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Abstract: The physical parameter for the so-called Biologically Active Points most documented in the
literature is the electrical impedance. These points seem to have higher electrical conductance than their
surrounding points. The stimulation of these points is made not only mechanically and electrically but also
optically (laser acupuncture) and thermically (moxibustion). We evaluated by optoacoustic technique and
by photothermal radiometry, some skin points along the PC acupuncture meridian in the forearm region.
We found a slight relative increment in absorption in some regions around the meridian region but without
a definite association with an acupoint. Moreover, the same case can be applied to a non-meridian line. In
radiometric signals we did not find differences with respect to control points in a two layer model. Based in
these results we can not conclude that such points are optically or thermally special.
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1. Introduction

The acupuncture, being a very old methodology for diagnosis and therapy for health care, is still a
controversial topic in research. Nevertheless, the National Institute of Health from the USA (1997) and the
World Health Organization (2003) declared that there is enough clinical evidence to recognize the
Acupuncture as an alternative treatment to prevent and cure diverse pathologies [1], [2].

The traditional form of stimulating Biological Active Points (BAP)’s or acupoints is by introducing needles
into the skin in specific body points and performing mechanical stimulation mainly by needle rotation.
Nowadays the BAP are stimulated also using others mechanisms as electrical stimulation yielding to the so
called electro-acupuncture; thermal stimulation getting the method known as moxibustion; optical
stimulation as in laser-acupuncture, and external mechanical stimulation known as acu-pressure [3], non
mentioning magnetic stimulation used also in this alternative therapy [4].

In spite of the “acceptance” of acupuncture as an alternative therapy, the investigation related to its
effectiveness and physical principle of action seems to be still not conclusive.

Many results have been published about clinical trials, testing the efficacy of the acupuncture as a therapy.
The conclusions are controversial in the scientific community mainly among the occidental researchers [5].
The research on physical properties of these acupoints and their meridians is scarce and again controversial

[6].
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The physical properties of BAP more documented are the electrical properties, mainly electrical
resistance or conductance. In fact, the usual BAP technique to localize acupoints uses the high conductance
property by surface measurements. Even the electrical characterization of acupoints has generated
controversy in scientific community because of the errors factors involved in the evaluation [7].

Very few work has been done in the optical and thermal properties of these points to support or at least
to give some guide about the equivalence of the optical stimulation compared to the traditional mechanical
stimulation. One of them deals with the reflectance properties of the points compared to sourrounded
points [8] and two other works [9], [10] looked for infrared thermographic differences on the surface with
controversial results. These works tried to get information about both the absorbance of the light beneath
the surface and the thermal radiation from the surface. Another work about thermal phenomenon in
acupuncture looked for possible electrostimulation through a temperature gradient in the needle [11].

In this work, we evaluated the relative magnitude of optical absorption of skin points by optoacustic
technique using near infrared (NIR) low powered laser to penetrate into the near subcutaneous tissue and
relative magnitude and phase of the photothermal radiometry (PTR) signal obtained from skin surface
irradiated with a 514 nm diode laser. We took anatomical similar points as control references to have
similar stratum-corneum, skin hydration, subcutaneous fat tissue etc. Individual BAP’s and meridian line
points were assessed and compared with their corresponding control points. Optoacustic and photothermal
signal differences are discussed among all these points.

2. Material and Methods
2.1. Experimental Set up

Two BAP’s were selected on the inner forearm skin PC4 (Ximen) and PC6 (Neiguan), some of the most
used acupoints in scientific literature. The location of the acupoints was determined from traditional
literature information without any acupuncturist guide and using an electrical locator. Using these two
points and anatomical references we defined the “PC meridian” from wrist to 10 or 12 cm up to the forearm.
The control line points were selected from a line parallel to the “meridian” around 1 cm toward the thumb
avoiding cartilage and tendons tissue. Similar arm lengths and a roughly relation of one “cun” with 2 cm
allow to have the PC acupoint with some mm of uncertainty but in any case each acupoint was localized
with an electric device.

For optoacoustic assessments, Nd:YAG 1064 nm wavelength, 9 ns pulse duration, and 5Hz repetition rate
(Lotis TII LS-2130) was used to stimulate each point. An intensity of no more than 80 mJ/cm2 was assured
for safety reasons. The forearm was placed in water around 4 cm beneath the surface and a home-made
PVDF sensor was used to detect the optoacustic signal (Fig. 1(a)). The signal was recorded in a 4 channel, 1
Gs/s oscilloscope (TDS5104B) and analyzed in MatLab.

