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Abstract
We investigated ultraweak photon emissions from the hands of 45 healthy persons 
before and after magneto-acupuncture stimuli. Photon emissions were measured by 
using two photomultiplier tubes in the spectral range of UV and visible. Several sta-
tistical quantities such as the average intensity, the standard deviation, the δ-value, 
and the degree of asymmetry were calculated from the measurements of photon emis-
sions before and after the magneto-acupuncture stimuli. The distributions of the 
quantities from the measurements with the magneto-acupuncture stimuli were more 
differentiable than those of the groups without any stimuli and with the sham mag-
nets. We also analyzed the magneto-acupuncture stimuli effects on the photon 
emissions through a year-long measurement for two subjects. The individualities of 
the subjects increased the differences of photon emissions compared to the above 
group study before and after magnetic stimuli. The changes on the ultraweak photon 
emission rates of hand for the magnet group were detected conclusively in the 
quantities of the averages and standard deviations.
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1. Introduction

Static magnetic fields may have significant clinical 
utility while pulsed magnetic fields show more po-
tent effects on biological systems [1,2]. Because 
much research has focused on pulsed fields, fewer 
investigations have been made on static or perma-
nent field effects. Evidence was gathered that 
show ed a significant effect of static magnetic fields 
with high magnetic flux densities, for example, on 
the cardiovascular system [3−5]. A few studies also 
provided evidence of a possible therapeutic role for 
permanent magnets in pain reduction [6−9].

Recently magnetic field stimulation on acupunc-
ture points has been getting more attention because 
of its non-invasive nature. Magneto-acupuncture is 

in contrast to the usual manual acupuncture or 
electro-acupuncture that uses the direct insertion 
of a metal needle into skin or a supply of electric 
current. Although the fundamentals of acupuncture 
treatment remain poorly understood [10], consid-
erable investigations have been made to elucidate 
the structure and mechanism underlying the merid-
ian system in the various aspects [11−13]. Electro-
acupuncture may be viewed as a modern extension 
of acupuncture, which was brought about by the 
in tro duction of the electronics into acupuncture 
[14,15]. Biological effects of electro-acupuncture 
[16−18] have been well studied compared with 
those of magneto-acupuncture.

In general, however, it has been difficult and con-
troversial to define a biological response to static 
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magnetic fields in animal experiments as well as in 
human studies. This difficulty may be partly attrib-
uted to the absence of an apparatus sensitive enough 
to detect significant changes among very weak bio-
logical signals. It was known that all biological sys-
tems continuously emit photons with very weak 
intensity of about 10−16 Watt/cm2 in the spectral 
range from ultraviolet to near infrared without any 
external stimulation. This phenomenon was referred 
to as ‘biophoton’ emission [19,20] differing from 
the usual bioluminescence [21]. These ultraweak 
photon emissions of various biological systems from 
mammalian cells to human bodies were detected by 
very sensitive photo-detecting systems using pho-
tomultiplier tubes [22]. Previous results have re-
vealed some associations between the biophoton 
emissions and the physiological states of living sys-
tems, including the oxidative metabolism, germi-
nation of seedlings, embryology, morphogenesis, 
oncology, injury and healing [23−29].

In our previous works we have measured the 
bio photon emissions from human hands for a long 
period of time [30,31]. We tried to establish the rela-
tionship between the biophoton measurements and 
the functional balance of the left and right parts 
of a human body in the light of the diagnostic view of 
traditional oriental medicine. In this paper we ana-
lyzed the magneto-acupuncture stimuli effects on 
the ultraweak biophoton emission of human hands. 
Because the focus of this investigation was not on 
the therapeutic effects of the magneto-acupuncture 
treatment, the subjects of experiments were all 
healthy volunteers.

