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Deqi is an important prerequisite for acupuncture to achieve optimal e�cacy.

Chinese medicine has long been concerned with the relationship between Deqi

and the clinical e�cacy of acupuncture. However, the underlying mechanisms

of Deqi are complex and there is a lack of systematic summaries of objective

quantitative studies of Deqi. Acupuncture Deqi can achieve the purpose

of treating diseases by regulating the interaction of local and neighboring

acupoints, brain centers, and target organs. At local and neighboring acupoints,

Deqi can change their tissue structure, temperature, blood perfusion, energy

metabolism, and electrophysiological indicators. At the central brain level,

Deqi can activate the brain regions of the thalamus, parahippocampal gyrus,

postcentral gyrus, insular, middle temporal gyrus, cingulate gyrus, etc. It

also has extensive e�ects on the limbic-paralimbic-neocortical-network and

default mode network. The brain mechanisms of Deqi vary depending on the

acupuncture techniques and points chosen. In addition, Deqi ’s mechanism

of action involves correcting abnormalities in target organs. The mechanisms

of acupuncture Deqi are multi-targeted and multi-layered. The biological

mechanisms of Deqi are closely related to brain centers. This study will help to

explore the mechanism of Deqi from a local-central-target-organ perspective

and provide information for future clinical decision-making.

KEYWORDS

acupuncture, Deqi, objectivization, functional magnetic resonance imaging, brain

center

1 Introduction to the basic theories of acupuncture
and Deqi

Acupuncture belongs to the category of complementary and alternative medicine

therapies and has been around for more than 3,000 years (Han and Ho, 2011). Its efficacy is

gradually being recognized worldwide (Lederer et al., 2018; Allen et al., 2022). In traditional

Chinese medicine theory, the occurrence of disease is related to the poor functioning of

“Qi” (Filshie et al., 2016) (flowing energy or information) in the meridian system (Ziegler,

1999; Rong et al., 2011). The meridian system consists of 12 meridians, which are used for

“qi” and blood flow (Deadman et al., 2001; Takamoto et al., 2013). Visualization techniques
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can provide prima facie evidence for the existence of meridians

from an anatomical perspective (Yang C. et al., 2015; Xiong

et al., 2020). Early studies have shown that injection of tracers

at acupoints produces trajectories that highly correspond to the

distribution of meridians (Wu et al., 1990, 1994; de Vernejoul

et al., 1992; Chen et al., 1993; Kovacs et al., 1996, 2000; Li

et al., 2012). In recent years, such phenomena have also been

observed in humans (Dimitrov et al., 2021; Li T. et al., 2021). A

growing body of studies are devoted to explaining the nature of

the meridians, including neural-fluid-low-flow resistance, fascial

neuromodulation, connective tissue matrices, and low-water-

resistance channels (Yang and Han, 2015; Zhang et al., 2015, 2019;

Bianco, 2019; Yonghong et al., 2020). In addition to the material

properties of meridians, their functional, temporal, and cultural

properties are gradually being emphasized (Ye et al., 2022). The

meridian system is considered to be an important channel that

connects the surface of the body to the internal organs (Yung, 2005;

Neumann et al., 2023). There are many acupoints distributed on

the meridians, which are the reflection points of diseases (Melzack

et al., 1977; Furlan et al., 2005). Stimulation of different acupoints

on the body surface can deal with diseases of different systems. The

physiological basis of acupoints has been studied for a long time,

and studies have shown that the structure of acupoints is related to

the nervous system, blood vessels, and muscles (Kuo et al., 2004;

Lee et al., 2008; Zhao, 2008; Silberstein, 2012). The WHOWestern

Pacific Regional Office developed theWHO Standard Acupuncture

Point Locations in 2008 (World Health Organization, Regional

Office for the Western Pacific, 2008). It gives a detailed description

of the number and location of acupoints. Different acupoints have

different sizes (Molsberger et al., 2012; Rong et al., 2013). Some

studies have shown that the area of commonly used acupoints

ranges from 2.7 to 41.4 cm2 (Molsberger et al., 2012).Meridians and

acupoints are affected by a variety of factors and there are certain

individual differences. For example, the size and location of the

meridians and acupoints may vary depending on the patient’s body

type, pathophysiologic state, and the doctor’s needling angle.

Acupuncture can be used to balance and restore the

body’s energy (called “Qi” in Chinese medicine) by stimulating

acupoints (Zhou and Benharash, 2014; Chen H. et al., 2019).

When acupuncture stimulation reaches a certain intensity, Deqi

(acquisition of “Qi”) is produced. Deqi, also known as needle

sensation, is an important parameter in the study and evaluation

of acupuncture efficacy (Zhao et al., 2017; Hu et al., 2019; Yang

et al., 2020; Sun et al., 2021). Deqi is a complex physiological state

involving nerve fibers at all levels, muscles, connective tissue, etc.

(Langevin et al., 2001; Leung et al., 2006; Hui et al., 2007; Jung

et al., 2016). Deqi on the part of the patient shows numbness, dull

aches, heaviness, soreness, fullness and so on (Yuan et al., 2013b;

Ren et al., 2015). The acupuncturists feel increased resistance under

the needle during Deqi (Chen S. et al., 2013; Yin et al., 2015). In

summary,Deqi is a composite of sensations obtained by the patient

and the acupuncturist during acupuncture interventions (Kong

et al., 2007).

Deqi is reported to directly affect the clinical efficacy of

acupuncture (Yuan et al., 2013a; Zhao et al., 2017; Zhang et al.,

2020), so the objectivization of acupuncture Deqi is a major

challenge (Chen S. et al., 2013). Previously, Deqi objectification

studies have focused on descriptive analyses of the production and

intensity of needle sensation by scales (Vincent et al., 1989; Park

et al., 2002; Kong et al., 2005, 2007). With the development of

modern science and technology, it has become possible to explore

the biological mechanisms of acupuncture Deqi. Examples include

functional magnetic resonance imaging (fMRI) (Shi et al., 2016;

Sun et al., 2021; Yoon et al., 2023), electroencephalography (EEG)

(Lee et al., 2017; Si et al., 2021), multichannel functional near

infrared spectroscopy (fNIRS) (Sun et al., 2021), electromyography

(Lu et al., 2021), and electrocardiography (Huang et al., 2012c). It

has been found that Deqi not only increases local blood flow and

skin temperature (Zhu et al., 2013) and modulates disease states in

target organs, but also produces changes at the brain level (Zhang

et al., 2021). Among them, the effect of Deqi on brain centers is of

great interest to researchers.

Therefore, the present study explored the regulatory

mechanism of acupuncture Deqi from three aspects: the local

material basis of the acupuncture point area, the central brain

effect, and the target organ. This review systematically combs

through the progress of objective and quantitative research onDeqi

and provides an in-depth analysis of its research characteristics for

future research.

2 Current understanding and research
focusing on the quantitation of
acupuncture Deqi

2.1 Clinical research

In recent years, there has been increasing clinical evidence that

the deqi sensation by acupuncture can influence the effectiveness

of treating disease.In cardiovascular diseases, acupuncture Deqi

can improve the insulin resistance status, reduce blood lipids

and serum TNF-α levels in hypertensive patients (Zhang et al.,

2016). A study of 300 patients with coronary artery disease showed

that acupuncture Deqi was more effective (You et al., 1992). Li

et al. (2014b) found that Deqi sensations appearing early can

reduce the incidence of post-stroke spasticity. For gynecological

disorders, acupuncture Deqi can improve the Kuppermann score

for menopausal syndrome and regulate reproductive endocrine

hormone levels (Lin et al., 2017). Several studies of acupuncture for

primary dysmenorrhea have shown a positive correlation between

the speed of Deqi sensation production and the speed of clinical

effect (Li et al., 2014a; Wang et al., 2018). The intensity of Deqi was

also positively correlated with the degree of pain relief (Shi et al.,

2014; Hu et al., 2019). In gastrointestinal disorders, Sun et al. (2021)

found that the Nepean Dyspepsia Symptom Index (NDSI) scores

of patients with functional dyspepsia were substantially reduced

and improved dyspepsia symptoms after acupuncture Deqi. In

addition, acupuncture Deqi has good clinical efficacy for pain-

based disorders. Several studies have confirmed that acupuncture

Deqi relieves pain, improves knee swelling, and restores motor

function in patients with Knee Osteoarthritis (Chen R. et al., 2013;

Spaeth et al., 2013). Studies have shown that acupuncture Deqi

treatment for patients with neck pain is able to reduce NPQ neck

pain scale scores (Xu and Fu, 2014), and their acupoint pressure

pain thresholds are lower (Duan et al., 2018).
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In clinical practice, the Deqi scales are frequently used to

evaluate the clinical efficacy of acupuncture Deqi. The Vincent

questionnaire (Vincent et al., 1989), also known as Acupuncture

Sensation Scale (ASS), developed by Vincent C An et al in

1989, is the primary self-made needle sensation scale with the

characteristics of traditional Chinese medicine in the world. It

condenses 20 entries to describe “needle sensation” by referring

to the form of McGill Questionnaire (MGQ) and the experience

of clinical acupuncturists. The Park Questionnaire (Park et al.,

2002), also known as the Korean version of the needle sense

scale, was formed by translating the Vincent questionnaire into

Korean in 2002 and adding 5 new entries on this basis. These

two scales are highly original self-made acupuncture scales, but

they do not distinguish pain from “needle sensation”, so they

are not widely used in later studies. With the deepening of the

study of Deqi, in 2005, Kong J and others established Subjective

Acupuncture Sensation Scale (SASS)in 2005 (Kong et al., 2005),

which introduced emotional assessment words for the first time

and graded each sensation. In 2007, this table was further improved

to form MGH Acupuncture Sensation Scale(MASS) (Kong et al.,

2007), including the main table and two schedules. The needle

sensation intensity was recorded in the main table according to the

10cm scale of the Visual Analog Scales (VAS), and the attached

tables were Acupuncture Sensation Spreading Scale and Mood

Scale. Based on the wide application of the scale, C-MMASS and the

Japanese MASS were formed after translation and modification. In

addition, there are studies that distinguish Deqi sensation of pain

sensation, such as Macpherson questionnaire and Southampton

Needling Sensation Questionnaire (SNSQ). How to differentiate

between pain and Deqi sensation has been controversial. A

questionnaire showed that nine sensations such as sharp and

burning were classified as pain, and seven sensations such as aching,

dull, heavy and numb were classified as Deqi (MacPherson and

Asghar, 2006). Most acupuncturists consider dull pain to be Deqi,

while sharp pain as a noxious stimulus is not Deqi (Hui et al.,

2011).However, since Deqi is affected by sensory, emotional, and

cognitive factors, it is difficult to quantifyDeqi by scale descriptions

alone (Lin et al., 2013).

2.1.1 Local mechanisms of acupuncture Deqi
Localized acupoints are the starting sites for the occurrence of

the Deqi sensation, and it is crucial to study the Deqi generation

mechanism. Therefore, the study explored the generation

mechanism of Deqi from localized acupoints. Researchers have

already conducted in-depth studies on issues related to local

changes in acupuncture Deqi using neurophysiology, anatomy,

histochemistry, biomacromolecules, biology, light, electricity,

magnetism, and other techniques. The main components of the

study include the application of the detector to study the tissue

structure, temperature, muscle tension, blood perfusion volume,

transcutaneous CO2 emission, and volt-ampere characteristics

of local and nearby acupoints. Observe the influence of before

and after Deqi, acupuncture, and sham acupuncture, different

manipulations on the above indexes. Most of the selected acupoints

are commonly used in the limbs, and the frequency from high to

low is ST36, LI4, PC6, SP6, and CV4 (Table 1).

Studies have shown that the structural basis of Deqi includes

numerous muscle fibers, nerve terminals, deep acupoint receptors,

blood vessels, and nerve structures of blood vessel walls. The basis

of Deqi is muscle contraction, nerve electrical conduction, local

active substance release, and information transmission between

cells caused by acupuncture (Yu et al., 1997). However, the acupoint

material basis of electro-acupuncture sensation is different from

manual-acupuncture sensation. The former is mainly deep pain

receptors and skin pain receptors, while the latter is mainly deep

pain receptors (Dong et al., 2007a,b). Based on the study of ST36, it

is found that stratifying acupuncture at ST36 can be Deqi in every

layer, but the middle group has a stronger sense of acupuncture

than the shallow and deep groups (Zhao and Wang, 2016).

Existing studies based on pathological conditions have

shown that acupuncture Deqi can alter pain thresholds and

temperatures at disease-specific acupoints. More research is based

on physiological conditions, five studies using the ultrasonic

technique to study the structural characteristics of the acupoint

area (Streitberger et al., 2007; Zhang et al., 2009; Ren et al., 2013;

Yang L. et al., 2015; Wu et al., 2017). The results further confirmed

that the main tissue structure of acupuncture was muscle fascia,

and it could enhance muscle tension. High-frequency ultrasound

technology can measure the specific position of the needle tip

and accurately display the anatomical structure near the acupoint,

which is a reliable method for objective analysis of the relationship

between Deqi and anatomical structure.

Five studies have used an infrared thermal imager to observe

the temperature (Agarwal-Kozlowski et al., 2009; Huang et al.,

2013; Pólito and Ferreira, 2013; Yang et al., 2014; Wu et al.,

2016). The results showed that acupuncture Deqi can significantly

increase the temperature of the acupoint area and nearby skin

surface, and the temperature rise caused by lifting-thrusting was

significantly higher than that by twirling manipulation, while the

false acupuncture had the opposite effect. Five studies have used the

doppler blood flowmeter to observe the blood perfusion (Kuo et al.,

2004; Huang et al., 2012a,b,c; Tian et al., 2014). The results showed

that acupunctureDeqi would cause changes in blood circulation on

local and nearby acupoints, with the increase of blood perfusion

reported more frequently, while needling without meridians or

acupuncture without Deqi would have the opposite changes.

