practitioner
may ask their patients detailed questions regarding
their pain, sleep pattern, bowel movement types,
emotions, and exercise tolerance. The practitioner
may holistically evaluate a patient by palpating
pulses at various body locations and examinating
the patient’s tongue and other physical charac-
teristics and in order to formulate the diagnoses of
Qi deficiency or stagnation, even if a patient only
presents with a single complaint of pain [45].

TCM-related pain diagnoses can present as
follows:

• Large Intestine Meridian Excess heat: skin
lesions and potential cancers

• Kidney Qi deficiency: osteoporosis, kidney
stones, and arthritic joints

• Spleen Qi Deficiency: muscle atrophy and
digestive disorders

• Gallbladder Qi Deficiency: connective tissue
and tendon conditions [46].

Although the naming of organs in the merid-
ian system may have little to do with the actual
organs themselves, Qi-meridian-based diagnostic
approaches serve as the foundation for the
acupuncture intervention to follow. Conse-
quently, the mechanistic validation of
meridian-based acupuncture treatment paradigms
has been the focus of many recent investigations.Fig. 6 Merdian lines
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4 Mechanisms of Acupuncture
Analgesia

4.1 Peripheral Mechanisms
of Acupuncture Analgesia

While meridian-based acupuncture treatment has
been used for thousands of years with apprecia-
ble efficacy, especially in the area of pain man-
agement, the correlated physiological and
neuronal mechanisms associated with analgesia
have only been recently assessed. Several
important aspects of these recent discoveries are
discussed in the following sections.

4.1.1 De-Qi
In acupuncture, De-Qi generally refers to as the
“arrival of Qi” or the process of “obtaining Qi”.
Some acupuncturists use De-Qi to assess treat-
ment efficacy as recipients report a spreading,
dull, aching sensation associated with the needle
manipulation. In a survey study, it was found that
7 sensations were closely associated with De-Qi:
aching, dull, heavy, numb, radiating, spreading,
and tingling. The sensations of De-Qi are dis-
tinguished from the 9 sensations known to be
correlated with acute pain at the site of needling:
burning, hot, hurting, pinching, pricking, sharp,
shocking, stinging, and tenderness [47]. In
another study, objective measures were used to
quantify De-Qi. Thirty healthy volunteers
(without controls) were given acupuncture treat-
ments with De-Qi, and the treatments were noted
to increase blood flow, displace tissue, and
increase amplitude of electricity created by
muscle fibers [48]. In this study, acupuncture
treatment also induced fMRI signal changes in
different brain regions [48].

In order to differentiate acupuncture points
versus control points, a 2015 research endeavor
used EEG, event-related fMRI, and resting-state
functional connectivity fMRI to assess neural
responses to needle stimulation of the acupunc-
ture point ST-36 in the lower leg (Fig. 7) and 2
control point locations located in the same and
different dermatomes of the acupoints. Results
suggested that stimulation at acupuncture points
may modulate somatosensory and

saliency-processing regions (to segregate relevant
information) more than non-acupuncture points.
In addition, the study also suggested potential
modulation of pain perception due to specific
locations of acupuncture stimulation [49].

Acupuncture points have also been suspected
to exhibit particular direct current, low-frequency
electrical and optical properties compared to
surrounding skin. A pilot study reveals that
dielectric properties of acupoints differ from
non-acupuncture sites [50]. Based on a review of
the literature, one group concluded that the
available evidence did not conclusively support
the claim that acupuncture points had distinct
electrical properties [51]. A counter article
showed that in regards to electrophysiology, De-
Qi can differ between manual and elec-
troacupuncture, with an observed difference in
transcutaneous conduction between true and
non-acupuncture points [52].

4.1.2 Acupoints and Peripheral Nerve
Endings

Given that acupuncture is perceived as a form of
peripheral neuromodulation, the relationship
between acupoints and peripheral nerve endings
has been explored. A cadaveric dissection study
in the 1970s showed that out of 324 acupoints
located on meridians, 323 exhibited rich inner-
vation mainly in the deep tissues, indicating that

Fig. 7 ST-36
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the relationship of the meridian systems to the
peripheral nerve endings [44]. Overall, the role of
C-fiber involvement in acupuncture analgesia has
been controversial. Despite C-fiber activity
depletion by capsaicin, it was shown in a rat
model that electroacupuncture could still result in
reduced analgesia compared to controls [53]. On
the other hand, in a separate study done on syr-
ingomyelia patients, who suffered damage to the
anterior commissure of the spinal cord and have
reduced C-fiber and A-delta mediated nocicep-
tion, it was shown that these patients responded
to electroacupuncture poorly. This observation
provides the assertion that C-fibers may be
essential for acupuncture analgesia [54]. In a
more recent investigation done on afferent nerve
endings found within acupoints, rat hind feet
were used in vivo for recordings of A-alpha,
A-beta and A-delta fibers actiivities. It was found
that the distribution of receptive fields was clo-
sely associated with cutaneous acupoints for both
A-fibers and C-fibers. In addition, most of the
muscular sensory receptors were also located in
the muscular acupoints. These observations

strongly suggest that acupoints are closely asso-
ciated with excitable muscle/skin–nerve com-
plexes with high density of nerve endings [55].

