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Abstract

Objectives: To determine whether electrodermal measures at Jing-Well acupuncture points, ‘‘indicator’’ points
located at the tips of fingers and toes are associated with clinical measures in adolescent women with chronic
pelvic pain.
Design: The design of this study was a randomized sham-controlled trial. Analyses of electrodermal measures
were based on longitudinal, multivariable analyses using generalized estimating equations.
Subjects and setting: The subjects were 14 young women (ages 14–22) with laparoscopically diagnosed endo-
metriosis and chronic pelvic pain. Subjects were randomized to sham acupuncture or Japanese-style active
acupuncture. Sixteen (16) treatments were administered over 8 weeks.
Outcome measures: Using a Hibiki-7 device, electrodermal impedance measures were obtained at all 24 Jing-
Well points for each treatment visit. From these readings, measures of ‘‘imbalance’’ were determined by
calculating statistical dispersion (statistical deviation and Gini coefficient) and level of asymmetry (left–right,
top–bottom, and yin–yang). Clinical outcome measures were obtained at baseline, week 4, and week 8 and
included level of pelvic pain, Endometriosis Health Profile, Pediatric Quality of Life, perceived stress, and
inflammatory cytokine levels (interleukin-6 and tumor necrosis factor-a).
Results: Participants designated to the acupuncture group had, on average, a substantial decrease in statistical
dispersion and asymmetry of Hibiki-7 values over the course of treatment compared to the sham group.
Electrodermal asymmetry variables, specifically either yin–yang or left–right measure, were significantly asso-
ciated with pelvic pain, Endometriosis Health Profile, Pediatric Quality of Life, and Perceived Stress even after
adjusting for treatment designation. No associations between electrodermal balance measures and inflammatory
cytokines were found.
Conclusions: Electrodermal measures may be significantly associated with clinical outcome and acupuncture
treatments in adolescent women with chronic pelvic pain.

Introduction

For more than 50 years, electrodermal instruments have
been used for clinical diagnoses and are based on the

premise that electrical measurements at strategic skin points
reflect one’s health.1 These electrical measures are frequently
acquired at acupuncture points located on the extremities or

the ear. Depending on the technique, the electrical impedance
is measured at a specified point or set of points to gain insight
into a specific organ, disease state, or global health condition.
Prognos (MedPrevent, Waldershof, Germany), Apparatus for
Meridian Identification (AMI, Institute of Life Physics, Tokyo,
Japan), Neurometer (Ryodoraku Research Center Ltd., Tokyo,
Japan), Dermatron (Pitterling Electronic, Munich, Germany),
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Hibiki-7 (Asahi Butsuryooki Research Lab, Kita Kyoto,
Japan), and AcuGraph (Meridia Technology Inc., Meridian,
ID) are just a few examples of these electrodermal devices
being applied to the clinical setting. Although these devices
vary in their recommended testing sites, probe design, and
electrical parameters, these devices share common barriers
that continue to make them a subject of considerable contro-
versy and skepticism. These barriers include the lack of a
physiologic basis for the diagnostic method, the existence of
multiple confounders associated with electrode–skin contact,
and the lack of rigorous clinical studies to assess their vali-
dity.2 Nevertheless, the manufacturers of these devices con-
tinue to assert the clinical usefulness of electrodermal
diagnosis and cite clinical evidence—largely anecdotal—to
support their claim.

According to many electrodermal proponents, the marker
of good health is proper ‘‘balance’’ of energies across multi-
ple meridians.3,4 This is assessed by identifying ‘‘abnormal-
ities’’ in electrodermal readings at a particular meridian or
‘‘asymmetries’’ in measurements between the left and right
meridians or between yin and yang meridians.5–9 The elec-
trodermal readings are typically obtained at Jing-Well points
located on the tips of the fingers and toes.2,10

To our knowledge, however, electrodermal measurements
have never been systematically evaluated in a prospective
clinical trial where the electrodermal measures are gauged
against standard outcome measures and where they are
monitored over time to assess their correlation with the
disease course. We recently completed a randomized con-
trolled trial evaluating Japanese-style and sham acupuncture
for the treatment of chronic pelvic pain in adolescents with
surgically diagnosed endometriosis.11 In this trial, a Hibiki-7
device was used at each acupuncture visit to measure elec-
trical impedance at Jing-Well points located at the tip of
fingers and toes. The device was used for both diagnostic
and therapeutic purposes. Multiple clinical outcome mea-
sures were also obtained to assess the level of pelvic pain and
quality of life for each subject. These collected data presented
an opportunity to effectively and quantitatively evaluate the
clinical utility of electrodermal measures for pelvic pain.

