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Abstract
Electrodermal screening (EDS) is based on three commonly held assumptions: acupuncture points
(APs) have lower electrical resistance than non-APs; resistance at APs varies with health and
disease; and effective acupuncture treatments are associated with normalization of resistance at
APs. Although evidence confirming these assumptions is limited, EDS is frequently practiced
worldwide. Researchers are also beginning to assess EDS' utility as an outcome measure in
acupuncture trials. Fundamental in developing EDS as a research tool is the need for an accurate
and reliable measurement. We developed an automated multichannel prototype system, the
Octopus, and recorded electrical resistance and capacitance at eight skin sites in 33 healthy
participants over 2 hours. The Octopus accurately measured against known resistors (within 2.5%
of the mean value) and capacitors (within 10% of the mean value), and yielded repeatable readings
at all eight skin sites: LR 1 (r = 0.79), SP 1 (r = 0.79), toe non-AP (r = 0.77), LU 9 (r = 0.97), PC 6
(r = 0.96), wrist non-APs (r = 0.97), SP 6 (r = 0.96), and leg non-APs (r = 0.97). Resistance at APs
was significantly lower than the nearby non-APs in one out of three comparisons.
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1. Introduction
Electrodermal screening (EDS), based on the pioneering work of Nakatani [1], Niboyet [2],
and others [3–5] employs measurements of skin resistance (or conductance) at acupuncture
points (APs) as diagnostic aids to determine energetic imbalances in the meridians and to
guide treatment strategies. This practice assumes that APs have lower electrical resistance
than nearby non-acupuncture sites (non-APs) [3–5], that skin resistance at APs differs in
health and disease [6–8] and that effective acupuncture treatments may be associated with
normalization of skin resistance at APs [9–11].

Reports looking at whether APs have different electrical properties from non-APs are
limited in number and conflicting [4,12–16]. Nonetheless, a recent systematic review
published by Ahn et al found evidence to support the contention that meridians and APs are
electrically distinguishable from surrounding tissue [17]. Several factors may account for the
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controversial findings, including technical challenges such as: different types of recording
instruments (alternating current vs. direct current); different types of electrodes; the pressure,
angle, and duration of electrode probe application and; the skin-electrode interface [18].
Also influencing skin resistance and capacitance recordings is the condition of the
underlying skin and the inherent fluctuating nature of the physiological phenomenon being
measured. Further confounding reported results, the devices used to measure skin resis tance
at APs have only rarely been tested for accuracy and reliability [19–23]. A final significant,
but less often cited confounding factor, is that the target of the measurements – the APs and
non-APs – are inadequately demarcated in terms of their supposed topographical size, shape
and anatomical location.

Before EDS can justifiably be used in acupuncture research, the long-held assumptions
about skin resistance at APs must be tested and validated. A measuring system that not only
minimizes technical confounders but also allows simultaneous data collection at multiple
skin sites over extended periods of time is needed.

The objectives of this research project were to: (1) develop an 8-channel prototype skin
resistance and capacitance measuring system, the Octopus, that can record consistent
measurements against known resistors and capacitors; (2) evaluate test-retest reliability of
resistance and capacitance measurements at eight skin sites in healthy subjects over 2 hours
and; (3) compare skin resistance and capacitance at select APs and nearby non-APs in a
preliminary manner.

2. Materials and Methods
2.1. Participants

Thirty-three healthy male and female volunteers, aged ≥ 18 years, were recruited from the
National College of Natural Medicine (NCNM). Our single inclusion criterion was general
good health (by the participant's own assessment). Individuals who smoked or had any
chronic or acute illness were excluded. Ethics approval of this study was obtained from the
NCNM Institutional Review Board. All participants provided written informed consent.

2.2. Experimental setting
The study was conducted between December 1, 2008 and February 5, 2009 at the
Psychophysiology Laboratory of Helfgott Research Institute at NCNM. Each participant was
given $20 for their 2.5 hour involvement in the study.