4.1.3 Tendinomuscular Meridians
Tendinomuscular meridians (TMM) are used for
acute pain relief [56]. The treatment protocols
call for stimulations of the Ting Points (at digits
of the affected extremities) and Gathering Points
(at the location of the injury in the extremity).
These meridians are considered to be superficial,
and not to be considered as a “root treatment”, or
deep organ problems. Nonetheless, the protocol
is highly effective for acute pain relief [57]. In a
study that aimed to characterize the role of Ting
points in acute pain management, 13 healthy
subjects were examined. It was established that a
short (30 s) duration of electroacupuncture
(5 Hz) treatments at SP-1 and LR-1 (Fig. 8) can
result in significant warm threshold increases in
the extremities suggesting that Ting points have
an inhibitory effect on C-fiber afferents and that
the analgesic results are likely A-delta mediated
[58].

Fig. 8 Electroacupuncture at
Ting Points (SP-1 and LR-1)
[58]
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4.1.4 Connective Tissue: Fascia
A very high degree of anatomical correlation can
also be found between myofascial planes and
acupuncture meridians in the truncal region.
Although it has been theorized that the physical
makeup of meridians may comprise of a combi-
nation of neurovascular bundles, neuromuscular
attachments, sensory nerve endings, perivascular
space and perineurial vessels, none of these
theories have been substantially proven [59, 60].
In manual acupuncture, the main stimulation
comes from a combination of the mechanical
pressure of the needle being moved up and down,
in conjunction with the mechanical rotation that
is done by the practitioner. This motion, which
leads to tissue tugging and distortion, stimulates
mechanoreceptors, sends off neural signals, and
results in the sensation of De-Qi [59, 60].

A review article in 2011 suggests that the
fascial network is consistent with some of the
meridian patterns, and that the efficacy of
acupuncture needling relies on interactions with
this network [61], which is thought to mediate
active mechanical transference between the
muscles and bones. The analogy has been made
that a disruption in Qi flow constitutes disease,
and a disruption in fascia physiology is associ-
ated with neurogenic inflammation and pathol-
ogy [61]. In a different paper, it was noted that
when acupuncture was compared to no needling
physical manipulation, the positive effects on
pain analgesia were apparent, whereas when
acupuncture was compared to “sham acupunc-
ture” (consisting of needling a non-acupoint),
less significant differences between the 2 were
noted [62]. Although this observation does not
discredit analgesic effects of acupuncture need-
ling, it does discount the specificity of acupunc-
ture needling effects on fascia.

4.2 Neurotransmitters
and Neuromodulation

Neurotransmitters and neuromodulators related to
analgesia can be found within the peripheral and
central nervous systems. Some of the better
known acupuncture mechanistic research in this

area includes inhibition of NADPH
oxidase-mediated oxidative stress [63], activation
of opioid receptors (reversible with naloxone)
[64], activation of cholinergic muscarinic recep-
tors, and anti-inflammatory signaling (reversible
with atropine) [65]. Main investigations assessing
the acupuncture needling effects on amino acids,
monoamines (serotonin, dopamine, nore-
pinephrine), peptides (opioid peptides, substance
P), purines, and inflammatory markers are dis-
cussed below.

4.2.1 Amino Acids
Excitatory amino acids, such as glutamate, are
abundant in the presynaptic neurons. Aberrant
glutamatergic signaling disrupts normal tissue
homeostasis and induces pain. Glutamate’s role
as a neurotransmitter at the synaptic level has
been known for many decades. It has even been
shown to regulate neurogenesis, neurite out-
growth, synaptogenesis, and neuron survival,
playing an integral role in neuronal plasticity
[66]. It has been demonstrated that elec-
troacupuncture at the gallbladder meridian, cor-
related with the distribution of the median nerve
(P-5 and P-6, Fig. 9), could attenuate the visceral

Fig. 9 PC-5 and PC-6
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sympathoexcitatory reflexes with diminished
bradykinin and glutamate expression/binding at
the ventrolateral medulla [67]. Electroacupunc-
ture has also been shown to upregulate Gluta-
mate Transporter-1, and inhibit the excessive
release of glutamate in the striatum after ischemic
reperfusion brain injury [68]. In the rat model, it
has been shown that through the action of central
arginine vasopressin, glutamate induces
hypothalamic paraventricular nucleus brain sig-
naling with acupuncture analgesia [69].

Inhibitory amino acid transmitters, such as
gamma-aminobutyric acid (GABA), also play an
important role in the perception of pain.
GABAergic neurons known to play an important
role in pain perception and modulation are
widely distributed throughout in the central ner-
vous system. This neurotransmitter system has
been shown to regulate control of sensory
information processing in the spinal cord. In
animal pain models, it has been discovered that
GABA receptor agonists displayed
anti-nociceptive properties [70]. In a specific rat
study using a middle cerebral artery occlusion
model, it was shown that acupuncture could
modulate the expressions of GABA receptors in
rats that have endured this occlusion [71].

There have been various research endeavors
showing the effects of GABA on pain reduction.
Systemic administration of a GABA-A receptor
antagonist was shown to reduce acupuncture
analgesia [72], whereas intrathecal diazepam (a
GABA agonist) injection was shown to potentiate
acupuncture analgesia [73]. Furthermore, in a
research study comparing intracerebroventricular
administration of GABA-B versus GABA-A, it
was shown that GABA-B (but not GABA-A)
receptor antagonist administration decreased
acupuncture analgesia. However, the study result
from a different group suggests that only
GABA-B receptors in supraspinal structures
contribute to acupuncture analgesia, whereas both
GABA-A and GABA-B receptors in the spinal
cord are associated to pain reduction via acu-
points needling [74]. Although the contribution of
the different GABA receptors may differ, the fact
that these receptors play a role in acupuncture
analgesia is well supported in the literature.