2. Materials and Methods

2.1. Design of photo-detection system

All experiments were done in a light-tight environ-
ment due to the extremely low intensity of light 
emission from human hands. The dark room during 
the measurements was kept at a temperature of 
20 ± 2°C and a humidity of 40 ± 10%. Equipment was 
assembled to count the number of photons emitted 
from the left and right human hands simultaneously 
as shown in Figure 1. The experimental setup con-
sisted of two photomultiplier tubes (PMTs) and as-
sociated electronic devices. Two head-on type PMTs 
(R331-05S, Hamamatsu Photonics, Japan) were in-
stalled and mounted inside the dark chamber with 
a size of 330 mm ̃  600 mm ̃  420 mm on a desk. The 
dark chamber was separated by a plate in the middle 
so that the left and right hand of a subject sitting in 
a chair were put on the PMTs in each side of the com-
partment. The minimum useful area of the PMT for 
the photon detection was 46 mm in diameter and 

the spectral response was from UV to visible light 
(300 nm−650 nm). Each PMT was enclosed by a mag-
netic shielding and housing case. The distance be-
tween the front surface of the photo-cathode of the 
PMTs and the positioning of the hands was about 
20 mm. The photon-counting units (C6465) amplified 
and discriminated electric current signals from the 
PMTs and converted them to countable square pulses. 
The photon counting boards (M8784) inside the desk-
top computer were synchronized with their gate time 
of 100 ms for simultaneous counting. The dark room 
in Figure 1 was a completely dark area so the back-
ground signals with no subject were almost the same 
as the dark counts of two PMTs: the dark counts of 
two PMTs for the left and right hand side were 13 ± 4 
counts per second (cps) and 15 ± 5 cps, respectively.

2.2. Experimental procedure

The experiment was designed to measure photon 
emissions from the dorsum and palm of the left and 
right hands. All subjects stayed in the operator room 
(Figure 1) before starting measurements for at least 
1 hour under a dim red light in order to eliminate 
any effect of sunlight exposure. During that time the 
subject removed all metallic belongings from their 
body and cleaned their hands with ethanol-soaked 
cotton. After the subject entered the dark room, 
the measurements were made in the following steps: 
a 10-minute initial adjustment sitting in a chair, 
measuring the photon emission from the dorsal part 
of the hands (back) for 3 minutes and, without any 
delay, measuring photon emission from the palms 
of the hands for 3 minutes. After exiting from the 
dark room, the subject had magneto-acupuncture 
stimuli by a meridian therapist for an hour. Then, the 

Figure 1 Schematic diagram of the experimental setup 
for measurements of photon emission from human hands. 
The dark room is inside the operator room.
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photon emission rates were measured again following 
the same procedure as before the treatment.

2.3.  Subjects and magnetic stimuli on 
acupuncture points

Total 45 healthy persons (29 men and 16 women) 
in the age range of 18−50 years participated in the 
experiment. Eight subjects were for a control (Group 
I), 4 subjects were treated with sham magnets 
(Group II), and 33 subjects received treatment with 
magnets (Group III). Groups I, II, and III were com-
posed of six men and two women, three men and one 
woman, and 20 men and 13 women. We call Groups 
I, II, and III as the non-magnet control, sham group, 
and magnet group, respectively. The same procedure 
for the Group I was followed with the control ses-
sion as with the treatment session except for the 
magneto-acupuncture stimuli. Group I just relaxed 
in the operator’s room during the intermission. The 
experimental procedure for Group II was the same 
as that for Group III, but the magnets were replaced 
by the sham magnets without any magnetic field. 
As for Group III, after finishing the first measure-
ments of photon emission, they were treated with 
14 magnets whose intensity was about 2000 gauss. 
The shape of the magnet was circular with 7 mm 
diameter and thin with 2 mm thickness. Fourteen 
magnets were attached on hands and feet along to 
the acupuncture map (Figure 2) for 1 hour. After a 
brief examination of the subject’s constitution by 
a magneto-acupuncturist, stimulated acupoints were 
chosen among the 17 acupoints distributed over each 
hand or foot, respectively, as shown in Figure 2. 
The stimulated points were also different for every 
person. The north-poles of seven magnets and the 
south-poles of the remaining seven magnets were 
directed to face the surface of the skin. Photon emis-
sion rates were measured again following the same 
procedure as in the first measurement. Especially, 
two persons in Group III attended for year-long 
measurements from November 2003 to November 
2004 every Tuesday. In this case, the stimulated acu-
points for these two persons were kept the same 
during the whole measurement period. All the par-
ticipants gave informed consents to the scientific 
research.