2.3. Experimental equipment
The Octopus, a prototype for a future 32-channel system, was developed to measure skin
resis tance and capacitance in a near-continuous manner over several hours. The design
considerations that went into developing this prototype is described [24]. A parallel
resistance and capacitance network model is used as an equivalent circuit for electrical skin
properties. The Octopus inputs repeated step responses from 0 volt to a specified voltage to
make its measurements. Resistance and capacitance are then derived from the transient step
responses. When a measurement is complete, the input signal is zeroed out. Consecutive
measurements are recorded in similar fashion in each of the eight channels. Unlike typical
DC measuring systems that use a steady state value and derive only skin resistance, the
Octopus derives both resistance and capacitance values by measuring the time response to a
voltage step. Using an R//C + R (resistance in parallel with capacitance, then in series with
resistance) network, Reichmanis et al applied the same principle of inputting voltage step
perturbations to study the impedance (a parameter that describes resistance plus capacitance)
of a representative portion of the acupuncture system [25].

Colbert et al. Page 2

J Acupunct Meridian Stud. Author manuscript; available in PMC 2010 July 21.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



The measurement circuit is time multiplexed across the eight channels at the rate of two
measurements per second, providing a complete set of measurements every 4 seconds. To
accommodate eight channels of multiplexed measurements with a multiplexing rate of 2 Hz,
the Octopus board, shown in Figure 1 was constructed and interfaced to a National
Instruments PCI-6251 acquisition board shown in Figure 2.

During each measurement, the input step is initially 0 V for 20 ms, as indicated in Figure 2.
This helps discharge any static charge on the skin. The appropriate voltage either 2 V (for
low skin resistance) or 5 V is applied for 450 ms, after which time the input returns to 0 V
and the circuit switches to the next channel, leaving the previous channel floating until its
turn to be mea sured again 4 seconds later.

2.4. Calibration of instrument
Prior to the testing, a 50-hour test was run to assess instrument consistency in measuring
known resistors and capacitors. Consistency, reported as the range of resistance
measurements, was within 2.5% of the mean value. The range of the capacitance
measurements was within 10% of the mean value. Our measurements were consistent, with
standard deviations of less than 0.5%, making the Octopus more than adequate for trend
measurements, our goal at this stage of experimentation.

2.5. Electrodes
The silver-silver chloride unshielded cup electrode (Ag-AgCl 4mm TP electrode EL254;
Biopac Systems Inc., Goleta, CA) was soldered to an isolated lead and enclosed by a
cylindrical plastic chamber. The lead wires terminated in standard touch-proof connectors.
The 4 mm diameter size was selected to optimize mea surements of the presumed 1–10 mm
size APs [26,27]. The electrodes were coupled with the skin surface using the recommended
electrode gel (Sigma Gel; Biopac Systems). The electrode cup was filled with gel and the
surplus was removed with a spatula. Our goal was to disturb the electrolyte skin system as
little as possible to minimize interaction between skin and electrolytes. The reference
electrode (Kendall MediTrace 530 ECG conductive electrode with a 49.06 mm2 active
surface area) was placed on the volar surface of the wrist, just proximal to AP PC 6. We pre-
tested the electrodes in a preliminary assessment and achieved a good contact when light
compression was applied with an elastic adhesive or cloth wrist band.

2.6. APs and non-APs
Three distinct anatomical skin regions (the wrist, the great toe and the leg) were included for
measurement. Resistance and capacitance recordings were made at five APs and three
nearby non-APs (Figure 3A, 3B and 3C) including right Lung (LU 9), Pericardium (PC 6),
and a non-APs located midway between these two APs (Figure 3A); right Spleen (SP 1) and
Liver (LR 1) and a non-AP located midway at 4 mm proximal to these points (Figure 3B)
and; SP 6, and a non-AP located on the border of the tibia 3.5 cm proximal to SP 6 that was
not on the Liver or Kidney meridians (Figure 3C). These specific APs were chosen because
of their clinical importance, their use in previous trials and to include APs with different
underlying anatomy [5,28–31].

