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Abstract: Acupuncture involves the stimulation of acupoints, which are located at specific sites of the human body, 
by insertion of fine metal needles, followed by manipulation. Acupuncture has been proven to be an effective treat-
ment in pain relief. Available evidence showed that acupuncture alleviates acute pain in conditions such as post-
operative pain, acute back pain, labour pain, primary dysmenorrhea, tension-type headaches and migraines. In 
addition, acupuncture relieves chronic pain, for example, low back pain (LBP), knee osteoarthritis (KOA), head-
ache, shoulder pain, and neck pain. For other diseases like insomnia, drug addiction and stroke, more high-quality 
randomized control trials (RCTs) are needed to confirm the efficacy of acupuncture, although there are particular 
difficulties surrounding adequate blinding and control group designs. Recent biomedical technology unveils the 
mechanisms of acupuncture. Studies have found that adenosine triphosphate (ATP) and transient receptor poten-
tial vanilloid (TRPV) channels are involved in the stimulation of acupuncture at the acupoint area. In the central 
nervous system (CNS), neurotransmissions including opioids, serotonin, norepinephrine, orexin and endocannabi-
noid are modulated by acupuncture to induce analgesia. Moreover, acupuncture reduces cyclooxygenase-2 (COX-2) 
and prostaglandin E2 (PGE2) levels on the peripheral level by acting on the hypothalamic-pituitary-adrenal (HPA) 
axis, mediating peripheral opioid release. Acupuncture helps to treat insomnia by inhibiting sympathetic activity and 
down-regulating the HPA axis. Additionally, acupuncture reduces the effects of positive and negative reinforcements 
by modulating dopamine release in the nucleus accumbens. Recently, i-needles have been developed to allow for 
the analysis of metagenomics, meta-transcriptomics, and host-microbiome relationships following acupuncture, 
while skin implantable microsensors or needle-shaped microsensors are feasible for monitoring real-time microen-
vironmental changes in acupoints and even target organs. These studies may further accelerate the understanding 
of acupuncture’s action mechanism.
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Introduction

Acupuncture is the process of stimulating acu-
points by inserting thin metal needles and 
manipulating them with manual, electrical, or 
other forms of stimulation. Acupoints are locat-
ed throughout the body, with the majority locat-
ed along 12 bilateral meridians and two midline 
channels, namely the Du and Ren Meridians 
[1]. Manual acupuncture (MA) involves lifting 
and thrusting the needles or rotating them until 
a sensation of Deqi is achieved, which is 
described as a sense of soreness, numbness, 
fullness, or heaviness [2]. Electroacupuncture 

(EA) was developed in the 1950s where the 
needles are connected to an electrical stimula-
tor that delivers either high or low-frequency 
impulses, or a combination of both. Electrical 
stimulation frequency, voltage, waveform, and 
duration all contribute to the standardization of 
EA. Nonetheless, MA is considered the stan-
dard of care in the majority of clinical studies 
[3].

Since the 1970s, acupuncture has risen rapidly 
and become more and more popular in Western 
countries [4]. Acupuncture was recommended 
as a treatment for 43 diseases by the World 
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Health Organisation (WHO) experts in 1979  
[5]. In 1998, the National Institutes of Health 
[3] consensus conference concluded that 
“promising results have emerged, for example, 
demonstrating acupuncture’s efficacy in adult 
postoperative and chemotherapy nausea and 
vomiting, as well as in postoperative dental 
pain”. There are additional circumstances, such 
as addiction, stroke rehabilitation, headache, 
menstrual cramps, tennis elbow, fibromyalgia, 
myofascial pain, osteoarthritis, low back pain, 
carpal tunnel syndrome, and asthma, in which 
acupuncture may be beneficial as an adjunct 
treatment or an acceptable alternative or as 
part of a comprehensive management program 
[3]. The WHO Consultation on Acupuncture 
published a review of 225 clinical trials in 2002, 
concluding that acupuncture was effective for 
28 diseases and beneficial for 63 others [6].

