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7) ABSTRACT

A meridian point-probing device includes a pulse wave-
detecting unit for detecting pulse waves, a stimulation unit
having an end that stimulates a position of skin of a trial
subject, a memory unit for storing pulse waveforms detected
by the pulse wave-detecting unit before and after the stimu-
lation of the position by the stimulation unit, and a meridian
point determination unit for determining whether the stimu-
lation position is a meridian point, according to the pulse
waveforms stored in the memory unit. The position of the
meridian point can be objectively determined with high
reproducibility.

3 Claims, 9 Drawing Sheets
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MERIDIAN POINT-PROBING DEVICE AND
CURATIVE EFFECT-DETERMINING
DEVICE

FIELD OF THE INVENTION

The present invention relates to a meridian point-probing
device and a curative effect-determining device, which
relate to meridian points (“tsubo” in Japanese) in oriental
medicine.

DESCRIPTION OF RELATED ART

In acupuncture and moxibustion therapy, acupuncture
and/or moxibustion is applied to spots called meridian points
(tsubo) in oriental medicine for therapy. It is known that the
curative effect largely depends on whether such therapy is
performed at proper meridian points. Thus, it is important to
determine proper meridian points in the acupuncture and
moxibustion therapy.

However, in current acupuncture and moxibustion
therapy, the meridian points are subjectively determined
based on rough positions in a “keiraku” (energy system)
diagram that is shown in many oriental medicine documents
and by intuition and trial therapy according to clinical
experiences. Accordingly, the meridian points have been
determined subjectively without reproducibility

The effects of the acupuncture and moxibustion therapy
that targets the above-determined meridian points are also
confirmed by a diagnostic process with an interview to a
patient and pulse diagnosis called “myakushin”
(sphygmopalpation) by an acupuncture and moxibustion
therapist. Thus, the effects are also determined subjectively.
In the pulse diagnosis, the therapist touches the radial artery
of the patient to observe the pulse state.

A commercially available meridian point-probing device
identifies a point having a lower contact resistance than that
of its peripheries as a meridian point, but the results are
unreliable.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a meridian
point-probing device and a curative effect-determining
device having the following advantages:

A. Capable of detecting meridian points objectively and

reproducibly and

B. Capable of determining the effects of the acupuncture

and moxibustion therapy objectively.

(1) A meridian point-probing device according to the
present invention includes a pulse wave-detecting unit
which detects pulse waves, a stimulation unit having an end
that stimulates a position of skin of a trial subject, a memory
unit which stores pulse waveforms detected by the pulse
wave-detecting unit before and after the stimulation of the
position by the stimulation unit, and a meridian point
determination unit which determines whether the stimulated
position is a meridian point, according to the pulse wave-
forms stored in the memory unit.

According to the present invention, the pulse wave-
detecting unit detects pulse waveforms before and after the
stimulation unit stimulates a position, the memory unit
stores the pulse waveforms, and the meridian point deter-
mination unit determines whether the position stimulated by
the stimulation unit is a meridian point according to the
pulse waveforms. The position of the meridian point can
thereby be objectively determined with high reproducibility.
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(2) A meridian point-probing device according to the
present invention includes a pulse wave-detecting unit
which detects pulse waves a stimulation unit having an end
that stimulates skin of a trial subject, a memory unit which
stores pulse waveforms detected by the pulse wave-
detecting unit after the stimulation of a plurality of positions
of the skin of the trial subject by the stimulation unit, and a
meridian point determination unit which determines whether
each of the stimulated positions is a meridian point, accord-
ing to the pulse waveforms stored in the memory unit.

According to the present invention, the pulse wave detect-
ing unit detects pulse waveforms after the stimulation unit
stimulates a plurality of positions, the memory unit stores
the pulse waveforms, and the meridian point determination
unit determines whether each of the positions stimulated by
the stimulation unit is a meridian point according to the
corresponding pulse waveform. The positions of the merid-
ian points can thereby be objectively determined with high
reproducibility.

(3) The meridian point determination unit may include a
waveform parameter calculation subunit that calculates a
parameter on the pulse waveforms and determines whether
the stimulated position is a meridian point, according to the
parameter.