Another study has studied the transcutaneous CO2 emission

(Huang and Cheng, 2013). The results showed that the change

in CO2 emission through the skin was consistent with the

increase in blood flow and skin temperature, which indicated

that the energy metabolism indexes of the local and nearby

acupoints can objectively reflect Deqi. Three studies have studied

electrophysiological indexes (Liu et al., 2005; Deng and Zhou, 2010;

Zhou et al., 2011). The results showed that acupuncture Deqi could

change the indexes of muscle tension, volt-ampere characteristic,

and myoelectric signal on local and nearby acupoints.

2.1.2 Brain mechanisms of acupuncture Deqi
Acupuncture at local acupoints can cause sensation such as

soreness, numbness, heaviness, and swelling in subjects, which

must be transmitted to the brain in order to be perceived.Studies

have shown that one of the important ways in which acupuncture
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TABLE 1 Study on the e�ect of acupuncture Deqi on local and nearby acupoints.

Acupoints Research contents Instruments Findings References

ST36 AC Ultrasound diagnostic

equipment

The areas of DQ sensation: myofascial and

fascial.

Wu et al., 2017

PA-AA Ultrasound diagnostic

equipment

Muscle tension↑. Ren et al., 2013

DQ-SA/ DM Infrared thermal camera DQ: the skin temperature increased continually

and then decreased in the last phase.

Huang et al., 2013

SA: the skin temperature of ST36 decreased in

the first 5 minutes and then increased

gradually.

Lifting-thrusting>twirling.

PA-AA/ DM Laser Doppler Scanner Lifting-thrusting:microvascular perfusion↑; Huang et al., 2012c

Twirling:microvascular perfusion↓.

DQ-NR Volt-ampere characteristic

detection system

DQ: range volt-ampere area, reduced range

volt-ampere area and inertia area↓;

Zhou et al., 2011

NR: range volt-ampere area, reduced range

volt-ampere area and inertia area↑.

DQ-NR Physiological recorder DQ>NR: muscle contractile force. Deng and Zhou, 2010

DQ-SA Color Doppler ultrasound

instrument

DQ>SA: anterior tibial artery blood flow. Zhang et al., 2009

ST36, LI4 PA-AA Laser Doppler Perfusion

Imaging

DQ felt numbness, heaviness, swelling, and

soreness, the skin blood flow significantly

increased.

Tian et al., 2014

LI4 DQ-SA Infrared thermography DQ: skin temperature↑; Agarwal-Kozlowski et al., 2009

SA: skin temperature↓.

LI4, LI1, LI3, LI5 DQ-SA Speckle Laser Blood Flow

Scanning Technology

DQ: blood perfusion volume↑; Huang et al., 2012b

SA: blood perfusion volume↓.

LI4, LI11 PA-AA Laser Doppler flowmetry DQ LI4: felt soreness and numbness; Kuo et al., 2004

DQ LI11: blood flow and palm temperature↑.

PC6 PA-AA DQ-SA Carbon dioxide measuring

instrument

The release of transcutaneous CO2 emission at

the acupoint on the same meridian↑.

Huang and Cheng, 2013

DQ-SA Laser Doppler blood

perfusion imager

DQ:the amount of microvascular perfusion↓; Huang et al., 2012a

SA: no changes.

AC Ultrasonographic transducer No association between the number of nerve

contacts and DQ.

Streitberger et al., 2007

SP6, CV4 PA-AA Infrared thermal camera Skin temperature↑. Wu et al., 2016

SP6 PA-AA Infrared thermal camera Skin temperature of ipsilateral SP6 and SP10↑. Yang et al., 2014

CV4,LI10 AC Color Doppler ultrasound

instrument

The areas of DQ sensation: myofascial and

fascial.

Yang L. et al., 2015

KI3 PA-AA Thermography Body surface temperature of the right leg↓. Pólito and Ferreira, 2013

NA PA-AA/ DM EMG signal instrument DQ reinforcing method: volume pulse wave and

pulse rate↓;

Liu et al., 2005

DQ reducing method: volume pulse wave and

pulse rate↑.

AC, Anatomical characteristics; PA, Before Acupuncture; AA, after Acupuncture; DQ, Deqi; SA, Sham Acupuncture; DM, Different manipulation; NR, no reaction;↑: raise;↓: decline.

regulates the state of the body is mediated through the central

system of the brain. After needling acupoints, the stimulus

travels from the afferent pathway to the center of the brain for

information integration, and then acts on the target organ in a

wide range of forms (Torres-Rosas et al., 2014; Liu et al., 2020,

2021; Li N. et al., 2021; Ulloa, 2021; Li et al., 2022). However

the mechanisms of information integration and efferent pathways

in the brain have not been fully elucidated. Therefore, studying

Frontiers inNeuroscience 04 frontiersin.org

https://doi.org/10.3389/fnins.2024.1386108
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org


Zhong et al. 10.3389/fnins.2024.1386108

FIGURE 1

Techniques and acupoints for studying the e�ects of acupuncture Deqi on brain centers. (A) Commonly used techniques for the detection of brain

centers. (B) High-frequency acupoints. Summarize and label the acupoints that were used more frequently than twice in the studies (created

with BioRender.com).

the effect of acupuncture on brain function can help reveal the

mechanism of producing acupuncture. In recent years, with the

rapid development of brain function detection technology, the

detection methods used in the brain science of Deqi include

electroencephalogram (EEG), transcranial magnetic stimulation

(TMS), computed tomography (CT), Magnetoencephalography

(MEG), positron emission tomography (PET), functional magnetic

resonance imaging (fMRI) and so on. fMRI is the most widely used

technical tool for the relationship between acupuncture Deqi and

brain function (Figure 1).

Some studies speculate the brain central specificity of

acupuncture Deqi by analyzing the functional relationship between

the treatment of acupuncture Deqi and specific brain regions or

brain networks. Table 2 shows that existing studies are mostly

parallel controlled experiments. Compare the changes in brain

activity and functional connections between brain regions activated

or negatively activated by Deqi, such as acupuncture and sham

acupuncture, sham acupuncture and no reaction, acupuncture

sensation and complex sensation, different manipulation, and

different acupoints. This is the main reason why brain region

activation is not the same between different studies of acupuncture

Deqi. Figure 2 shows the acupuncture Deqi activated, negatively

activated brain regions.

Among them, the middle temporal gyrus, cingulate gyrus,

amygdala, hippocampus, superior frontal gyrus, and superior

temporal gyrus were the most mentioned negatively activated brain

regions. The more recognized activated brain regions were the

parahippocampal gyrus, postcentral gyrus, insular, middle frontal

gyrus, and superior temporal gyrus. It is noteworthy that brain

regions such as putamen, thalamus, etc. showed different activation

states in different studies (Figure 3). It is evident that the central

brain mechanism of Deqi is still controversial and needs to be

further explored through rigorous experimental design.

Several results have shown that compared with sham

acupuncture, non-acupoints acupuncture or no reaction

acupuncture, acupuncture Deqi can cause more stable and

extensive activation of the brain area, and the degree of Deqi

sensation is in direct proportion to the degree of brain activation

(Lai et al., 2008; Hui et al., 2009; Li et al., 2015; Usichenko et al.,

2015; Xiao et al., 2016; Sun et al., 2019). Most of the selected

acupoints are commonly used in the limbs, and the frequency

from high to low is ST36, BL40, TE5, KI3, LI4, LR3 (Figure 3).

Effects of Acupuncture may be achieved through the meridian

network-cerebral cortex-organs, but the central brain afferent

pathways are different for different acupoints, which is related to

the fact that acupuncture different acupoints produces relatively

specific brain activities (Fang et al., 2011).

However, Gong et al. found that there was no significant

difference in the localization of brain functional activity areas

after acupuncture ST36 and ST39 respectively (Gong et al., 2003).

This may be because the therapeutic effects of acupoints are

similar, indicating that the efficacy of acupoints is closely related

to the regulatory function of activated brain regions. It has been

found that Deqi sensation and pain sensation cause different

brain area changes. Fang et al. showed that acupuncture generates

strong and extensive negative activation regions in the limbic-

paralimbic-neocortical-network (LPNN) during the process of

Deqi, and enhances the brain functional network connections in the

negatively activated brain regions. When acupuncture causes pain,

the degree of negative activation in the brain region decreases and

the area shrinks, and most of the fMRI signals in the brain area are

reversed into activation signals. The functional network between
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TABLE 2 Study on the e�ect of acupuncture Deqi on brain center.

Acupoints Research
contents

Instruments Findings References

Activation Negative activation

ST36 DM fMRI Lifting-thrusting: Lu et al., 2017

↑:PMv, PcG, MFG, IFG, LG, IL, Pu, CG,

Cere;

Twirling:

↑:MOrG, MFG, STG, MOG; ↓:AWG, amygdala, ACG,

ITG, MFG, AMG, PcG.

Twirling plus lifting-thrusting:

↑:PcG, SubG, IL, thalamus, CG, Pu; ↓:SFG, SPG, temporal gyrus,

MOG, InG, LG.

DQ-NR fMRI S1, IL, IFG, IPL, SA, and ACG. Jin et al., 2014

DQ-NR fMRI LTL, IC, motor area, AMA, ACG, PCG,

amygdala, hypothalamus.

Zhang, 2011

DQ-CS fMRI SI, SII, IPL, insula, thalamus, CG, the

PrCG, IFG,Pu, claustrum,STG, and the

TTG and the CereVI, VIIb, VIII, CrusI,

and CrusII

↓:PHG Sun et al., 2012

DQ-SA TMS ↑:Motor cortex. Sun et al., 2019

TE5 DQ-SA fMRI SFG, IFG, SMG, MFG, PrCG, MTG,

IPL, SuTG, ITG.

Zhang et al., 2016

DQ-SA SPECT ↑:SMC, frontal cortex, VAC, MTG, PEC,

the PA, PC, FG, IPG, PHG, LN, SN, RN;

↓:DPC, SubC. Chen et al., 2012

DQ-SA PET temporal lobe, SuTG; Zhang et al., 2011

DQ-SA fMRI PT, PO, SMG, SuTG, IC, FG, IPG, HPO,

amygdala and SubN;

Lai et al., 2008

DQ-NR fMRI ↑:SuTG, MFG, ML and frontal lobe; ↓:ACL, thalamus. Li et al., 2015

LI4 DI fMRI PreA, thalamus, striatum, PCG and IL. Chen et al., 2011

DQ-pain sensation fMRI ↓:MTG, FG and LG. Asghar et al., 2010

AP EEG Alpha brain waves changed. Yin et al., 2010

DI Somatosensory

evoked potential

↓:N20. Abad-Alegría and

Pomarón, 2004

KI3 DQ-SA fMRI ↓:NA, amygdala, HPO,

pHPO, hypothalamus, VTA,

ACG, caudate, Pu, temporal

pole, and insula.

Wang et al., 2016

DD fMRI DQ combined with deep DQ: Bai et al., 2013

precuneus and PCC, HPO, PCeC, and

ACC;

DQ combined with shallow DQ:

PMv and PoC.

DI fMRI The feeling of swelling should be the

best, and numbness should be avoided.

Zhu et al., 2009

BL40 PA-AA fMRI ↑:DMN (prefrontal lobe, PCG, angular

gyrus), pain matrix (SII, IL, ACG,

frontal lobe, parietal lobe), CG and right

Cerebellar tonsil, left hippocampal

gyrus, thalamus and AMA;

↓:GP, LN, CN and left PCL.

Shi et al., 2016

DQ -CS fMRI Deep DQ:

Shi et al., 2016

↑:right PCL, left PHG, thalamus and

AMA;

↓:DMN and pain matrix

network.

(Continued)
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TABLE 2 (Continued)

Acupoints Research
contents

Instruments Findings References

Activation Negative activation

Shallow DQ:

↑:right PrCG, SFG, cerebellar tonsil and

bilateral thalamus;

↓:right medial prefrontal

cortex.

ST44 DQ-SA fMRI parietal lobe, prefrontal cortex and PIA; Usichenko et al., 2015

LR3 DQ -pain sensation fMRI somatosensory and TIC. Fang et al., 2012

TE5 DQ-SA fMRI ↑:SI, SMC, frontal cortex, DPC,

Frontopolar area, Orbitofrontal area, IC,

ITG, MTG, FG, Angular gyrus, SMG,

Subcentral area and IPG, the head of

PHG, thalamus and RN;

↓:SI, PMC, SAC, SMC, DPC,

Frontopolar area,

VAC,VACC,DPCC,SMG and

DPC.

Huang et al., 2013

SP6 DQ-NR Viking Quest The relative latency of P60-N75 in the

DQ group was significantly shorter than

that in NR group.

Lin et al., 2015

TE5,ST36 PA-AA fMRI ↑:IPL, SWM, SuTG, GFM, prefrontal

lobe, cuneate lobe, PcG, VDC,

mesencephalon, precuneus, COG,

FLFG, SMG;

↓:PCG, Pu, IPL, culmen

cerebelli, intercerebral fissure,

clivas, thalamus, CG, occipital

lobe, SuTG, GFM, dentate

body of Cere, corpus

callosum, midtemporal gyrus,

IL, mesencephalon,

subthalamic nucleus.

Tian et al., 2014

ST36, ST39 DQ-NR fMRI CG, IL, superior wall of lateral sulcus

and PcG.

Gong et al., 2003

ST36,LI4, LR3 DI fMRI ↑:Sensorimotor, parietal lobe; ↓:MPL, MPaL and MTL. Hui et al., 2009

TE5,LR3 DQ-SA fMRI ↑:SI, SMC, frontal cortex, Frontopolar

area, IC, ITG, MTG, SuTG, Ventral

ACC, FG, Angular gyrus, SMG, IPG,

PCL, semilunar lobule, sub-lobar, CN,

limbic lobe, HPO, PHG, thalamus,

midbrain RN, brain stem, cerebellar

tonsil;

↓:SI, PMC, SAC, SMC, SAC,

DPC, Frontopolar area, VAC,

SMG, ACL, culmen.

Lin et al., 2015

TE5, PC6 DQ-SA fMRI DMN.

Zhang et al., 2016

CV12,LR3 DI fMRI ↑:left MPS, left TPS and right SCS; ↓:ACG and MTC, left SFG,

left straight gyrus, right

orbital gyrus and sulcus, right

SuTG and sulcus, right

temporal pole and right

anterior segment of cricoid

sulcus.