AP location and electrode application were performed by one of two acupuncturists who had
8 and 2 years experience, respectively. Their point location techniques entailed use of
anatomical charts, standard cun measurements (1 cun ~ 2 cm), palpation and what the
acupuncturists described as an “energetic felt sense” that was present at APs but not at non-
AP sites. The skin surfaces were first inspected for level of moisture, dryness, moles, tattoos
and other lesions. If any lesions were noted, similar sites were inspected on the alternative
limb. The skin was cleansed with isopropyl alcohol and allowed to air dry. The
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acupuncturists affixed the electrodes to the skin with paper tape. To maintain optimal skin-
electrode contact, the cup electrodes were held in place with a gently compressive athletic
wrist band applied around the wrist and leg or a self-adhering elastic bandage around the
large toe.

To minimize artifact and noise in the measurements, participants were asked to sit quietly in
a recliner chair in a quiet room for the 2-hour data collection period. The duration of 2 hours
for measurements was chosen because we anticipated this was the maximum time
participants could sit quietly to give us at least 1 continuous hour of usable data. Participants
were allowed to read materials of their choice. The study coordinator turned on the Octopus
instrument which then automatically recorded resistance and capacitance in a sequential
manner at the eight sites in the following order: LU 9, PC 6, non-APs on wrist, SP 1, LR 1,
non-APs on large toe, SP 6 and non-APs on leg. The non-APs were tested under the same
experimental conditions as the APs. The study coordinator checked on the participant, the
instrument and the computer screen at 15 minute intervals to assure participant comfort,
proper equipment functioning and accurate data acquisition.

Resistance and capacitance measurements were recorded sequentially every 0.5 seconds at
each of the eight skin sites during the 2-hour test period. An average total of 1883 recordings
per site were collected. Our rationale for a fixed rather than a random sequence of data
acquisition was that we primarily wanted to test whether measurements at the same skin
sites, under the same conditions, were repeatable over time or if a bias (a drift in values)
would occur. Data analysis was performed on the middle 70 minutes of the 120-minute
recording period to allow for up to an initial 30 minutes for skin-electrode interface
stabilization and elimination of artifact and noise in the last 20 minutes. The approximate
1094 recordings acquired during this time period were averaged into a single mean
resistance measure for each of the eight recording sites.

2.7. Statistical analysis
Statistical analysis was performed using SAS version 9.1 (SAS Institue, Cary, NC, USA).
The reliability of the skin measurements taken with each electrode was estimated as the ratio
of the between-person variance to the total variance. The between and within-components of
variance were computed across the 33 participants using a standard method [32].
Comparisons of resistance for APs and non-APs were performed using the Wilcoxon paired
signed rank test. To minimize the confounding introduced by comparing more than one AP
to a given non-AP, the two APs on the toe (LR 1 + SP 1) and the two APs on the wrist (LU
9 + PC 6) were averaged. Both Kolmogorov-Smirnov and Shapiro-Wilk tests of normality
were performed on each of the eight mean resistance measures. All eight mean were non-
normally distributed so the non-parametric Wilcoxon paired sign test was used to compare
the three APs mean resistance measures to the corresponding non-APs mean resistance
measures.

3. Results
3.1. Reliability

The Octopus recordings were reliable at all eight skin sites, LR 1 (r = 0.79), SP 1 (r = 0.79),
toe non-AP (r = 0.77), LU 9 (r = 0.97), PC 6 (r = 0.96), wrist non-AP (r = 0.97), SP 6 (r =
0.96), and leg non-AP (r = 0.97).

3.2. APs to non-APs comparison
The averaged toe (LR 1 + SP 1) mean resistance measure was the only AP pairs to differ
significantly from its non-AP counterpart (Z = 2.1, p < 0.03). The resis tance of the averaged
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pairs of toe APs was lower than the resistance at the nearby non-APs. The differences in
resistance (AP resistance minus non-APs resistance) for all three comparisons are depicted
in Figure 4. Individual participants had lower or higher resis tance for the averaged APs
compared with the corresponding non-APs. The mean resistance differences in each of the
33 individual participants, for the three comparisons, are depicted in Figures 5, 6, and 7.