The objective of this study is to determine whether elec-
trodermal measures at Jing-Points are associated with clinical
measures in adolescent women with chronic pelvic pain. We
hypothesize that electrodermal patterns, as determined by
dispersion and asymmetry magnitudes across meridians, are
associated with pelvic pain and quality of life. We also hy-
pothesize that participants randomized to acupuncture
treatments experience changes in electrodermal patterns over
time, while individuals designated to the sham arm do not.

Materials and Methods

Randomized clinical trial

The pilot randomized controlled trial evaluating Japanese-
style acupuncture for endometriosis-related pelvic pain was
conducted through Boston’s Children Hospital and the New
England School of Acupuncture from November 2005 to
December 2007. Of 550 subjects approached for the study, a
total of 18 subjects met eligibility criteria and were ran-
domized to a treatment arm. Eligibility criteria for study
participants included the following: age 13–22, diagnosis of
stage 1, 2, or 3 endometriosis as determined by laparoscopic

surgery within the past 5 years, persistent pelvic pain with
an intensity between 2 and 8 on a 10-point numerical scale,
no prior experience with acupuncture, and living within 2
hours of the Boston metropolitan area. Subjects who were
pregnant or lactating, had history of drug or alcohol abuse,
used GnRH analogue such as DepoLupron within the 6
months prior to study participation, or had coexisting dis-
abling physical or psychiatric conditions were excluded.

Ten (10) subjects were assigned to active acupuncture,
while 8 subjects were assigned to sham acupuncture. Four (4)
subjects (1 from the active group and 3 from the sham group)
dropped out of the study. Participants assigned to both ac-
tive and sham groups underwent a total of 16 acupuncture
treatments: 2 per week for 8 consecutive weeks. Treatments
were administered by a total of 7 licensed acupuncturists
with specific training in Japanese style. All acupuncturists
were New England School of Acupuncture graduates or
faculty, and all treatments were done in their clinical offices.
The active acupuncture treatment was a manualized ap-
proach to pelvic pain based on the Japanese-style acupunc-
ture developed by Shima and Chace3 and Manaka.4

Treatment elements of the protocol are outlined in a com-
panion publication12 and include: (1) needling 8–12 points to
activate and balance Extraordinary and Divergent acupunc-
ture channels; (2) burning of moxibustion (warming herb) on
both back shu acupuncture points and sacral areas; and (3)
electrostimulation of reactive auricular acupuncture points
using the Hibiki-7 device. Sham acupuncture was designed
to mimic active treatments, and it employed a validated
nonpenetrating ‘‘Streitberger’’ acupuncture device.13 To
minimize any therapeutic effect, sham needles were posi-
tioned at nonacupuncture points and without meridian
palpation. Sham moxibustion and sham ear stimulation were
similarly modeled after active interventions and im-
plemented within the sham treatments.

Clinical outcome measures were obtained at baseline and
at 4 weeks, 8 weeks, and 6 months following commencement
of acupuncture treatment. The primary outcome measure
was change in pelvic pain after 8 weeks of treatment.
Patients were asked to rate pain severity during their past 4
weeks that was not associated with menses and sexual ac-
tivity from a scale of 0–10, with 0 equaling ‘‘absent’’ pain and
10 equaling ‘‘severe’’ pain. Additionally, health-related
quality of life (HRQOL) was assessed with the use of four
secondary outcome measures: (1) Endometriosis Health
Profile-30; (2) Pediatric Quality of Life Inventory; (3) Per-
ceived Stress Scale; and (4) a participant-generated list of
3 activities made difficult due to pelvic pain. The En-
dometriosis Health Profile-30 measures endometriosis-
specific HRQOL.14 It consists of 30 items divided into 5
subscales (pain, control=powerlessness, emotional well-
being, social support, self-image). Total scores range from 0
to 100, with a lower score reflecting fewer symptoms and
better HRQOL. The Pediatric Quality of Life inventory is a
less disease-specific instrument and measures HRQOL in
children and adolescents ages 2–18.15 Total scores on the
Pediatric QOL Inventory range from 0 to 100, with a higher
score indicating better HRQOL. The Perceived Stress Scale is
a measure of the degree to which situations in one’s life are
appraised as stressful.16 Total scores range from 0 to 4, with
lower scores indicating less perceived stress. Finally, a single
question instrument was used to assess the degree to which
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patients’ pelvic pain interfered with daily activities.11 Parti-
cipants were asked to generate a list of three activities made
difficult by their pelvic pain, and on a numerical scale of
0–10, rate how difficult each item is to perform (10, most
difficult).