Wang et al., 2013

HT5, GB39 Acupoint and

non-acupoints

fMRI SI and language-related cortex. Xiao et al., 2016

CV4, CV12 DA fMRI MFG, ACG, ICG, HPO. Fang et al., 2011

DM, Different manipulation; DQ, Deqi; NR, no reaction; CS, complex sensation; SA, Sham Acupuncture; DI, Different intensity; AP, Acupuncture process; DD, Different depth; PA, Before

Acupuncture; AA, after Acupuncture; DA, Different acupoints; PMv, premotor cortex; PcG, postcentral gyrus; MFG, middle frontal gyrus; IFG, inferior frontal gyrus; LG, lingual gyrus; IL,

insular lobe; Pu, putamen; CG, cingulate gyrus; Cere, cerebellum; HPO, hippocampus; CauG, caudate gyrus; MOrG, middle orbital gyrus; STG, subfrontal triangular gyrus; MOG, middle

occipital gyrus; AWG, anterior wedge gyrus; ACG, anterior cingulate gyrus; ITG, inferior temporal gyrus; AMG, auxiliary motor gyrus; SubG, suboccipital gyrus; SFG, superior frontal gyrus;

SPG, superior parietal gyrus; InG, insular gyrus; IPL, inferior parietal lobule; SA, shielding area; LTL, Left temporal lobe; IC, insular cortex; AMA, auxiliary motor area; PCG, posterior central

gyrus; SI, somatosensory cortex; SII, secondary somatosensory cortex; PrCG, precentral gyrus; SuTG, superior temporal gyrus; TTG, transverse temporal gyrus; PHG, parahippocampal gyrus;

SMG, supramarginal gyrus; MTG, middle temporal gyrus; SMC, Supplementary Motor Cortex; VAC, Visual Association Cortex; PEC, Posterior Entorhinal Cortex; PA, pregenual area; PC,

Perirhinal Cortex; FG, Fusiform gyrus; IPG, Inferior prefrontal gyrus; LN, lenticular nucleus; SN, screen nucleus; RN, red nucleus; DPC, Dorsolateral prefrontal cortex; SubC, Subgenual cortex;

PT, pars triangularis; PO, pars opercularis; SubN, substantia nigra; MFG, medial frontal gyrus; ML, marginal lobe; ACL, anterior cerebellar lobe; PreA, Prefrontal area; PCC, posterior cingulate

cortex; PCeC, posterior central cortex; ACC, anterior cingulate cortex; PoC, postcentral cortex; NA, Nucleus accumbens; pHPO, parahippocampus; VTA, ventral tegmental area; GP, Globus

pallidus; LN, lentiform nucleus; CN, caudate nucleus; PCL, posterior cerebellar lobe; DMN, default mode network; PIA, posterior insular area; TIC, thalamic insular cortex; SWM, subcortical

white matter; GFM, gyrus frontalis medius; VDC, ventriculus dexter cerebri; COG, central occipital gyrus; FLFG, frontal lobe frame gyrus; PMC, Primary Motor Cortex; SAC, Somatosensory

Association Cortex; DPCC, Dorsal Posterior cingular cortex; VACC, Ventral anterior cingulate cortex; MTC, medial temporal cortex; ICG, inferior cingulate gyrus; MPL, Medial prefrontal lobe;

MPaL, medial parietal lobe; MTL, medial temporal lobe; MPS, medial parietal sulcus; TPS, transverse parietal sulcus; SCS, superior cricoid sulcus;↑: Activation;↓: Negative activation.
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FIGURE 2

Acupuncture deqi activated brain regions. The light blue portion of the image above shows the overall e�ect of deqi on brain regions. Activated brain

regions are shown in red. The blue parts are negatively activated brain regions. The yellow sections are brain regions with both activation and

negative activation; The light pink portion of the figure below shows brain regions with high-frequency activation after deqi (created with

BioRender.com and BrainNet).

brain regions activated by pain is significantly enhanced, resulting

in the functional network effect antagonistic to Deqi, which may

be related to the central mechanism of acupuncture analgesia (Zhu

et al., 2009; Fang et al., 2012; Sun et al., 2012; Wang et al., 2013).

Therefore, in the process of acupuncture, we should try to avoid the

generation of bad stimulation such as tingling.

In addition, different acupuncture manipulations can produce

different changes in brain regions. Studies have shown that deep

acupuncture stimulates more network connections between brain

regions (Shi et al., 2016). Lifting-thrusting, twirling, and twirling

plus lifting-thrusting activated areas related to the somatosensory

system, vision, cognition, and emotion regulation. The strongest

signals were activated by lifting-thrusting, especially in the LPNN

region, followed by twirling plus lifting-thrusting, while twirling

was the weakest (Lu et al., 2017).

Existing studies have pointed out that LPNNplays an important

role in the regulation of acupuncture Deqi. This network plays

a central regulatory role in the process of human cognition,

emotion, memory regulation, and internal environment stability

(Fang et al., 2009). In 2000, Hui Kathleen KS applied fMRI

technology to find that acupuncture Deqi can negatively activate

the limbic lobe and subcortical gray matter structure (Hui et al.,

2000). With the development of neuroscience, this theory has

been confirmed in many subsequent studies, and the hypothesis

of “acupuncture modulation LPNN” has been developed (Fang

et al., 2009). This hypothesis provides a strong scientific basis for

acupuncture therapeutic brain mechanisms.

Other scholars put forward the hypothesis of “meridian-

brain correlation” and redefined the concept of Deqi as “the

reaction in brain region after acupuncture intervention through

brain integration”, which is different from other physiological and

pathological reactions in the brain and is the most important sign

that acupuncture has “therapeutic effect” on the level of central

adjustment (Lai and Huang, 2007). Then fMRI was used to observe

the difference between Deqi and no action by acupuncture at

TE5. It was found that there is a specific direction in the brain

region during Deqi, which confirms its hypothesis to a certain

extent and defines the concept of Deqi (Lai et al., 2008). This

provides an objective basis at the central level for confirming

the acupuncture effect promoted by acupuncture Deqi and the

specificity of the acupoint effect, which is helpful to summarize

the rules of acupoint specificity in central effect and make the

clinical selection of acupointsmore accurate, to improve the clinical

efficacy of acupuncture. Some progress has been made in the

application of brain function detection techniques such as fMRI in

the research of acupoint specificity and acupuncture mechanism,

and it has become an important diagnostic method to unveil the

mystery of acupuncture.
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FIGURE 3

Acupoints and brain region activation characteristics in studies of acupuncture Deqi. The analytical form of Sankey diagrams is used to show the

interactions and composition of acupuncture deqi between acupoints, brain regions, and activation situations.

2.1.3 Target organ mechanisms of acupuncture
Deqi

The final link of acupuncture is to act on the effect target organ,

correct the abnormal state of the target organ, and achieve the effect

of treating the disease. Table 3 lists in detail the relevant studies

on the effect of acupuncture Deqi on target organs. These studies

focused on normal individuals and patients with coronary heart

disease, observing changes in indicators such as heart rate, blood

pressure, and gastric electricity after acupuncture Deqi, involving

acupoints including ST36, PC6, LI4, and LI11.

In research conducted by Huang et al. found that both

the lifting-thrusting and twirling of acupuncture with ST36

can effectively reduce blood pressure and heart rate in normal

individuals, and improve heart rate variability (Huang et al., 2012c).

Yu et al.’s study also found similar results. Compared with sham

acupuncture, acupuncture with LI4 and LI11 can significantly

regulate heart rate variability, mean arterial blood pressure, and

heart rate in normal individuals, and the intensity of Deqi

acquisition increases with the increase of sympathetic discharge in

the autonomic nervous system (ANS) (Yu and Jones, 2013). Some

authors believed that yang is the sympathetic division of the ANS

(Tjen-A-Looi et al., 2004). Acupuncture stimulation can regulate

the cerebellar limbic system to cause changes in the autonomic

nervous system (Ueyama, 2012). Since ST36, LI4, and LI11 are

all located on the yang meridian, stimulating these acupoints may

induce changes in the ANS by regulating brain activity, thereby

affecting the physiological function of target organs in the body.

The two studies included in this review demonstrate the

acupoint therapeutic functions of ST36 and PC6, such as “ST36

for treating gastrointestinal diseases” and “PC6 for treating heart

disease, with the effect of calming the heart and mind”. Huang’s

research on normal individuals found that acupuncture with

ST36 can alter gastric electrical wave parameters (You et al.,

1992). Recent studies have also shown that compared to sham

acupuncture, acupuncture ST36 can improve gastrointestinal

peristalsis, which is an alternative treatment for gastrointestinal

spasms (Vieira et al., 2017). Another clinical study found that

percutaneous acupoint electrical stimulation of ST36 can improve

chronic constipation, which may be mediated by enhancing

parasympathetic nerve activity (Xiao et al., 2022). Huang and

You’s studies both focused on patients with coronary heart disease

and observed that acupuncture with PC6 can improve multiple

cardiac function indicators (You et al., 1992). Recent studies

have confirmed that PC6 plays a crucial role in cardiovascular

disease, which may be achieved by regulating various signals of

mitochondrial energy metabolism (Chen M. et al., 2019).
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TABLE 3 Study on the e�ect of acupuncture Deqi on target organ.

Acupoints Research content Instruments Results References

ST36 DM Electrocardiograph Lifting-thrusting and twirling: blood

pressure and heart rate↓.

Huang et al., 2012c

ST36, PC6 DQ-NR Impedance

blood-diagram-scope,

Gastrointestinal electrograph

Change gastroelectric wave parameters. Huang, 1999

PC6 DQ-CS Electrophysiolograph Change cardiac output SV, CO, ST

segment, and electrocardiogram T-wave.

You et al., 1992

LI4, LI11 DQ-SA Blood pressure monitor,

Electrocardiogram

Heart rate, mean arterial pressure and

LF/HF values of heart rate variability↑.

Yu and Jones, 2013

DM, Different manipulation; DQ, Deqi; NR, no reaction; CS, complex sensation; SA, Sham Acupuncture.

2.2 Animal experimental research

To further delve into the mechanisms of acupuncture Deqi,

more and more studies are focusing on animal experiments.

For ethical and technical reasons, it is not possible to observe

the physiological mechanisms of acupuncture Deqi in humans.

Animal experiments, on the other hand, provide a good platform

environment for studying acupuncture Deqi.

The effect of acupuncture Deqi was similarly verified in animal

experiments (Table 4). Acupuncture Deqi was able to reduce the

release of local inflammatory mediators and decrease the pain-

allergic reaction caused by sympathetic efferents (Li and Shi, 2001).

In a rat model of dysmenorrhea, acupuncture Deqi was able to

enhance the expression of opioid receptors in the midbrain and

spinal cord to provide analgesia (Qi et al., 2015b). Several studies

have demonstrated that acupuncture Deqi can improve uterine

microcirculatory disorders and alleviate uterine contractions, with

significant efficacy compared to the no-Deqi group (Shen et al.,

2014; Qi et al., 2015a).

3 Limitations and perspectives
relating Deqi studies

In conclusion, acupuncture Deqi has always been one of the

focuses of research in traditional medicine. The strength of the

“Deqi” feeling should be based on the comfort of the patient

(Tian et al., 2021). Excessive or over-stimulation can destroy

the therapeutic effects of acupuncture. If Deqi feeling is not

enough, it will not be able to achieve the effect of boosting and

regulating qi. It can be seen that Deqi is a key factor in the

effectiveness of acupuncture. How to accurately select acupoints,

choose acupuncture techniques, and grasp the strength of Deqi in

clinical application is the key and difficult point of acupuncture

treatment. Deqi by acupuncture stimulation is the comprehensive

manifestation of “acupuncture”, “acupoint”, “sensation”, “acupoint

effect”, etc. The core problem of acupuncture Deqi is how to apply

modern scientific methods to confirm its theory and reveal its

physiological mechanisms. Therefore acupuncture Deqi urgently

needs to carry out objective quantitative experimental research.

However, many factors such as the status of the research object, the

choice of the Deqi scale, the design of the experimental scheme, the

manipulation of the acupuncturist, and the stimulation parameters

will affect the accuracy of the research results. Quantitative studies

of acupuncture Deqi need to be further optimized in terms of

methodology and clinical validation.

3.1 The mechanism of Deqi is closely
related to the brain, but remains
controversial

The transmission of information in acupuncture Deqi is

closely related to brain centers. With the development of

science and technology, researchers can study the structural and

functional changes in the brain after acupuncture Deqi under

noninvasive conditions. Various studies have explored the central

brain mechanisms of acupuncture Deqi through different testing

techniques and have achieved some results. Among them, fMRI was

the most used testing tool due to its high spatial resolution, non-

invasiveness and flexibility (Fukuda et al., 2021). Also using fMRI as

a testing modality, acupuncture manipulation of a single acupoint

revealed that Deqi was able to activate specific brain regions. For

example, needling ST36 to produce the sensation of Deqi can

activate brain regions such as the inferior frontal gyrus, insular lobe

and cingulate gyrus. This was consistent with the results of existing

studies on the mechanism of acupuncture (Huang et al., 2022).

However, some controversial results have been found in the

acupunctureDeqi literatures. For example, needling ST36 produces

Deqi sensations when putamen is activated. In contrast, putamen is

negatively activated when other points are used. Superior temporal

gyrus was activated in studies applying TE5, but had a different

activation state in studies applying other acupoints. Similarly,

thalamus was activated in the study after needling BL40, but not

otherwise. It is hypothesized that the activation of brain regions in

acupuncture Deqi is related to the choice of acupoints. According

to Traditional Chinese Medicine (TCM) theory, the therapeutic

effect of an acupoint is specific. This is related to the function

of the viscera and organs responsible for the meridian to which

it belongs (Rong et al., 2011). It has been shown that acupoints

where acupuncture improves visual and auditory functions can

correspond to the activation of the visual and auditory cortex (Li

et al., 2003; Parrish et al., 2005). However, whether this is a general

property of acupuncture Deqi needs further confirmation.