For photothermal radiometric measurements a continum diode laser of less than 100 mW, 514 nm
wavelength was used. Two off axis paraboloid mirrors collected, collimated and focused the black body IR
radiation from the irradiated skin. The IR radiation was focused on a HgCdTe nitrogen cooled detector (Fig.
1(b)). The signal was recorded from a Lock-In amplifier by a PC in LabView.

The skin surface irradiated in both cases was placed beneath an aluminum plate with a circular hole (5
mm diameter) with minimum pressure to avoid skin surface curvature. The plate and hole also assured to
detect signal coming from a small cone in the inner tissue beneath that point (Fig. 1(c)).

2.2. Subjects

For preliminary results about the feasibility of this experiment, we measured for optoacoustic evaluation
two healthy volunteers 23 and 45 years old. For photothermal evaluation, 8 evaluations were performed on
4 healthy subjects. A general clinical check up was performed to each volunteer mainly to avoid skin and
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subcutaneous pathologies in the region of interest. Before participating in the experiment, each subject was
abstained from smoking, alcohol consumption, strenuous exercise, and substances containing caffeine for
24 hours before testing and were asked to sleep enough the night before. Also, the volunteers were asked to
arrive cleaned without cream, lotion, perfumed or any other cosmetic skin treatment. Before and after each
optoacoustic or photothermal measurement, the skin was cleaned with alcohol. The subjects were recruited
with a similar arm length to avoid uncertainty in the correlation of the localization of the measured points
and the possible localization of the acupoints.

All subjects who participated in this study signed a consent form approved by the Medical Physics Group
of the University of Guanajuato. The study was conducted according to the Declaration of Helsinki [12].

2.3. Data Analysis

The optoacoustic data were analyzed considering that the optoacoustic amplitude is proportional to the
optical absorption coefficient for low and moderate absorption inside the skin [13]. The photothermal
assessment consisted in the analysis of the measured phase lags of the different skin regions in terms of a
two-layer sample model as in [14]. Only qualitative discussion on the results is presented due to the small
sample considered.

3. Results and Discussion
3.1. Optoacoustic Assessment

Two subjects were measured along the PC meridian from the wrist (possible localization of the PC7
acupoint) toward the forearm every 5 mm. The results are shown in Fig. 1(a)-(c) and Fig. 2 (a)-(d). The light
peaks of the Fig. 1 correspond to the light regions of Fig. 2. In Fig. 2, the lines represent roughly the
localization of the PC acupoints: skin point 8 for PC6, point 12 for PC5 and skin point 20 for possible PC6
position.

Fig. 1 shows a similitude in the absorption variation for both meridian and non-meridian, all along the
line considered for the assessment. Roughly, the same peak of absorption observed at non-meridian is
observed in meridian mainly in subject 1. This is understandable because the non-meridian line was chosen
near the meridian but with a similar anatomy and skin quality.

HgCdTe

T=-
2
19507

1ase

'.;',.l";'i

§

'
|
|
|
I
1
L7

*:':f? ( f )
(a)

Fig. 1. Experimental setup for skin point evaluation a) Optoacoustic, and b) photothermal radiometry. The

detected region is a cone near the skin surface c).

K

In Fig. 2, the localization of the signal for skin points 8, 12 and 20 can be related to the light peaks more
easily. The skin position 8, supposedly belonging to PC6 at PC meridian does not show a significant
enlighten peak except in the non-meridian graph for subject 1. The meridian graphs do not show a special
absorption characteristic at this position. It is worth mentioning that PC6 is one of the acupoints most
mentioned in clinical trials in scientific works. The skin position 12, supposedly belonging to PC5, show a
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peak in both subjects in meridian lines and a very smooth peak in non-meridian of subject 1.

Finally the skin point 20 (not evaluated in non meridian of subject 1) would correspond to PC4, maybe
with more uncertainty because of the small differences in arm length for both subjects, could show a special
bright region in the non-meridian evaluation of subject 2.

A scanning at different depths (not only looking for signal maximum but trying point averages, depth
interval averages or global averages) seems not to improve these findings about (i) the similarity in the
variability of optical absorption for PC meridian and anatomically similar non-meridian line and (ii) the
very poor correlation of maximum of absorption and roughly position of PC acupoints. There is the
possibility of having missed the real acupoints in meridian evaluation because of the 5 mm step scan like a
similar dielectric scan seems to indicate in a previous work [15]. This would imply that acupoints are points
(actually skin regions or spots) with very small dimensions. Other possibility is that optical obsorption
could not be the physical parameter that would characterize the acupoints, but rather the optical
stimulation should be associated in some way to the known electrical differences of these points with
respect to their surroundings skin points.
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Fig. 2. Optoacoustic signal for skin points separated 0.5 cm from each other starting from the wrist. The
signal amplitude corresponds to around 5 mm depth inside each point. The signal is for (a) non-meridian

line in subject S1, (b) PC meridian line in subject S1, (c) non-meridian line in subject S2 and (d) PC meridian
line in subject S2.