(4) The waveform parameter calculation subunit may
calculate a pulse pressure that is a differential pressure
between a systolic blood pressure and a diastolic blood
pressure, a post-ejection pressure that is a differential pres-
sure between a blood pressure at a dicrotic notch and the
systolic blood pressure, a dicrotic wave height that is a
differential pressure between the blood pressure at the
dicrotic notch and a maximum blood pressure of the dicrotic
wave, an post-ejection pressure ratio that corresponds to the
post-ejection pressure normalized by the pulse pressure, a
dicrotic wave height ratio that corresponds to the dicrotic
wave height normalized by the pulse pressure, a tidal wave
height ratio that corresponds to the tidal wave height nor-
malized by the pulse pressure wherein the tidal, wave height
is a differential pressure between the blood pressure of the
post-ejection pressure and a maximum blood pressure of a
tidal wave, or a pulse from the pulse waveforms stored in the
memory unit.

(5) A curative effect-determining device according to the
present invention includes a pulse wave-detecting unit
which detects pulse waves, an acupuncture unit having an
acuminate tip for performing an acupuncture treatment, a
memory unit which stores pulse waveforms detected by the
pulse wave-detecting unit before and after the acupuncturing
treatment by the acuminate tip, and a curative effect deter-
mination unit which determines the curative effect of the
acupuncturing treatment, according to the pulse waveforms
stored in the memory unit.

According to the present invention, the pulse wave-
detecting unit detects pulse waveforms before and after the
acupuncturing treatment by the acupuncture unit, the
memory unit stores the pulse waveforms, and the curative
effect determination unit determines the effect of the acu-
puncturing treatment by the acupuncture unit according to
the pulse waveforms stored in the soft magnetic assist film.
The effect of the acupuncturing treatment can thereby be
objectively determined.

(6) The curative effect determination unit may include a
waveform parameter calculation subunit that calculates a
parameter on the pulse waveforms and determines the
curative effect of the acupuncturing treatment by the acumi-
nate tip according to the parameter.

(7) The waveform parameter calculation subunit may
calculate a pulse pressure that is a differential pressure
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between a systolic blood pressure and a diastolic blood
pressure a post-ejection pressure that is a differential pres-
sure between a blood pressure at a dicrotic notch and the
systolic blood pressure, a dicrotic wave height that is a
differential pressure between the blood pressure at the
dicrotic notch and a maximum blood pressure of the dicrotic
wave, an post-¢jection pressure ratio that corresponds to the
post-ejection pressure normalized by the pulse pressure, a
dicrotic wave height ratio that corresponds to the dicrotic
wave height normalized by the pulse pressure, a tidal wave
height ratio that corresponds to the tidal wave height nor-
malized by the pulse pressure wherein the tidal wave height
is a differential pressure between the blood pressure of the
post-ejection pressure and a maximum blood pressure of a
tidal wave, or a pulse from the pulse waveforms stored in the
memory unit.

BRIEF DESCRIPTION OP THE DRAWINGS

HIG. 1 s a graph of a typical blood-pressure waveform in
an artery;

HIG. 2 is a block diagram of a functional configuration of
a meridian point-probing device according to Embodiment
A

HG. 3 is an outline view other than a stimulation unit of
the meridian point-probing device according to Embodiment
FIG. 4 is an isometric view of the meridian point-probing
device shown in FIG. 3 that is worn on a wrist;

FIGS. 5(A), 5(B), and 5(C) are outline views other than
a stimulation unit of a meridian point-probing device
according to a modification;

HIG. 6 is a block diagram of a functional configuration of
a meridian point-probing device according to Embodiment
B;

FIG. 7 is a block diagram of a functional configuration of
a meridian point-probing device according to Embodiment
G

FIG. 8 is an isometric view of an exemplary acuminate
tip;

HG. 9 is a block diagram of a functional configuration
and an additional part of a blood pressure measuring unit and

HIG. 10 is a schematic view illustrating a measurement of
blood pressure by the blood pressure measuring unit.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Preferred embodiments of the present invention will now
be described in further detail with reference to the drawings.
1. Fundamental Principle

HG. 1 is a graph of a typical blood-pressure waveform in
an artery, for example, a radial artery. As shown in this
drawing, a blood pressure waveform in the artery has an
ejection wave having the highest peak, a tidal wave having
the second highest peak, and a dicrotic wave having the third
highest peak. The minimum point or inflection point
between the tidal wave and the dicrotic wave is called a
dicrotic notch. The peak of the ejection wave corresponds to
the systolic blood pressure (maximum pressure) BP_ in the
waveform. The diastolic blood pressure BP,,, corresponds
to the minimum blood pressure in the waveform. A differ-
ential pressure between the systolic blood pressure BP,  and
the diastolic blood pressure BP, is called a pulse pressure
ABP. The mean blood pressure BP,__  1is obtained by
time-averaging the integral value of the blood pressure
waveform.