2.4.   Time-series data analysis for 
photon emission

The measured signals through the PMTs contained 
rapidly changing random fluctuations and were 
more or less stationary over the long measuring-
time interval. In this situation the moments of the 
signals capture useful quantitative properties [32]. 
We calculated the two moments most used for 

quantification of the signals. The first-order moment 
is the average or mean value of the signals. It indi-
cates the averaged intensity of photon emission. 
The second one is the central moment of order 2, 
which is the variance. For the presentation of the 
data, we used the square root of the variance, the 
standard deviation (SD). The variance and the SD 
indicate the spread of magnitudes of a signal. Another 
quantity that we calculated was the δ-value of sig-
nals. This value is a combination of the average and 
variance as follows:

δ ≡ (SD2 − average)/average

This quantity indicates a measure of agreement with 
the Poissonian distribution of photon emission rate 
and is used as an index for the degree of coherence 
of the signals [33]. Lastly, in order to present the 
left-right difference in the photon emissions we also 
calculated the quantity for an asymmetry as follows:

ASYM ≡ (averageLeft − averageRight)/
 (averageLeft − averageRight)

This quantity represents the degree of unbalance 
between the averaged intensities of photon emissions 
from left and right hands.

2.5.  Statistical analysis

The statistical quantities from the two groups were 
presented as mean ± SEM (standard error of the mean). 
Every quantity was tested for deviations from the 
Gaussian distribution using the Kolmogorov-Smirnov 
test. For comparison between two groups, unpaired 
t-test and non-parametric test (the Mann-Whitney 
test) were employed. In the same group, for a com-
parison between photon emission data before and 
after the treatment, a paired test (the Wilcoxon-
signed rank test) was made. In all statistical tests, 
the level of p ≤ 0.05 was considered as significant.

3. Results

3.1. Overall data analysis

In Table 1, we present all the statistical quantities for 
the non-magnet control group (Group I): the average, 
SD, and the δ-value for the left and right of the 
backs and palms of hands as well as the left-right 
asymmetry (ASYM). The normality tests for all the 
quantities were passed. All these quantities before 
and after the control sessions were also compared 
by non-parametric paired tests. The corresponding 
p values for the quantities were calculated in the 
last column of the table. No significant differences 
were observed between the medians before and after 
for the control data except for just one case: the 
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average of the right palm (p = 0.04). In the case of 
the sham group (Group II), there were no significant 
differences before and after stimuli by the sham 
magnets as shown in the Table 2. In the case of the 
magnet group (Group III), there were several instances 
of quantities which failed to pass the normality test 
as shown by the superscripts in the second and third 
columns in Table 3. Significant differences in the 
average and SD of photon emission from the left and 
right palm were shown by the magneto-acupuncture 
stimuli. The unpaired tests between the quantities 
from the non-magnet group and the magnet group 
showed significant difference only for the SD of pho-
ton emission rate from the back of left hands after 
the treatment (p = 0.04). In Figure 3, we plotted the 
differences in the averages of photon intensity be-
tween before and after the treatments for the three 
groups. The photon emissions before the treatment 
were subtracted from the photon emissions after the 
treatment. In the control group, the average photon 
emission intensities from the back and palm of both 
hands were reduced by around 25 cps. For the magnet 

group, the reductions in the average photon emission 
intensities from the back of both hands were reduced 
to 10 cps. In case of the sham test group, the aver-
age photon emission, the SD and δ-value were not 
changed significantly before and after magnet stim-
uli. The positive values in the average difference of 
photon emissions did not mean that all the subjects 
emitted a smaller number of photons after the treat-
ment. Two among eight subjects for the control group 
emitted more photons from both hands after the 
control session. In the case of the magnet group, nine 
subjects from the back and five subjects from the 
palm had larger intensities of photon emissions from 
both hands after the treatment session.