In addition, acupuncture Deqi studies have identified a

large number of negatively activated brain regions such as the
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TABLE 4 Study on the e�ect of acupuncture Deqi on animal experiments.

Acupoints Animals Instruments Findings References

ST36 hamsters light microscope

electron microscope

The biological basis of Deqimay be mediated by

connective tissue.

Shi and Zhang, 1996

SP6 SD rats RT-PCR Deqi exerts analgesic effects by enhancing opioid

receptor expression in the midbrain and spinal cord.

Qi et al., 2015d

SP6 SD rats Cold light source microcirculation

microscope

Deqi significantly improves uterine microcirculation. Shen et al., 2014

SP6 SD rats Cold light source microcirculation

microscope

Deqi relieves uterine contractions and has some

follow-through effects.

Qi et al., 2015c

DU14 SD rats Electronic digital thermometer One of the objective features of Deqi is an elevated

temperature in the tail of the rats.

Lv et al., 2013

GV14 SD rats Morris Water Maze

HE staining

Western blot

Deqi can better promote Aβ transporter and

degradation, thus reducing brain Aβ level and

improving cognitive function.

Lv et al., 2022

ST36,ST39 rabbit myoelectricity The sensation of sinking tightness under the

acupuncturist’s hands was accompanied by EMG

issuance at the acupoints.

Zeng et al., 1982

GB34,GB36 Wistar rats Spontaneous Pain Behavioral

Response

Skin flap immersion

Deqi is able to reduce the release of local validating

mediators and sympathetic efferents resulting in pain

hypersensitivity.

Li et al., 2001

ST36,CV12 SD rats pyloric intramural balloon Deqimay exert a significant modulatory effect on

gastric motility by activating afferent fibers.

Su et al., 2014

FIGURE 4

An example of applying acupuncture at ST36 to produce Deqi a�ects multiple systems of the body.

middle temporal gyrus, cingulate gyrus, amygdala, lingual gyrus,

hippocampus, thalamus, superior frontal gyrus, the superior

parietal gyrus and fusiform gyrus. The above brain regions belong

to the LPNN and limbic system. This is similar to the results of

previous studies on the effects of acupuncture on brain centers (Wu

et al., 1999; Bai et al., 2009; Asghar et al., 2010; Liu et al., 2011). The

LPNN is involved in processing such as analgesia, anxiety relief,

and improvement of cognitive function (Fang et al., 2009). The

functions of the limbic system involve improving pain, regulating

mood, controlling sleep activity, and participating in memory

activity (Murray et al., 2021; Alvarez-Salas et al., 2022; Kamali et al.,

2023). And how acupuncture Deqi works by negatively activating
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the LPNN and limbic system to produce clinical efficacy needs

further study.

In addition to the choice of acupuncture points, different

acupuncture manipulations can also have an effect on deqi. During

acupuncture, it is often necessary to produce deqi sensations by

lifting-thrusting or twisting the needle up and down (Zhao, 2008).

Specifically, they include twirling and lifting-thrusting. Lu et al.

stimulated at ST36 using 3 types of acupuncture manipulations:

twisting, lifting-thrusting, and twisting plus lifting-thrusting. The

study found that although the activated brain regions did not

completely overlap, they equally activated regions associated

with the somatosensory system, vision, cognition, and emotion

regulation. In terms of the degree of deqi, the MASS index showed

that lifting-thrusting > twirling plus lifting-thrusting > twirling

(Lu et al., 2017). The results of another study also confirmed that

the deqi sensation produced by lifting-thrusting was more intense

than that produced by twisting (Huang et al., 2012c). Huang et al.

also corroborated the difference in the degree of deqi produced by

different acupuncture manipulations from the perspective of body

temperature. Compared with twisting, lifting-thrusting can cause

a more pronounced increase in body temperature (Huang et al.,

2013).

However, most of the existing studies were conducted on

healthy volunteers, and the results were less reproducible and

consistent. On the one hand, existing studies have different

experimental designs, subjects, stimulation methods, and Deqi

evaluation methods, which make the results of different studies

different and are not conducive to combinatorial analyses. On

the other hand, experimental image processing techniques, such

as processing accuracy and brain segmentation methods, vary in

functional magnetic resonance imaging studies. The above reasons

pose certain problems in revealing the biological mechanisms

behind the Deqi phenomenon.

3.2 Acupuncture Deqi can work by
a�ecting “local acupoints–brain–target
organs”

Most of the studies on local and nearby acupoints focused

on the local material structure, temperature, luminescence, and

heat generation. The local tissue distribution of Deqi’s acupoints

is dominated by muscle fibers and nerve endings, with higher

densities of Ca2+ and mast cells also present. The basis of Deqi

lies in the contraction of muscle fibers triggered by needling,

the electrical conduction of nerves, the release of locally active

substances, and the transmission of information between cells.

To a certain extent, the results of these studies responded

to the phenomenon of Deqi with changes in material and

energy metabolism, but potential mechanisms relating to Deqi by

acupuncture are still challenging.

Target organ testing refers to the observation of Deqi

mechanisms by detecting functional changes in acupoint-related

or disease-related target organs before and after acupuncture. The

number of studies that have been conducted using target organs as

effect entry points is small and includes a limited variety of target

organs. Multiple indicators should be fully utilized in conjunction

with the characteristics of the disease, acupoints, and techniques

to expand the types of target organs studied. Deqi is a key factor

affecting the therapeutic effect of acupuncture, and theDeqi effect is

positively correlated with the therapeutic effect (Takahashi, 2011).

However, there are relatively few studies on acupuncture Deqi in

disease states This requires both normal individuals and patients

as research subjects to compare the differences in changes in target

organs after acupuncture at specific acupoints forDeqi. In addition,

it is recommended to cross-fertilize the techniques of acupoint

localization, brain center, and target organ to carry out the real-time

dynamic study of acupuncture Deqi.

In summary, acupuncture Deqi is achieved by stimulating local

acupoints, affecting biological signals such as skin temperature,

blood flow velocity, and muscle contraction. These signals

are then uploaded from the periphery to the central nervous

system, activating or inhibiting the functional activities of the

corresponding cerebral cortex such as LPNN, generating Deqi

sensation, and finally acting on the target organ to achieve

therapeutic effects (Figure 4). In the process of acupuncture Deqi,

the local acupoint stimulation end, the brain is the integration

end, and the target organ is the effect end. By needling localized

acupoints Deqi sensations are induced and these Deqi sensations

are transmitted to the brain to be further processed. Finally the

abnormal state of the target organ is corrected.

Questions about the physiological mechanisms of acupuncture

Deqi still deserve further exploration. Acupuncture can cause an

increase in the expression of calcitonin gene related peptides and

substance P in the skin, and the degranulation of mast cells in the

cortex of the acupoint area releases a large amount of histamine and

5-hydroxytryptamine. It is speculated that these active substances

may activate various afferent nerve endings in the cortex, causing

changes in skin temperature, resulting in needle sensation and

transmission of needle effect (Wu et al., 2015). The Deqi sensation

produced by acupuncture often leads to muscle contraction in

the rich areas, which may be mediated by ASIC3 and TRPV1

channels in the muscles (Ugawa et al., 2002; Deval et al., 2010).

The local biological and chemical signals of acupoints may be

transmitted to the central nervous system through the mediation

of the sympathetic nervous system. Acupuncture can also activate

various groups of nerve fibers in the acupoint area to transmit

electrical signals to the central nervous system, and different types

of sensory signals are transmitted from different types of fibers

(Wang et al., 1985; Sato et al., 1992, 1993). The signals generated

by acupuncture Deqi are integrated through the central nervous

system to regulate different brain functional activities, depending

on the different therapeutic characteristics of acupoints, and the

changes in these brain regions are different from sensations such as

pain and touch. The functional changes in the brain may regulate

the physiological functions of acupoint-related or disease-related

target organs by inducing the autonomic nervous system.

Although mechanistic studies of acupuncture Deqi involve the

whole process of Deqi sensation, these studies still have some

limitations. The local acupoint is the initial site for triggering the

sensation of Deqi, the brain is the advanced center for producing

the Deqi sensation and the target organ is a manifestation of

therapeutic changes. All three are closely related to the generation

of the Deqi sensation. However, current research mainly focuses

on exploring the changes in the local acupoint, brain function,
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and target organ, without simultaneously observing the changes

in all three. This may be due to the limitations of the state of the

art to conduct a multidisciplinary, multi-targeted, dynamic, whole-

process study of acupuncture Deqi. In the future, more clinical

and basic studies based on physiological and disease states from

multiple perspectives are needed to reveal in depth how thematerial

and energy basis of Deqi by acupuncture is transmitted to the

central nervous system, integrates brain functions, and ultimately

acts on the target organs. Clarifying the relationship between

Deqi and curative effect is of great significance to the in-depth

exploration of acupuncture theory and practice, and to promote the

international development of acupuncture.

Author contributions

ZZ: Conceptualization, Visualization, Writing – original draft.

LY: Conceptualization, Visualization, Writing – original draft.

Y-ZL: Data curation, Investigation, Writing – original draft.

YW: Data curation, Investigation, Writing – original draft. MH:

Project administration, Writing – review & editing. M-MS: Project

administration, Writing – review & editing. H-PH: Supervision,

Writing – review & editing. S-QM: Formal analysis, Writing –

original draft. H-ZZ: Formal analysis, Writing – original draft. M-

YL: Methodology, Writing – original draft. X-YZ: Methodology,

Writing – original draft. D-YC: Funding acquisition, Writing –

review & editing. H-FW: Funding acquisition, Writing – review

& editing.

Funding

The author(s) declare that financial support was received for

the research, authorship, and/or publication of this article. This

study was supported by the National Natural Science Foundation

of China (grant number: 81874502), National Key Research and

Development Program (grant number: 2018YFC1706000), Jilin

Province Science and Technology Development Project (grant

number: YDZJ202301ZYTS165), and Science and Technology

Program of Jilin Provincial Department of Education (grant

number: JJKH20241068KJ).

Acknowledgments

The authors would like to thank BioRender for providing

a great platform to create beautiful schematic diagrams for

scientific publications.

Conflict of interest

The authors declare that the research was conducted

in the absence of any commercial or financial relationships

that could be construed as a potential conflict

of interest.

Publisher’s note

All claims expressed in this article are solely those

of the authors and do not necessarily represent those of

their affiliated organizations, or those of the publisher,

the editors and the reviewers. Any product that may be

evaluated in this article, or claim that may be made by

its manufacturer, is not guaranteed or endorsed by the

publisher.

References

Abad-Alegría, F., and Pomarón, C. (2004). About the neurobiological foundations
of the De-Qi–stimulus-response relation. Am. J. Chin. Med. 32, 807–814.
doi: 10.1142/S0192415X04002375

Agarwal-Kozlowski, K., Lange, A.-C., and Beck, H. (2009). Contact-free infrared
thermography for assessing effects during acupuncture: a randomized, single-
blinded, placebo-controlled crossover clinical trial. Anesthesiology 111, 632–639.
doi: 10.1097/ALN.0b013e3181b31e24

Allen, J., Mak, S. S., Begashaw, M., Larkin, J., Miake-Lye, I., Beroes-Severin, J., et al.
(2022). Use of acupuncture for adult health conditions, 2013 to 2021: a systematic
review. JAMA Netw. Open 5, e2243665. doi: 10.1001/jamanetworkopen.2022.43665

Alvarez-Salas, E., García-Luna, C., Soberanes-Chávez, P., and de Gortari, P. (2022).
Role of the thyrotropin-releasing hormone of the limbic system in mood and eating
regulation. J. Integr. Neurosci. 21, 47. doi: 10.31083/j.jin2102047

Asghar, A. U. R., Green, G., Lythgoe, M. F., Lewith, G., and MacPherson, H. (2010).
Acupuncture needling sensation: the neural correlates of deqi using fMRI. Brain Res.
1315, 111–118. doi: 10.1016/j.brainres.2009.12.019

Bai, L., Qin, W., Tian, J., Dong, M., Pan, X., Chen, P., et al. (2009). Acupuncture
modulates spontaneous activities in the anticorrelated resting brain networks. Brain
Res. 1279, 37–49. doi: 10.1016/j.brainres.2009.04.056

Bai, L., Zhang, M., Chen, S., Ai, L., Xu, M., Wang, D., et al. (2013). Characterizing
acupuncture de qi in mild cognitive impairment: relations with small-world efficiency
of functional brain networks. Evid. Based Complement. Alternat. Med. 2013:304804.
doi: 10.1155/2013/304804

Bianco, G. (2019). Fascial neuromodulation: an emerging concept linking
acupuncture, fasciology, osteopathy and neuroscience. Eur. J. Transl. Myol. 29, 8331.
doi: 10.4081/ejtm.2019.8331

Chen, F. Y., Shen, Z.-W., Guan, J.-T., Xiao, Y.-Y., Du, L., and Wu, R.-H.
(2011). Exploration of the relationship between qi gain from manual acupuncture
at Hegu point and brain function activation. Magn. Reson. Imaging 112–117.
doi: 10.3969/j.issn.1674-8034.2011.02.008

Chen, H., Yang, M., Ning, Z., Lam, W. L., Zhao, Y. K., Yeung, W. F., et al. (2019). A
Guideline for randomized controlled trials of acupuncture. Am. J. Chin. Med. 47, 1–18.
doi: 10.1142/S0192415X19500010

Chen, J.-R., Li, G.-L., Zhang, G.-F., Huang, Y., Wang, S.-X., and Lu, N. (2012).
Brain areas involved in acupuncture needling sensation of de qi: a single-photon
emission computed tomography (SPECT) study. Acupunct. Med. 30, 316–323.
doi: 10.1136/acupmed-2012-010169

Chen, M., Wang, C., Tan, C., Liu, W., and Guo, L. (2019). Serum metabolic profile
involving protective effect of “Neiguan”(PC6)-electroacupuncture preconditioning
in rats with myocardial ischemia reperfusion injury. Acupunc. Res. 2019, 176–182.
doi: 10.13702/j.1000-0607.170627

Chen, M. F., Wu, C. C., Jong, S. B., and Lin, C. C. (1993). Differences in acupuncture
point SP-10 and non-acupuncture point following subcutaneous injection of Tc-99m
pertechnetate. Am. J. Chin. Med. 21, 221–229. doi: 10.1142/S0192415X9300025X

Chen, R., Chen, M., Xiong, J., Su, T., Zhou, M., Sun, J., et al. (2013). Comparative
effectiveness of the deqi sensation and non-deqi by moxibustion stimulation: a
multicenter prospective cohort study in the treatment of knee osteoarthritis. Evid.
Based Complement. Alternat. Med. 2013, 906947. doi: 10.1155/2013/906947

Chen, S., Guo, S., Marmori, F., Wang, Y., Zhao, Q., Wang, B., et al.
(2013). Appraisal of the Deqi concept among contemporary chinese acupuncturists.
Evid. Based Complement. Alternat. Med. 2013, 538476. doi: 10.1155/2013/5
38476

Frontiers inNeuroscience 13 frontiersin.org

https://doi.org/10.3389/fnins.2024.1386108
https://doi.org/10.1142/S0192415X04002375
https://doi.org/10.1097/ALN.0b013e3181b31e24
https://doi.org/10.1001/jamanetworkopen.2022.43665
https://doi.org/10.31083/j.jin2102047
https://doi.org/10.1016/j.brainres.2009.12.019
https://doi.org/10.1016/j.brainres.2009.04.056
https://doi.org/10.1155/2013/304804
https://doi.org/10.4081/ejtm.2019.8331
https://doi.org/10.3969/j.issn.1674-8034.2011.02.008
https://doi.org/10.1142/S0192415X19500010
https://doi.org/10.1136/acupmed-2012-010169
https://doi.org/10.13702/j.1000-0607.170627
https://doi.org/10.1142/S0192415X9300025X
https://doi.org/10.1155/2013/906947
https://doi.org/10.1155/2013/538476
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org


Zhong et al. 10.3389/fnins.2024.1386108

de Vernejoul, P., Albarède, P., and Darras, J. C. (1992). Nuclear medicine and
acupuncture message transmission. J. Nucl. Med. 33, 409–412.