In this specification, a differential pressure between the
systolic blood pressure ABP_ and the blood pressure at the
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dicrotic notch is called a post-ejection pressure ABP,; a
differential pressure between the blood pressure at the
dicrotic notch and the maximum blood pressure of the
dicrotic wave is called a dicrotic wave height ABP,,; and the
differential pressure between the diastolic blood pressure
BP,,, and the maximum blood pressure of the tidal wave is
called a tidal wave height ABP .

Meanwhile nifedipine, a calcium antagonist having
vasodilatation, is known to have a pharmacological action
that temporarily improves distensibility of blood vessel.
This action is similar to a physiological state in which
parasympathetic nerve dominantly works as a result of
suppression of the activity of sympathetic nerve.

The present inventors measured the post-ejection pres-
sures ABP, (mmHg) of a plurality of trial subjects before
and after nifedipine was administrated. Table 1 shows the
results, wherein the post-ejection pressure ABP, (mmHg)
before administration was obtained by arithmetic average of
pulse waveforms of the radial artery one hour before
administration, and the post-ejection pressure ABP
(mmHg) after administration was obtained by arithmetic
average of pulse waveforms of the radial artery one hour
after administration.

FIG. 1(A) shows that trial subjects A and B had no
significant difference in the post-ejection pressure ABP,
between before and after nifedipine administration, but other
four trial subjects C to F had an obvious increase in the
post-cjection pressure ABP, between before and after nife-
dipine administration. Accordingly, the post-ejection pres-
sure ABP,, one parameter obtained from the radial artery
pulse waveforms, is distinctly dependent on the physiologi-
cal state.

Accordingly, monitoring the change in one parameter
such as the post-ejection pressure ABP,, obtained from the
radial artery pulse waveforms enables detection of a change
in physiological states of trial subjects.

2. Embodiment A
2.1 Functional Configuration of Meridian Point-probing
Device

FIG. 2 is a block diagram of a functional configuration of
a meridian point-probing device 10 according to this
embodiment. As shown in the drawing, the meridian point-
probing device 10 includes a stimulation unit 14, a pulse
wave-detecting unit 18, a meridian point determination unit
30, a display unit 50, and a control unit 54.

The stimulation unit 14 has an end that stimulates skin of
a human body.

The pulse wave-detecting unit 18, for example, has a
pressure sensor and detects pulse waves generated by pro-
gressive expansion of an artery that follows left ventricular
systole.

The meridian point determination unit 30 determines
whether a position stimulated by the stimulation unit 14 is a
meridian point according to the pulse waveforms detected
by the pulse wave-detecting unit 18. For example, the
meridian point determination unit 30 includes a memory unit
34, a waveform parameter calculation subunit 38, and a
determination subunit 42. In other words, the meridian point
determination unit 30 includes a CPU and a memory storing
programs for operating the CPU.

The memory unit 34 stores the pulse waveforms detected
by the pulse wave-detecting unit 18 before and after the
stimulation unit 14 stimulates a position. The memory unit
34 may be any recording medium, for example, a semicon-
ductor memory, a magnetic recording medium, or an optical
recording medium.

The waveform parameter calculation subunit 38 calcu-
lates a pulse waveform parameter such as the post-ejection
pressure ABP, from the pulse waveforms stored in memory
unit 34.
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The determination subunit 42 determines whether the
position stimulated by the stimulation unit 14 is a meridian
point according to a parameter such as the post-¢jection
pressure ABP, before and after the stimulation uwnit 14
stimulates the position.

The display unit so displays the determined results on the
stimulated position by the meridian point determination unit
30 in the form of text, symbol, or graph.

2.2 Outline Configuration of Meridian Point-probing Device

For example, the meridian point-probing device 10
excluding the stimulation unit 14 may be used in the form of
a wristwatch, as shown in FIGS. 3 and 4. FIG. 3 is an
isometric view of the device itself, and FIG. 4 is an isometric
view of the device that is worn on a wrist.