4.2.2 Monoamines
Various monoamines such as serotonin, dopa-
mine, and norepinephrine also play a role in pain
modulation, and have been researched in the
context of acupuncture. Some of the investiga-
tions are discussed as follows.

Serotonin
Serotonin (5-HT) is present in central and
peripheral serotonergic nerve terminals and is
also released from platelets and mast cells after
tissue injury. Depending on the sites of action and
receptor subtypes, 5-HT can elicit pain or have
analgesic effects. In regards to eliciting pain,
5-HT, acting in combination with other inflam-
matory mediators, may also ectopically excite and
sensitize afferent nerve fibers, thus contributing to
peripheral sensitization and hyperalgesia [75].

In a study that 5-HT antagonists were used to
test the pain inhibitory mechanisms of elec-
troacupuncture against the nociceptive responses
in the trigeminal nucleus caudalis in rabbits,
5-HT1 (except 5-HT1A), 5-HT2 (except
5-HT2A), and 5-HT3 receptors were shown to be
positively involved in electroacupuncture-
induced analgesia. On the contrary, activation of
5-HT1A and 5-HT2A receptors was shown to
suppress electroacupuncture-induced analgesia
[76]. In rats with neuropathic pain, it was found
that low-frequency (2 Hz) electroacupuncturewas
found to be more efficacious for treating cold
allodynia than high-frequency electroacupuncture
(100 Hz). Both 5-HT1A and 5-HT3, but not
5-HT2A seratonergic receptors also played
important roles in mediating the pain analgesic
effects of low-frequency electroacupuncture [77].

Many studies have shown that acupuncture
treatments can modulate the content and the
activity of central 5-HT [78]. An investigation in
a rat model assessing the role of peripheral and
spinal 5-HT[3] receptors in formalin-induced
secondary allodynia and hyperalgesia in rats
demonstrated that the stimulation of peripheral
5-HT 3 receptors induced long-term secondary
allodynia and hyperalgesia [79]. In addition,
electroacupuncture was also noted to activate the
seratoninergic raphe-spinal neurons in the
nucleus raphe magnus, one of the
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serotonin-releasing nuclei connecting the lower
pons with the medulla in the descending pain
inhibitory pathway [80].

Dopamine
The role of dopaminergic neurotransmission via
serotonin or norepinephrine in pain perception
and modulation is well known [81–86]. These
neurotransmitters are found to interact with var-
ious pain-related supraspinal regions including
the basal ganglia, insula, anterior cingulate cor-
tex, thalamus, and periaqueductal gray in the
descending pain inhibitory pathway. Abnormal-
ities in dopaminergic neurotransmission were
found in painful clinical conditions such as
Parkinson’s disease, burning mouth syndrome,
fibromyalgia, and restless leg syndrome [85].

The effects of acupuncture on dopamine
activities have been varied. In the rabbit model,
D2 receptor antagonists (e.g., haloperidol,
clozapine) as well as D1 receptor antagonists
enhanced acupuncture analgesia [87]. In addi-
tion, chlorpromazine (dopamine antagonist) was
shown to attenuate electroacupuncture analgesia
[87, 88]. A separate animal study done on rats
suggests that D2 receptors are involved in pain
modulation, and activation of D2 receptors
enhances acupuncture analgesia in the spinal
cord. However, such effect is absent in D1
receptors and inactivation of the D1 receptors
attenuates acupuncture analgesia [89, 90]. Addi-
tional receptor-binding studies provide further
support that dopamine receptor antagonists can
also potentiate electroacupuncture analgesia [91].

Norepinephrine
Norepinephrine (NE) is an important neuro-
transmitter known to be involved in the process
of opioid dependence and pain modulation in the
central nervous system. Noradrenergic neurons
originate from various brain areas including the
raphe nuclei, locus coeruleus, periaqueductal
gray, and various nuclei of the brainstem, which
then projects to the forebrain and descends along
the dorsolateral tracts of the spinal cord [83, 92].
In 2015, a rat study was done to examine the role
of NE on the evoked discharges of
pain-excitation neurons (PENs) and

pain-inhibition neurons (PINs) in the nucleus
accumbens using a morphine-dependent model.
Results showed that NE inhibited the evoked
discharges of PENs and attenuated the inhibition
of PINs. In addition, Phentolamine enhanced the
evoked discharges of PENs and facilitated the
inhibition of PINs. It was concluded that the
inhibitory action of NE on pain modulation
acted through alpha adrenoceptors in the nucleus
accumbens of morphine-dependent rats [93].

The norepinephrine transporter (NET) inhibi-
tion has an additional effect on l-opioid receptor
(MOR)-mediated anti-nociception in inflamma-
tory and neuropathic pain [94]. In a rat model, it
was shown that electroacupuncture at GV-26,
GV-16, PC-6, and BL-15 (Fig. 10) could upreg-
ulate the expression of both middle
cervical-stellate ganglion complex NET mRNA
and myocardial beta1-AR mRNA in
cerebral-cardiac syndrome [95]. However, the
specificity of each acupuncture point in inducing
the observed effect was not assessed in the study.
A different study, however, showed the opposite
result with a decrease in release of NE with
acupuncture. The content of NE in the nucleus
reticularis paragigantocellularis lateralis (RPGL)
during acupuncture treatments was studied and it
was found that pain thresholds increased after
20 min of electroacupuncture, while the content
of NE from the RPGL decreased, suggesting NE
served as a crucial role in acupuncture induced
analgesia [96].

In the spinal cord, NE may have different
effects, depending on the receptor subtypes.
Studies have showed that spinal
alpha2-adrenergic but not alpha1-adrenergic
receptors play important roles in mediating the
pain relieving effects of 2 Hz electroacupuncture
on cold allodynia in neuropathic rats [77].