Deadman, P., Baker, K., and Al-Khafaji, M. (2001). A Manual of Acupuncture:
Journal of Chinese Medicine Publications. Ann Arbor, MI: Cushing Mallory, 376–80.

Deng, L., and Zhou, J. (2010). Effect of qi arrival produced by electroacupuncture
at zusanli on muscular contractility. Shanghai J. Acupunct. Moxibust. 2010, 668–669.
doi: 10.3969/j.issn.1005-0957.2010.10.668

Deval, E., Gasull, X., Noël, J., Salinas, M., Baron, A., Diochot, S., et al. (2010). Acid-
sensing ion channels (ASICs): pharmacology and implication in pain. Pharmacol. Ther.
128, 549–558. doi: 10.1016/j.pharmthera.2010.08.006

Dimitrov, N., Tomov, N., Atanasova, D., Iliev, S., Tomova, T., Sivrev, D., et al. (2021).
Visible meridian phenomena after acupuncture: a series of case reports. J. Acupunct.
Meridian Stud. 14, 50–57. doi: 10.51507/j.jams.2021.14.2.50

Dong, Q., Wang, X., Zhang, R., and Bao, A. (2007a). Probe into the acupoint
material basis of hand needling sensation from the relationship between hand
needling sensation and sensory function. J. Sich. Trad. Chinese Med. 2007, 92–97.
doi: 10.3969/j.issn.1000-3649.2007.01.058

Dong, Q., Zhang, R., Dong, X., and Zhang, X. (2007b). Discussion on the
acupoint material basis of electroacupuncture sensation from the relationship
between electroacupuncture sensation and sensory function. J. Sich. Trad. Chin. Med.
2007, 95−101.

Duan, D., Hao, Y., Zheng, Q., Zhou, S., Hou, Y., Yang, L., et al. (2018). Study on
the relationship between arrival of qi and pressure pain threshold on Fengchi(GB
20) under different body conditions. World Chinese Med. 2018, 1579–1582+1586.
doi: 10.3969/j.issn.1673-7202.2018.07.006

Fang, J., Hong, Y., Wang, X., and Liu, H. (2011). Electroacupuncture at
Guanyuan (CV 4) and Zhongwan (CV 12) modulates functional connectivity
of the brain network in healthy volunteers. Acupuncture Res. 11, 366–372.
doi: 10.13702/j.1000-0607.2011.05.011

Fang, J., Hui, K. K., Nixon, E. E., and Zhou, K. (2012). Deqi and Sharp pain during
acupuncture at Taichong eliciting the opposite functional brain network effects——an
fMRI study. Chin. Imag. J. Integrated Trad. Western Med. 2012, 4–9+6.

Fang, J., Jin, Z., Wang, Y., Li, K., Kong, J., Nixon, E. E., et al. (2009).
The salient characteristics of the central effects of acupuncture needling: limbic-
paralimbic-neocortical network modulation. Hum. Brain Mapp. 30, 1196–1206.
doi: 10.1002/hbm.20583

Filshie, J., White, A., and Cummings, M. (2016). Medical Acupuncture: a Western
Scientific Approach. London: Elsevier Health Sciences.

Fukuda, M., Poplawsky, A. J., and Kim, S.-G. (2021). Time-dependent spatial
specificity of high-resolution fMRI: insights into mesoscopic neurovascular coupling.
Philos. Trans. R. Soc. Lond,. B,. Biol. Sci. 376, 20190623. doi: 10.1098/rstb.2019.0623

Furlan, A. D., van Tulder, M. W., Cherkin, D. C., Tsukayama, H., Lao, L., Koes, B.
W., et al. (2005). Acupuncture and dry-needling for low back pain. Cochrane Database
Syst Rev, 25:CD001351. doi: 10.1002/14651858.CD001351.pub2

Gong, H., Wang, Y., Xiao, X., and Qiu, C. (2003). Investigation of cerebral cortical
functional areas of the acupoints in Zusanli and Xiajuxu by fMRI.Diagn. Interv. Radiol.
3, 133–136.

Han, J.-S., and Ho, Y.-S. (2011). Global trends and performances of acupuncture
research. Neurosci. Biobehav. Rev. 35, 680–687. doi: 10.1016/j.neubiorev.2010.08.006

Hu, N.-J., Liu, Y.-Q., Zhao, M.-Y., Wang, P., Wu, G.-W., Hu, S.-Q., et al. (2019).
Influence of the intensity, components, and spreading of the deqi sensation on
the analgesic effect of SP6 needling in primary dysmenorrhea patients: a secondary
analysis of a randomised controlled trial. Evid. Based Complement. Alternat. Med. 2019,
6462576. doi: 10.1155/2019/6462576

Huang, H., Yue, X., Huang, X., Long, W., Kang, S., Rao, Y., et al. (2022). Brain
activities responding to acupuncture at ST36 (zusanli) in healthy subjects: a systematic
review and meta-analysis of task-based fMRI studies. Front. Neurol. 13, 930753.
doi: 10.3389/fneur.2022.930753

Huang, T., and Cheng, X. (2013). The observation of the change of TCE caused
by different acupuncture stimulation. Evid. Based Complement. Alternat. Med. 2013,
856905. doi: 10.1155/2013/856905

Huang, T., Huang, X., Zhang, W., Jia, S., Cheng, X., and Litscher, G.
(2013). The influence of different acupuncture manipulations on the skin
temperature of an acupoint. Evid. Based Complement. Alternat. Med. 2013, 905852.
doi: 10.1155/2013/905852

Huang, T., Wang, R.-H., Zhang, W.-B., Han, B., Wang, G.-J., Tian, Y.-Y., et al.
(2012a). The influence of different methods of acupuncture on skin surface perfusion.
J. Tradit. Chin. Med. 32, 40–44. doi: 10.1016/s0254-6272(12)60029-6

Huang, T., Yang, L.-J., Zhang, W.-B., Jia, S.-Y., Tian, Y.-Y., Wang, G.-J.,
et al. (2012b). Observation of microvascular perfusion in the Hegu (LI4) acupoint
area after Deqi acupuncture at Quchi (LI11) acupoint using speckle laser blood
flow scanning technology. Evid. Based Complement. Alternat. Med. 2012, 604590.
doi: 10.1155/2012/604590

Huang, T., Zhang, W., Jia, S., and Tian, Y. (2012c). The pilot study for
lifting and thrusting/twisting and rotating acupuncture stimulation using MoorFLPI

system. J. Basic Chin. Med. 1252–1254. doi: 10.19945/j.cnki.issn.1006-3250.2012.
11.033

Huang, X.-Q. (1999). Preliminary observations on the relationship between the
phenomenon of “deqi” and the effectiveness of acupuncture. Chinese Acupunct.
Moxibust. 19–21.

Huang, Y., Chen, J.-Q., Lai, X.-S., Tang, C.-Z., Yang, J.-J., Chen, H., et
al. (2013). Lateralisation of cerebral response to active acupuncture in patients
with unilateral ischaemic stroke: an fMRI study. Acupunct. Med. 31, 290–296.
doi: 10.1136/acupmed-2012-010299

Hui, K. K., Liu, J., Makris, N., Gollub, R. L., Chen, A. J., Moore, C. I., et al. (2000).
Acupuncturemodulates the limbic system and subcortical gray structures of the human
brain: evidence from fMRI studies in normal subjects. Hum. Brain Mapp. 9, 13–25.
doi: 10.1002/(sici)1097-0193(2000)9:1<13::aid-hbm2>3.0.co;2-f

Hui, K. K., Sporko, T. N., Vangel, M. G., Li, M., Fang, J., and Lao, L. (2011).
Perception of Deqi by Chinese and American acupuncturists: a pilot survey.Chin. Med.
6, 2. doi: 10.1186/1749-8546-6-2

Hui, K. K. S., Marina, O., Claunch, J. D., Nixon, E. E., Fang, J., Liu, J., et al. (2009).
Acupuncture mobilizes the brain’s default mode and its anti-correlated network in
healthy subjects. Brain Res. 1287, 84–103. doi: 10.1016/j.brainres.2009.06.061

Hui, K. K. S., Nixon, E. E., Vangel, M. G., Liu, J., Marina, O., Napadow, V., et al.
(2007). Characterization of the “deqi” response in acupuncture. BMC Complement.
Altern. Med. 7, 33. doi: 10.1186/1472-6882-7-33

Jin, L.-M., Qin, C.-J., Lan, L., Sun, J.-B., Zeng, F., Zhu, Y.-Q., et al. (2014). Local
anesthesia at ST36 to reveal responding brain areas to deqi. Evid. Based Complement.
Alternat. Med. 2014:987365. doi: 10.1155/2014/987365

Jung, W.-M., Shim, W., Lee, T., Park, H.-J., Ryu, Y., Beissner, F., et al. (2016). More
than DeQi: spatial patterns of acupuncture-induced bodily sensations. Front. Neurosci.
10, 462. doi: 10.3389/fnins.2016.00462

Kamali, A., Milosavljevic, S., Gandhi, A., Lano, K. R., Shobeiri, P., Sherbaf,
F. G., et al. (2023). The cortico-limbo-thalamo-cortical circuits: an update to the
original papez circuit of the human limbic system. Brain Topogr. 36, 371–389.
doi: 10.1007/s10548-023-00955-y

Kong, J., Fufa, D. T., Gerber, A. J., Rosman, I. S., Vangel, M. G., Gracely, R. H., et al.
(2005). Psychophysical outcomes from a randomized pilot study of manual, electro,
and sham acupuncture treatment on experimentally induced thermal pain. J. Pain 6,
55–64. doi: 10.1016/j.jpain.2004.10.005

Kong, J., Gollub, R., Huang, T., Polich, G., Napadow, V., Hui, K., et al. (2007).
Acupuncture de qi, from qualitative history to quantitative measurement. J. Altern.
Complement. Med. 13, 1059–1070. doi: 10.1089/acm.2007.0524

Kovacs, F. M., García, A., Mufraggi, N., García, F., Pavía, J., Prandi, D., et al. (2000).
Migration pathways of hypodermically injected technetium-99m in dogs. Eur. Radiol.
10, 1019–1025. doi: 10.1007/s003300051056

Kovacs, F. M., Gotzens, V., García, A., García, F., Mufraggi, N., Prandi, D., et al.
(1996). Radioactive pathways of hypodermically injected technetium-99m.Am. J. Chin.
Med. 24, 101–102. doi: 10.1142/S0192415X96000141

Kuo, T.-C., Lin, C.-W., and Ho, F.-M. (2004). The soreness and numbness
effect of acupuncture on skin blood flow. Am. J. Chin. Med. 32, 117–129.
doi: 10.1142/S0192415X04001825

Lai, X., and Huang, Y. (2007). A cerebral functional definition on the specificity
of acupoints, needling sensation and association of acupoints based on the
“acupoints-brain relation hypothesis.” Chin. Acupunct. Moxibust. 2007, 777–780.
doi: 10.13703/j.0255-2930.2007.10.021

Lai, X., Zeng, T., Huang, Y., and Zhang, G. (2008). An fMRI cerebral functional
imaging study on true/sham needling in Waiguan(SJ5). J. Basic Chin. Med.
2008, 705–708.