Acupuncture is distinguished by its simplicity, 
convenience, and low cost in clinical [7, 8]. 
When performed by a properly trained practitio-
ner, it is a relatively safe treatment setting with 
few adverse effects [8, 9]. Standardization of 
acupoint sites improved the reliability and 
reproducibility of acupuncture studies, thereby 
increasing our understanding of how acupunc-
ture works in clinical symptoms or diseases 
[10]. Acupuncture is used in conjunction with or 
as an alternative to conventional treatments in 
Western countries [11]. Researchers begin to 
elucidate the mechanism of action of acupunc-
ture and develop a modern form of acupunc-

ditions [14]. The evidence has focused on the 
efficacy of acupuncture for acute pain in post-
operative pain, emergency department setting, 
back pain, labor pain, primary dysmenorrhea, 
tension-type headaches, and migraine.

Postoperative pain

Postoperative pain caused by surgical injury is 
an important challenge for health care provid-
ers [15]. Use of opioid analgesics is the most 
common treatment for postoperative pain , but 
is often associated with side effects [16]. 
Acupuncture is effective for postoperative pain 
management caused by various surgical proce-
dures, for example, heart, abdominal, orthope-
dic, gynecological, and obstetric surgery [15]. A 
systematic review concludes that acupuncture 
reduces postoperative pain and opioid con-
sumption along with nausea, sedation, pruri-
tus, and urinary retention, when compared with 
sham controls [17].

Emergency department and acute trauma set-
ting

Patients often visit the emergency department 
(ED) due to acute pain. Previous studies have 
examined the efficacy of acupuncture in pa- 
tients with acute pain in ED setting such as 
musculoskeletal pain, abdominal pain, and  
rib fracture [18, 19]. These studies have sh- 
own that when compared to retrospectively 
matched controls or sham control, acupuncture 

Table 1. Efficacy of acupuncture in analgesia confirmed by many 
RCTs
Efficacy of acupuncture analgesia on acute and 
chronic pain References

Acupuncture for acute pain
    1. Postoperative pain [17]
    2. Emergency department and acute trauma setting [18-21]
    3. Acute back pain [23-26]
    4. Labour pain [27-30]
    5. Dysmenorrhea [35-38]
    6. Tension-type headaches and migraine [42-46]
Acupuncture for chronic pain
    1. Chronic low back pain [52-67]
    2. Chronic headache [42, 43, 70-77]
    3. Osteoarthritis knee pain [51, 79-87] 
    4. Chronic neck pain [91-93]
    5. Chronic shoulder pain [96-99]

ture as a result of the growing 
body of evidence. This review 
discusses the key progress of 
modern acupuncture and the 
underlying mechanisms of its 
clinical applications.

Acupuncture and pain

Acupuncture has been proven to 
be effective for pain relief (Table 
1) [12], in both acute and chron-
ic pain [13].

Acupuncture for acute pain

Large-scale randomized contro- 
lled trials (RCTs) and systematic 
reviews have been conducted  
to determine the effect of acu- 
puncture in acute pain con- 
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produced more effective pain and nausea relief 
in ED patients associated with musculoskele-
tal, abdominal pain, and rib fractures. A RCT 
reveals that acupuncture provides effective 
and immediate analgesia with better tolerance, 
compared to the intravenous morphine group 
in ED patients without adverse effects [20]. 
Similarly, acupuncture reduced acute pain by 
50% faster than IV morphine in acute renal 
colic patients [21].

Acute back pain

Acute back pain usually lasts for less than 4 
weeks, or sometimes not more than 3 months 
[22]. Acupuncture is one of the most widely 
used complementary and alternative methods 
for patients with low back pain (LBP). In 2013, 
a systematic review indicated that one session 
of acupuncture was able to reduce acute LBP, 
in addition to slight improvement of lower back 
symptoms, when compared with nonsteroidal 
anti-inflammatory drugs (NSAIDs) [23]. A large 
well-designed RCT demonstrates the effective-
ness of acupuncture on acute LBP [24]. In this 
study, five sessions of acupuncture alone sig-
nificantly reduced the pain and analgesic con-
sumption and improved work readiness over 
conventional treatment, but there was minor 
variation between verum acupuncture, sham 
acupuncture, and placebo acupuncture [24]. In 
another RCT, one session acupuncture with 
concurrent gentle exercise induced greater 
analgesia for severely disabling acute LBP over 
diclofenac [25]. A systemic review published in 
2013 demonstrated that acupuncture for acute 
LBP significantly improved the pain intensity 
over sham acupuncture or anti-inflammatory 
medicines, but the clinical significances were in 
borderline [23]. Acupuncture is also recom-
mended as an optional treatment for acute LBP 
by the American College of Physicians [26].