Because the likelihood of finding lower resistance at the APs than the non-APs appeared to
be inversely related to the distance the AP from its comparison non-APs, we performed a
simple within-subjects linear trend test as an exploratory analysis. The result was
statistically significant [F(1,31) = 28.6, p < 0.001]. The LR 1 and SP 1 APs, which were
approximately 4 mm from their comparison non-APs, had significantly lower resistance than
the non-AP, in contrast to SP 6 and its comparison non-AP. SP 6 was 3.5 cm away from its
comparison non-AP and had overall higher resis tances than the non-AP (Figure 4). The
non-AP comparison site for SP 6 was chosen to avoid a site on the Spleen, Kidney or Liver
meridians.

3.3. Exploratory analyses
Analyses were performed to determine if gender or age was related to the difference in
resistance. Spearman's rank correlation revealed no statistically significant differences
between gender or age (p > 0.15).

4. Discussion
Our objectives for this research project were to develop an 8-channel prototype instrument,
test its accuracy in measuring external standards and assess its reliability in recording near-
continuous skin resistance and capacitance on human skin over several hours. We also
sought to make preliminary comparisons between skin resistance and capacitance at APs
and the nearby non-APs. We found that the Octopus performs consistent measurements of
known resistors and capacitors and records repeatable skin resistance values after initial
stabilization of the skin electrode interface. Due to a software malfunction, we were unable
to interpret the capacitance recordings obtained. This software problem will be fixed in
future measurements.

Our comparison of skin resistance at three independent pairs of APs to nearby non-APs
yielded mixed results. Only one of the three independent pairs, the Liver and Spleen APs (on
the large toe), had a lower mean resistance than the nearby comparison site (4 mm away).
The two other comparisons (1 cm and 3.5 cm from their respective control non-APs) showed
no significant differences. Our mixed findings reflected the overall contradictory results
reported in the literature [17]. Several reasons may account for not finding consistently
lower resistances at the APs compared with the non-APs: (1) actual differences in resistance
between APs and non-APs may not exist; (2) differences may exist but are undetectable
because of technical challenges related to the methodology employed; (3) the choice of APs
versus non-APs was inappropriate; or (4) the size, shape and boundaries of the APs and non-
APs were inaccurately demarcated.

We believe that our methodology overcame many technical confounders associated with
skin resistance measurements. We were able to maintain constant electrode pressure using
cup electrodes filled with an incompressible gel and securing them to the skin. We
minimized difficulties associated with contact resistance and electrode polarization by using
Ag/AgCl electrodes. We addressed potential problems at the skin level by avoiding scars,
cuts, areas of hyperkeratosis or skin that had a high density of sweat glands. We accounted
for physiological fluctuations in skin resistance by recording over 2 hours with the
electrodes undisturbed during the test period. In addition, we believe our choice of APs was
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appropriate as the LR 1 and SP 1 are regularly measured in EDS [20,21,33]; the Lung and
Pericardium meridians [13,29–31] and the SP 6 [23,31] have all been studied in previous
research. One issue, however, that neither we nor the majority of other researchers have
accounted for, is specifying the exact dimensions of our “targets”, the APs and the non-APs.
In other words, since we do not know the exact size of any AP, we cannot define what
constitutes the outside “borders” of the APs. Which exact area of skin surface constitutes an
AP versus a non-AP? Where does an AP end and a non-AP begin?

Without the knowledge of the exact sizes of the APs tested in this study, we can only say
that the 4 mm diameter area centered over what was defined by the acupuncturist as an AP,
had lower, higher or the same resistance as a 4 mm diameter area a few centimeters away
from that presumed AP. We believe that a better way to test the hypothesis that APs have
lower resistance than non-APs would be to measure the skin immediately surrounding the 4
mm area defined as the AP and then determine if a given AP has relatively lower resistance
than the immediately adjacent skin. The most compelling evidence for APs having relatively
lower skin resistance compared with nearby non-APs is seen in the topographic maps
produced by Becker et al [4]. In their carefully conducted experiment, researchers plotted
electrical skin conductance at two separate APs [Large Intestine (LI 4) and Triple Energizer
(TE 4)] using a 36-electrode probe that covered a 2.5 cm2 area. The probe was placed on the
skin, centered over each of the APs. Conductance plots recorded in this manner showed
lines of equal conductance surrounding a central point with the conductance decreasing with
distance from the center. This led the authors to conclude that APs are loci of relative, not
absolute, high conductance (low resistance) compared with surrounding skin. In addition,
the appearance of their conductance plots suggests that the particular APs tested were
approximately 3–5 mm in diameter.