Langevin, H. M., Churchill, D. L., Fox, J. R., Badger, G. J., Garra., B. S., and Krag,
M. H. (2001). Biomechanical response to acupuncture needling in humans. J. Appl.
Physiol. 91, 2471–2478. doi: 10.1152/jappl.2001.91.6.2471

Lederer, A.-K., Schmucker, C., Kousoulas, L., Fichtner-Feigl, S., and Huber, R.
(2018). Naturopathic Treatment and Complementary Medicine in Surgical Practice.
Dtsch. Arztebl. Int. 115, 815–821. doi: 10.3238/arztebl.2018.0815

Lee, B.-C., Ogay, V., Kim, K. W., Lee, Y., Lee, J.-K., and Soh, K.-S. (2008).
Acupuncture muscle channel in the subcutaneous layer of rat skin. J. Acupunct.
Meridian Stud. 1, 13–19. doi: 10.1016/S2005-2901(09)60002-9

Lee, G.-E., Yun, J.-M., Yang, S.-B., Kang, Y., Kang, H.-W., Choi, K.-H., et al.
(2017). Deqi induction by HT7 acupuncture alters theta and alpha band coherence
in human healthy subjects. Evid. Based Complement. Alternat. Med. 2017, 7107136.
doi: 10.1155/2017/7107136

Leung, A. Y., Park, J., Schulteis, G., Duann, J.-R., and Yaksh, T. (2006). The
electrophysiology of de qi sensations. J. Altern. Complement. Med. 12, 743–750.
doi: 10.1089/acm.2006.12.743

Li, D.-P., Li, Z., Gong, X.-Q., and Xia, W. (2014a). Influence of two different
methods of acupuncture on the immediate analgesic effect of primary dysmenorrhea.
Emerg. Chin. Med. 2014, 2333−2334. doi: 10.3969/j.issn.1004-745X.2014.
12.078

Frontiers inNeuroscience 14 frontiersin.org

https://doi.org/10.3389/fnins.2024.1386108
https://doi.org/10.3969/j.issn.1005-0957.2010.10.668
https://doi.org/10.1016/j.pharmthera.2010.08.006
https://doi.org/10.51507/j.jams.2021.14.2.50
https://doi.org/10.3969/j.issn.1000-3649.2007.01.058
https://doi.org/10.3969/j.issn.1673-7202.2018.07.006
https://doi.org/10.13702/j.1000-0607.2011.05.011
https://doi.org/10.1002/hbm.20583
https://doi.org/10.1098/rstb.2019.0623
https://doi.org/10.1002/14651858.CD001351.pub2
https://doi.org/10.1016/j.neubiorev.2010.08.006
https://doi.org/10.1155/2019/6462576
https://doi.org/10.3389/fneur.2022.930753
https://doi.org/10.1155/2013/856905
https://doi.org/10.1155/2013/905852
https://doi.org/10.1016/s0254-6272(12)60029-6
https://doi.org/10.1155/2012/604590
https://doi.org/10.19945/j.cnki.issn.1006-3250.2012.11.033
https://doi.org/10.1136/acupmed-2012-010299
https://doi.org/10.1002/(sici)1097-0193(2000)9:1$<$13::aid-hbm2$>$3.0.co
https://doi.org/10.1186/1749-8546-6-2
https://doi.org/10.1016/j.brainres.2009.06.061
https://doi.org/10.1186/1472-6882-7-33
https://doi.org/10.1155/2014/987365
https://doi.org/10.3389/fnins.2016.00462
https://doi.org/10.1007/s10548-023-00955-y
https://doi.org/10.1016/j.jpain.2004.10.005
https://doi.org/10.1089/acm.2007.0524
https://doi.org/10.1007/s003300051056
https://doi.org/10.1142/S0192415X96000141
https://doi.org/10.1142/S0192415X04001825
https://doi.org/10.13703/j.0255-2930.2007.10.021
https://doi.org/10.1152/jappl.2001.91.6.2471
https://doi.org/10.3238/arztebl.2018.0815
https://doi.org/10.1016/S2005-2901(09)60002-9
https://doi.org/10.1155/2017/7107136
https://doi.org/10.1089/acm.2006.12.743
https://doi.org/10.3969/j.issn.1004-745X.2014.12.078
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org


Zhong et al. 10.3389/fnins.2024.1386108

Li, G., Cheung, R. T. F., Ma, Q.-Y., and Yang, E. S. (2003). Visual cortical
activations on fMRI upon stimulation of the vision-implicated acupoints. Neuroreport
14, 669–673. doi: 10.1097/00001756-200304150-00002

Li, H., Chen, M., Yang, J., Yang, C., Xu, L., Wang, F., et al. (2012). Fluid flow
along venous adventitia in rabbits: is it a potential drainage system complementary
to vascular circulations? PLoS ONE 7, e41395. doi: 10.1371/journal.pone.0041395

Li, H., Liu, H., Liu, C., Shi, G., Zhou, W., Zhao, C., et al. (2014b). Effect of
“Deqi” during the study of needling “Wang’s Jiaji” acupoints treating spasticity after
stroke. Evid. Based Complement. Alternat. Med. 2014, 715351. doi: 10.1155/2014/7
15351

Li, M., and Shi, J. (2001). The effect of“Qi Zhi Bing Suo”on the contents of
5-hydroxytryptamine, norepinephrineand epinephrine in the skin-flap soak liquid.
Acupunct. Res. 2001, 292–298+306.

Li, M., Shi, J., Li, L.-L., and Guan, X.-M. (2001). The effect of “qi to disease” on the
levels of 5-hydroxytryptamine, epinephrine, and norepinephrine in relevant skin flap
infusions. Acupunct. Res. 2001, 292–298+306. doi: 10.13702/j.1000-0607.2001.04.011

Li, M.-K., Li, Y.-J., Zhang, G.-F., Chen, J.-Q., Zhang, J.-P., Qi, J., et al. (2015).
Acupuncture for ischemic stroke: cerebellar activation may be a central mechanism
following Deqi. Neural Regen Res 10, 1997–2003. doi: 10.4103/1673-5374.172318

Li, N., Guo, Y., Gong, Y., Zhang, Y., Fan, W., Yao, K., et al. (2021).
The anti-inflammatory actions and mechanisms of acupuncture from acupoint
to target organs via neuro-immune regulation. J. Inflamm. Res. 14, 7191–7224.
doi: 10.2147/JIR.S341581

Li, T., Tang, B. Q., Zhang, W.-B., Zhao, M., Hu, Q., and Ahn, A. (2021). In
vivo visualization of the pericardium meridian with fluorescent dyes. Evid. Based
Complement. Alternat. Med. 2021, 5581227. doi: 10.1155/2021/5581227

Li, Y.-W., Li, W., Wang, S.-T., Gong, Y.-N., Dou, B.-M., Lyu, Z.-X., et al. (2022).
The autonomic nervous system: a potential link to the efficacy of acupuncture. Front.
Neurosci. 16, 1038945. doi: 10.3389/fnins.2022.1038945

Lin, C., Wang, P., Wu, G.-W., Hu, N.-J., Hao, J., Hu, S.-Q., et al. (2015). A
preliminary study of the effects of deqi on somatosensory evoked potentials in healthy
subjects. Chinese J. Tradit. Chinese Med. 1651–1656.

Lin, C., Yuan, H., Zhang, P., Liu, Y., and Li, C. (2013). Review of studies on
deqi of acupuncture mainly in foreign countries. Acupunct. Res. 2013, 168–173.
doi: 10.13702/j.1000-0607.2013.02.015

Lin, Y., Xu, J., Fan, H., Ji, F., Li, F., and Huang, D. (2017). Effect of acupuncture at
Guanyuan (CV4) with different needle sensations on menopausa syndrome. J. Clini.
Acupunct. Moxibust. 13, 42–45. doi: 10.19917/j.cnki.1005-0779.2017.05.013

Liu, J., Qin, W., Guo, Q., Sun, J., Yuan, K., Dong, M., et al. (2011). Divergent neural
processes specific to the acute and sustained phases of verum and SHAM acupuncture.
J. Magn. Reson. Imaging 33, 33–40. doi: 10.1002/jmri.22393

Liu, S., Wang, Z., Su, Y., Qi, L., Yang, W., Fu, M., et al. (2021). A neuroanatomical
basis for electroacupuncture to drive the vagal-adrenal axis. Nature 598, 641–645.
doi: 10.1038/s41586-021-04001-4

Liu, S., Wang, Z.-F., Su, Y.-S., Ray, R. S., Jing, X.-H., Wang, Y.-Q., et al.
(2020). Somatotopic organization and intensity dependence in driving distinct NPY-
expressing sympathetic pathways by electroacupuncture. Neuron 108, 436–450.e7.
doi: 10.1016/j.neuron.2020.07.015

Liu, Z., Yin, T., Guan, X., and Li, X. (2005). Primary study on objective evaluation
parameter and method of acupuncture deqi and maneuver. Chin. J. Tissue Eng. Res.
2005, 119−121. doi: 10.3321/j.issn:1673-8225.2005.29.075

Lu, F., Gao, J., Wang, Y., Dai, Q., Xin, J., Zhao, Y., et al. (2017). Effects of three
needling manipulations of the right-side Zusanli (ST 36) on brain using functional
magnetic resonance imaging. J. Tradit. Chin. Med. 37, 298–307.

Lu, F.-Y., Gao, J.-H., Wang, Y.-Y., Liu, Q., Xin, J.-J., Bai, W.-Z., et al. (2021).
Effects of three needling manipulations of Zusanli (ST 36) on Deqi sensations
and surface myoelectricity in healthy participants. Chin. J. Integr. Med. 27, 91–97.
doi: 10.1007/s11655-020-3198-0

Lv, Z., Liu, Z., Huang, D., Chen, R., and Xie, D. (2013). The characterization of
Deqi during moxibustion in stroke rats. Evid. Based Complement. Alternat. Med. 2013,
140581. doi: 10.1155/2013/140581

Lv, Z.-M., Huang, D.-D., Xie, D.-Y., Yue, R.-Z., Wang, J.-W., Luo, W.-
F. et al. (2022). Effects of moxibustion “getting qi” on proteins related to
Aβ receptor-mediated transport and enzyme degradation in the brain horse of
rats with Alzheimer’s disease model. Chin. Acupunct. Moxibust. 2022, 899–906.
doi: 10.13703/j.0255-2930.20210616-k0006

MacPherson, H., and Asghar, A. (2006). Acupuncture needle sensations associated
with De Qi: a classification based on experts’ ratings. J. Altern. Complement. Med. 12,
633–637. doi: 10.1089/acm.2006.12.633

Melzack, R., Stillwell, D. M., and Fox, E. J. (1977). Trigger points and
acupuncture points for pain: correlations and implications. Pain 3, 3–23.
doi: 10.1016/0304-3959(77)90032-X

Molsberger, A. F., Manickavasagan, J., Abholz, H. H., Maixner, W. B., and
Endres, H. G. (2012). Acupuncture points are large fields: the fuzziness of

acupuncture point localization by doctors in practice. Eur. J. Pain 16, 1264–1270.
doi: 10.1002/j.1532-2149.2012.00145.x

Murray, I., Bhanot, G., and Bhargava, A. (2021). Neuron-glia-immune triad and
cortico-limbic system in pathology of pain. Cells 10, 1553. doi: 10.3390/cells10061553

Neumann, P. E., Halle, M. W., Kong, J., and Kikinis, R. (2023). West
meets east: taking a stab at acupuncture point names. Clin. Anat. 36, 641–650.
doi: 10.1002/ca.24011

Park, H., Park, J., Lee, H., and Lee, H. (2002). Does Deqi (needle sensation) exist?
Am. J. Chin. Med. 30, 45–50. doi: 10.1142/S0192415X02000053

Parrish, T. B., Schaeffer, A., Catanese, M., and Rogel, M. J. (2005). Functional
magnetic resonance imaging of real and sham acupuncture. Noninvasively measuring
cortical activation from acupuncture. IEEE Eng. Med. Biol. Mag. 24, 35–40.
doi: 10.1109/memb.2005.1411346

Pólito, A. J., and Ferreira, A. (2013). Thermic effects of acupuncture on Taixi
evaluated by means of infrared telethermography. World J. Acupunct.-Moxibus.
2013, 38–40.

Qi, D., Zhang, L., Zhang, L., and Shen, S. (2015a). Effect of needling
sensation in acupuncture treatment on uterine in primary dysmenorrhealrats of
cold stagnation syndrome. J. Beijing Univ. Tradit. Chin. Med. 2015, 228−232.
doi: 10.3969/j.issn.1006-2157.2015.04.003

Qi, D., Zhang, M., Guo, M., Liu, Z., and Zhang, Q. (2015b). Effect of different
acupuncture stimulus on opioid receptors of midbrain and spinal cordtissue of
dysmenorrhea rats with cold syndrome. J. Clini. Acupunct. Moxibust. 2015, 67–70.

Qi, D.-D., Zhang, L.-F., Zhang, L., Shen, S.-X., Zhu, S.-P., Ren, X.-X., et al. (2015c).
Role of acupuncture to obtain qi on the effect indexes of a rat model of dysmenorrhea
with cold condensation evidence. J. Beijing Univ. Chin. Med. 2015, 228–232.

Qi, D.-D., Zhang, M., Guo, M.,-W., Liu, Z.-Z., Zhang, Q.-Q., Ren, X.-X., et al.
(2015d). Study on the effects of different amounts of acupuncture stimulation on
central opioid receptors in a rat model of dysmenorrhea with cold condensation
syndrome type. Acupunct. Moxibust. Clini. J. 67–70.

Ren, Y., Xu, F., Xu, Z., and Zhang, A. (2013). The observation of Zusanli tension
before and after acupuncture and in different muscular tension by application of
shear-wave elasto-sonography technology. Chin. Imag. J. Integr. Tradit. Western Med.
2013, 113–115+108.

