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Abstract 

Meridians constitute the theoretical foundation of acupuncture in traditional Chinese medicine (TCM), and they 
have been described for 2000 years. Classical TCM advocates for the directionality of meridians. Finding an accurate 
method to verify this directionality is an important goal of TCM doctors and researchers. In this study, we objectively 
explored the physical properties of meridians, such as response current from electrical stimulation, to explore their 
directionality. The Agilent B1500A semiconductor measurement analyzer was utilized to input the alternating current 
waveforms and detect the response current on the meridians. The results showed that the direction of the meridians 
influences the intensity of the response current. Therefore, the mechanisms behind the directions of ion transporta‑
tion and the meridians were investigated using the response time and the intensity of the response current. Thereaf‑
ter, we propose a model to explain this mechanism. Afterward, a comparison between the direction of the meridian 
in this experiment and ancient Chinese medicine classics was performed.

Keywords: Traditional Chinese medicine (TCM), Electrical acupuncture, Meridian directionality, Drift current

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

Introduction
Since 1979, the World Health Organization (WHO) 
has published indications of acupuncture, which has 
become a commonly accepted method for treatment. As 
complementary alternative medicine, acupuncture has 
been applied for decades, and it has been established to 
be therapeutically effective by modern researches [1]. 
Regardless of the acupuncture method, such as needle 
insertion, manual pressure, electrical stimulation, mag-
nets, and low-power lasers, the theoretical bases are 
meridians. Meridians provide an important foundation 
for traditional Chinese medicine (TCM) and guidelines 
for clinical practice. The “meridian theory" was described 

in the Yellow Emperor’s Classic of Internal Medicine for 
2000 years [2]. Finding an accurate method to verify the 
existence of meridians is an important goal for TCM doc-
tors and researchers [3–8].

For example, many anatomical structures have been 
proposed to describe meridians, such as tendinomus-
cular meridians or primo vascular systems (or Bonghan 
Ducts) [9, 10]. Various studies have revealed the dif-
ferent parts of the meridian. Gerhard Litscher’s group 
found that infrared thermography cannot visualize stim-
ulation-induced meridian-like structures [11]. Wei et  al. 
constructed a meridian acupoint temperature map by 
reporting the characteristics of the meridian acupoint 
temperatures in healthy medical students [12].

In addition, the Ryodoraku theory explores the utiliza-
tion of electric conductivity to identify meridians. The 
Ryodoraku theory was proposed by Dr. Yoshio Nakatani 
in the 1950s. This theory states that there are some points 
on the skin that have a high electric conductivity, and the 
energy change of these points could represent the condi-
tion of the body, i.e., the inner viscera or the balance of qi 
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and blood. These points are called Ryodoten, and stud-
ies have shown that they connect to form a line, which 
is called Ryodoraku. The location of the Ryodoraku is 
almost identical to the location of the meridian distri-
bution. Consequently, the energy of a Ryodoraku is con-
sidered to represent the energy of the corresponding 
meridian [13, 14].

The meridian energy analysis device (MEAD) is an 
instrument developed based on the Ryodoraku theory 
[15]. MEAD detects the electrical conductivity of the skin 
over meridian lines. It is believed that the electrical con-
ductivity of the meridian reflects the biological energy 
or balance of qi and blood in the body [15]. Due to the 
therapeutic effects of some treatments, such as analge-
sic response or control of blood pressure, acupuncture is 
thought to be related to the central or peripheral nerv-
ous system [16, 17]. Thus, in this research, the existence 
of the meridian was fully confirmed [18].

However, the Ryodoraku theory only detects the elec-
trical conductivity of the skin over a single acupoint of 
the meridian. Meanwhile, the anatomical or morpho-
logical pieces of evidence on the existence of the merid-
ian are still lacking, and the exploration of the meridian 
with modern physical devices has been minimally inves-
tigated. A previous study was referenced [19], and the 
characteristics of the current–time (I–t) curve measuring 
body meridians are similar to those obtained by the iso-
thermal transient ionic current (ITIC) theory. Based on 
the drift and diffusion currents of the theory, the method 
of conducting electricity in the meridians is mainly 
through ions. Electrical stimulation was used to deter-
mine the electrical characteristics of the meridian, which 
serves as a precedent for meridian research in the field of 
physical electronics.