As shown in these drawings, the meridian point-probing
device 10, excluding the stimulation unit 14, includes a main
portion 62, a pair of bands 56 and 58 attached to the main
portion 62, a sensor holder 59 movable along the band 58.
The sensor holder 59 includes a pulse wave-detecting unit
18 having a protruding pressure sensor 68. The protruding
pressure sensor 68 transmits signals to the main portion 62
through a connection not shown in the drawing, for example,
a flexible printed circuit (PPC) board.

The main portion 62 includes at least one semiconductor
integrated circuit (IC) now shown in the drawing. In this
embodiment, the display unit 50 displays time information.
Operating knobs 61 switches between a measuring mode for
measuring pulse waveforms and a watch mode for display-
ing time. The operating knobs 61 are also used for inputting
various data.

When the meridian point-probing device 10 is used, as
shown in FIG. 4, the meridian point-probing device 10 is
worn on a wrist of a trial subject like a wristwatch such that
the sensor bolder 59 lies near the radial artery 98. The sensor
holder 59 is slid along the band 58 so that the pressure sensor
68 of the sensor holder 59 is disposed on the radial artery 98.

When the pressure sensor 68 presses the radial artery 98
of the trial subject, pulse waves corresponding to vibrations
of the vessel wall caused by a change in blood flow in the
artery are transmitted from the pressure sensor 68 to the
pulse wave-detecting unit 18. The meridian point-probing
device 10 can thereby detect pulse waveforms. The detected
pulse waveforms are substantially the same as blood pres-
sure waveforms of the artery.

2.3 Operation of Meridian Point-probing Device

The meridian point-probing device 10 determines
whether a position of a trial subject stimulated by the
stimulation unit is a meridian point, according to the fol-
lowing operation.

The band 58 is wound around the wrist and the sensor
holder 59 is fixed near the radial artery 98.

Before the stimulation unit 14 stimulates a position of the
trial subject, the pressure sensor 68 of the pulse wave-
detecting unit 18 detects the pulse waveform (vibration
waveform of the vessel wall that follows a blood flow in an
artery of the wrist such as the radial artery 98) as a pressure
waveform. The pulse waveform detected by the pressure
sensor 68 is stored in the memory unit 34. The waveform
parameter calculation subunit 38 calculates a parameter
according to the pulse waveform stored in the memory unit
3.

A portion presumed to be a meridian point is stimulated
by the stimulation unit 14.

After the stimulation to the trial subject by the stimulation
unit 14, the pressure sensor 68 redetects a pulse waveform.
The pulse waveform detected by the pressure sensor 68 is
stored in the memory unit 34. According to the pulse
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waveform stored in the memory unit 34, the waveform
parameter calculation subunit 38 calculates a parameter of
the pulse waveform such as the post-ejection pressure ABP,,.

The determination subunit 42 determines whether the
position stimulated by the stimulation unit 14 is a meridian
point according to the parameter, for example, the post-
ejection pressures ABP,, calculated by the waveform param-
eter calculation subunit 38 before and after the stimulation
by the stimulation unit 14.

The results appear on the display unit 50, for example,
including a liquid crystal display, in the form of text and
graph.

2.4 Modifications of Embodiment A

2.4.1. In the above embodiment, the parameter, which is

calculated by the waveform parameter calculation subunit
38 of the meridian point determination unit 30 and is used
for determining whether the stimulated position is a merid-
ian point in the determination subunit 42, is the post-ejection
pressure ABP . Alternatively, the parameter which is calcu-
lated in the waveform parameter calculation subunit 38 of
the meridian point determination unit 30 and is used for
determination in the determination subunit 42, may be the
pulse pressure ABP, which is a differential pressure between
the systolic blood pressure and the diastolic blood pressure;
the dicrotic wave height ABP,, which is a differential
pressure between the blood pressure at the dicrotic notch and
the maximum blood pressure of the dicrotic wave; a post-
ejection pressure ratio ABP, /ABP, which corresponds to the
post-ejection pressure (-a differential pressure between the
systolic blood pressure and the blood pressure at the dicrotic
notch) normalized by the pulse pressure; a dicrotic wave
height ratio ABP,/ABP, which corresponds to the dicrotic
wave height (-a differential pressure between the blood
pressure at the dicrotic notch and the maximum blood
pressure of the dicrotic wave) normalized by the pulse
pressure; a tidal wave height ratio ABP,,/ABP, which cor-
responds to the tidal wave height (-a differential pressure
between the diastolic blood pressure ABP;, and the maxi-
mum blood pressure of the tidal wave) normalized by the
pulse pressure; or a pulse.
2.42 In the above embodiment, the pulse wave-detecting
unit detects pulse waveforms of the radial artery 98.
Alternatively, the pulse wave-detecting unit may detect
pulse waveforms of any appendicular or finger arteries, such
as an ulnar artery of a wrist, a palmar digital artery of a
finger, a brachial artery of an upper arm, or a popliteal artery
of a lower limb. Alternatively, the pulse wave-detecting unit
may detect pulse waveforms of any other arteries flowing
near the surface, such as carotid artery and femoral artery.
2.4.3 In the above embodiment, the pulse wave-detecting
unit is a pressure sensor. Since the pulse waveform is
substantially the same as a change waveform of a blood flow
rate, the pulse wave-detecting unit may be an optical sensor
that emits light toward an artery and detects a change in
reflected light intensity or transmitted light caused by the
blood flow in the artery, in place of the pressure sensor.