Labour pain

Labour pain is severe and can be exacerbated 
when a woman feels tension, anxiety, and fear 
of the childbirth and birth experience. Many 
women prefer to give birth in the absence of 
drugs or surgical methods, thus turning to alter-
natives for pain management [27]. A Cochrane 
review published in 2011 indicated that acu-
puncture and acupressure reduced labor pain, 
decreased the use of pharmacological man-
agement, and improved satisfaction with pain 
management [27]. EA also reduces labour 

duration and epidurals’ use [28, 29]. In anoth- 
er recent Cochrane review, some RCTs have 
shown the effectiveness of acupuncture for 
labour and post-partum pain, namely, reducing 
acute pain and the use of pharmacological 
analgesia, and increasing satisfaction with pain 
relief [30].

Dysmenorrhea

Primary dysmenorrhea is common cramping 
pain in women during menstruation [31] and  
it is also found in few women throughout th- 
eir menstrual years [32]. The symptoms of  
dysmenorrhea are relieved by NSAIDs and  
oral contraceptives (OCs) [33]. However, these 
drugs are not satisfactory. Several complemen-
tary and alternative modalities can be used to 
relieve symptoms of dysmenorrhea, which 
includes acupuncture [34]. In 2011, a Cochrane 
review demonstrated the effect of acupuncture 
and acupoint stimulation on primary dysmenor-
rhea. This review concluded that acupuncture 
and acupoint stimulation were more effective 
in pain reduction than active control NSAIDs, 
and Chinese herbal medicine reduced pain in 
primary dysmenorrhea [35]. In 2016, another 
Cochrane review found that acupuncture is sig-
nificantly more effective in reducing the pain in 
primary dysmenorrhea compared with NSAIDs 
or no acupuncture controls, but it is insignifi-
cant when compared to sham or placebo con-
trols [36]. The findings of a network meta-anal-
ysis further confirmed that acupuncture and EA 
are superior to NSAIDs in decreasing the fre-
quency of pain episodes of primary dysmenor-
rhea [37], and EA is more effective than acu-
puncture or NSAIDs as reported by another 
systematic review [38].

Tension-type headaches and migraine

Tension-type headache is a common type of 
primary headache, and sometimes, it may 
occur frequently and affect a patient’s quality 
of life. On the other hand, acute migraine is a 
repetitive attack of primary headache [39]. 
Acupuncture is commonly used to treat head-
aches [40] and is recommended by the 
European Federation of Neurological Societi- 
es as a complimentary optional treatment  
[41]. In 2016, a Cochrane review suggested 
that acupuncture produced promising effects 
on tension-type headaches over standard  
care, but minimal effect over sham acupunc-
ture [42]. Similarly, acupuncture reduced 
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migraine attacks more than prophylactic drug 
treatment, and it can be at least as effective or 
possibly more effective [43]. Subsequent RCT 
found that EA has a prophylactic effect on 
migraines [44]. According to the National 
Clinical Guideline Centre of the UK, 10 ses-
sions of acupuncture are suggested for ten-
sion-type headaches and migraines when pro-
phylactic medications are ineffective [45]. In 
comparison with sham acupuncture, acupunc-
ture effectively reduced pain intensity in acute 
migraine attacks [46].

Acupuncture on chronic pain

Acupuncture is a valid treatment for chronic 
pain, including chronic LBP, knee osteoarthritis, 
chronic headache, shoulder pain, and neck 
pain [47-51].