3.2. Individual data analysis

Two subjects participated in the experiments for a 
year and measured photon emissions every Tuesday. 
The numbers of experiments for subjects 1 and 2 
were 37 and 38, respectively. They were treated with 
the magneto-acupuncture stimuli at the same points 

Figure 2A Acupuncture points for the magnet stimuli: It shows total 34 points which were composed of 17 points in 
the right hand & foot. Fourteen magnets were attached among them.
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Table 1 Statistical quantities for the control group

 Group I (n = 8) Before After Paired test

Hand Quantities (mean ± SEM) (mean ± SEM) p value

Back
 Left Average (cps) 181 ± 26 157 ± 17 0.08 (ns)
 SD (cps) 17.9 ± 2.4 17.5 ± 2.2 0.78 (ns)
 δ 0.86 ± 0.27 1.02 ± 0.34 0.60 (ns)
 Right Average (cps) 178 ± 25 150 ± 18 0.08 (ns)
 SD (cps) 17.0 ± 1.8 16.2 ± 2.5 0.25 (ns)
 δ 0.67 ± 0.18 0.79 ± 0.36 0.19 (ns)

 ASYM (× 103) 2 ± 31 28 ± 34 0.31 (ns)

Palm
 Left Average (cps) 145 ± 16 122 ± 11 0.08 (ns)
 SD (cps) 12.9 ± 0.8 11.9 ± 0.4 0.19 (ns)
 δ 0.18 ± 0.07 0.20 ± 0.05 0.64 (ns)
 Right Average (cps) 159 ± 23 132 ± 13 0.04 (*)
 SD (cps) 13.3 ± 0.9 12.1 ± 0.6 0.31 (ns)
 δ 0.16 ± 0.09 0.14 ± 0.04 0.84 (ns)

 ASYM (× 103) −39 ± 19 −41 ± 16 0.88 (ns)

*Statistically significant differences from the paired test.

Figure 2B Acupuncture points for the magnet stimuli: It shows total 34 points which were composed of 17 points in 
the left hand & foot. Fourteen magnets were attached among them.
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on both hands and feet for each measurement for 
a year. The statistical quantities for the subjects 
were calculated and presented in Tables 4 and 5. 
As in the previous tables (Tables 1−3), the superscripts 
in the second (before) and third (after) columns were 
the results of the normality tests. Several cases failed 
to pass the tests, especially in the case of the δ-value. 
In the fourth column, we presented the difference 

values of the quantities in the form of mean ± SD 
and the results of the paired non-parametric tests 
in parenthesis. The difference values were obtained 
by subtracting the values after the treatment from 
the values before the treatment. As we can see 
through the tables, almost all the standard errors 
of the mean (SEM) values from the individual data 
were smaller than those of the combined overall 

Table 2 Statistical quantities for the sham group

 Group II (n = 4) Before After Paired test

Hand Quantities (mean ± SEM) (mean ± SEM) p value

Back
 Left Average (cps) 112 ± 24 104 ± 18 0.09 (ns)
 SD (cps) 12.4 ± 2.7 14.0 ± 4.8 0.20 (ns)
 δ 0.38 ± 0.37 0.98 ± 1.12 0.09 (ns)

 Right Average (cps) 136 ± 37 133 ± 39 0.81 (ns)
 SD (cps) 13.5 ± 3.0 16.3 ± 8.7 0.23 (ns)
 δ 0.36 ± 0.39 1.18 ± 2.02 0.17 (ns)

 ASYM (× 103) −93 ± 99 −111 ± 104 0.62 (ns)

Palm
 Left Average (cps) 198 ± 53 174 ± 49 0.08 (ns)
 SD (cps) 16.8 ± 4.0 15.6 ± 3.9 0.40 (ns)
 δ 0.47 ± 0.58 0.41 ± 0.37 0.81 (ns)

 Right Average (cps) 215 ± 46 197 ± 61 0.31 (ns)
 SD (cps) 17.9 ± 3.2 16.4 ± 4.6 0.40 (ns)
 δ 0.54 ± 0.56 0.37 ± 0.38 0.51 (ns)

 ASYM (× 103) −46 ± 66 −63 ± 59 0.58 (ns)