For example, such an optical sensor is composed of a
light-emitting diode (LED) and a phototransistor. The wave-
length of light emerging from the LED is set near the peak
wavelength of reflection or absorption of hemoglobin in the
blood while the wavelength range of light received by the
phototransistor is set near the peak wavelength of reflection
or absorption of the hemoglobin. Thus, the received light
intensity changes with the blood flow rate. The pulse wave-
form can thereby be detected as a change in the received
light intensity.

Such an optical sensor detects pulse waves that change in
response to the blood flow rate, namely, volume pulse waves
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as a change in the red blood count in the capillary plexus
near skin and thus as a change in transmittance or reflectance
of light emerging toward the skin. Thus, the optical sensor
can detect pulse waves without aligning the sensor to, for
example, a radial artery. Thus, the pulse wave-detecting unit
including such an optical sensor can stably detect a change
in the red blood count in the capillary plexus near skin as
pulse waves (volume pulse waves) in a peripheral artery.

As described above, the meridian point-probing device 10
according to the present invention can use the post-ejection
pressure ratio ABP,/ABP, which corresponds to the post-
ejection pressure (-a differential pressure between the maxi-
mum blood pressure and the blood pressure at the dicrotic
notch) normalized by the pulse pressure (-a differential
pressure between the maximum pressure and the minimum
pressure), the dicrotic wave height ratio ABP,/ABP, which
corresponds to the dicrotic wave height (-a differential
pressure between the blood pressure at the dicrotic notch and
the maximum blood pressure of the dicrotic wave) normal-
ized by the pulse pressure, the tidal wave height ratio
ABP,,/JABP which corresponds to the tidal wave height
normalized by the pulse pressure, or the pulse, as a param-
eter used for determining whether the position stimulated by
the stimulation unit 14 is a meridian point. Thus, the pulse
wave-detecting unit does not need to detect the blood
pressure itself directly. Accordingly, a pulse wave-detecting
unit including a photoelectric sensor capable of detecting a
waveform that is substantially the same as the waveform of
the blood pressure can be used in the above meridian
point-probing device.

FIGS. 5(A), 5(B), and 5(C) are outline views of a merid-
ian point-probing device 10A including such a pulse wave-
detecting unit 18A (not including the stimulation unit 14).
The meridian point-probing device 10A includes a main
portion 62A having a structure like a wrist watch, a cable 64
connected to a connector 20 of the main portion 62A with a
connector piece 57, and the pulse wave-detecting unit 18A
provided at an end of the cable 64. The main portion 62A has
a wristband 56 for fixing the main portion 62A to a wrist of
a trial subject.

The main portion 62A includes the connector 20. The
detachable connector piece 57 at the other end of the cable
64 is connected to the connector 20.

FIG. 5(C) shows the connector 20 from which the con-
nector piece 57 is detached. For example, the connector 20
includes connection pins 21 for connecting to the cable 64,
an LED 22 for transmitting data, and a phototransistor 23.

At the surface of the main portion 62A, a display unit S0A
composed of a liquid crystal panel is provided. The display
unit 50A has a segment display region and a dot display
region and displays a central blood pressure waveform, a
central blood pressure waveform parameter, or analytical
results, for example. The display unit S0A may be any other
display devices in place of the liquid crystal panel.