Chronic low back pain

In contrast to acute back pain that is caused 
immediately by the strains or sprains of the  
soft tissues in the back, chronic back pain 
develops deliberately by several diseases such 
as degenerative disc disease, osteoarthritis 
herniated disc, spinal stenosis, compression 
fractures or sciatica. Acupuncture for chronic 
LBP is one of the most commonly used non-
pharmacological pain-relieving techniques. So- 
me early systematic reviews reported the use 
of acupuncture for chronic LBP and concluded 
its clinical efficacy [52-60]. These findings are 
consistent with other systemic reviews con-
ducted over different control interventions [61-
63]. Acupuncture provided positive outcomes 
in clinical use for the treatment of chronic LBP 
compared to the usual care [64]. Furthermore, 
a systematic review showed that acupuncture 
may have a positive effect on self-reported pain 
and functional limitations of nonspecific chron-
ic LBP [63]. In 2015, an overview of sixteen sys-
tematic reviews confirmed the efficacy of acu-
puncture for LBP over conventional treatments, 
while producing short-term effects on pain 
relief and functional improvement [65]. Recent 
systematic reviews also indicated that acu-
puncture provids pain relief in lumbar disc her-
niation [66] and average effects on non-specif-
ic LBP [67].

Chronic headache

Chronic headaches and migraines occur more 
frequently than episodic tension-type head-

aches, which occur at least 15 days every 
month for at least three months [68, 69]. 
Chronic migraine is less common and belongs 
to a group of migraine disorders. In 2009, 
Cochrane reviews found that acupuncture  
was effective for tension-type headaches [70] 
and migraines [71]. Earlier systematic reviews 
claimed the efficacy of acupuncture for recur-
rent headaches [72] or tension-type and cervi-
cogenic headaches [73]. Similarly, earlier criti-
cal review and meta-analysis also indicated 
that acupuncture reduced the frequency of 
headaches in the treatment of headache [74, 
75], and Cochrane review in 2001 demonstrat-
ed that acupuncture was more effective than 
no treatment control or sham control for idio-
pathic headache [76]. Later, a systematic re- 
view concluded that acupuncture was superior 
to sham control or medication therapy for 
chronic headaches in terms of headache in- 
tensity, frequency, and response rate, which 
showed at least 33% improvement by assess-
ing headache index, frequency or overall evalu-
ation [77]. Subsequent Cochrane reviews pro-
vided the superiority of acupuncture over pla-
cebo to prevent frequent chronic tension-type 
headaches [42] and reduce the frequency of 
headaches in episodic migraines [43].

Osteoarthritis knee pain

Chronic knee pain is common in those above 
50 years of age and it can disturb daily activi-
ties [78]. A systematic review indicated short-
term improvements in pain associated with 
peripheral joint osteoarthritis after treatment 
with acupuncture [79, 80], and it also reduced 
pain intensity, with improvement of quality of 
life and functional mobility [51]. According to a 
Cochrane review published in 2018, acupunc-
ture significantly reduced pain associated with 
osteoarthritis of the hip [81]. Some systematic 
reviews showed that acupuncture increased 
the pain threshold in knee osteoarthritis (KOA) 
when compared to interventions alone, or in 
combination with other interventions [82-86]. 
Recent systematic reviews and meta-analyses 
have also concluded that acupuncture was 
beneficial for alleviating pain associated with 
KOA [87].

Chronic neck pain

Chronic neck pain is a major and serious health 
problem worldwide. It is characterized by activ-
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ity limitations, dizziness, anxiety, and insomnia 
[88]. Non-pharmacological treatments have 
been reported to be effective in reducing neck 
pain [89]. Acupuncture is one of the accepted 
treatments for chronic neck pain [90]. An RCT 
showed that acupuncture treatment relieved 
neck pain and also improved the quality of 
sleep, anxiety, depression, and life satisfaction 
[91]. A Cochrane review in 2006 concluded 
that acupuncture eased chronic neck pain  
[92]. Another systematic review also found that 
individual treatment of acupuncture or EA and 
conventional medicine for chronic neck pain 
have similar effects on pain and disability [93]. 
However, a combination of EA with convention-
al treatment relieved pain better than acupunc-
ture with conventional treatment.