4.2.3 Peptides
Endogenous opioid peptides have long been
considered as one of the main mediators of
acupuncture analgesia, with research dating back
several decades. In more recent years, there has
been a rise in interest regarding the role of
acupuncture in regulating the pain signal medi-
ator, substance P.
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Opioid Peptides
It is well known that acupuncture stimulates the
release of endogenous opioids. The effect of
acupuncture on both the peripheral and central
opioid peptides has been investigated. In the
early stages of inflammation, opioid-containing
neutrophils are directed into inflamed tissue,
stimulating opioid peptide release [97] and aid-
ing in pain reduction.

In 1977, researchers were excited to find that
naloxone, an opioid receptor antagonist, could
partially reverse the analgesic effect of
acupuncture on electrically induced pain on tooth
pulp [98]. The acupuncture analgesic reversal
effect of naloxone was further demonstrated in
chronic pain patients in 1978 [44]. With recent
advancement in molecular cloning technology,
subtypes of opioid receptors including mu, delta,

Fig. 10 GV-26, GV-16, PC-6-BL-15
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and kappa [99] have been identified for respec-
tive opioid peptide subtypes including
beta-endorphin, enkephalins, and dynorphins.

Electroacupuncture has been found to induce
long-term anti-nociception, which is blocked by
anti-opioid peptide antibodies. In an animal model
study, acupuncture was found to increase chemo-
kine CXCL10 release and opioid peptide-
containing macrophages expression in an inflam-
matory state. In control rats that did not get
acupuncture, repeated injection of CXCL10 trig-
gered opioid-mediated anti-nociception as well as
increased opioid-containing macrophages. On the
other hand, neutralizing CXCL10 decreased
electroacupuncture-induced anti-nociception and
the expression of opioid-containing macrophages
[100].

Acupuncture’s opioid-effect on the central
nervous systems has also been investigated in
rabbits. Naloxone was seen to reduce the intensity
and duration of the antipyretic action of
acupuncture [101]. There is even compelling
evidence to support frequency-dependent
acupuncture analgesia. Radioimmunoassays of
the spinal perfusates from a rat were tested after
electroacupuncture was applied at low (2 Hz) and
high (100 Hz) frequency. It was found that
low-frequency electroacupuncture facilitates the
release of encephalin (mu receptor), but not
dynorphin (kappa receptor). On the contrary,
high-frequency electroacupuncture facilitates
release of dynorphin, but not encephalin [44].
Further studies using intrathecal administration of
antagonists of mu, delta, and kappa receptors have
showed that low-frequency electroacupuncture
analgesia is reduced by blocking mu and delta
receptors, whereas high-frequency elec-
troacupuncture analgesia is reduced by blocking
kappa receptors [44, 102].

Substance P
Substance P is known to facilitate pain trans-
mission in both the peripheral and central ner-
vous systems. It coexists with glutamate in
primary afferent fibers, and increased levels of
Substance P are found in patients with various
pain conditions [103], inflammation [104, 105],
stress, and anxiety [106]. Various noxious

stimuli can elicit Substance P release in the spinal
cord. Electroacupuncture at ST-36 was found to
decrease substance P and increase
beta-endorphin [107]. In addition, it was noted in
a rat model of irritable bowel syndrome, daily
electroacupuncture at ST-25 and ST-37
decreased the number of Substance P and its
receptor expression in the colon [108].

4.2.4 Inflammatory Markers
Acupuncture also modulates inflammatory pro-
cesses associated with pain [109]. Peripheral tis-
sue injury causes the release of inflammatory
mediators, which in turn leads to initial peripheral
pain sensitization. A subsequent chain of reactions
ultimately leads to central sensitization in the
spinal dorsal horn and other CNS neurons [110].
One of the widely studied inflammatory condi-
tions is arthritis. Electroacupuncture has been
shown to reduce the activities of T and B cells in
the lymph nodes and enhances natural killer cells
in arthritic mice [111]. Pilot data suggests that
acupuncture may be a feasible and effective
treatment modality for decreasing subjective pain
and inflammation as measured by the expression
of white blood cells, and for treating patients with
acute appendicitis pain [112]. A 2012 review
assessing the effect of acupuncture on knee
osteoarthritic pain concluded that acupuncture
provided significantly better pain relief and
improvement in knee function when compared to
sham acupuncture, standard care, or waiting
treatment [113]. Although clinically, acupuncture
continues to be used for various arthritic condi-
tions, not all studies favor acupuncture for
inflammatory pain. A 2008 review on acupuncture
for rheumatoid arthritis concluded, “despite some
favorable results in active-controlled trials,
conflicting evidence exists in placebo-controlled
trials concerning the efficacy of acupuncture for
rheumatoid arthritis. Rigorous andwell-controlled
randomized trials are warranted” [114].

4.3 Central Mechanisms

Aside from neurotransmitters working on a cen-
tral level, there are other supraspinal mechanisms
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that can affect the outcome of acupuncture
analgesia. These include psychological and
behavioral factors.