Ren, Y.-L., Guo, T.-P., Du, H.-B., Zheng, H.-B., Ma, T.-T., Fang, L., et al. (2015). A
survey of the practice and perspectives of chinese acupuncturists on deqi. Evid. Based
Complement. Alternat. Med. 2015, 684708. doi: 10.1155/2015/684708

Rong, P., Zhao, J., Gao, J., Li, X., Li, S., Ben, H., et al. (2013). Progress of
research on specificity of meridian acupoint efficacy. Chin. J. Integr. Med. 19, 889–893.
doi: 10.1007/s11655-013-1651-z

Rong, P., Zhu, B., Li, Y., Gao, X., Ben, H., Li, Y., et al. (2011). Mechanism
of acupuncture regulating visceral sensation and mobility. Front. Med. 5, 151–156.
doi: 10.1007/s11684-011-0129-7

Sato, A., Sato, Y., and Suzuki, A. (1992). Mechanism of the reflex
inhibition of micturition contractions of the urinary bladder elicited by
acupuncture-like stimulation in anesthetized rats. Neurosci. Res. 15, 189–198.
doi: 10.1016/0168-0102(92)90004-v

Sato, A., Sato, Y., Suzuki, A., and Uchida, S. (1993). Neural mechanisms of the reflex
inhibition and excitation of gastric motility elicited by acupuncture-like stimulation in
anesthetized rats. Neurosci. Res. 18, 53–62. doi: 10.1016/0168-0102(93)90105-y

Shen, X., Guo, M., Yang, J., and Zhao, Y. (2014). Effect of different quantity
of acupuncture stimulus on uterine microcirculation in dysmenorrhea rats with
cold syndrome at different time-points. Acta Chin. Med. Pharmacol. 2014, 18–22.
doi: 10.19664/j.cnki.1002-2392.2014.03.006

Shi, G.-X., Li, Q.-Q., Liu, C.-Z., Zhu, J., Wang, L.-P., Wang, J., et al. (2014). Effect
of acupuncture on Deqi traits and pain intensity in primary dysmenorrhea: analysis of
data from a larger randomized controlled trial. BMC Complement. Altern. Med. 14, 69.
doi: 10.1186/1472-6882-14-69

Shi, X.-Y., and Zhang, Q.-L. (1996). A kinetic study of the organizational structure
of Deqi acupoints. Acupunct. Res. 1996, 60–62.

Shi, Y., Zhang, S., Li, Q., Liu, Z., Guo, S., Yang, J., et al. (2016). A study of the
brain functional network of Deqi via acupuncturing stimulation at BL40 by rs-fMRI.
Complement. Ther. Med. 25, 71–77. doi: 10.1016/j.ctim.2016.01.004

Si, X., Han, S., Zhang, K., Zhang, L., Sun, Y., Yu, J., et al. (2021). The temporal
dynamics of eeg microstate reveals the neuromodulation effect of acupuncture with
Deqi. Front. Neurosci. 15, 715512. doi: 10.3389/fnins.2021.715512

Silberstein, M. (2012). Do acupuncture meridians exist? Correlation with referred
itch (mitempfindung) stimulus and referral points. Acupunct Med 30, 17–20.
doi: 10.1136/acupmed-2011-010091

Spaeth, R. B., Camhi, S., Hashmi, J. A., Vangel, M., Wasan, A. D., Edwards,
R. R., et al. (2013). A longitudinal study of the reliability of acupuncture Deqi
sensations in knee osteoarthritis. Evid. Based Complement. Alternat. Med. 2013,
204259. doi: 10.1155/2013/204259

Frontiers inNeuroscience 15 frontiersin.org

https://doi.org/10.3389/fnins.2024.1386108
https://doi.org/10.1097/00001756-200304150-00002
https://doi.org/10.1371/journal.pone.0041395
https://doi.org/10.1155/2014/715351
https://doi.org/10.13702/j.1000-0607.2001.04.011
https://doi.org/10.4103/1673-5374.172318
https://doi.org/10.2147/JIR.S341581
https://doi.org/10.1155/2021/5581227
https://doi.org/10.3389/fnins.2022.1038945
https://doi.org/10.13702/j.1000-0607.2013.02.015
https://doi.org/10.19917/j.cnki.1005-0779.2017.05.013
https://doi.org/10.1002/jmri.22393
https://doi.org/10.1038/s41586-021-04001-4
https://doi.org/10.1016/j.neuron.2020.07.015
https://doi.org/10.3321/j.issn:1673-8225.2005.29.075
https://doi.org/10.1007/s11655-020-3198-0
https://doi.org/10.1155/2013/140581
https://doi.org/10.13703/j.0255-2930.20210616-k0006
https://doi.org/10.1089/acm.2006.12.633
https://doi.org/10.1016/0304-3959(77)90032-X
https://doi.org/10.1002/j.1532-2149.2012.00145.x
https://doi.org/10.3390/cells10061553
https://doi.org/10.1002/ca.24011
https://doi.org/10.1142/S0192415X02000053
https://doi.org/10.1109/memb.2005.1411346
https://doi.org/10.3969/j.issn.1006-2157.2015.04.003
https://doi.org/10.1155/2015/684708
https://doi.org/10.1007/s11655-013-1651-z
https://doi.org/10.1007/s11684-011-0129-7
https://doi.org/10.1016/0168-0102(92)90004-v
https://doi.org/10.1016/0168-0102(93)90105-y
https://doi.org/10.19664/j.cnki.1002-2392.2014.03.006
https://doi.org/10.1186/1472-6882-14-69
https://doi.org/10.1016/j.ctim.2016.01.004
https://doi.org/10.3389/fnins.2021.715512
https://doi.org/10.1136/acupmed-2011-010091
https://doi.org/10.1155/2013/204259
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org


Zhong et al. 10.3389/fnins.2024.1386108

Streitberger, K., Eichenberger, U., Schneider, A., Witte, S., and Greher, M. (2007).
Ultrasoundmeasurements of the distance between acupuncture needle tip at P6 and the
median nerve. J. Altern. Complement. Med. 13, 585–591. doi: 10.1089/acm.2007.6247

Su, Y.-S., Yang, Z.-K., Xin, J.-J., He, W., Shi, H., Wang, X.-Y., et al. (2014).
Somatosensory nerve fibers mediated generation of de-qi in manual acupuncture
and local moxibustion-like stimuli-modulated gastric motility in rats. Evid. Based
Complement. Alternat. Med. 2014, 673239. doi: 10.1155/2014/673239

Sun, J., Zhu, Y., Jin, L., Yang, Y., von Deneen, K. M., Qin, W., et al. (2012). Partly
separated activations in the spatial distribution between de-qi and sharp pain during
acupuncture stimulation: an fMRI-based study. Evid. Based Complement. Alternat.
Med. 2012, 934085. doi: 10.1155/2012/934085

Sun, R., He, Z., Ma, P., Yin, S., Yin, T., Liu, X., et al. (2021). The participation of
basolateral amygdala in the efficacy of acupuncture with deqi treating for functional
dyspepsia. Brain Imaging Behav. 15, 216–230. doi: 10.1007/s11682-019-00249-7

Sun, Z.-G., Pi, Y.-L., Zhang, J., Wang, M., Zou, J., and Wu, W. (2019). Effect
of acupuncture at ST36 on motor cortical excitation and inhibition. Brain Behav. 9,
e01370. doi: 10.1002/brb3.1370

Takahashi, T. (2011). Mechanism of acupuncture on neuromodulation in the gut–a
review. Neuromodulation 14, 8–12. doi: 10.1111/j.1525-1403.2010.00295.x

Takamoto, K., Urakawa, S., Sakai, K., Ono, T., and Nishijo, H. (2013).
Effects of acupuncture needling with specific sensation on cerebral hemodynamics
and autonomic nervous activity in humans. Int. Rev. Neurobiol. 111, 25–48.
doi: 10.1016/B978-0-12-411545-3.00002-X

Tian, C., Yu, L., Murong, Z., Wang, S., and Fan, X. (2021). Criteria of “arrival
of qi” of acupuncture from “reaction of spirit produces curative effect”: inheriting
SHI Xue-min’s thoughts of treating spirit. Chin. Acupunct. Moxibust. 666–670.
doi: 10.13703/j.0255-2930.20200304-k0001

Tian, D.-S., Xiong, J., Pan, Q., Liu, F., Wang, L., Xu, S.-B., et al. (2014).
De qi, a threshold of the stimulus intensity, elicits the specific response
of acupoints and intrinsic change of human brain to acupuncture. Evid.
Based Complement. Alternat. Med. 2014, 914878. doi: 10.1155/2014/9
14878

Tjen-A-Looi, S. C., Li, P., and Longhurst, J. C. (2004). Medullary substrate and
differential cardiovascular responses during stimulation of specific acupoints. Am. J.
Physiol. Regul. Integr. Comp. Physiol. 287, R852–862. doi: 10.1152/ajpregu.00262.2004

Torres-Rosas, R., Yehia, G., Peña, G., Mishra, P., del Rocio Thompson-Bonilla, M.,
Moreno-Eutimio, M. A., et al. (2014). Dopamine mediates vagal modulation of the
immune system by electroacupuncture. Nat. Med. 20, 291–295. doi: 10.1038/nm.3479

Ueyama, T. (2012). Emotion, amygdala, and autonomic nervous system. Brain
Nerve 64, 1113–1119. doi: 10.11477/mf.1416101311

Ugawa, S., Ueda, T., Ishida, Y., Nishigaki, M., Shibata, Y., and Shimada, S. (2002).
Amiloride-blockable acid-sensing ion channels are leading acid sensors expressed in
human nociceptors. J. Clin. Invest. 110, 1185–1190. doi: 10.1172/JCI15709

Ulloa, L. (2021). Electroacupuncture activates neurons to switch off inflammation.
Nature 598, 573–574. doi: 10.1038/d41586-021-02714-0

Usichenko, T. I., Wesolowski, T., and Lotze, M. (2015). Verum and sham
acupuncture exert distinct cerebral activation in pain processing areas: a crossover
fMRI investigation in healthy volunteers. Brain Imaging Behav. 9, 236–244.
doi: 10.1007/s11682-014-9301-4

Vieira, F. M., Herbella, F. A. M., Habib, D. H., and Patti, M. G. (2017).
Changes in esophageal motility after acupuncture. J. Gastrointest. Surg. 21, 1206–1211.
doi: 10.1007/s11605-017-3464-4

Vincent, C. A., Richardson, P. H., Black, J. J., and Pither, C. E. (1989). The
significance of needle placement site in acupuncture. J. Psychosom. Res. 33, 489–496.
doi: 10.1016/0022-3999(89)90010-x

Wang, D., Lv, D.-Z., Shuai, J.-Y., Wen, X.-Y., Tan, T.-T., Huang, J.-K., et al. (2016).
Application of resting-state functional magnetic resonance technique to study the
effects of acupuncture at Taixi points on cerebral networks in the elderly. Chinese J.
Gerontol. 2986–2988. doi: 10.3969/j.issn.1005-9202.2016.12.077

Wang, K. M., Yao, S. M., Xian, Y. L., and Hou, Z. L. (1985). A study on the receptive
field of acupoints and the relationship between characteristics of needling sensation
and groups of afferent fibres. Sci. Sin,. Ser. B,. Chem. Biol. Agric. Med. Earth Sci.
28, 963–971.

Wang, P., Zhang, P., Wu, G.-W., Hu, S.-Q., Li, J., Sun, J.-J., et al. (2018). Influence of
getting qi on the analgesic effect of primary dysmenorrhea patients with cold-dampness
stagnation evidence. Acupunct. Res. 2018, 48–54. doi: 10.13702/j.1000-0607.170310

Wang, X., Chan, S.-T., Fang, J., Nixon, E. E., Liu, J., Kwong, K. K., et al. (2013).
Neural encoding of acupuncture needling sensations: evidence from a FMRI study.
Evid. Based Complement. Alternat. Med. 2013, 483105. doi: 10.1155/2013/483105

World Health Organization, Regional Office for the Western Pacific (2008). WHO
Standard Acupuncture Point Locations in the Western Pacific Region. WHO Regional
Office for the Western Pacific. Available online at: https://iris.who.int/handle/10665/
353407

Wu, C. C., Chen, M. F., and Lin, C. C. (1994). Absorption of subcutaneous injection
of Tc-99m pertechnetate via acupuncture points and non-acupuncture points. Am. J.
Chin. Med. 22, 111–118. doi: 10.1142/S0192415X94000140

Wu, C. C., Jong, S. B., Lin, C. C., Chen, M. F., Chen, J. R., and Chung, C. (1990).
Subcutaneous injection of 99mTc pertechnetate at acupuncture points K-3 and B-60.
Radioisotopes 39, 261–263. doi: 10.3769/radioisotopes.39.6_261

Wu, G., Zhang, P., Li, J., and Wang, P. (2016). Effect of acupuncture at
sanyinjiao (SP6) on the infrared temperature of guanyuan (CV4) and sanyinjiao
in dysmenorrhea patients. Shanghai J. Acupunct. Moxibust. 2016, 631–635.
doi: 10.13460/j.issn.1005-0957.2016.06.0631

Wu, M.-L., Xu, D.-S., Bai, W.-Z., Cui, J.-J., Shu, H.-M., He, W., et al.
(2015). Local cutaneous nerve terminal and mast cell responses to manual
acupuncture in acupoint LI4 area of the rats. J. Chem. Neuroanat. 68, 14–21.
doi: 10.1016/j.jchemneu.2015.06.002

Wu, M. T., Hsieh, J. C., Xiong, J., Yang, C. F., Pan, H. B., Chen, Y. C., et al. (1999).
Central nervous pathway for acupuncture stimulation: localization of processing with
functional MR imaging of the brain–preliminary experience. Radiology 212, 133–141.
doi: 10.1148/radiology.212.1.r99jl04133

Wu, X., Mao, X., Zhou, X., and Xie, Z. (2017). Dynamic changes of ultrasonographic
images of zusanli (ST 36) region during deqi of acupuncture needle stimulation.
Acupunct. Res. 2017, 444–448. doi: 10.13702/j.1000-0607.2017.05.013

Xiao, J., Zhang, H., Chang, J.-L., Zhou, L., Tan, Z.-J., Zhong, H.-Z., et al. (2016).
Effects of electro-acupuncture at Tongli (HT 5) and Xuanzhong (GB 39) acupoints
from functional magnetic resonance imaging evidence. Chin. J. Integr. Med. 22,
846–854. doi: 10.1007/s11655-015-1971-2

Xiao, Y., Xu, F., Lin, L., and Chen, J. D. Z. (2022). Transcutaneous electrical
acustimulation improves constipation by enhancing rectal sensation in patients with
functional constipation and lack of rectal sensation. Clin. Transl. Gastroenterol. 13,
e00485. doi: 10.14309/ctg.0000000000000485

Xiong, F., Song, X., Wang, G., Jia, S., Gu, X., Li, H., et al. (2020). Preliminary
observation to the migration of sodium fluorescein along meridians on the limbs of
mini-pig. Integrat. Med. Res. 9:100566. doi: 10.1360/SSV-2020-0144

Xu, S., and Fu,W. (2014). Curative effect of acupoints specificity and Degi sensation
in treatment of neck pain ofcervical spondylosis. China J. Tradit. Chin. Med. Pharm.
2014, 3003−3007.