Based on the intrinsic properties of meridians, in this 
study, we investigated the mechanism of the direction of 
ion transport and transmission of the meridians men-
tioned above. The effectiveness of the meridian direc-
tion is studied utilizing electrical characteristics, and 
the results are compared to those in TCM. The merid-
ian direction is based on ancient Chinese medicine clas-
sics. It is generally believed that the course of the three 
Yin meridians of the hand is from the thorax to the hand; 
the course of the three Yang meridians of the hand is 
from the hand to the head; the course of the three Yang 
meridians of the foot is from the head to the foot; and the 
course of the three Yin meridians of the foot is from the 
foot to the thorax [20, 21]. In this study, a semiconductor 
measurement analyzer (Agilent B1500A) was utilized to 
input the waveforms with different voltage polarities on 
the three Yin meridians of the hand (Taiyin lung merid-
ian of the hand, Jueyin pericardium meridian of the hand, 
and Shaoyin heart meridian of the hand) and the three 

Yang meridians of the foot (Yangming stomach meridian 
of the foot, Shaoyang gallbladder meridian of the foot, 
and Taiyang bladder meridian of the foot). Two acupoints 
were chosen over each meridian, and the differences 
between the acupoints on each meridian were recorded. 
Finally, the correlation between the experimental results 
and the meridian direction recorded in the TCM classics 
was shown. This study provides the basis for meridian 
directionality for further research and clinical treatment 
choices.

Experimental Methods
Participant Selection
The Institutional Review Board of the Chang Gung Medi-
cal Foundation approved this clinical trial (IRB permit 
no. 201901601A3). Before enrollment, all participants 
received informed consent forms, which they completed 
signed after understanding the project. Thereafter, the 
experiments commenced. Thirty volunteers who met 
the inclusion criteria of being healthy and above 18 years 
were recruited (15 men and 15 women). Pregnant and 
lactating women, people who were fasting, people with 
idiopathic thrombocytopenic purpura (ITP), and peo-
ple who take sleeping pills or psychiatric drugs were 
excluded. No specific acupoints were targeted; instead, 
the acupoints were chosen from convenient locations 
which are favorable for acupuncture.

Inclusion and Exclusion Criteria
According to a prospective survey, acupuncture can have 
some side effects despite its benefits [22]. As an invasive 
treatment, it may sometimes induce local or systemic 
adverse reactions [22–24]. Moreover, a systemic review 
showed that life-threatening events may also develop, 
albeit rarely. Consequently, the exclusion criteria were 
stringent. Bleeding and hematoma are the most com-
mon adverse reactions; therefore, volunteers with bleed-
ing tendencies (platelet count of less than 20,000 and/or 
thrombocytopenic purpura) were excluded. Volunteers 
with chronic medical conditions, who were prescribed 
anticoagulants, were also excluded. Pregnant women and 
volunteers with pacemakers were excluded. No adverse 
reaction was observed throughout the experiment.

Measurement Machine and Equipment
In this study, all electrical signals were obtained using an 
Agilent B1500A semiconductor parameter analyzer and 
a Cascade M150 microprobe station. The acupuncture 
needles used were produced under the same conditions, 
in the same factory (Dong Bang Acupuncture Inc.), and 
on the same day to minimize experimental error.
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Experiment Process
The decision of the left- or right hand and the left- or 
right foot provided by each subject to participate in 
this experiment was categorized as random. We chose 
two acupoints over each Yin meridian of the hand: 
LU5 (Chize) and LU6 (Kongzui) from the Taiyin lung 
meridian of the hand, PC3 (Quze) and PC6 (Neiguan) 
from the Jueyin pericardium meridian of the hand, and 
HT3 (Shaohai) and HT7 (Shenmen) from the Shaoyin 
heart meridian of the hand; two acupoints over each 
Yang meridian of the foot: ST36 (Zusanli) and ST37 
(Shangjuxu) from the Yangming stomach meridian of the 
foot, GB34 (Yanglingquan) and GB39 (Xuanzhong) from 
the Shaoyang gallbladder meridian of the foot, and BL40 
(Weizhong) and BL57 (Chengshan) from the Taiyang 
bladder meridian of the foot. The detailed locations are 
featured in Fig. 1 and Table 1.