3.2. Photothermal Radiometry Assessment

Radiometric evaluation was performed in four subjects performing eight evaluations of three points, two
of them supposedly corresponding to PC6 and PC4 acupoints and one PC meridian point not associated
with an acupoint in the middle of the two acupoints mentioned, so that we will call it in the dollowing M46.
Each point was accompanied with its corresponding control point localized nearby in an anatomically
similar region with similar skin quality (see Fig. 3).
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Fig. 3. Optoacoustic signal in normal view. The lines correspond roughly to the possible position of the PC
acupoints. Line in skin point position 8 would correspond to PC6 acupoint, that in position 12 to the PC5
and the one in position 20 for PC6. The signal is for (a) non-meridian line in subject 1, (b) PC meridian line
in subject 1, (c) non-meridian line in subject 2 and (d) PC meridian line in subject 2.

Fig. 4 shows the raw frequency dependent PTR-signal obtained for one of the subjects for all mentioned
points. The measured modulated IR amplitudes and phase lags are usually affected by the frequency
characteristics of the measuring system. This can be eliminated when inverse normalization to an
appropriate reference material, i.e., reference-to-sample normalization, is taken. For this reason, the signal
for glassy carbon, a homogeneous opaque reference material, is also measured and the corresponding
signal is also shown in Fig. 4.
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Fig. 4. Photothermal radiometry (a) amplitudes and (b) phases as a function of the modulation frequency f
obtained for one subject at the biological active points PC4 and PC6, and meridian point in between (M46)
not corresponding to PC5. The signals of the corresponding control points CPC4, CPC6 and CM46, as well as
the signal obtained for glassy carbon are also shown.
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The inverse normalization is also a suitable tool to perform thermal properties depth profiling of layered
samples (s. e.g. [16] or [17]). Particularly, within consideration of a two-layer sample model the use of the
normalized phase lags as a function of the square root of the modulation frequency allows the univocal
determination of combined thermophysical parameters through the determination of the normalized signal
phase extremum (value and frequency position) that is obtained for this kind of samples.

These combined thermophysical parameters are (i) the ratio of the thermal effusivities surface
layer-to-substrate, and (ii) the thermal diffusion time of the surface layer, which is defined as the square of
the thickness of the surface layer divided by its thermal diffusivity value [14]. Therefore, comparison of the
normalized phase lags extrema (values and frequency values) is an easy way to assess the existence of

statistically significant differences between such combined thermophysical parameters of two-layered
samples.
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Fig. 5. Inverse normalized IR phases obtained for one subject at the biological active points PC4 and PC6,
and meridian point in between (M46) not corresponding to PC5, as well as for the corresponding control

points CPC4, CPC6 and CM46. The inverse normalization has been perfomed using glassy carbon as
reference material.
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Fig. 6. Square root frequencies at which the maxima of the inverse normalized phase signal of PC4, PC6 and
M46 are positioned (a) and (b) values of these maxima.
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In Fig. 5, we show the normalized photothermal phases of PC6, PC4 and M46 and the control points as a
function of square root of the modulation frequency. The normalization has been performed taking glassy
carbon as normalizer. It has to be noted that the signals do present one defined maximum and that all
maxima are distinct, so that different values for the combined thermophysical properties are expected.
However, statistical analysis run for the eight measurements performed for each skin region yield to the
result shown in Fig. 6. In this figure, we see that for the skin regions considered there are not any significant
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differences either between the square root frequencies at which the extrema are located at or between
these extrema values. This points out that at least within the two-layer model considered the
thermophysical parameters of BAps and non-BAPs for similar skin quality are not significantly different.

4. Conclusions

The optoacoustic methodology used to measure optical absorption of skin and subcutaneous tissue
assured that the similarities or differences founded are not only due to skin surface differences but also
includes possible nearby subcutaneous differences. The variability of the absorption is similar in meridian
than in a parallel non-meridian line along the forearm. There exist localized regions of high absorption but
hardly associated with acupoints unless we had missed the acupoints due to the 5 mm step that could be
huge in a hypothetical very punctual region that could define acupoints. The thermal properties do not
seem likely to be useful to discriminate acupoints from their surrounding points.

Statistical analysis with more subjects could be performed together with a very fine 2D-net of evaluated
points near the meridian to discard the missing of possible very localized real points used in acupuncture.
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