Chronic shoulder pain

Chronic shoulder pain is the most common 
type of musculoskeletal pain and has a severe 
effect on patient’s quality of life [94]. This pain 
is caused by rotator cuff strain or tear, biceps 
tendinitis, subacromial bursitis, glenohumer- 
al osteoarthritis, impingement syndrome, and 
adhesive capsulitis [95]. Acupuncture is clini-
cally safe for the treatment of chronic should- 
er pain [96]. An earlier RCT concluded that  
acupuncture is more effective at reducing  
the pain intensity in chronic shoulder pain 
patients than the control group, besides im- 
proving the secondary outcome measures, 
such as quality of life, functional ability, NSAIDs 
intake, and global satisfaction than the con- 
trol group [97]. Previous RCTs showed benefi-
cial effects of contralateral acupuncture and 
trigger-points acupuncture by improving the 
pain threshold and function in treating chronic 
shoulder pain [98, 99]. Moreover, The German 
Randomized Acupuncture Trial for chronic sh- 
oulder pain (GRASP) found that acupuncture 
significantly increased the rate of patients with 
at least 50% reduction from the baseline visual 
analogue scale [24] for pain at 3 months post-
treatment and directly after the end of treat-
ment [96].

Acupuncture and insomnia

Acupuncture has long been used to treat insom-
nia, but the evidence to support its therapeutic 
effects is not sufficiently robust. Recent sys-
temic reviews and meta-analyses have indicat-
ed that acupuncture is of marginal benefit to 
insomnia [100]. Lacking of high-quality clinical 

evidence clearly hampers a definitive conclu-
sion in this regard [101, 102]. Despite the 
aforementioned limitation, acupuncture is still 
widely used to treat insomnia clinically.

Acupuncture and opiate addiction

Acupuncture was first proposed as a means of 
providing relief from symptoms of opiate with-
drawal in 1972 [103]. In 1985, a new auricular 
acupuncture protocol was developed that was 
subsequently adopted in many clinical settings 
in Western countries [104-106]. However, there 
are only a few RCTs that investigated the use of 
acupuncture treatment for opiate addiction, 
and the methodologies used in several clinical 
trials are of poor quality. In a recent systematic 
review, only 10 published articles met the inclu-
sion criteria and no definitive conclusions were 
drawn [107]. More high-quality RCTs are need-
ed to support the use of acupuncture in the 
treatment of drug addiction.

A recent RCT suggested that acupuncture  
can reduce the required daily dose of metha-
done, which is currently prescribed for opiate 
dependence [108]. This study raises the possi-
bility of acupuncture as an appropriate adju-
vant to methadone maintenance therapy in opi-
ate addiction.

Other applications of acupuncture

In various other indications, evidence in sup-
port of acupuncture use is even weaker. For 
example, it remains contentious as to whether 
acupuncture has beneficial effects in the pro-
cess of in vitro fertilization (IVF) [109], though 
traditional Chinese medicine has recorded the 
use of acupuncture in infertility treatment. IVF 
process involves several steps where women 
feel discomfort. A recent systematic review 
reported the benefits of acupuncture during an 
IVF process, if performed at a particular time 
during the process [110]. However, the effects 
of acupuncture on IVF outcomes remain to be 
demonstrated. The following suggestions may 
be considered for future studies: (i) to evaluate 
the effects of acupuncture on IVF outcomes, 
primary outcome measures can also include 
embryo viability, numbers of oocyte retrieval 
per treatment cycle, semen analysis, implanta-
tion rates, besides pregnancy rates; (ii) to 
examine whether acupuncture can improve the 
symptoms of discomfort associated with IVF 
treatment.
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Stroke is a leading cause of death or disability 
worldwide, therefore, the clinical benefits of 
acupuncture in stroke treatment draw much 
attention. Although some pieces of evidence 
were provided [111], the meta-analysis sug-
gests that the efficacy of acupuncture remains 
to be established with large-scale RCTs [112].

Issues for acupuncture RCTs

The lack of confirmatory data in acupuncture 
efficacy is partly caused by the difficulty in  
performing acupuncture RCTs, particularly in 
terms of adequate blinding and control group 
designs [113]. Furthermore, acupoint specifici-
ty is another special issue in acupuncture RCTs. 
It is believed that acupuncture at acupoints 
induces a better therapeutic response than 
that of a non-acupoint. Liang et al. (2015) list-
ed many RCTs and clinical studies demonstrat-
ing that EA or acupuncture at acupoints was 
associated with significantly greater benefits 
than those at non-acupoints [114]. As men-
tioned in these studies, in current acupuncture 
RCTs, the selection of the sham acupoint was 
categorized into non-acupoints/sham points, 
irrelevant acupoints, and trigger points [114].