Table 3 Statistical quantities for the magnet group

 Group III (n = 33) Before After Paired test

Hand Quantities (mean ± SEM) (mean ± SEM) p value

Back
 Left Average (cps) 135 ± 11 123 ± 13 0.06 (ns)
 SD (cps) 13.5 ± 0.8 15.4 ± 2.5* 0.84 (ns)
 δ 0.44 ± 0.09 1.22 ± 0.68* 0.17 (ns)

 Right Average (cps) 133 ± 9 125 ± 12* 0.08 (ns)
 SD (cps) 13.6 ± 0.7 14.4 ± 1.3 0.95 (ns)
 δ 0.46 ± 0.10 0.75 ± 0.21* 0.10 (ns)

 ASYM (× 103) −6 ± 15 −19 ± 16 0.39 (ns)

Palm
 Left Average (cps) 156 ± 9 130 ± 6 < 0.0001**
 SD (cps) 12.9 ± 0.4 12.0 ± 0.3 0.0002**
 δ 0.11 ± 0.03 0.13 ± 0.15 0.64 (ns)

 Right Average (cps) 172 ± 13 137 ± 7 < 0.0001**
 SD (cps) 14.5 ± 1.3* 12.2 ± 0.3 < 0.0001**
 δ 0.28 ± 0.15* 0.11 ± 0.02 0.40 (ns)

 ASYM (× 103) −33 ± 19 −27 ± 11 0.63 (ns)

*Statistically significant differences from the normality test. **Statistically significant differences from the paired test.
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data. Significant differences were also found for 
more of the quantities from both the backs and the 
palms of hands than for those from the overall 
data analysis.

4. Discussion

The changes in the measured quantities from the 
non-magnetic groups by the control sessions and 

Figure 3 The differences of averaged photon emission 
intensity between before and after the treatment for the 
groups. Group I is the control group of which intermissions 
were just relaxations without any stimuli; Group II is the 
sham group which had acupoint stimuli with the sham 
magnets; Group III is the magnet group of which acupoints 
were stimulated by the magnets.
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Table 4 Statistical quantities for subject 1: a year-long measurement

 Subject 1 (n = 37) Before After Difference

Hand Quantities (mean ± SEM) (mean ± SEM) (mean ± SEM)

Back
 Left Average (cps) 116 ± 5 89 ± 4 27 ± 3**
 SD (cps) 14.3 ± 0.6 12.3 ± 0.4 2.0 ± 0.5**
 δ 0.8 ± 0.1 0.7 ± 0.1 0.06 ± 0.11 (ns)

 Right Average (cps) 130 ± 6 109 ± 5 21 ± 2**
 SD (cps) 15.1 ± 0.8* 14.7 ± 0.7 0.4 ± 0.6 (ns)
 δ 0.8 ± 0.2* 1.0 ± 0.1 −0.2 ± 0.2 (ns)

 ASYM (× 103) −59 ± 15 −95 ± 15 36 ± 11**

Palm
 Left Average (cps) 167 ± 8 126 ± 5 41 ± 4**
 SD (cps) 14.2 ± 0.5 11.8 ± 0.3 2.4 ± 0.3**
 δ 0.23 ± 0.03 0.13 ± 0.3 0.10 ± 0.05**

 Right Average (cps) 155 ± 6 123 ± 5 32 ± 3**
 SD (cps) 13.2 ± 0.4 11.6 ± 0.2 1.7 ± 0.3** 
 δ 0.14 ± 0.03 0.10 ± 0.02 0.04 ± 0.04 (ns)

 ASYM (× 103) 27 ± 15 8 ± 11 19 ± 8**

*Statistically significant differences from the normality test. **Statistically significant differences from the paired test.
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the sham test without any magnetic stimuli were not 
significant, while the changes for the magnet group 
were evident in the case of the averages and standard 
deviations for the photon emission rates of palm. 
For the magnet stimuli group, the differences in the 
intensities of photon emission rates from the dorsal 
parts of left and right hands appeared to be smaller 
than those of the palm parts. In other words, by the 
magneto-acupuncture stimuli, the changes in the av-
eraged intensities of photon emissions from the dorsal 
parts were smaller than those from the palm parts. 
This means more photon emissions from the dorsal 
parts after the magneto-acupuncture stimuli than 
from those of the control group. The trend in the 
average intensities of photon emission before and 
after the stimuli was more clearly discernible through 
a comparison with the individual data. The average 
and the SD of photon emission data could be good 
discriminators for the magnetic stimuli while the 
δ-value and the asymmetry value were not, for the 
combined overall group. The δ-values for the palms 
of hands were much smaller than those for the back 
in every case. This implies more coherent photon 
emissions from palm and low coherency at the dorsa.

