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Increase of electrodermal activity of heart meridian during physical exercise:
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a b s t r a c t

Electric field measurements of skin potential and electrical currents are physiological indicators of
electrodermal activity (EDA) and have been associated with a variety of sensory, cognitive and emotional
stimuli. The aim of this study was to investigate the EDA at some hand acupoints before, during and after
a physical exercise. EDA of eight points located at the corner of fingernails of hands was measured in 10
healthy young volunteers before, during and after a 14-min acute exercise in a bicycle ergometer. In pre-
exercise resting state the parameters were stable and similar between the 8 different tested points, while
during exercise a significant increase of current (from 1000–2000 to 4000–8000 nA) was observed, with
the maximal values related to the point located on the ulnar side of the little finger, at the base of the nail,
corresponding to the Shao chong (HT9) of heart meridian.

� 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Despite the increase in research on the therapeutic effects of
acupuncture, less attention has been devoted to investigations into
the physiological basis of acupuncture. Several electronic devices
are now used to localize the acupoints and to assist in diagnosing
the location of the disease.1–11 Most of these electrodermal
methods utilize as the preferentially skin testing points the first or
terminal points of Chinese meridians (‘‘Ting’’ points), but other
points are currently utilized only according to the Voll’s electro-
acupuncture system.3,12

Acupuncture points are frequently described as having distinct
electrical properties, including increased conductance, reduced
impedance and resistance, increased capacitance, and elevated
electrical potential compared to adjacent non-acupuncture
points.11,13–18 Unfortunately, there is little written in orthodox
scientific refereed journals on these claims and others have not
confirmed these data.19 Caution is warranted when interpreting
results from electrodermal screening devices, also because the
normality ranges and the diagnostic specificity of these measures
are often uncertain.5,20–23 There is general consensus that electro-
dermal activity (EDA) is associated with sympathetic reactivity in
response to various stimuli,24 possibly due to changes in the
activity of sweat glands.25

Application of EDA measurements in acupuncture research
could clarify some important issues regarding the changes occur-
ring in the meridian system during physiological and pathological
strains to the body. The quantitative evaluation of electrical current
and electric tension of the points would be important to discrimi-
nate the homeodynamic oscillation during physiological activities,
the pathologic changes and, eventually, the medicinal effects.

The objective of this study was therefore to verify the effect of
physical standardized sub-maximal physical effort in healthy
subjects. The test apparatus was an Electrophysiological Terminal
point (ET), also called ‘Performance 2001’.17 We tested the null
hypothesis that all the tested points, located in the hand fingers
near the corner of the fingernails, behave in the same way under
the physical stress. Due to technical constraints of the protocol
involving a series of measurements during time, only four points in
each hand could be measured; therefore, we have chosen three
points typical of the Traditional Chinese Medicine (TCM) meridian
system (lung, heart and triple warmer meridians) and a point
which does not belong to the TCM system.

2. Materials and methods

2.1. Testing device

The ET (Med-Tronik, Friesenheim, Germany) is, basically,
a digital multimeter, used in this study as amperometer, with
variable resolution settable by software (max 30 nA – min 300 nA,
in this study 30 nA). It is a class I electromedical device (DIN EN 60
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601-1-2:1994/IEC 601-1-2_1993 and TUV certified). This instru-
ment, unlike other devices, does not deliver electrical current to the
body in order to detect the impedance variation, but measures
directly the endogenous currents in the nA–mA range.

The current measurements were performed using two
electrodes:

a) the reference electrode, an ECG-like Ag–AgCl surface electrode,
placed on left volunteer’s wrist as forceps with a surface of z3
� 5 cm; a filter paper damped in physiological saline (0.9%
NaCl) was interposed between skin and electrode.

b) During the test, an electrode, an Ag–AgCl point probe electrode
(surface z2 mm2), was placed for 2–3 s on the terminal
acupuncture points on all the fingers, adjacent to the corners of the
fingernails, with a downward force of approximately 200–300 gr.