The use of a trigger point as a sham control 
must be performed with care. It is well known 
that a stimulating trigger point can produce sig-
nificant pain relief [99]. When using trigger 
points as sham control in pain research, it may 
render the estimations of acupuncture-related 
therapeutic effects. Moreover, needle penetra-
tion into non-acupoints or irrelevant acupoints 
can act as nociceptive stimuli, which activate 
the A delta and/or peripheral C-fibers, causing 
diffuse noxious inhibitory controls [115]. In 
RCTs investigating acupuncture analgesia, if 
the control group design is involving needle 
penetration into non-acupoints or non-thera-
peutic acupoints, these procedures can reduce 
pain in the control subjects. A larger sample 
size is needed to demonstrate the acupoint 
specificity, whereby the efficacy of the real acu-
puncture treatment is superior to that of the 
non-acupoint or non-therapeutic acupoint con-
trol group.

Mechanistic understanding of acupuncture

Neurophysiology might illustrate the mecha-
nism of acupuncture as well. Following the 
insertion of acupuncture needles, local recep-
tors will first be activated, delivering neural 

impulses to the spinal cord and brain, which 
results in the modulation of physiological 
functions.

The physiological mechanism of acupuncture 
needling: the involvement in purinergic signal-
ing pathway and TRPV family

The mechanism of acupuncture stimulation on 
a local acupoint is not yet understood com-
pletely. Purinergic signaling is proposed to be 
involved in the physiological mechanisms from 
acupuncture needling [116]. This hypothesis 
suggests that acupuncture needle insertion or 
electrical stimulation induces the release of 
adenosine triphosphate (ATP) from keratino-
cytes and fibroblasts in the skin for binding with 
purinergic receptors. As ATP rapidly degrades 
to adenosine, it’s binding to adenosine A1 
receptors mediates analgesic effect in acu-
puncture [117]. In addition to purinergic signal-
ing, degranulation of mast cells in tissues  
also plays an important role in acupuncture 
efficacy. Research has revealed a higher den-
sity of mast cells at acupoint ST36 as com-
pared with mast cell density at sham acupoints 
in rats [118]. Acupuncture can cause an in- 
crease in degranulation of mast cells, and on 
the contrary, inhibition of mast degranulation 
can reduce acupuncture analgesia [118]. The 
transient receptor potential cation channel 
subfamily V, member 2 (TRPV2) in mast cells 
may act as a sensor in response to the mechan-
ical, heat and red laser-light stimulation [119].

In clinical practice, the tip of the acupuncture 
needle may sometimes penetrate through the 
skin and deep into the muscle layer. A recent 
study has indicated that TRPV1 is abundant in 
muscle and epimysium at acupoint ST36 and it 
might be a mechanosensitive channel for man-
ual acupuncture in mice [120]. Furthermore, 
local tissues injured by acupuncture together 
with immune cells can release proinflammatory 
factors to stimulate afferent fiber terminals 
[121]. Anatomical features underlying an acu-
point remain unclear. It has been proposed 
that acupoints are sites that comprise the 
muscle-spindle-rich, cutaneous-receptor rich, 
ortendon-organ-rich properties [121].

Acupuncture analgesia

Stimulating different acupoints may cause dif-
ferent physiological modulations. The effects 
of acupuncture depend on individual status 
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too. As to acupuncture analgesia, the endor-
phins theory is already a widely accepted ex- 
planation [122]. In addition, a recent review 
article has proposed that acupuncture acti-
vates a variety of bioactive chemicals through 
the spinal and supraspinal mechanisms [123]. 
These bioactive chemicals include: (i) opioids 
at the spinal and supraspinal levels, and (ii) 
serotonin and norepinephrine at the spinal 
level [124, 125]. Recent animal studies have 
also indicated that some portion of EA analge-
sia is not blocked by naloxone [126]. An orexin-
endocannabinoid pathway in the periaqueduc-
tal gray has been indicated [127]. Exploring 
non-opioid mechanisms of acupuncture may 

lead to the discovery of a new pharmacological 
target for the treatment of pain in the future 
(Figure 1).