The main portion 62A includes a central processing unit
(CPU) for controlling various calculations and conversions
and a memory (not shown) for storing programs for CPU
operation in the interior and includes operation knobs 61A
for various operations and inputting at the periphery.

As shown in FIG. 5(B) the pulse wave-detecting unit 18A
is shaded by a band 65 for fixing the sensor and is fixed near
the bottom of the index finger of a trial subject. Since the
pulse wave-detecting unit 18A is fixed in such a manner, a
abort cable 64 can be used and is not a hindrance of fixing.
Since a change in blood flow rate with temperature at the
bottom of a finger is smaller than that at the fingertip, the
detected pulse waveform is not so affected by the environ-
mental temperature.
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2.4.4 in the above embodiment, the meridian point determi-
nation unit 30, the display unit 50, and the control unit 54 are
built into the main portion 62. Any one of these units may
be separated from the main portion 62 and may be electri-
cally connected to the pulse wave-detecting unit 18 or the
stimulation unit 14.

2.4.5 In the above embodiment, the display unit 50 including
the liquid crystal display is used as a disclosure portion, and
the display unit 50 display a text and graph. Alternatively, a
printer, a voice synthetic unit, or a speaker may be used as
a disclosure portion instead of or together with the display
unit 50 to display the information as display, printed text, or
voice.

2.5 Effects of Embodiment A

As described above, in the meridian point-probing device
10 according to this embodiment, the pulse wave-detecting
detecting unit 18 detects pulse waveforms before and after
the stimulation unit 14 stimulates a position, the memory
unit 34 stores the pulse waveforms, and the meridian point
determination unit 30 determines whether the position
stimulated by the stimulation unit 14 is a meridian point
according to the pulse waveforms. The position of the
meridian point can thereby be objectively determined with
high reproducibility.

3. Embodiment B

The meridian point-probing device in this embodiment
differs from that according to Embodiment A in that the
memory unit stores pulse waveforms detected by the pulse
wave-detecting unit after the stimulation of a plurality of
positions by the stimulation unit and the meridian point
determination unit determines whether each of the stimu-
lated positions is a meridian point, according to the pulse
waveforms stored in the memory unit. The differences from
Embodiment A will now be intensively described. Since
other features are the same as those in Embodiment A, the
description thereof is omitted. The same reference numerals
are allocated to the same components in the drawings
3.1 Functional Configuration of Meridian Point-probing
Device

FIG. 6 is a block diagram of a functional configuration of
a meridian point-probing device 11 according to this
embodiment. The functional configuration of this embodi-
ment is substantially the same as that in Embodiment A.

The operation of the meridian point determination unit,
however, is partly different.

In this embodiment, the meridian point determination unit
31 stores pulse waveforms that are detected by the pulse
wave-detecting unit 18 after the stimulation of a plurality of
positions by the stimulation unit. The meridian point deter-
mination unit 31 includes a memory unit 35, a waveform
parameter calculation subunit 38, and a determination Sub-
unit 43.

The memory unit 35 stores the pulse waveforms a plu-
rality of positions detected by the pulse wave-detecting unit
18 after the stimulation unit 14 stimulates these positions.

The waveform parameter calculation subunit 38 calcu-
lates a pulse waveform parameter such as a post-ejection
pressure ABP,, from each of the pulse waveforms stored in
the memory unit 35.

The determination subunit 43 determines whether each of
the positions stimulated by the stimulation unit 14 is a
meridian point according to a parameter corresponding to
each position. For example, the determination subunit 43
compares post-¢jection pressures ABP, that are calculated in
the waveform parameter calculation subunit 38 to determine
whether each of the positions simulated by the stimulation
unit 14 it a meridian point.
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3.2 Outline Configuration of Meridian Point-probing Device
The outline configuration of the meridian point-probing

device 10 according to this embodiment may be the same as

that in Embodiment A.

3.3 Operation of Meridian Point-probing Device

The meridian point-probing device 11 determines whether
each of the positions of a trial subject stimulated by the
stimulation unit 14 is a meridian point, according to the
following operation.

The band 59 is wound around the wrist and the sensor
holder 59 is fixed near the radial artery 98.

A portion presumed to be a meridian point is stimulated
by the stimulation unit 14.

After a predetermined time from the stimulation to the
trial subject by the stimulation unit 14, the pressure sensor
68 redetects a pulse waveform. The pulse waveform
detected by the pressure sensor 68 is stored in the memory
unit 34.