After fully explaining the experimental procedures, 
the consent forms were signed, and acupuncture was 
performed by a certified TCM doctor. Disposable 1 
cun (C.M.S. acupuncture needles, 0.30 × 25  mm) and 
1.5 cun sterilized acupuncture needles were employed 
for the upper and lower limbs, respectively. All acu-
points were sterilized using 75% alcohol. The loca-
tions of the acupoints were detected based on clinical 

experience and ancient classics. After the acupuncture 
needles were inserted, acupuncture manipulation was 
performed to achieve deqi-soreness, numbness, or dis-
tension, as described by participants, and heaviness, 
tension, tightness, or fullness, as described by the acu-
puncturist [9, 25]. After deqi, alligator clips were used 
to clip the acupuncture needles. Meanwhile, the Agi-
lent B1500A parameter analyzer inputted the alternat-
ing current (AC) waveforms on two acupoints. In this 
study, the AC waveform considered was a continuous 
square wave oscillating between 2 and − 2 V with a fre-
quency of 2  Hz. The first acupoint was near the heart 
(called the near heart point (NHP)), while the sec-
ond was far from the heart (called the far heart point 
(FHP)). Conversely, the analyzer received the response 
current, Iresponse, from the grounded FHP/NHP. A sche-
matic of the experiment is shown in Fig. 2.

The order of the upper limb acupoints is as follows: 
the Taiyin lung meridian of the hand, Jueyin pericar-
dium meridian of the hand, and Shaoyin heart merid-
ian of the hand. After the completion of the hand 
experiments, the foot experiments were performed 
in the following order: the Yangming stomach merid-
ian of the foot, Shaoyang gallbladder meridian of the 
foot, and Taiyang gallbladder meridian of the foot. 

Fig. 1 Selected acupoints: a Yin meridians of the hand and b Yang meridians of the foot
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The relationship between the input wave and Iresponse is 
shown in Fig. 3.

Result and Discussion
An external force, such as an electric field, is utilized to 
determine the properties of the current, such as direc-
tion and intensity, which is a conventional technique in 
semiconductor studies. In this study, the direction of the 
meridians was identified using the external electric field. 

Electrical acupuncture was utilized to control the flow of 
ions, which produced current; thereafter, the current was 
enhanced or countervailed by the force of the meridian. 
The intensity of the current increased when the direc-
tion of the meridians and the extra current forward flow. 
The described current is defined as the direction of posi-
tive ions. Before the electrical signal input, the ions in 
the meridian were uniformly distributed and underwent 

Table 1 Selected acupoints with detailed locations

Acupoints Location

Taiyin Lung Meridian of the Hand

LU5(Chize) Located in the transverse cubital crease, on the radial side (laternal side) of the tendon of musculus biceps 
branchii

Lu6(Kongzui) On the line between LU5(Chize) and LU9 (Tasiyuang), 7 cm above the transverse crease of the twist

Jueyin Pericardium Meridian of the Hand

PC3 (Quze) Located in the transverse cubital crease, on the ulnar side (medial side) of the tendon of musculus biceps 
branchii

PC6 (Neiguan) Between the tendons of m. palmaris longus and m. flexor carpi radialis, 2 cun above the transverse crease of 
the twist

Shaoyin Heart Meridian of the Hand

HT3 (Shaohai) At the middle part of the line between the medial end of the transverse cubital crease and medial epicon‑
dyle of the humerus when the elbow is flexed. Flex the elbow to locate the point

HT7 (Shenmen) At the ulnar end of the transverse crease of the wrist, on the radial side of the tendon of m. flexor carpi 
ulnaris

Yangming Stomach Meridian of the Foot

ST36 (Zusanli) 3 cun below Dubi (ST35), one finger width laternal to the anterior crest of the tibia

ST37(Shangjuxu) 3 cun below ST35 one finger width laternal from the anterior crest of the tibia