Inflammatory markers were also drawn at baseline, 4
weeks, and 8 weeks. Blood samples were tested for inter-
leukin 6 (IL-6) and tumor necrosis factor a (TNF-a) using
Quantikine high-sensitivity solid-phase enzyme-linked
immunoassay (R&D Systems, Minneapolis, MN). These
cytokines were chosen due to evidence showing that levels of
IL-6 and TNF-a can help discriminate between patients with
endometriosis and those without.17 Details regarding the
methods and results for this clinical trial can be found in the
primary publication.11

Electrodermal measures

At each acupuncture visit and prior to each treatment,
electrical impedances at Jing-Well points were measured
using the Hibiki-7 device (Asahi Butsuryooki Research Lab,
Kita Kyoto, Japan). The Hibiki-7 is both a diagnostic and
therapeutic instrument developed by Shigeji Naomoto in the
1980s.3 The device measures impedance by introducing
electrical potentials from a metal cylinder (held by the sub-
ject) to a 2-mm metallic probe tip placed onto the acupunc-
ture point (by the practitioner). Biphasic voltage spikes with
peak-to-peak magnitudes of up to 100 V, pulse width of
400 msec, and frequency of 12–20 Hz are delivered. The
voltage amplitudes are adjustable, and the device displays
current amplitudes ranging from 0 to 100 mA. The impedance
values are normalized by calibrating the device to 100 mA
when the probe tip is contact with the metal cylinder. Ac-
cording to the Japanese technique, skin readings between 10
and 20 are considered ‘‘normal’’ while readings below 10
indicate excess and readings above 20 indicate deficiency.

In this clinical trial, all 24 Jing-Well points—six points for
each hand and foot—were measured as part of the diagnostic
approach for each subject. For finger Jing-Well points, the
metal cylinder was held in the hand contralateral to the one
being measured. For toe Jing-Well points, the cylinder was
held in either hand. The order of testing was random. Practi-
tioners were instructed to firmly place the probe tip on the skin
without adjusting pressure, angle, or point locations. In ad-
dition, practitioners were told not to maintain the probe on a
point for too long since the Hibiki-7 device theoretically begins
treatment of the point after a certain period of time. All 16 sets
of impedance values (one set for each treatment) were ob-
tained in 13 of the 14 study participants. For the subject who
did not complete all 16, 14 sets of impedance were obtained.

The success of patient blinding was assessed after
the second and final acupuncture treatments with a self-
administered instrument used in prior acupuncture
trials.18,19 The instrument asks subjects to indicate the treat-
ment group to which they believed they were assigned by
circling the applicable statement: (a) I believe I am in the
active acupuncture group; (b) I believe I am in the inactive,
sham acupuncture group; (c) I am unsure what group I am
in. If they chose response (a) or (b), they were also asked how
confident they were of their answer on a 5-point Likert scale.
The degree to which subjects were blinded to treatment al-
location did not differ statistically between groups.

Statistical analysis

To derive measures of clinical relevance, we calculated the
level of imbalance across all impedance measurements. This
was achieved by formulating measures of statistical disper-
sion and asymmetry. Dispersion was defined as the variance
in impedance values across the 12 meridians and was re-
presented by two derived variables: standard deviation and
the Gini coefficient. Both variables were calculated by ini-
tially averaging the Jing-Well impedances from the left and
right side for each associated meridian.