4.3.1 Placebo Effect and the Debate
on Controls

Methods of control used in acupuncture studies
continue to be controversial. Active acupuncture
treatment is often compared to sham treatment
consisting of needling non-meridian points,
stimulating classic acupoints with beads, chang-
ing needling depth, using a retractable needle, or
using acupressure. However, some of these sham
methods such as acupressure or beads along the
meridians may still have actual physical and
physiological effects on the peripheral
nervous/meridian systems, and therefore cannot
be considered as an optimal sham. More impor-
tantly, manipulation of any kind can induce a
placebo analgesic effect. Given that many anal-
gesic investigations, not just acupuncture, are
often concluded to not be better than placebo, it
is important for the reader to understand the
possible effects of placebo analgesia. In 1979, a
study was done where intravenous placebo pain
medication was given to patients after wisdom
tooth extraction. The placebo response was
greater if the initial pain was greater than 2.6 on
the VAS. This group also reported significantly
greater mean analgesia than those reported with
initial lower pain values [115]. Over the past
several decades, numerous studies have shown
that the expectation of being treated for pain
[116], physician characteristics, the color of a
pill, and the medication package [117] can all
affect the perception of pain.

A meta-analysis of 25 neuroimaging studies
on placebo analgesia and expectancy-based pain
modulation revealed that placebo effects and
expectations stimulated regions of the brain
which control pain pathways, and even affected
the mood related supraspinal regions [116]. In a
different meta-analysis involving data from
multi-center RTCs for chronic hip OA pain,
chronic knee OA pain and low back pain, it was
found that high number of planned face-to-face
visits predicted the magnitude of the placebo
response [118]. Given the effectiveness of

placebo analgesia, as well as the positive physi-
ological effects of needling non-meridian points
for pain reduction [116, 119], it is conceivable
that if acupuncture is shown to be as effective or
significantly more effective than placebo anal-
gesia (or sham acupuncture), then the treatment
modality can be considered to be clinically
effective.

4.3.2 Psychological Contributions
and Correlations

Since pain is a subjective sensory experience, the
effect of acupuncture on emotional state can
potentially affect pain perception. Although it has
been shown that De-Qi has more of a physio-
logical effect on acupuncture analgesia than
psychological factors [120], the psychological
contributors of pain perception and their effect
on acupuncture analgesia cannot be ignored. It
has been shown, for example, that depression
independently reduces pain thresholds [121].
Clinical and experimental studies show that the
onset of acupuncture effect on depression is more
rapid than the effect of selective serotonin reup-
take inhibitors, a class of antidepressants [122].
Studies have also shown that antidepressants
suppress neuropathic pain by a peripheral
beta2-adrenoceptor mediated anti-TNF-alpha
mechanism [123]; these neurotransmitters are
affected by acupuncture needling as discussed in
the Neurotransmitter section.

Aside from depression, it is known that stress
can also affect pain perception [124]. In an ani-
mal study with cold as a stressor, active ST-36
stimulation prior to cold stress significantly
decreased ACTH and cortisol levels, when
compared with sham acupuncture or no treatment
groups. The active ST-36 treatment group was
also effective at preventing stress-induced ele-
vation of adrenal Neuropeptide Y mRNA. The
authors concluded that electroacupuncture at
ST-36 could block the chronic stress-induced
elevations in the hypothalamic–pituitary–axis
and sympathetic pathways [125]. Knowing the
correlation of stress on pain perception, one can
infer that acupuncture can reduce stress hor-
mones contributing to the perception of pain
analgesia.
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4.3.3 Dynamic Quantitative Sensory
Testing

Aside from the visual analogue scale (VAS),
peripheral non-noxious and noxious sensory
thresholds can be assessed via Quantitative
Sensory Testing (QST) (Fig. 11) under specific
established protocols [126]. QST refers to tests of
sensory perception thresholds during the admin-
istration of stimuli. It has proven to be an
important instrument to characterize mechanisms
underlying somatic and neuropathic pain disor-
ders, but its reliability has not been fully estab-
lished in patients with visceral pain [127]. QST is
also known as psychological testing and can be
subdivided into Static QST and Dynamic QST.
In Static QST, the states of the peripheral ner-
vous system are measured whereas, the dynamic
QST takes measurements after agitation of the
pain modulation system [126].

Temporal Summation (TS) and Conditioned
Pain Modulation (CPM) are dynamic QST para-
digms that have been utilized in acupuncture
analgesia related studies. TS and CPM represent
the ascending facilitating and descending inhibi-
tory aspects of pain perception respectively
[128]. This next section will discuss these 2 out-
come measures for acupuncture analgesia, which
were included in a 2012 review article [126].

Temporal Summation
Temporal summation refers to increased pain
perception in response to repetitive noxious
stimuli over time. It correlates with the “windup”
phenomenon occurring in the spinal wide
dynamic range (WDR) neurons observed in the
dorsal horn with repetitive C-fiber stimulation.

In a 2010 RCT that assessed the effect of
acupuncture on pain temporal summation, 36
healthy volunteers were randomized into three
groups: electroacupuncture (2 and 100 Hz),
manual acupuncture, and sham acupuncture.
These three different acupuncture treatments
were delivered to ST-36 and ST-40 (Fig. 11) on
the dominant leg by a blinded practitioner and
pain thresholds to single and repeated electrical
stimulation pulses were recorded. It was con-
cluded that electroacupuncture induced bilateral,
segmentally distributed, and prolonged analgesia
for both single pain thresholds and temporal
summation thresholds. On the other hand, man-
ual acupuncture increased single pain thresholds
and temporal summation thresholds, but these
changes were not significantly different from the
sham treatments [129]. In a separate randomized
crossover pilot study, the effect of acupuncture
on endogenous analgesia in chronic
whiplash-associated disorders (viewed as

Fig. 11 QST in acupuncture
analgesia research
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temporal summation/chronic pain model) was
investigated. Thirty-nine patients received 2
treatment sessions with an identical induration:
acupuncture or relaxation therapy, and then ran-
domly crossed over. One session of acupuncture
resulted in acute improvements in pain sensitivity
in the necks of patients with chronic whiplash
disorder, but had no effect on conditioned pain
modulation or temporal summation due to repe-
ated pressure stimuli, suggesting the effect of
acupuncture on pain temporal summation is
limited [130].