The single current value is stored only if it is constant after 75
measures, which are automatically recorded. The LCD output dis-
played the current value and the tension value. Moreover, with a LED
diagram, a visual representation of current intensity is given as:

LED number ¼ 3:3� log
�

Imeas � 108
�

2.2. Test procedure

The 10 tested subjects (7 male, 3 female, mean age 35.0 � 4.0),
were recruited on a voluntary basis in the medical students and
laboratory employees. They were all healthy subjects, nonsmokers
with no alcohol, drug abuse, acute or chronic pathologies, allergies
or psychiatric disease. All participants signed an informed consent
at the enrolment.

To assure an optimal testing procedure, the tester was a physi-
cian who was trained in the ET technique of EDA measurements,
but who was totally unaware of the TCM medicine theory of
acupuncture meridians. In this way, the tester was ‘‘blind’’ to the
meaning of the different tested points and there was no possibility
that their (even unconscious) expectation could influence the
pressure exerted or the way by which the electrodes were placed or
used on the different acupoints.

The test was performed on skin points in each hand, situated at
the tips of the fingers, near the corners of the fingernails (Fig. 1).
Due to technical constraints of the protocol, and specifically to the
need of measuring in triplicate a number of points during resting

and exercise at time intervals, four points in each hand were tested,
for a total of eight acupoints (Table 1).

Before every test the probewas damped onphysiologic solution and
the accepted measure were immediately registered. The entire meas-
ure’s series of eight points was repeated three times for every session.

The physical stimulus was a standardized cycle ergometer
session for 14 min at sub-maximal strain (corresponding to a 70% of
the maximal cardiac frequency related at the subject age). The
measurements were done at 7-min time intervals before, during
and after the exercise. Zero time was taken as the baseline measure.

2.3. Statistics

All analyses were performed using the SPSS software, version 17
(SPSS Inc., Chicago, IL, USA: http://www.spss.com). Normality was
checked by the Shapiro–Wilk test. Data distribution of current (nA)
were often asymmetrical, then the values of different points and
times are computed and reported as box plots showing 10th, 25th,
50th (median), 75th and 90th percentile. For the global analysis of
the changes of current during different times and of the differences
between various detection points at the peak time we adopted the
Friedman non-parametric test for multiple related samples. Since
all these comparisons were significant, a post-hoc analysis of the
differences between the peak values of different points was per-
formed using the 2-tailed Wilcoxon non-parametric test for related
samples. Data distributions of tension (mV) were normal, so that
oneway analysis of variance (ANOVA) could be applied for this
parameter. P values < 0.05 were considered as statistically
significant.

3. Results

A total of 10 individual tests were completed, each one in tripli-
cate. Fig. 2 shows the current on every point, measured at 7-min time
intervals before (3 measurements), during (2 measurements) and
after (3 measurements) exercise. At baseline (time zero) the mean
values of the eight points gave similar values in the three separate
and consecutive trials performed on each subject. Current intensity
varied from a minimum of about 1000 nA to a maximum of about
2000 nA, depending on different points, with good repeatability
between the three tests. None of the detected points showed
a significant difference between males and females (not shown).

The exercise clearly enhanced the current values on all the points,
with the maximal increase related to RH-9 and LH-19 points, located
on the radial side of the tip of the small finger, about 0.1 cun posterior
to the corner of the fingernail. Global Friedman analysis of time
course current values was significant (p < 0.001) in each point.

We then evaluated the differential change in EDA (current) by
subtracting – for each point and each subject – the values of
baseline (time zero) to the corresponding value obtained at the
peak time (time 28 min). The results of this analysis are reported in

Fig. 1. Measurement of electric current with point electrode at the corner of the
fingernail (point n. RH-1, see Table 1).

Table 1
Locations and names of the tested points.