Yang, C., Du, Y.-K., Wu, J.-B., Wang, J., Luan, P., Yang, Q.-L., et al. (2015). Fascia
and Primo Vascular System. Evid. Based Complement. Alternat. Med. 2015, 303769.
doi: 10.1155/2015/303769

Yang, J.-M., Shen, X.-Y., Zhang, L., Shen, S.-X., Qi, D.-D., Zhu, S.-P., et al. (2014).
The effect of acupuncture to SP6 on skin temperature changes of SP6 and SP10:
an observation of “Deqi”. Evid. Based Complement. Alternat. Med. 2014, 595963.
doi: 10.1155/2014/595963

Yang, J.-W., Wang, L.-Q., Zou, X., Yan, S.-Y., Wang, Y., Zhao, J.-J., et al. (2020).
Effect of acupuncture for postprandial distress syndrome: a randomized clinical trial.
Ann. Intern. Med. 172, 777–785. doi: 10.7326/M19-2880

Yang, L., Zheng, Y., Xie, Z., and He, J. (2015). Dynamic ultrasound imaging of the
acupuncture on the Shousanli points. Chin. J. Intervent. Imag. Ther. 2015, 532–535.
doi: 10.13929/j.1672-8475.2015.09.004

Yang, M., and Han, J. (2015). Review and analysis on the meridian
research of China over the past sixty years. Chin. J. Integr. Med. 21, 394–400.
doi: 10.1007/s11655-015-2168-4

Ye, X., Ren, Y.-L., Chen, Y.-H., Chen, J., Tang, X.-J., and Zhang, Z.-M. (2022). A
“4D” systemic view on meridian essence: Substantial, functional, chronological and
cultural attributes. J. Integr. Med. 20, 96–103. doi: 10.1016/j.joim.2021.11.006

Yin, C. S., Chae, Y., Kang, O.-S., Kim, S.-T., Hahm, D.-H., Park, J.-Y., et al. (2015).
Deqi Is double-faced: the acupuncture practitioner’s and the subject’s perspective. Evid.
Based Complement. Alternat. Med. 2015, 635089. doi: 10.1155/2015/635089

Yin, C. S., Park, H.-J., Kim, S.-Y., Lee, J. M., Hong, M. S., Chung, J.-H., et al. (2010).
Electroencephalogram changes according to the subjective acupuncture sensation.
Neurol. Res. 32(Suppl. 1), 31–36. doi: 10.1179/016164109X12537002793841

Yonghong, S., Ruizhi, W., Yue, Z., Xuebing, B., Tarique, I., Chunhua, L.,
et al. (2020). Telocytes in different organs of vertebrates: potential essence cells
of the meridian in chinese traditional medicine. Microsc. Microanal. 26, 575–588.
doi: 10.1017/S1431927620001518

Yoon, D.-E., Lee, S., Kim, J., Kim, K., Park, H.-J., Napadow, V., et al. (2023). Graded
brain fMRI response to somatic and visual acupuncture stimulation. Cereb Cortex,
bhad364. doi: 10.1093/cercor/bhad364

You, Z., Zhang,W., and You, X. (1992). Preliminary observation on the relationship
between acupuncture Deqi sensation, sensory transmission, and acupuncture effect.
Acupunct. Res. 1992, 75–78.

Yu, A., Zhao, Y., Yan, Z., and Li, X. (1997). Observation on the general spatial
morphology of sanyinjiao point. Chin. Acupunct. Moxibust. 1997, 42–44.

Frontiers inNeuroscience 16 frontiersin.org

https://doi.org/10.3389/fnins.2024.1386108
https://doi.org/10.1089/acm.2007.6247
https://doi.org/10.1155/2014/673239
https://doi.org/10.1155/2012/934085
https://doi.org/10.1007/s11682-019-00249-7
https://doi.org/10.1002/brb3.1370
https://doi.org/10.1111/j.1525-1403.2010.00295.x
https://doi.org/10.1016/B978-0-12-411545-3.00002-X
https://doi.org/10.13703/j.0255-2930.20200304-k0001
https://doi.org/10.1155/2014/914878
https://doi.org/10.1152/ajpregu.00262.2004
https://doi.org/10.1038/nm.3479
https://doi.org/10.11477/mf.1416101311
https://doi.org/10.1172/JCI15709
https://doi.org/10.1038/d41586-021-02714-0
https://doi.org/10.1007/s11682-014-9301-4
https://doi.org/10.1007/s11605-017-3464-4
https://doi.org/10.1016/0022-3999(89)90010-x
https://doi.org/10.3969/j.issn.1005-9202.2016.12.077
https://doi.org/10.13702/j.1000-0607.170310
https://doi.org/10.1155/2013/483105
https://iris.who.int/handle/10665/353407
https://iris.who.int/handle/10665/353407
https://doi.org/10.1142/S0192415X94000140
https://doi.org/10.3769/radioisotopes.39.6_261
https://doi.org/10.13460/j.issn.1005-0957.2016.06.0631
https://doi.org/10.1016/j.jchemneu.2015.06.002
https://doi.org/10.1148/radiology.212.1.r99jl04133
https://doi.org/10.13702/j.1000-0607.2017.05.013
https://doi.org/10.1007/s11655-015-1971-2
https://doi.org/10.14309/ctg.0000000000000485
https://doi.org/10.1360/SSV-2020-0144
https://doi.org/10.1155/2015/303769
https://doi.org/10.1155/2014/595963
https://doi.org/10.7326/M19-2880
https://doi.org/10.13929/j.1672-8475.2015.09.004
https://doi.org/10.1007/s11655-015-2168-4
https://doi.org/10.1016/j.joim.2021.11.006
https://doi.org/10.1155/2015/635089
https://doi.org/10.1179/016164109X12537002793841
https://doi.org/10.1017/S1431927620001518
https://doi.org/10.1093/cercor/bhad364
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org


Zhong et al. 10.3389/fnins.2024.1386108

Yu, D. T. W., and Jones, A. Y. M. (2013). Physiological changes associated with de
qi during electroacupuncture to LI4 and LI11: a randomised, placebo-controlled trial.
Acupunct. Med. 31, 143–150. doi: 10.1136/acupmed-2012-010280

Yuan, H.-W., Ma, L.-X., Qi, D.-D., Zhang, P., Li, C.-H., and Zhu, J. (2013a). The
historical development of deqi concept from classics of traditional chinese medicine
to modern research: exploitation of the connotation of deqi in chinese medicine. Evid.
Based Complement. Alternat. Med. 2013, 639302. doi: 10.1155/2013/639302

Yuan, H.-W., Ma, L.-X., Zhang, P., Lin, C., Qi, D.-D., Li, J., et al. (2013b). An
exploratory survey of deqi sensation from the views and experiences of chinese
patients and acupuncturists. Evid. Based Complement. Alternat. Med. 2013, 430851.
doi: 10.1155/2013/430851

Yung, K.-T. (2005). Birdcage model for the Chinese meridian system: part
VI. meridians as the primary regulatory system. Am J Chin Med 33, 759–766.
doi: 10.1142/S0192415X05003302

Zeng, Z.-L., Xu, M.-H., and Dai, J.-D. (1982). Observations on acupuncture “De qi”
and the organizational structure of acupoints in rabbits. Shanghai Acupunct. Moxibust.
J. 12–15. doi: 10.13460/j.issn.1005-0957.1982.03.009

Zhang, G., Min, S., Zeng, T., and Wen, H. (2016). Effect of insulin
resistance,blood lipid and TNF-aby acupuncturing degi at neiguan
andtaichong on patients with primary hypertension. J. Liaoning Univ.
Tradit. Chin. Med. 2016, 106–109. doi: 10.13194/j.issn.1673-842x.2016.
08.033

Zhang, G.-F., Huang, Y., Tang, C.-Z., Lai, X.-S., Chen, J.-Q., Shan, B.-C., et al.
(2017). A comparative study of activation and negative activation of cerebral centers
by acupuncture at the Waiguan point to deqi. Chinese J. Tradit. Chinese Med. 269–272,
513. doi: 10.13193/j.issn.1673-7717.2017.02.003

Zhang, G.-F., Huang, Y., Tang, C.-Z., Wang, S.-X., Yang, J.-J., and Shan, B.-C.
(2011). A PET brain functional imaging study of acupuncture-derived qi. Acupunct.
Res. 46–51. doi: 10.13702/j.1000-0607.2011.01.012

Zhang, J., Li, Z., Li, Z., Li, J., Hu, Q., Xu, J., et al. (2021). Progress of acupuncture
therapy in diseases based on magnetic resonance image studies: a literature review.
Front. Hum. Neurosci. 15, 694919. doi: 10.3389/fnhum.2021.694919

Zhang, L., Tang, Y., Hui, R., Zheng, H., Deng, Y., Shi, Y., et al. (2020).
The effects of active acupuncture and placebo acupuncture on insomnia
patients: a randomized controlled trial. Psychol. Health Med. 25, 1201–1215.
doi: 10.1080/13548506.2020.1738015

Zhang, T., Gong, W., Li, X., and Wu, J. (2009). Hemodynamic change of anterior
tibial artery during acupuncture at Zusanli (ST36). Chin. J. Rehabilitat. Theory Pract.
2009, 646–648.

Zhang,W. (2011). A comparative study of brain function imaging between qi gained
and non-qi gained by acupuncture at the foot-sanli point. China Med. Dev. 38–41.
doi: 10.3969/j.issn.1674-1633.2011.12.010

Zhang, W., Wu, X., and Liu, Z. (2019). Analysis of meridian essence based on qi
theory. Zhonghua Zhong Yi Yao Za Zhi 2019, 5533–5536.

Zhang, W.-B., Wang, G.-J., and Fuxe, K. (2015). Classic and modern meridian
studies: a review of low hydraulic resistance channels along meridians and their
relevance for therapeutic effects in traditional chinese medicine. Evid. Based
Complement. Alternat. Med. 2015, 410979. doi: 10.1155/2015/410979

Zhao, M.-Y., Zhang, P., Li, J., Wang, L.-P., Zhou, W., Wang, Y.-X., et al. (2017).
Influence of de qi on the immediate analgesic effect of SP6 acupuncture in patients with
primary dysmenorrhoea and cold and dampness stagnation: a multicentre randomised
controlled trial. Acupunct. Med. 35, 332–338. doi: 10.1136/acupmed-2016-011228

Zhao, Z., and Wang, L. (2016). A study on the Qi points and Needle
sensation of layered Acupuncture in ST36. New Chin. Med. 2016, 220–221.
doi: 10.13457/j.cnki.jncm.2016.08.096

Zhao, Z.-Q. (2008). Neural mechanism underlying acupuncture analgesia. Prog.
Neurobiol. 85, 355–375. doi: 10.1016/j.pneurobio.2008.05.004

Zhou, J., Mao, H., Shen, X., Guo, M., and Wei, J. (2011). Effect of Qi-arrival
acupuncture at point Zusanli(ST36) on its volt-ampere characteristics in healthy
persons. Shanghai Journal of Acupuncture and Moxibustion 433–435.

Zhou, W., and Benharash, P. (2014). Significance of “Deqi” response in
acupuncture treatment: myth or reality. J. Acupunct. Meridian Stud. 7, 186–189.
doi: 10.1016/j.jams.2014.02.008

Zhu, F., Cheng, H., Chen, S., and Liu, X. (2009). Evaluation of needling sensation
in fMRI test of stimulating Taixi acupoint. Shenzhen J. Integrated Trad. Chin. Western
Med. 2009, 107–109. doi: 10.16458/j.cnki.1007-0893.2009.02.003

Zhu, S.-P., Luo, L., Zhang, L., Shen, S.-X., Ren, X.-X., Guo, M.-W., et al. (2013).
Acupuncture De-qi: from characterization to underlying mechanism. Evid. Based
Complement. Alternat. Med. 2013, 518784. doi: 10.1155/2013/518784

Ziegler, J. (1999). Traditional Chinese medicine taps “qi” for health. J. Natl. Cancer
Inst. 91, 1000–1001. doi: 10.1093/jnci/91.12.1000

Frontiers inNeuroscience 17 frontiersin.org

https://doi.org/10.3389/fnins.2024.1386108
https://doi.org/10.1136/acupmed-2012-010280
https://doi.org/10.1155/2013/639302
https://doi.org/10.1155/2013/430851
https://doi.org/10.1142/S0192415X05003302
https://doi.org/10.13460/j.issn.1005-0957.1982.03.009
https://doi.org/10.13194/j.issn.1673-842x.2016.08.033
https://doi.org/10.13193/j.issn.1673-7717.2017.02.003
https://doi.org/10.13702/j.1000-0607.2011.01.012
https://doi.org/10.3389/fnhum.2021.694919
https://doi.org/10.1080/13548506.2020.1738015
https://doi.org/10.3969/j.issn.1674-1633.2011.12.010
https://doi.org/10.1155/2015/410979
https://doi.org/10.1136/acupmed-2016-011228
https://doi.org/10.13457/j.cnki.jncm.2016.08.096
https://doi.org/10.1016/j.pneurobio.2008.05.004
https://doi.org/10.1016/j.jams.2014.02.008
https://doi.org/10.16458/j.cnki.1007-0893.2009.02.003
https://doi.org/10.1155/2013/518784
https://doi.org/10.1093/jnci/91.12.1000
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org

	Objectivization study of acupuncture Deqi and brain modulation mechanisms: a review
	1 Introduction to the basic theories of acupuncture and Deqi
	2 Current understanding and research focusing on the quantitation of acupuncture Deqi
	2.1 Clinical research
	2.1.1 Local mechanisms of acupuncture Deqi
	2.1.2 Brain mechanisms of acupuncture Deqi
	2.1.3 Target organ mechanisms of acupuncture Deqi

	2.2 Animal experimental research

	3 Limitations and perspectives relating Deqi studies
	3.1 The mechanism of Deqi is closely related to the brain, but remains controversial
	3.2 Acupuncture Deqi can work by affecting ``local acupoints–brain–target organs''

	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