Conditioned Pain Modulation
CPM is a paradigm that uses a conditioning
stimulus to influence a testing stimulus. It
assesses the perception of a noxious stimulus
after a conditioned noxious stimulus. This
“treating pain with pain” approach is often
referred to as diffuse noxious inhibitory control
(DNIC) [131]. The terms are used interchangably
although some distinguish DNIC as a neuro-
physiologic process, and CPM as a behavioral
correlate of this process [126].

The underlying CNS physiology of CPM is
thought to be a global reduction of wide dynamic
range sensitivity due to a single, heterotopic, and
noxious stimulation [126]. Various conditioning
stimuli have been used to research CPM. One
report indicated that the approximate median
magnitude of CPM represents about a 29%
decrease in pain rating, regardless of the test
stimulus [132]. Acupuncture analgesia studies in
CPM, where needling certain points is consid-
ered the conditioning stimuli, are very limited
with only 2 direct studies found comparing
acupuncture analgesia to CPM or DNIC.

The first acupuncture and DNIC study was
done by recording the convergent neurons in the
trigeminal nucleus caudalis of rats. Innocuous
and noxious mechanical stimuli were applied to
one side of the muzzle. The Zusanli (ST-36)
acupoints on the right hindlimb was compared to
a sham acupuncture point. Acupuncture was also
compared to noxious thermal stimulation of the
left hind limb (DNIC). Acupuncture (either
applied at the Zusanli or at the sham point) and
noxious thermal stimulation induced similar

strong inhibitory and long-lasting effects on the
C-fiber-evoked responses of trigeminal conver-
gent neurons. These analgesic effects were sig-
nificantly reduced by systemic naloxone [64].
A separate study was done on healthy humans to
investigate DNIC as a possible mechanism of
acupuncture analgesia by comparing acupuncture
to non-penetrating sham acupuncture (involving
tapping) and cold water bath-induced DNIC.
Forty-five subjects were randomized to 1 of 3
interventions and the analgesic effect was mea-
sured using pressure algometry at the second toe
before and after each of the interventions. Pain
pressure detection threshold was significantly
increased in the DNIC test compared to
acupuncture and sham. Acupuncture and sham
effects did have small analgesic effects, but their
effects did not significantly differ from one
another. It was concluded that acupuncture does
elicit acupuncture analgesia, but no different
from placebo. Thus, acupuncture effects were
significantly less than a DNIC-like effect [133].

Functional MRI
Although acupuncture has been shown to be
clinically effective for treating pain, its
site-specificity has been questioned. Func-
tional MRI (fMRI) imaging (Fig. 12) has been
utilized to show how acupuncture modulates
various parts of the brain, including the limbic
system [134], periaqueductal gray matter [135],
cerebellum [136], motor cortex [137], amygdala
[138], hypothalamus [139] basal ganglia, and the
brainstem [140]. The effect of acupuncture on
brain signaling will be discussed in the following
sections.

In 2014, an investigation utilizing a textbook
acute pain treatment paradigm [141] on the effect
of thermal noxious stimuli was conducted.
Functional MRI was used to correlate imaging
with behavioral changes when different intensity
(optimal versus minimal) electroacupuncture was
performed. Heat pain had an excitatory effect on
brain areas known for pain processing and per-
ception, and electroacupuncture protocols deac-
tivated these areas, which included the right SI,
bilateral SII, bilateral frontal cortices, and bilat-
eral dorsal posterior cingulate cortex (Fig. 13). In
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addition, optimal intensity electroacupuncture,
when compared to minimal electroacupuncture,
was found to elicit a more robust supraspinal
effect on pain modulation and perception [142].

The same investigators also compared the
effect of acupuncture needle combination on the
central pain modulation. Eleven healthy subjects
were divided into 2 groups that got either:
(1) Ting points (tendinomuscular meridians used
for acute pain, such as LR-1 and SP-1 or SP-2) a
combination treatment of Ting points (LR-1 and
SP-1) with Gathering points (CV-2) (Figs. 14
and 15) [143]. Thermal pain was introduced at
the medial aspects of the legs. While elec-
troacupuncture at Ting Points alone reduced pain,
adding the Gathering Point provided a more
sustainable analgesic effect. These results led the
investigators to conclude that while both groups
had a significant degree of deactivation in the
human brain regions related to pain processing,
the addition of the Gathering Point stimulation
enhanced the inhibitory effect on the ascending
spinoreticular pain pathway (Fig. 16) [144].

The supraspinal effect of electroacupuncture
has also been compared to manual acupuncture
using fMRI. One study observed the differences
between subjects that received: manual
acupuncture, electroacupuncture at 2 Hz (low

frequency) and 100 Hz (high frequency), and
tactile control stimulation was set up as sham. All
3 groups received ST-36 (Fig. 17) stimulation. In
general, electroacupuncture (low more than high
frequency) produced more widespread fMRI
signal increases than manual acupuncture which
in turn provided more signaling than the sham
group. There were also specific findings between
the 3 groups. Unlike sham tactile stimulation,
both manual and electroacupuncture showed
supraspinal activations in the anterior insula,
limbic, and paralimbic structures, the cortices of
the subgenual and retrosplenial cingulate, as well
as the ventromedial prefrontal cortex, frontal, and
temporal poles. However, only electroacupunc-
ture produced significant signal increase in the
anterior middle cingulate cortex with the 2-Hz
electroacupuncture produced signal increase in
the pontine raphe area [145].