Shaoyang Gallbladder Meridian of the Foot

GB34 (Yanglingquan) In a depression anterior and inferior to the head of the fibula

GB39 (Xuanzhong) 3 cun above the tip of the laternal malleolus, in the depression of the anterior border of the fibula

Taiyang Bladder Meridian of the Foot

BL40 (Weizhong) Midpoint of the transverse cubital of the popliteal fossa between the biceps femoris and semitendinosus 
tendons

BL57 (Chengshan) In the depression below the gastrocnemius muscle, 8 cun inferior to BL40

Fig. 2 Schematic of the electrical acupuncture

Fig. 3 The relationship between the input wave and Iresponse
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diffusion, as shown in Fig.  4. When an AC wave was 
inputted on an acupoint using the parameter analyzer, 
the ions drifted along the direction of the electric field, 
which is called the drift current (Idrift). When the drifting 
ions create an ion concentration gradient due to the elec-
tric field, a diffusion current is also generated. Hung et al. 
reported that the response current of ion flux includes 
ion drift and diffusion currents with an applied square 
AC wave [19]. However, the contribution of the diffusion 
current to the response current can be ignored. Thus, 
herein, only the effect of drift current is discussed.

When a negative voltage was inputted on the FHP, 
positive ions were attracted to the FHP (along the elec-
tric field direction) and negative ions were repelled to the 
NHP (opposite the electric field direction). Meanwhile, 
the received Iresponse is higher and lower since the direc-
tion of the meridian is identical and opposite direction, 
respectively.

Based on the applied electric field and the mechanism 
of the drift current [26], the Iresponse shown in Fig.  5, 
one period of Iresponse can be divided into three regions 
according to the change in current with increasing time. 
At the beginning of the I–t measurement, the current 
increases gradually in the − V region when a negative 
voltage (VLow) is inputted. Thereafter, Iresponse reaches 
point L, and the current increases dramatically in the 
transition region (point L to point R). The τrising param-
eter represents the time from the negative saturation 
of Iresponse to the positive maximum of Iresponse, which 
responds to the input wave switch from a negative volt-
age to a positive voltage (VHigh). Subsequently, the cur-
rent decreases gradually and approaches a flat condition 
in the + V region.

In the − V region, because a negative voltage was 
applied, the positive ions drifted along the electric field 
direction and removed the grounded acupoint; thus, the 
Iresponse value was negative. Therefore, with increasing 
time, ions accumulate near the acupoints (negative ions 
near the grounded acupoint and positive ions near the 

input acupoint), causing the received Iresponse to approach 
a flat. In the transition region, the input voltage changes 
from a negative to a positive value in an ultrashort time, 
causing a large number of ions to exchange suddenly, as 
shown in Fig. 6. Finally, with increasing the input time of 
the positive voltage in the + V region, most ions tend to 
accumulate near the acupoints, and the parameter ana-
lyzer receives a decreased and saturated Iresponse  (IR,S), as 
shown in Fig.  7. The peak of Iresponse was received with 
different peak high when a voltage (AC square waveform) 
was input to the acupoint. To reduce the variation factor 
in the experiment, the comparison of Iresponse was used at 
the saturation point.

To analyze the relationship between the meridian 
direction and the  Iresponse, the τrising and IR,S were exam-
ined, and the differences between the meridians were 
compared. The average τrising of the Taiyin lung merid-
ian of the hand in Fig. 8a is 23.3 ms when the wave input 
is on NHP and 28.8 ms when wave input is on FHP. The 
average τrising of the Yangming stomach meridian of the 

Fig. 4 Uniform distribution and diffusion of ions in the meridian without the electron field

Fig. 5 Time evolution of Iresponse and the input voltage. VLow and VHigh 
represent the negative and positive voltages of the input AC voltage, 
respectively
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foot in Fig. 8b is 23.3 ms when the wave input is on NHP 
and 26.5 ms when the wave input is on FHP. According to 
Fig. 8, the average τrising with an input wave on the NHP 
is less than that on the FHP. Contrary to the above τrising 

results, the average IR,S with an input wave on the NHP 
is higher than that on the FHP, as shown in Fig.  9. The 
average IR,S value of the Taiyin lung meridian of the hand 
in Fig. 9a is 0.49 μs when the wave input is on NHP and 