Anti-inflammatory effects of acupuncture

Acupuncture can also exert anti-inflammatory 
effects by (i) affecting the hypothalamic-pitu-
itary adrenal (HPA) axis to lower cyclooxygen-
ase-2 (COX-2) and prostaglandin E2 (PGE2) lev-
els and (ii) enhancing the sympathetic nervous 
system to cause the peripheral release of opi-
oids [123]. Acupuncture stimulates the release 
of catecholamines from the adrenal gland, act-
ing on peripheral dopamine D1 receptors to 

Figure 1. Possible neurophysiologic mechanisms underlying acupuncture analgesia. Abbreviations: Arc, arcuate 
nucleus; PAG, periaqueductal grey; NRM, nucleus raphe magnus; LC, locus coeruleus; ATP, adenosine triphosphate; 
TRPV1, transient receptor potential vanilloid 1; 5-HT, 5-hydroxytryptamine (serotonin); NE, norepinephrine; SDH, spi-
nal cord dorsal horn; HPA axis, hypothalamic-pituitary adrenal; COX-2, cyclooxygenase-2; PGE2, prostaglandin E2; 
MA, manual acupuncture; EA, electroacupuncture; RCTs, randomized controlled trials. The solid line indicates the 
pathway that has been shown in many studies, while the dotted line represents the pathway yet to be determined.
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produce systemic anti-inflammatory effects 
[128].

Acupuncture for insomnia

Acupuncture may modulate various neurotrans-
mitters and hormones that assist in the treat-
ment of insomnia [101]. In this case, acupunc-
ture inhibits sympathetic activity and modu-
lates the endocrine system by down-regulating 
the HPA axis.

Acupuncture for drug addiction

In the treatment of drug addiction, the molecu-
lar mechanism of acupuncture involves the 
modulation of dopamine release in the nu- 
cleus accumbens, which reduces the effects of 
positive and negative reinforcements [129]. A 
recent study found that EA prevents cocaine 
relapse by reducing the ΔFosB and GluR2 
expression in the nucleus accumbens [130].

Perspective of future acupuncture direction

The mechanistic studies of acupuncture pose 
numerous challenges. Some researchers as- 
sert that the innovative “i-needle” offers en- 
hanced capabilities for exploring the biochemi-
cal pathways, using high-input information 
including miRNA, mRNA, metabolites and 16sr 
RNA-omic database [131]. They hypothesize 
that the perfect conjugations of those omics 
approaches into an i-needle can overcome the 
above-mentioned limitations of acupuncture 
needles, and enable the analysis of metage-
nomics, metatranscriptomics and host-microbi-
ome relationships. However, this type of analy-
sis is limited to collecting information at a 
particular time point after acupuncture and 
does not enable easy identification of the bio-
markers associated with acupuncture.

Evaluation of the dynamic changes and real-
time changes in the acupoints and the target 
organ is of importance. A combination of nee-
dle and microsensor as an acupuncture tool 
could be used along with the i-needle to inves-
tigate the mechanisms of acupuncture. Skin 
implantable microsensors or needle-shaped 
microsensors have been recently developed 
[132]. It has become feasible to measure real-
time microenvironmental changes in many acu-
points and even target organs. Using these sen-
sors in efficacy studies, such as tests for pain 

thresholds, will enable us to better define the 
microenvironmental changes and the efficacy 
of acupuncture. Their results are expected to 
provide new insights into the mechanisms of 
acupuncture.

Limitation of this review

Although we included some useful meta-analy-
ses in the literature [54, 55], there are several 
limitations in this mini review. A meta-analysis 
of RCTs on acupuncture was not conducted. 
The specificity of acupoints was not adequately 
discussed in this review due to a dearth of lit-
erature about this field. For example, the ST36 
is more useful for treating abdominal pain, 
whereas the LI4 is more appropriate for treat-
ing orofacial pain, while HT7 is, in particular, 
beneficial for insomnia. The rationale for the 
acupoints’ specificity has not been thoroughly 
discussed.

Conclusion

Acupuncture has been proven to be an effec-
tive treatment in pain relief with minimal risk. 
For IVF and some diseases, such as insomnia, 
opiate addiction and stroke, more high-quality 
RCTs are needed to confirm the efficacy of acu-
puncture. Progress in modern biomedical tech-
nology will eventually help us to understand the 
mechanisms of acupuncture.
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