The Gini coefficient is a nonparametric measure for sta-
tistical dispersion frequently used to determine the level of
inequality in income distribution and size hierarchies in bi-
ological populations.20–23 A low Gini coefficient indicates
more equal distribution, while a high Gini coefficient indi-
cates more unequal distribution. The coefficient ranges from
0 to 1, with 0 corresponding to perfect equality and 1 cor-
responding to perfect inequality. For this study, the imped-
ances for each set of meridians were placed in nondecreasing
order and placed into the following formula:

Gini¼
2
Pn

i¼ 1

iyi

n
Pn

i¼ 1

yi

� nþ 1

n

where n is the number of meridians (n¼ 12), i is the order in
which a meridian is placed, and yi is the impedance for the
corresponding meridian (yi � yiþ1). In past electrodermal
studies, statistical dispersion measures have been used as a
clinical correlate.5,9

Meridian asymmetry was represented by three variables:
left–right, yin–yang, and top–bottom asymmetries. Left–right
represented differences between the left and right impedance
values; yin-yang represented differences between corre-
sponding yin–yang meridians (e.g., Kidney and Urinary
Bladder); and top–bottom represented differences between
the upper and lower meridian (e.g., Stomach and Large
Intestine). Each asymmetry value was calculated using a
dissimilarity matrix where the absolute differences in im-
pedances between all relevant comparisons were added up
and averaged:

Asymmetry¼ 1

n

Xn

i¼ 1

jXi�Yij

where n is the number of meridians (n¼ 12), Xi is the im-
pedance values for ith left, top, or yin meridians, and Yi is the
impedance values for the corresponding ith right, bottom, or
yang meridian, respectively. Like dispersion, asymmetry
measures, particularly left–right asymmetry, have been used
by electrodermal instruments to assess one’s health status.3

To determine whether the Hibiki-7 measures were asso-
ciated with the treatment designation or a clinical outcome,
the imbalance measures were dichotomized two separate
ways: (1) acupuncture versus sham and (2) responder versus
nonresponders. ‘‘Responders’’ were defined as individuals
who experienced a 30% or more improvement in pelvic pain
over baseline at 8 weeks (primary outcome) regardless of in-
tervention. To obtain a visual perspective of trends, the average
meridian impedances, dispersion (standard deviation (SD)

ELECTRODERMAL MEASURES OF JING-WELL POINTS IN CHRONIC PELVIC PAIN 1295



and Gini), and asymmetry measurements (left–right, yin–
yang, and top–bottom) were mapped across time and cate-
gorized according to these dichotomizations. To account for
temporal variability, the dispersion and asymmetry mea-
surements were averaged over a 2-week period at 4 and 8
weeks after the commencement of treatment. Generalized
estimating equations were used to determine whether
changes in dispersion and asymmetry variables over time
were significantly associated with treatment designation
(acupuncture versus sham) or clinical response (responder
versus nonresponder). Electrodermal measures of dispersion
and symmetry were assigned dependent variables while the
dichotomized variable (treatment designation or clinical re-
sponse) and the interaction term between the dichotomized
variable and time were used as independent variables.

To statistically determine whether imbalance measures
correlated with clinical outcome, generalized estimating
equations were used to account for time and for repeated
measures across individuals. Pelvic pain scores, En-
dometriosis Health Profile-30, Pediatric Quality of Life In-
ventory, and Perceived Stress Scale were individually
designated as dependent variables while the treatment des-
ignation, statistical dispersion, and meridian asymmetry
measures were entered as independent variables. Individual
meridian values were also entered. Interaction terms be-
tween time (in weeks) and each dependent variable were
created to account for potential relationships between tem-
poral trends in outcomes and dependent variables. Because
the clinical outcomes were an assessment of symptoms over
the past 4 weeks, the electrodermal measures were averaged
over four readings leading up to and including the 4-week
and 8-week time point. A backward elimination approach
was used where variables were entered into the model if a
univariable relationship of p< 0.10 was found and variables
with lowest significance (as determined by highest p-value)
were sequentially removed. Variables were kept in the model
if a statistical level of p< 0.05 was maintained.

Multivariable analyses for the cytokine laboratory tests
(IL-6 and TNF-a), as dependent variables, were also per-
formed. Because these tests were reflections of immediate
inflammatory activity, the electrodermal measures entered
into the model were instantaneous readings obtained on the
day the cytokine tests were obtained.

Results

Baseline characteristics of the participants are summarized
in Table 1. All subjects were diagnosed with stage I endo-
metriosis, which is consistent with profiles of endometriosis in
adolescent populations. On average, participants had greater
top–bottom asymmetry than the other two asymmetry mea-
sures. As seen in Figure 1, the Jing-Well impedance profile
showed abnormally elevated (>20) Hibiki-7 levels at the
Spleen, Kidney, and Liver Jing-Well points in study partici-
pants. Of the 14 subjects, 6, 10, and 11 subjects had abnormally
elevated Hibiki readings at the Spleen, Kidney, and Liver
Jing-Well points, respectively. For other Jing-Well points, the
mean Hibiki-7 values fell within ‘‘normal’’ (10–20) limits, al-
though the large standard deviations indicate that not all
subjects had normal levels at these points.

Participants designated to the acupuncture group had, on
average, a substantial decrease in statistical dispersion and

asymmetry of Hibiki-7 values over the course of treatment.
As shown in Figure 2A and B, the variance in impedance
measures across meridians diminished with time, largely
attributed to changes in the Spleen, Kidney, and Liver Jing-
Well points. Figure 2C further documents this observed
trend by both standard deviation and Gini coefficient mea-
sures. In contrast, the Sham group had an increase in sta-
tistical dispersion over the same period of time. This
difference in trend was statistically significant for standard
deviation ( p¼ 0.02) but not Gini coefficient ( p¼ 0.58). Dif-
ferences in trend between acupuncture and sham groups
were also observed for all three asymmetry measures (Fig.
2D). The difference was statistically significant for left–right
and yin–yang asymmetry ( p¼ 0.0002, p¼ 0.005, respectively)
but not top–bottom asymmetry ( p¼ 0.1).

For subjects who reported a 30% improvement in their
pelvic pain at 8 weeks, the average variance of Hibiki-7 Jing-
Well measurements decreased over time, in contrast with
those who did not have a 30% improvement (Fig. 3A and B).
These trends were also seen with the two dispersion mea-
sures (particularly, the Gini coefficient), but were not as
distinct as the changes observed with the acupuncture and
sham groups (Fig. 3C) and were not statistically significant
for either standard deviation or Gini coefficient ( p¼ 0.36 and
0.63, respectively). The three asymmetry measures generally
showed similar patterns with a negative trend for responders
and a positive trend for nonresponders, the one notable ex-
ception being the left–right asymmetry values for nonre-
sponders where the trend was negative (Fig. 3D). No
significant relationships between clinical response and trends
in asymmetry measures were observed.

The univariable and multivariable analyses for the clinical
outcome and inflammatory measures are shown in Table 2
and Table 3, respectively. Only statistically significant vari-

Table 1. Participant Characteristics at Baseline

Baseline characteristics Subjects (N ¼ 14)

Demographics
Age, y, mean (�SD) 17.9 (2.5)
Age, range 14–22
Hispanic or Latino 14%
White 100%

Clinical measures
Stage of endometriosis
Stage I 100%
Pain, mean 7.6 (1.9)
Endometriosis Health Profile 36.7 (18.6)
Pediatric QOL inventory 67.0 (12.8)
Perceived Stress Scale 1.6 (0.7)

Inflammatory cytokines
IL-6, pg=mL, mean (�SD) 1.50 (0.54)
TNF-a, pg=mL, mean (�SD) 1.17 (0.95)

Electrodermal measures
Dispersion
Statistical deviation, mean (�SD) 11.4 (3.7)
Gini coefficient, mean (�SD) 0.32 (0.10)

Asymmetry
Left–right 9.1 (4.8)
Top–bottom 13.8 (5.2)
Yin–yang 11.0 (4.5)

y, years; SD, standard deviation; QOL, quality of life; IL-6,
interleukin 6; TNF-a, tumor necrosis factor a.
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ables are listed. Treatment designation (acupuncture versus
sham) is a significant variable for pelvic pain and all QOL
measures, and, with the exception of Pediatric QOL, main-
tains its significance in multivariable analyses. Acupuncture
is associated with improvements in pain, endometriosis
HRQOL, and perceived stress and with reductions in TNF-a
levels. The significance of the interaction term—treatment
with time—in the univariable analyses suggests that treat-
ment designation accounts for the temporal changes in
clinical outcomes. However, the interaction term loses sig-
nificance in the multivariable models and is attributable to
the more robust association between electrodermal asym-
metry variables and the outcome measures within the ana-
lyses. These results are similar to the results reported in the
original publication11 but differ statistically due to use of a
different statistical model.

Electrodermal asymmetry variables, specifically yin–yang
and left–right measures, were significantly associated with
pelvic pain and QOL scores in both univariable and multi-
variable analyses. For pediatric QOL scores, yin–yang
asymmetry was the only remaining variable after the back-
ward elimination approach was completed. Top–bottom
asymmetry and both statistical dispersion measures (statis-
tical deviation and Gini coefficient) were significantly asso-
ciated with pelvic pain in univariable analyses, but lost
significance in multivariable modeling due to collinearity
with treatment designation. No electrodermal imbalance

measures were significantly associated with inflammatory
cytokines, and, conversely, no individual meridian measures
remained significant in multivariable analyses of any of the
clinical outcome measures assessed in this study.

Discussion

In this clinical trial of Japanese-style and sham acupunc-
ture for chronic pelvic pain, subjects had elevated Hibiki-7
measures at the Liver, Spleen, and Kidney Jing-Well points at
baseline. These abnormal values decreased over time with
the active, but not sham, acupuncture treatments. These
changes were reflected in the dispersion and asymmetry
electrodermal measures. In univariable analyses, electroder-
mal imbalance measures were associated with pelvic pain
and quality of life measures, but with multivariable model-
ing, the associations with the clinical outcomes were nar-
rowed to designated treatment and to one of two asymmetry
variables: yin–yang or right–left asymmetry. Other than a
single meridian (left Kidney or right Stomach), electrodermal
measures were not associated with IL-6 or TNF-a levels.

The clinical significance of the increased Hibiki values at
the Liver, Spleen, and Kidney points is unclear. These Jing-
Well points and their associated meridians are located on the
inner aspect of the lower extremity. Consequently, the results
can be interpreted as a technical effect stemming from the
placement of the electrodes on the inner toes or the current

FIG. 1. Baseline electrodermal measures by meridian.
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trajectory from the probe tip (toes) to the passive electrode
(hands). However, the temporal reductions observed in these
Hibiki values with the active and not sham interventions
argue for a physiologic rationale that is not yet elaborated.

The idea that certain diseases or conditions are attached to
particular electrodermal patterns is not new and is used to

advocate for the clinical utility of these electrodermal de-
vices. For instance, in 1973, Bergsmann described statistically
different voltage-current measurements at right Liver 9 in
patients with ‘‘liver disturbances’’ compared to measure-
ments at adjacent skin areas, the left Liver 9, or at right Liver
9 in healthy controls.24 Saku also described statistically

FIG. 2. Electrodermal measures by treatment arm. A: Jing-Well impedances over time: acupuncture. B: Jing-Well imped-
ances over time: sham. C: Statistical dispersion over time. SD, standard deviation. D: Asymmetry measurements over time.
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FIG. 2. (Continued).
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significant differences in electrical impedance at auricular
Heart points in patients with acute or old myocardial in-
farctions compared to healthy controls.25 Other studies have
similarly reported distinct electrodermal patterns in certain

medical conditions, but, like these two studies, were limited
by the lack of objective confirmation for the disease.26–35

Although patients in our study were laparoscopically diag-
nosed with endometriosis, the lack of a healthy or non-

FIG. 3. Electrodermal measures by clinical response. A: Jing-Well impedances over time: clinical responders. B: Jing-Well
impedances over time: clinical nonresponders. C: Statistical dispersion over time. SD, standard deviation. D: Asymmetry
measurements over time.
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FIG. 3. (Continued).
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healthy control precludes any reliable assessment of whether
our observed electrodermal patterns are specific to women
with endometriosis and chronic pelvic pain.

The decrease in asymmetry and dispersion seen with ac-
tive acupuncture and not sham treatments is revealing and is
significant for a number of reasons. These electrodermal
measures are fundamentally rooted in Eastern medicine
principles and aim to assess the activities of a theoretical
meridian system. To observe quantitative changes in these
measures with acupuncture compared to sham treatments
suggests that there is a physiologic effect of acupuncture that
likely goes beyond placebo. These effects are seen over a
span of weeks and appear to peak and stabilize at 4 weeks
(Fig. 2A–D). Furthermore, these documented changes are
consistent with the schema espoused by acupuncture theory,

namely, that acupuncture restores balance and eliminates
asymmetries.4 To see these intentional effects result from
interventions performed on sites far from the Jing-Well
points is intriguing and prompts further questions about the
biological mechanisms of acupuncture. Nevertheless, the
existence of a measure that is both quantitative and consis-
tent with acupuncture theory may be helpful for basic re-
search and needs further evaluation before any conclusions
can be drawn.

Whether these electrodermal measures translate into
meaningful clinical assessments, on the other hand, is a dif-
ferent question. Based on the graphical representation of
electrodermal measures over time, clinical ‘‘responders’’ had
a negative trend in both dispersion and asymmetry measures
while ‘‘non-responders’’ had a positive trend (except for yin–

Table 2. Univariable Analyses: Associations Between Treatment=Electrodermal

Measures and Clinical Outcome

Treatment and electrodermal
measures

Pelvic pain
over 4 weeks

Endometriosis
HRQOL-30

Pediatric
QOL

Perceived
stress IL-6 TNF-a

Intervention
Treatment
designation
(sham as reference)

�1.38
(p¼ 0.09)

�19.64
(p< 0.0001)

8.47
(p¼ 0.013)

�0.42
(p¼ 0.014)

�0.91
(p¼ 0.085)

�0.38
(p¼ 0.044)

Treatment*time �0.47
(p< 0.0001)

�3.52
(p< 0.0001)

1.87
(p¼ 0.0003)

�0.08
(p¼ 0.002)

�0.05
(p¼ 0.084)

Imbalance measures
Standard deviation �0.92

(p¼ 0.06)
Std dev*time �0.03

(p¼ 0.007)
Gini coefficient

Gini*time
�1.27

(p¼ 0.0003)
Right–left asymmetry 0.31

(p¼ 0.007)
1.92

(p¼ 0.012)
�1.36

(p¼ 0.005)
0.05

(p¼ 0.063)
Right–left*time �0.04

(p¼ 0.015)
Yin–yang asymmetry 0.30

(p¼ 0.004)
1.55

(p¼ 0.024)
�1.37

(p¼ 0.0008)
Yin–yang*time �0.03

(p¼ 0.025)
Top–bottom asymmetry �0.57

(p¼ 0.06)
Top–bottom*time �0.02

(p¼ 0.024)
Meridian measuresa

Left–Sp*time �0.01
(p¼ 0.005)

Right-Sp*time �0.01
(p¼ 0.0008)

Left-Liv*time �0.01
(p¼ 0.003)

Right-Liv*time �0.01
(p¼ 0.0018)

Right-GB*time �0.02 ( p¼ 0.004)
Left Kidney �0.39

(p¼ 0.002)
Left-Kid*time 0.006

(p¼ 0.0065)
Right-SI*time �0.03

(p¼ 0.004)

aOnly univariable associations of p< 0.01 are listed under this category.
HRQOL, health-related quality of life; IL-6, interleukin 6; TNF-a, tumor necrosis factor a; Sp, Spleen; Liv, Liver; GB, Gall Bladder; SI, Small

Intestine.
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yang asymmetry). These differences, however, were not as
robust as the ones seen between acupuncture and sham
groups and could be interpreted as being confounded by
treatment designation. In other words, ‘‘responders’’ are
more likely to be designated to the acupuncture group than
‘‘nonresponders’’ and thus demonstrate reductions in im-
balance measures. The multivariable analyses, however,
show that asymmetry measures—specifically, the left–right
and yin–yang variables—are independently associated with
clinical outcomes even after accounting for treatment effects.
In Pediatric QOL, yin–yang was the only significant variable.
Because the general estimating equations model accounts for
repeated measures in study participants, the timing of the
test (at baseline, 4 weeks, and 8 weeks), the quantitative level
of both clinical outcome and the Hibiki-7 measures, and
multiple covariates, it is better suited to capture significant
associations than a dichotomized analysis that arbitrarily
chooses a single cutoff at a particular time-point (30% im-
provement at 8 weeks).

Based on the univariable analyses, pelvic pain is more
commonly associated with electrodermal measures than the
other clinical outcome measures. This may stem from com-
ponents within the various Quality of Life assessments that
have indirect relevance to the physiologic state of the body.
For instance, the control=powerlessness, self-image, and so-
cial support subscales within the Endometriosis HRQOL-30
or the social health and school participation subscales within
the Pediatric QOL may be poorly linked with electrodermal
measures and thus contribute to fewer univariable associa-
tions. However, the fact that these QOL scores were signifi-
cantly associated with general imbalance variables and not
with specific meridian measures denotes the specificity of
these imbalance variables (dispersion and asymmetry) to
more global=qualitative assessments of health. Pain level can
also theoretically reflect global health because there are
psychologic and emotional components to it as well. This
link between the general imbalance variables and global
health is further supported by the lack of statistical associa-
tion between any of the imbalance measures and inflam-
matory cytokine levels (a more specific outcome measure).
The electrodermal measures of imbalance may play a sur-
rogate role for qualitative measures, but additional studies

are needed to further assess the clinical validity of these
electrodermal measures and the relative importance of the
various imbalance measures.

This study has a number of limitations. First, with 14 par-
ticipants, it has limited sample size and power. In addition,
with the highly specific inclusion=exclusion criteria, the
findings cannot be generalized to other stages of endometri-
osis or other causes of chronic pelvic pain. The second limi-
tation, as mentioned in a related publication,11 is that some
of the instruments used to assess outcomes have not been
specifically validated in adolescent populations. The En-
dometriosis Health Profile, for instance, has been validated for
populations of adults older than 18 years, but not younger
adolescents. Third, the derived imbalance measures in this
study used simple statistics. It is possible that more complex,
even nonlinear measures would better reflect clinical out-
comes. Fourth, the results cannot be generalized to other
clinical conditions or to other electrodermal devices. Fifth, the
acupuncturists were not blinded to treatment designation and
may have biased the electrodermal measurements. Sixth, the
acupuncture group had higher electrodermal dispersion and
asymmetry values at baseline compared to the sham group. It
is conceivable that the observed temporal differences in elec-
trodermal measurements between treatment groups could be
attributed to this disparity. Finally, the technical limitations of
the Hibiki-7 device remain largely unaddressed. How do
stratum corneum moisture, electrode pressure, and variations
in point localization affect the electrodermal readings? How
do these factors affect interrater and intrarater reliability? Is
there substantial temporal variability? In addition, the tech-
nical details of the Hibiki-7 device were not fully assessed, and
the precision and proper calibration of the device have not
been fully evaluated. While the device used for this study was
not built specifically for scientific research, its use in this pilot
study has generated findings that are interesting and sug-
gestive enough (despite the problems discussed) to support
further research into this area with a more technically sound
electrodermal measurement device such as the Apparatus for
Meridian Identification (AMI-Motoyama Institute of Life
Physics, Tokyo, Japan) or the Prognos device (MedPrevent,
Walderschorf, Germany). The measurements should be made
by a technician blinded to treatment and patient outcomes.

Table 3. Multivariable Analyses: Adjusted Associations Between Treatment=Electrodermal

Measures and Clinical Outcome

Dependent variables
Pelvic pain

over 4 weeks
Endometriosis
HRQOL-30

Pediatric
QOL

Perceived
stress IL-6 TNF-a

Treatment designation
(acup vs. sham)

�1.74
p¼ 0.007

�19.8
p< 0.0001

�0.42
p¼ 0.018

�0.62
p¼ 0.001

Right–left asymmetry 2.1
p¼ 0.0008

0.05
p¼ 0.031

Yin–yang asymmetry 0.42
p< 0.0001

�1.36
p¼ 0.0008

Yin–yang * time �0.05
p< 0.0001

Left-Kidney * time 0.006
p¼ 0.007

Right-Stomach �0.03
p¼ 0.005

HRQOL, health-related quality of life; IL-6, interleukin 6; TNF-a, tumor necrosis factor a.
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Conclusions

Despite technical limitations to the Hibiki-7 device, we
found significant associations between the electrodermal
measures and both clinical outcome and treatment designa-
tion. These findings suggest that a physiologic basis for the
Hibiki-7 electrodermal measurements may exist. To further
assess the clinical utility of electrodermal devices, additional
clinical and mechanistic studies are warranted.
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