In an attempt to show that needling
same-meridian acupoints have similar effects on
the brain, 53 healthy subjects were randomly
divided in 6 groups. Two different acupoints of
the liver meridians of the foot (LR-3 and LR-6), 2
stomach meridian acupoints (ST-36, ST-43), and
2 nearby sham points were tested (Fig. 18). Each
subject received stimulation at one acupoint on
the right side of the body. Results of fMRI data

Fig. 12 Functional MRI
with acupuncture
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Fig. 13 Inflated cortical representation of identified brain areas of activation and deactivation and deactivation in all 5
paradigms

Fig. 14 CV-2, LR-1, SP-1
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analyses showed, that while stimulating both liver
points evoked activation at the ipsilateral superior
parietal lobe, similar stimulation given at the

stomach points activated the ipsilateral middle
frontal gyrus. In contrast to the activation of the
brain by the sham acupoints, all 4 real acupoints

Fig. 15 Gathering point
needle placement (CV-2)

Fig. 16 Effect of Ting and gathering points with heat stimulation [144]
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had the common effect of activating 2 specific
areas of the brain, the bilateral primary
somatosensory area and the ipsilateral cerebellum
[146], showing that the pattern of suprapsinal
activation from 2 different meridians are some-
what different, even though some brain regions
are activated by stimulating either meridian.

Evidence from fMRI imaging has even shown
that acupuncture modulates temporal neural
responses in widely distributed brain network,

which has a large overlap with pain-related areas.
It was demonstrated that brain activities could
vary at the different stages of acupuncture. Dur-
ing the needling phase, the amygdala and peri-
genual anterior cingulate cortex exhibited
increased activities, and then signals decreased to
below baseline. The periaqueductal gray and
hypothalamus showed intermittent signaling
during the entire fMRI session and even after the
acupuncture needling was terminated [147]. The
result of the study suggests that the effect of
acupuncture on pain perception often outlasts the
duration of the stimulation.

Other studies have also shown the site speci-
ficities of the acupoints. In one of these studies,
twenty-one healthy male volunteers were enrol-
led into a crossover trial comparing ST-44 to a
sham acupoint treatment. ST-44 stimulation
affected the inferior parietal and the prefrontal
cortex and the posterior insula whereas, the sham
acupoint stimulation activated the anterior cin-
gulate cortex and the anterior insula. [148].

In a 2012 systematic review and
meta-analysis, the authors aimed to provide an
overview of fMRI acupuncture research regard-
ing: (1) sham versus true acupuncture, (2) effects

Fig. 17 ST-36

Fig. 18 LR-3 & LR-6
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of acupuncture needling manipulation, (3) differ-
ences between healthy and non-healthy volun-
teers and (4) the effect of different acupuncture
points on the the brain. In this review, 779 papers
were identified, 149 met inclusion criteria for
analysis, and 34 were eligible for the
meta-analysis. The main findings of the analyses
are summarized in Table 2. It was concluded that
the brain’s response to acupuncture was consis-
tent with somatosensory as well as affective and
cognitive processing areas [149].

4.4 The Role of the Autonomic
Nervous System
in Acupuncture Analgesia

The discovery that cholinergic neurons in the
autonomic nervous system inhibit acute
inflammation has qualitatively expanded our
understanding of how the nervous system mod-
ulates immune responses. It is now known that
the nervous system can regulate the inflamma-
tory response in real time, just as it controls heart
rate and other vital functions. The effect of
acupuncture on the ANS is known to occur both
centrally and peripherally, and thus providing
another line of therapeutic mechanisms related to
acupuncture. [150].

Previous studies have shown that the
parasympathetic nervous system can be activated
by directly stimulating the vagus nerve. Stimu-
lating the ear via acupuncture at Shenmen and

“Point Zero” [151] in the outer ear has been
shown to affect heart rate variability [152]. In
addition, these acupuncture points have also been
used for treating depression, epilepsy [153], and
pain [37, 154–160].

Various ear acupuncture protocols including
one by a military physician for pain analgesia
have been developed (Fig. 19) [161–166]. Some
of these protocols call for the stimulation of the
auricular acupuncture “Point Zero,” which serves
as a conduit for activating the vagus nerve [162].

Table 2 Meta-analysis on Acupuncture with fMRI [149]

Investigated topics Results

1 Sham versus true acupuncture Verum acupuncture stimuli confirmed brain activity within many areas of the
brain. True versus sham acupuncture differences were noted in the middle
cingulate regions. Some heterogeneity was noted, depending on how the
meta-analyses was conducted

2 Effects of acupuncture needle
manipulation, including
electroacupuncture

Increased intensity and duration of needling was also found to increase brain
response. Electroacupuncture showed more activation than manual
acupuncture with low (2 Hz) versus high (100 Hz) frequencies showing
different brain activity

3 Differences between healthy
and non-healthy volunteers

Healthy volunteers respond differently to acupuncture compared to
non-healthy volunteers

4 Brain effects from different
acupuncture points

Brain maps of different acupuncture points differ. However, acupuncture
points on the same meridian showed some similarities in brain signaling

Fig. 19 Battlefield Acupuncture Protocol for Pain Anal-
gesia using Semi-Permanent Needles
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A different study stimulating the vagus nerve via
the ear on patients with chronic pelvic pain due
to endometriosis, demonstrated a significant
reduction in anxiety, and reduction trend in
evoked pain intensity and temporal summation of
mechanical pain [167]. Vagal nerve stimulation
has also been shown to increase and decrease
pain threshold without affecting heart rate and
blood pressure [168]. Aside from affecting pain
perception, stimulating Shen Men in postopera-
tive patients who receive ketamine anesthesia has
been shown to reduce hallucinations at the
beginning of the emergence period [169].