Fig. 6 The direction of the positive and negative ions when the inputted negative voltage changes to a positive voltage of AC wave. Many positive 
and negative ions exchange instantaneously

Fig. 7 The direction of the positive and negative ions after applying positive voltage for a long time. The ions accumulate at the acupoint
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0.38 μs when the wave input is on FHP. The average IR,S 
of the Yangming stomach meridian of the foot in Fig. 9b 
is 0.65  μs when the wave input is on NHP and 0.57  μs 
when wave input is on FHP. The τrising and IR,S values of 
the Taiyin lung meridian of the hand, Jueyin pericardium 
meridian of the hand, Shaoyin heart meridian of the 
hand, Yangming stomach meridian of the foot, Shaoy-
ang gallbladder meridian of the foot, and Taiyang bladder 
meridian of the foot are shown in Tables 2 and 3, respec-
tively. According to Tables 2 and 3, when the wave input 
is applied from NHP to FHP, the τrising is lower and IR,S 
is higher of six meridians. The box plots show that the 
statistics of the meridian data in this study are concen-
trated around the central tendency and without extreme 
values. All data evaluations in this study were repeated 
three times and are presented as the mean ± standard 
deviation.

A physical model is proposed in which the meridians 
assist in the ion drift based on statistics. The direction 
of the meridian can be considered as a built-in force 

that assists the movement of ions. The high veloc-
ity of the ions indicates that the ions drift from one 
acupoint to another in a short time. According to the 
current density formula [26], the short arrival time of 
ions between two acupoints leads to an increase in 
the Iresponse. For example, the direction of the Sanyang 

Fig. 8 Box plot of τrising of the a Taiyin lung meridian and b Yangming stomach meridian. The red line in the box plot is the mean value of the data

Fig. 9 Box plot of the mean current of the a Taiyin lung meridian and b Yangming stomach meridian. The red line in the box plot is the mean value 
of the data

Table 2 The arithmetic means and standard deviation of the 
τrising values of the Sanyang meridian of the hand and Sanyin 
meridian of the foot

Raising time (ms) NHP FHP P value

Meridians

Taiyin Lund Meridian 23.3 ± 0.8 28.8 ± 2.7 8.7e − 08

Jueyin Pericardium Meridian 24.2 ± 1.5 29.0 ± 1.9 2.5e − 05

Shaoyin Heart Meridian 24.5 ± 1.7 30.9 ± 3.2 1.3e − 05

Yangming Stomach Meridian 23.3 ± 0.8 26.5 ± 0.1 1.4e − 10

Shaoyang Gallbladder Meridian 23.6 ± 1.1 27.0 ± 1.0 3.6e − 05

Taiyang Bladder Meridian 23.8 ± 1.7 28.5 ± 2.2 1.9e − 05
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meridian of the hand and the inputted electric field are 
the same, and positive ions drift because of two forces. 
Thus, a short τrising and a high IR,S are observed. Fig-
ure 10 also shows the schematic of the flow direction 
of the meridian, the direction of Idrift, and the Iresponse 
relationship.

The results illustrate that the meridian direction can 
be measured and prove that the meridian direction is 
identical to that inferred in this work and mentioned 
in TCM. Notably, the findings of this study can be 
applied to clinical practices. When there is chest/heart 
discomfort, acupuncture over the Taiyin lung merid-
ian of the hand and electric acupuncture from FHP to 
NHP can be applied. However, the association between 
the clinical therapeutic effect and meridian direction 
requires further research.

Conclusion
In this study, we analyzed the response current, which 
relies on the input AC voltage on the meridians. Based 
on the parameters, τrising and IR,S, relating to the response 
current of the meridians, the model of meridians assisting 
in ionic drift was proposed, and the meridian direction 
was also inferred. The result showed that the direction of 
the meridian obtained in this work was consistent with 
those in TCM. This study affords more analytical meth-
ods for use in clinical practices.
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