In our previous work [31], the active nature of 
dorsal hands and personal discernible patterns in 
palm were investigated through frequency count 
analysis of biophoton emission rates. The seasonal 
dependency of biophoton emission from human hands 
was measured and found to be lowest in autumn. 
The emission rates from the palms remained rather 
stable throughout the year while those from the dorsa 

vary widely depending upon the season. Data from 
the two subjects for a year-long measurement in the 
present study were also compatible with the previous 
results. There were some trends in the intensity of 
monthly biophoton emission for a year. However, 
the fluctuations were rather severe and additional 
year-long data would be necessary to determine any 
definite seasonal variations. We focused on the effects 
of magneto-acupuncture stimuli by combining the 
year-long data into a set.

The two subjects were different in the photon 
emissions from the left and right hands. In the case 
of subject 1, the ASYM-values of dorsal and palm 
after the stimuli were slightly reduced. In the case 
of subject 2, the change of the ASYM-value of the 
dorsal before and after stimuli was rather small 
while that of the palm was large after the stimuli. 
In the aspect of traditional oriental medicine, one of 
the important parameters is the left-right balance 
of the body. The ASYM-value may represent each 
person’s degree of left-right balance because it is 
different from individual to individual. In addition, 
several statistical quantities such as the average 
intensity, the standard deviation, the δ-value, and 
the degree of asymmetry show a difference in the 
value before and after magnetic stimuli. This is not 
displayed in the group statistical analysis. So we 
have to investigate the photon emission giving con-
sideration to the characteristics of the individual. 
This suggestion coincides with that in previous work 
that the time course of photon emission rates from 
the hand seemed to show different responses to the 

Table 5 Statistical quantities for subject 2: a year-long measurement

 Subject 2 (n = 38) Before After Difference

Hand Quantities (mean ± SEM) (mean ± SEM) (mean ± SEM)

Back
 Left Average (cps) 127 ± 7 97 ± 7 30 ± 5**
 SD (cps) 14.4 ± 0.7 12.4 ± 0.7 2.0 ± 0.6**
 δ 0.7 ± 0.1 0.6 ± 0.1 0.09 ± 0.10 (ns)

 Right Average (cps) 122 ± 5 91 ± 4 30 ± 3**
 SD (cps) 15.6 ± 0.6 12.6 ± 0.5 3.0 ± 0.5**
 δ 1.1 ± 0.1* 0.8 ± 0.1 0.3 ± 0.1**

 ASYM (× 103) 11 ± 14 15 ± 15 −4 ± 15 (ns)

Palm
 Left Average (cps) 142 ± 6 99 ± 3 44 ± 4**
 SD (cps) 13.2 ± 0.5 10.7 ± 0.2 2.5 ± 053**
 δ 0.27 ± 0.09* 0.18 ± 0.02 0.10 ± 0.05 (ns)

 Right Average (cps) 163 ± 6 118 ± 4 45 ± 4**
 SD (cps) 13.7 ± 0.4 11.8 ± 0.4 1.8 ± 0.5** 
 δ 0.17 ± 0.03 0.22 ± 0.06 −0.05 ± 0.07 (ns)

 ASYM (× 103) −72 ± 8 −93 ± 7 20 ± 7**

*Statistically significant differences from the normality test. **Statistically significant differences from the paired test.
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stimuli depending on the subjects [34], and further 
studies are going on into the relationship between 
the ultraweak photon emissions and physiological 
states.

In summary we investigated the effects of 
magneto-acupuncture stimuli with the detectors for 
ultraweak photon emissions. The average intensity 
and its standard deviations for the stimulated group 
changed significantly compared with those of the 
control and the sham groups. The individualities of 
the subjects also increased the difference of photon 
emissions compared to the above group study before 
and after magnetic stimuli.
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