The vagus nerve can be directly stimulated to
activate parasympathetic ANS and induce pain
analgesia. However, the parasympathetic activity
can also be induced by stimulating distal points
in the extremities, without directly stimulating
the vagus nerve. Functional MRI studies have
been conducted to assess the effect of acupunc-
ture on heart rate variability, and this has been
correlated with supraspinal changes. One study
showed stimulating ST-36 could induce signifi-
cant changes in heart rate variability with corre-
sponding supraspinal functional changes in the
hypothalamus, the dorsal raphe nucleus, the
periaqueductal gray, and the rostroventral
medulla. These observations support the asser-
tion that acupuncture needling can affect both

central and peripheral autonomic nervous sys-
tems [140].

Other studies also showed that distal (i.e., not
directly on the vagus nerve) acupoint activation
could affect the autonomic nervous system and
result in indirect pain analgesic and sedative
outcomes. For example, Pericardium 6 (PC-6) is
a point that is used in for various conditions,
including chest tightness, palpitations, nausea,
and carpal tunnel syndrome [139]. Func-
tional MRI with stimulation at the PC-6, a point
in the forearm, shows selective responses in the
insula, hypothalamus, and flocculonodular lobe
of the cerebellum with correlated effect on
autonomic regulatory functions and pain. These
effects were not observed with stimulation at the
control acupoints (PC-7, GB-37) (Fig. 20) [170].

5 Discussion

Although acupuncture has been used clinically
over thousands of years, its associated analgesic
mechanisms have only been explored in the past
few decades. Several aspects of acupuncture
research including research tools, study design,
choices of control, and subject and practitioner
blinding, and overall limitations are worthy of
discussion.

Fig. 20 PC-6,PC-7,GB-37

476 M. Murakami and A. Leung



Quantitative Sensory Testing (using temporal
summation and conditioned pain modulation) and
fMRI has vastly improved the current under-
standing in the analgesic mechanisms of
acupuncture. However, challenges still exist even
with these advanced research tools. Issues that can
affect the outcome of the QST assessment may
include: (1) a lack of temporal stability ; (2) an
inconsistency in testing methodology; (3) indi-
vidual variabilities in TS and CPM responses; and
(4) subjects’ compliance or ability to follow
instruction [126, 171]. In the area of fMRI related
acupuncture studies, it was noted that not all
acupuncture-fMRI studies met the strict method-
ological requirements including the choice of
baseline, issues related to the interpretation of
deactivations, problems with attention control and
implications of different group statistics [172].

A major issue with in acupuncture study
design is the focus on healthy subjects with
single-session needling methods. These study
treatment approaches do not necessarily reflect
the TCM clinical treatment paradigms, in which
patients often receive multiple sessions of
acupuncture treatments consisting of multiple
needles. This difference between study treatment
approach and clinical practice somewhat dimin-
ishes the translational impact of the study results
in the real clinical world, especially in the
chronic pain setting. Although recent
meta-analyses have shown positive results for
acupuncture in managing chronic headache,
back, neck, and shoulder pain [10], further
research is required to validate the effect of
acupuncture on other chronic pain conditions. In
addition, treatment paradigms with clinical rele-
vance to a specific diagnosis (e.g., lumbar
radiculopathy or lumbar facet arthropathy, as
opposed to lumbago) will greatly enhance the
translational nature of the study result [126].

Choices of control as well as patient and
practitioner blinding continue to be a topic of
debate in the world of acupuncture research.
TCM providers often believe that stimulating any
meridian point, whether with an ear seed (small
seeds held in place with adhesive tape) or acu-
pressure (pushing on acupoints with a finger or a
tool) can have a therapeutic or physiological

effect and research has shown that needling
anywhere in the body will elicit diffuse inhibitory
control of pain [116, 119]. In addition, expec-
tancy of receiving acupuncture alone has been
shown to alter brain function associated with
mood and pain perception [116]. Several
approaches can potentially minimize the con-
founding issues of blinding in an acupuncture
related RCT may include (1) sedating the
research subjects during the treatment; (2) using
retractable needles for sham treatments; and/or
(3) adopting a blinded personal to conduct the
study related assessments.

The Society of Acupuncture Research
(SAR) has recently proposed some guidance for
future acupuncture related research. One of the
proposed ideas is the development of biomarkers
that can provide meaningful correlations between
animal pain analgesia and patient reported out-
comes [173].

6 Conclusion

Acupuncture is an ancient modality within TCM.
It continues to be used for acute and chronic pain
management. This modality has recently caught
the interest of consumers in the United States due
to its positive efficacy, and the side effect related
limitations in other currently available pain
treatment modalities in Western Medicine. To
fully expand the practice of this consumer-driven
intervention in conventional medical practice
will require credible clinical outcome data and a
clear understanding in its treatment-related
mechanisms. Despite the controversies sur-
rounding acupuncture-related research,
high-quality research continues to emerge to
explain the effects of acupuncture on the
peripheral and central nervous systems, muscle
fascia, and neurotransmitter signaling, and to
support its clinical efficacy in treating various
pain conditions. With ongoing improved out-
come measures and research tools such as fMRI
and Quantitative Sensory Testing, further
research on the mechanisms of acupuncture is
warranted to support its clinical application in
pain management.
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