A recent publication by Kramer et al used a similar study design to map skin resistance [16],
using a flexible plastic foil with 64 probes. The probes were spaced 8 mm apart, recorded
and plotted skin resistance in a 64 square grid, each square covering 2.25 cm2. The foil was
placed over a 6 × 6 cm anatomical area that included both APs and non-APs. After
measurements were recorded, an acupuncturist, blinded to the readings, clinically identified
AP locations within the overall 6 × 6 cm area and marked the skin at the AP with an “X”.
The 2.25 cm2 area surrounding the “X” defined the AP. The resistance in that 2.25 cm2 area
was then compared with the resistance in the overall 6 × 6 cm2 area. No significant
differences between the 2.25 cm2 APs and a larger skin area were detected in 62.8% of 631
measurements. Although this topographical mapping is similar to that of Becker et al, the
spatial resolution in Becker's study was greater, with measurements recorded at distances of
approximately 1.5 mm apart as compared with 8 mm apart in the study of Kramer et al.
Within their overall 2.5 cm2 area, Becker's group identified a discrete central area of higher
conductance. If a typical AP measures only 3–5 mm in diameter, it may not be surprising
that the probes of Kramer et al, placed 8 mm apart, were unable to distinguish an AP from a
non-APs.

Kramer et al acknowledged that the actual AP area of resistance might be too small to be
registered by their 6 × 6 cm array. We agreed and recognized that our APs and comparison
sites might have been too far apart to detect local, relative (rather than absolute) differences.
Our study utilized 4 mm diameter cup electrodes that were placed respectively 0.4 cm, 1 cm
and 3.5 cm away from the nearby comparison non-APs. The only AP pair (LR 1 & SP 1)
that measured significantly lower resistance was within 0.4 cm of the nearby control site. In
the comparison sites that were 3.5 cm apart, the resis tance at the AP (SP 6) in the majority
of participants was actually higher than at the non-AP comparison site. In conclusion, a
prototype 8-channel skin resistance measuring system was developed for this project and
was shown to accurately measure resistance and capacitance against external standards. The
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device also performed repeatable measurements of skin resistance at APs and non-APs over
2 hours in healthy participants. Comparisons of skin resistance at selected APs to non-APs
showed lower skin resistance at the APs in only one out of the three comparisons. For future
studies, we recommend when comparing AP to non-APs, the measuring electrodes should
be placed as close to each other as possible to test the hypothesis that APs have lower
resistance than non-APs more accurately.
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Figure 1.
Block diagram of the eight channel Octopus custom board.
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Figure 2.
The Octopus system. The National Instruments SCC-68 I/O screw terminal board with cable
interface to the PCI card inside a desktop computer is shown on the left. The custom
designed Octopus board on the right (depicted in Figure 1), with a white SCC box cover.
The eight leads connecting to skin electrodes and the ground connector on the right are
shown on top of the Octopus board.
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Figure 3.
Biopac electrodes on acupuncture points (APs) and nearby non-AP sites, including (A) right
Lung (LU 9), Pericardium (PC 6), and a non-AP site located midway; (B) right Spleen (SP
1), Liver (LR 1) and a non-AP site located midway; and (C) SP 6 and a non-AP site located
on the border of the tibia.
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Figure 4.
Differences in resistance between acupuncture points (AP) and non-acupuncture sites (non-
APs) appear to be associated with the distance between the two sites.
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Figure 5.
Mean resistance differences between the average of the AP pair (LU 9 + PC 6) and the
nearby non-AP comparison site in 33 individual participants.
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Figure 6.
Mean resistance differences between the average of the AP pair (LR 1 + SP 1) and the
nearby comparison site in 33 participants.
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Figure 7.
Mean resistance differences between SP 6 and its nearby non-AP comparison site in 33
participants.

Colbert et al. Page 15

J Acupunct Meridian Stud. Author manuscript; available in PMC 2010 July 21.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript


