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Ryodoraku as a tool monitoring the effects of walking exercise
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Objective: To investigate the possibility of using Ryodoraku as a tool to indicate sympathetic

neuronal activity.

Methods: Twenty-two female college students were assigned to an treadmill exercise program
(three times a week for six weeks), and another 25 were assigned as controls. Skin conductance
levels of the subjects were measured at 24 Ryodoraku points on the wrists and the ankles,
along with heart rate variability (HRV) analysis, during and after the treadmill exercise period.
Results: The six-week exercise training resulted in a significant elevation of the average
electrical conductance, which returned to the pre-training level after three months of cessation

of the exercise training.

Conclusion: HRV data have shown no similar changes, suggesting that Ryodoraku is a useful
tool in detecting subtle, non-cardiovascular physical responses.

Keywords: Ryodoraku; galvanic skin response; heart rate; acupuncture points

A regular, moderate, and aerobic exercise may
play an important role in reducing age-related
cardiovascular autonomic changes and improving
cardio-respiratory fitness!'. It is widely observed
that resting heart rates reduce after a period of
regular exercise, but the mechanism which causes
the changes is still unclear®. One popular hypothesis
suggests that it is a combined effect of an increase
in parasympathetic activity and a decrease in sym-
pathetic activity, resulting in an improved cardiac
autonomic balance!®’. Other models include a reduction

in intrinsic cardiac rate!*®!, the adaptation of
baroreflex sensitivity!*!, and an increase in plasma
nitric oxide (NO) which is a vasodilator substance
that may induce vagal-related bradycardial”®! .

To monitor autonomic activities, the noninva-
sive heart rate variability (HRV) measurement is
becoming a gold standard in interpreting sympa-
thovagal balance!”’. Emerging evidence, but not
all, supports the theory of exercise-induced vagal
activity!'"*). Some studies found no significant
changes in either high frequency (HF) or low
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frequency (LF) region!"*'*!, but others showed
LF increased after three months of training while
decreased at 6, 9 and 12 months'®'. The inconsistence
may be a result of variations in experimental
designs, such as the subjects (age, gender and
physical fitness ), and the exercise protocols
(intensity, duration and frequency).

Compared to cardiovascular regulations, elec-
trodermal activity, mainly influenced by sympa-
thetic neuronal activity but not by the parasympa-
thetic system, is another approach to detect psy-
chophysiological changes''®"!. Earlier studies
have shown that a short-term endurance training
could decrease the core body temperature thresholds,
which improves sweating and cutaneous vasodilatory
responses, suggesting an improvement of sympa-
thetic sensitivity regulated by preoptic-anterior
hypothalamus!***!. To our knowledge, no studies
have investigated the correlation between the endurance
training and the electrodermal activity.

It is widely accepted within acupuncture community
that acupuncture points are areas of lower electrical
impedance and higher conductance!**!, although
the reliability and reproducibility of the measure-
ments have been questioned lately!*?"!. Based on
traditional Chinese medicine philosophy and the
low impedance property at meridians, Nakatani(?*!
had identified 12 channels of high electrical
conductance on each side of the body (24 in total),
and developed the Ryodoraku theory, which literally
means good (ryo) conductive (do) line (raku).

The primary goal of this study was to compare
the changes of electrodermal activity measured by
average Ryodoraku values. This study focused on
walking exercise of moderate intensity, which is
subjectively determined as Borg ratings of per-
ceived exertion (RPE) scale at either 12 or 13,
equivalent to 50% to 74% of the maximal oxygen
consumption (VOyp,,) 2%,

1 Study participants and study methods

1.1 Subjects Forty-seven college females, with
an average age of 21.0+ 1.0, were enrolled in
this study. None of the subjects had history of any
cardiovascular disease, diabetes or musculoskeletal
system abnormalities. Those who had an exercise

habit of more than 30 min at a time for more than
twice a week and with body mass index (BMI)>
24 kg/m* were excluded from the study. All the
subjects were assessed by clinical doctors before
being recruited in this study. Of the 47 participants,
22 were assigned to the exercise group and the
other 25 to the control group. A signed informed
consent was obtained from each participant before
participating in the study. The research protocol was
approved by the Institutional Review Board at Pingtung
Christian Hospital in Pingtung, Taiwan, China.
1.2 Measurements The participants were asked
to rest on a chair for 10 min every time before
taking measurements. All measurements were operated
in a temperature-controlled ((25%+1) ‘C) and moisture-
controlled (55%+5%) room. The -electrical
conductances of 24 Ryodoraku points were deter-
mined using M.E. A.D. 6.0 (MedPex Enterprises
Ltd., Taichung, Taiwan, China). The M.E. A.D.
is basically an amperometer employing a DC
voltage of 12 V with output current in the range
of 0 to 200 pA. Higher values indicate higher
conductances between the reference electrode,
which is 35 mm in diameter and clipped on left
palm and the acupuncture point measured by 10 mm
diameter cotton with saturated saline solution.
The 24 Ryodoraku points were measured one by
one and started from the left side, following the
order of LU9 (lung), PC7 (pericardium), HT7
(heart), SI5 (small intestine), TH4 (triple energizer),
LI5 (large intestine), SP3 (spleen), LV3 (liver),
KI4 (kidney), BL65 (bladder), GB40 (gall bladder),
and ST42 (stomach). Each measurement took 2.5 s,
but only values of the last 0.5 s were averaged. It
normally took less than 2 min to collect the
24 measures.

Five-minute electrocardiograph data were
recorded immediately after Ryodoraku measures
using CheckMyHeart Handheld Heart Monitor
(Dailycare Biomedical Inc., Chungli, Taiwan,
China) with Ag-AgCl adhesive disposable electrodes
by means of lead I configuration (right wrist to
left wrist). N-N intervals were determined by the
system and manually corrected. HRV parameters
were calculated using Kubios HRV 2.0 software,
developed by Department of Physics, University
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of Kuopio, Finland. In addition to frequency-
domain measures such as LF (0.04 to 0.15 Hz),
HF (0.15 to 0.40 Hz), normalized LF (LFn),
and normalized HF (HFn), selected time-domain
indexes such as standard deviation of all N-N
intervals (SDNN) and RMSSD (the square root of
the mean squared differences of successive N-N
intervals) were also analyzed.

1.3 Training Subjects of the exercise group
were asked to exercise on treadmill three times a
week, 30 min each time. Treadmill speeds were
individually preset to either 12 or 13 of the RPE
according to each subject’s condition. The average
speed was (6.2 +0.5) km/h, and the average
RPE was 12.4+0.5. Subjects of the control group
remained inactive daily lives.

Each subject reported to the laboratory every
other week for an assessment. In order to avoid
the potential confounding effects of circadian
rhythms, participants were asked to come in
around the same time of day. The laboratory was
air-conditioned with temperature and moisture set
at (254+1) C and 55% +5%, respectively. Subjects
quietly rested at a supine position for 10 min after
walking in, followed by the measurement of 24 skin
electrical conductances (roughly 3 min) and five-

minute electrocardiograph data collection. The
overall training lasted for six weeks, and ended
before the summer break. Five of the 22 exercise
group members were graduated and out of contact.
The other 17 subjects were reached and reported
to the laboratory for a follow-up measurement at
the beginning of the next semester, approximately
three months after the training ended.

1.4 Statistical analysis Between-subjects P values
were calculated using independent ¢-test and
within-subjects using paired ¢-test. The response
over time was compared between exercisers and
controls using repeated measures analysis of variance
(ANOVA) with Levene test (P>>0.05) checked to
satisfy the sphericity assumption. Statistical analyses
were performed using SPSS 12. 0 for Windows
(SPSS, Chicago, IL, USA).

2 Results

2.1 Baseline data Average BMIs of the study group
and the control group were (19.441.6) kg/m’ and
(20.0+1.9) kg/m®, respectively (P=0.390). Other
indexes were also comparable between the two
groups (P>>0.05). Baseline characteristics are
summarized in Table 1.

Table 1 Baseline characteristics of study groups

(Mean=SD)
Group n Age (years) BMI (kg/m?) HR (beats/min) MEC (pA)
Exercise 22 21.4740.8 19.4%1.6 69.9%8.5 51.3421.8
Control 25 21.0%0.9 20.0%1.9 75.249.7 56.9417.6

SD: standard deviation; BMI: body mass index; HR: heart rate; MEC: meridian electrical current.

2.2 Characteristics of individuals The resting
heart rate, BMI, and HRV indexes of the exercise
and the control groups before and after the six-
week exercise training were compared and shown
in Table 2. Except for a significant decrease of
BMI in the exercise group (P <C0.05), neither
between-subjects nor within-subjects differences
were significant.
2.3 Ryodoraku measures The average electrical
conductances of the measured 24 points increased
gradually and significantly from the beginning of
the study. In comparison, the control group decreased
significantly in the second week, but no significant
changes for the following weeks. The follow-up
measurement of the 17 subjects illustrated that the
effects of walking training vanished three months
after the training ended. Between-subjects analyses
performed by independent ¢-test found P values
of 0.332, 0.002, 0.086, <<0.001 for baseline, at
the 2nd, 4th and 6th week, respectively (Figure 1).
Repeated measures ANOVA further confirmed
the meaningful effect of the six-week training
(P<<0.001).

To investigate whether the change in electrical
conductance was due to the changes in BMI, we
applied a scatterplot of the 94 pairs of BMI vs

electrical conductance, including the pre-training
and post-training measures of the 47 subjects (Figure 2).
The correlation coefficient of Pearson’s test was
—0.023 (P >0.05), indicating no statistical
significance.

3 Discussion

Although it is well recognized that endurance
training decreases resting heart rate, explanation
for this phenomenon is not conclusive. In this
study, none of the HRV measures, including
SDNN, RMSSD, LF and HF, were significantly
different after six weeks of walking exercise
training. Resting heart rate did not change in this
study too, indicating no evident of cardiovascular
adaptation by such a short-term training. The
significant decrease in BMI, however, suggests
that this training protocol may have physical
effects other than effects on cardiovascular system.

We took advantage of the well-developed
Ryodoraku device and used the average electrical
conductance of 24 meridian points as an indicator
of the sympathetic activity level. In comparison
with HRV measurement, the meridian electrical
conductance increased after two weeks of exercise
training and remained significantly elevated until the
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Table 2 Resting HR, BMI and heart rate variability 120.0 -
indexes before and after 6-week training '
(Mean= standard deviation) .
P-value 100.0 ~ “ v
Index Exercise Control ~ (between- _ o
subjects) i s L ) °
Number of subjects (n) 22 25 E 80.0 - T, ¢ .
HR (beats/min) g ’ g . .

Before 69.948.5 75.249.7  0.054 S 500 - RSP

After 71.949.4  74.949.9  0.291 v ¢ eere L N
P-value (within-subjects) 0.201 0.911 '5 ’ . ¢ D ) e -

BMI (kg/m?) 2 400- R * .
Before 19.4+1.6 20.0%+1.9  0.318 £ ‘ . W€
After 19.24+1.4 20.0£1.9  0.103 g 200 - ) .

P-value (within-subjects) 0.004* 0.718 g o

SDNN (ms)

Before 47.3+17.4 44.04+14.2  0.470 0.0 -

After 44.14+17.6 44.5+18.2  0.948 T ; T . ; ;
P-value (within-subjects) ~ 0.349 0.867 160 180 Boff;"(:nass izrf:ex 240 26.0
RMSSD (ms)

Before 46.3+25.4 40.9+16.3  0.387 Figure 2 Scatterplot of body mass index vs

After 44.7423.9 44.4+23.9  0.963 meridian electrical current (n=94)

P-value (within-subjects) 0.751 0.399 r = —0.023 (P>0.05) by Pearson’s test.

LF (ms?)

Before 666513 560560  0.503 training ended. Although both HRV and skin

After 5334414 485478 0.712 electrical conductance are widely used in measuring
P-value (within-subjects) 0.272 0.463 autonomic activations, studies have shown that
HF (ms?) other factors may also play roles so that sympa-

Before 978+104 1 7661646 0.400 thetic and parasympathetic activities interact in

After 981+107 7  937£973  0.885 complex ways'®!, a phenomenon known as direc-
P-value (within-subjects) ~ 0.991 0.231 tional fractionation!®”, later integrated as the
HFn concept of “autonomic space”*!.

Before S4.4F17.458.0416.2 0,471 It has been proposed that to facilitate the rise in

After 57.34+17.5 61.8+17.3  0.386

P-value (within-subjects)

0.386

0.347

* BMI of the exercise group was significantly lower (P<<0.01)
after the walking training. HR: heart rate; BMI: body mass index;
SDNN: standard deviation of all N-N intervals; RMSSD: square
root of the mean of the sum of the squares of differences between
adjacent N-N intervals; LF: power in low frequency range (0. 04 to
0.15 Hz); HF: power in high frequency range (0.15 to 0.4 Hz);
HFn: HF power in normalized units, HF/(LF+HF).
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Figure 1 Electrical current of the exercise
group and the control group
Data were expressed as mean® standard deviation; n=22 in exercise
group, n= 25 in control group, and n=17 in exercise group after
three-month follow-up. Between-subjects significance was set at P<<
0.05. ** P<C0.01, wvs baseline data of respective group; 24P <
0.01, ws exercise group.

skeletal muscle blood flow, there might be sympa-
thetic vasodilator nerves to skeletal muscle. Clear
evidence became to emerge during the 1930s,
although it is still in debate whether this sympa-
thetically mediated vasodilatation is due to cholin-
ergic mechanisms and NO-dependent stimulations, or
it is a adrenoceptor-mediated process'®!. The
observation of Ichinose et al'™! on improved heat
loss responses in exercising women suggested the
involvement of a vasodilatation process induced
by a short-term endurance training. Our skin con-
ductance study, on the other hand, supports the
idea that it is a sympathetically mediated process.

The study by Weng et al*®! suggested that BMI
and the electrical conductance of meridian points
were negatively correlated, because of the poor
conductance in the measured regions with higher
fat tissue. To rule out the possibility that the
increase of skin electrical conductance after the
endurance training was due to the effect of a
decrease in BMI, a correlation analysis of BMI
and electrical conductance of the 47 subjects was
performed. We found no significant correlation
between these two variables in this study.

The follow-up measurement shows, as expected,
that the effect of a short-term training on sympa-
thetic system is reversible. In one study, it took
two weeks after an 8-week aerobic training to bring
the vagal activity back to the baseline level™®!. In
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another one, it needed eight weeks to reverse the
trend of increase in sympathetic activity after
12 weeks of intensive training’*’’. In comparison,
our result indicated that 12 weeks were sufficient
to reverse the training effect on skin conductance.

There were other limitations of this study. First,
we did not take menstrual cycle into consideration.
The relationship between the menstrual circle and
the electrodermal activity is still not well established
as existing data are conflicting!***!. Further
studies will take this factor into consideration.
Second, the assignment of study subjects into the
exercise and control groups was not randomized,
and our study could not rule out the potential
psychological effects as the exercise group received
more attentions compared to the control group
which did not receive any intervention. Third,
the second week of the training happened to be
the midterm exam week of the college, and some
subjects stayed up late the night before taking
measures. It may explain the decrease in conductance
of the control group in week 2.

4 Conclusion

This study found that resting skin electrical
conductance which was determined by Ryodoraku,
elevated after a six-week walking exercise, and
returned to the baseline after the training was
withdrawn. We also noticed that the elevation of
the skin electrical conductance was evident in skin
electrical conductance measurement only, suggesting
that at least in this study, skin conductance may
be more sensitive than HRV in analyzing autonomic
response.
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