Point number Finger Side TCMa Meridian TCMa classification

RH-1 1 Right (thumb) Radial Lung Shaoshang (LU11)
RH-4 2 Right Ulnar – –
RH-8 4 Right Ulnar Triple burner Guanchong (SJ1)
RH-9 5 Right Radial Heart Shaochong (HT9)
LH-11 1 Left (thumb) Radial Lung Shaoshang (LU11)
LH-14 2 Left Ulnar – –
LH-18 4 Left Ulnar Triple burner Guanchong (SJ1)
LH-19 5 Left Radial Heart Shaochong (HT9)

a TCM: Traditional Chinese Medicine.
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Table 2, which includes the Wilcoxon test. Both mean and median
EDA of the points RH-9 and LH-19 were higher than those of other
points and the difference was highly significant (p< 0.01) when the
responses of these two points to exercise were compared to the
points RH-1, RH-4, RH-11, RH-14. The LH19 point (left hand)
showed the maximum values, but difference between two
symmetrical points RH-9 and LH-19 was not statistically significant.

Fig. 3 shows the tension of the endogenous electric field
between the electrodes on every point, measured at the same
intervals before, during and after exercise. The tension varied from
a minimum of about 80 mV to a maximum of about 240 mV. In all
the points, there was a slight decrease in the pre-exercise phase,
followed by a small increase just after the beginning of the exercise,
then the values returned near to baseline after exercise. These
changes during time in each point were statistically significant;

Fig. 2. Changes of current flux at the indicated acupoints of 10 healthy subjects during sub-maximal physical strain on cycloergometer. The bar indicates the period during which
the exercise was done.

Table 2
Differences of current between the peak (time 28 min) and time 0 in various
detection points.

Point Current (nA) Wilcoxona

Mean S.E.M. Median RH-9 LH-19

RH-1 2052.8 337.6 1403.7 ** ***
RH-4 1794.0 322.3 1754.2 *** ***
RH-8 3557.2 587.2 2442.2 * n.s.
RH-9 4239.1 666.6 2875.8 – n.s.
LH-11 3002.1 751.1 1298.0 n.s. *
LH-14 1838.0 396.8 912.7 ** ***
LH-18 2144.4 538.2 1333.0 ** **
LH-19 4742.7 583.0 4971.0 n.s. –

*P < 0.05, **P < 0.01, ***P < 0.001.
a Comparison of median values of points RH-9 and LH-19 with all other points.
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however, upon ANOVA analysis there were no significant differ-
ences in the kinetics behavior of tension or in the peak values of the
different points.

4. Discussion

Electrodermal instruments are widely used throughout the
world and many non-health professionals and also some doctors
believe that EDA techniques are valuable part of the clinical
practice, because of their safety, non-invasive nature, simplicity,
cost-effectiveness and clinical value. However, much preliminary
work on the diagnostic value of these instruments has still to be
confirmed. Our analysis of various parameters of EDA in healthy
subjects indicates that acupuncture points may reveal statistically

significant differences in the current flow through specific acu-
points following a sub-maximal physical strain.

So, the null hypotheses of no specific changes of acupoints
during exercise are disconfirmed and evidence suggests that the
electrical values are associated to real physiological conditions and,
thus, have a diagnostic importance.

There is no specific anatomic structure related to all the
acupuncture loci, but a preferential distribution has been estab-
lished according to the loci and their therapeutic correlates.26

Analysis of EDA responsiveness of acupoints along meridians would
be of importance for establishing new correlates between tradi-
tional experience and health/disease conditions.

Our findings cannot be attributable to increased electric tension
between electrodes, that was similar in all tested acupoints, nor to

Fig. 3. Changes of electric potential tension at the indicated acupoints of 10 healthy subjects during sub-maximal physical strain on cycloergometer. The bar indicates the period
during which the exercise was done.
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unspecific electric skin changes, due for example to increased
sweating for the following reasons: (a) both electrodes are deeply
damped in physiological saline before use, thus the relative
humidity of skin should be uninfluential on the measure, (b) the
EDA activity increases quickly after the beginning of exercise
(before the start of sweating) and decreases quickly after exercise
(when the perspiration is still very active).

The clear growth of EDA of RH-9 and LH-19 points, corresponding
to the heart Meridian according to the Traditional Chinese Medicine
(SHAO CHONG points), confirms a possible correlation between
physiological activation of cardiocirculatory system and the elec-
trical state of specific skin points. Overall, these findings are in
agreement with the views11,19,24,27–29 according to which EDA may
become an important parameter in acupuncture studies.
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