The stimulation by the stimulation unit 14 and detecting
and storing of the pulse waveform after the predetermined
time from the stimulation are repeated for a plurality of
positions.

According to the pulse waveform corresponding to each
stimulated position stored the memory unit 34, the wave-
form parameter calculation subunit 38 calculates a param-
eter of the pulse waveform such as the post-ejection pressure
ABP,. Next, the determination subunit 43 compares the
parameters corresponding to the stimulated positions to
determine whether each of the stimulated positions is merid-
ian point.

The determined results appear on the display unit 50,
which for example, includes a liquid crystal display device,
in the form of text, symbol, or graph.

3.4 Modifications of Embodiment B

3.4.1 in the above embodiment, the memory unit stores pulse
waveforms corresponding to the stimulated positions and the
waveform parameter calculation subunit calculates the
parameters after these pulse waveforms are stored.
Alternatively, the waveform parameter calculation subunit
may calculate each parameter after a pulse waveform cor-
responding to each of the stimulated positions is stored.
3.4.2 Each modification shown in Embodiment A may also
be applied to this Embodiment.

3.5 Effects of Embodiment B

As described above, the pulse wave-detecting unit 18
detects pulse waveforms after the stimulation unit 14 stimu-
lates a plurality of positions, the memory unit 33 stores the
pulse waveforms, and the meridian point determination unit
31 determines whether each of the positions stimulated by
the stimulation unit 14 is a meridian point according to the
corresponding pulse waveform. The positions of the merid-
ian points can thereby be objectively determined with high
reproducibility.

4. Embodiment C

A curative effect-determining device according to this
embodiment fundamentally differs from the meridian point-
probing device according to Embodiment A in that the
stimulation unit is replaced with an acupuncture unit and the
meridian point determination unit is replaced with a curative
effect determination unit. The differences from Embodiment
Awill now be intensively described. Since other features are
the same as those in Embodiment A, the description thereof
is omitted. The same reference numerals are allocated to the
same components in the drawings.

4.1 Functional Configuration of Curative Effect-
Determining Device

HFIG. 7 is a block diagram of a functional configuration of

a curative effect-determining device 12 according to this
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embodiment. The functional configuration of this embodi-
ment is substantially the same as that in Embodiment A.
However, the stimulation unit 14 is replaced with an acu-
puncture unit 15 and the meridian point determination unit
30 is replaced with a curative effect determination unit 32.

The acupuncture unit 15 has an acuminate tip used for
performing an acupuncture treatment.

The curative effect determination unit 32 determines the
curative effect of the acupuncture treatment, according to the
pulse waveforms detected by the pulse wave-detecting unit
18 before and after the acupuncturing treatment. For
example, the curative effect determination unit 32 includes
a memory unit 36, a waveform parameter calculation sub-
unit 38, and a determination subunit 44. In other words, the
curative effect determination unit 32 includes a CPU and a
memory storing programs for operating the CPU.

The memory unit 36 stores the pulse waveforms detected
by the pulse wave-detecting unit 18 before and after the
acupuncture treatment by the acupuncture unit 15. The
memory unit 36 may be any recording medium, for example,
a semiconductor memory, a magnetic recording medium, or
an optical recording medium.

The waveform parameter calculation subunit 38 calcu-
lates a pulse waveform parameter such as the post-ejection
pressure ABP, from the pulse waveforms stored in the
memory unit 36.

The determination subunit 44 determines the curative
effect of the acupuncture treatment according to the pulse
waveforms detected by the pulse wave-detecting unit 18
before and after the acupuncture treatment by the acupunc-
ture unit 15. For example, the determination subunit 44
determines the curative effect according to a change in
post-cjection pressure ABP,, before and after the acupunc-
ture treatment, wherein the post-ejection pressure is one of
the parameters calculated from the pulse waveforms.

The display unit 50 displays the determined results on the
curative effect of the acupuncture treatment by the acupunc-
ture unit 15 in the form of text, symbol, or graph.

4.2 Outline Configuration of Curative Effect-Determining
Device

The outline configuration of the curative effect-
determining device 12 is substantially the same as that in
Embodiment A except that the acupuncture unit 15 is
included.

FIG. 8 shows a schematic example of the acupuncture unit
1S. The acupuncture unit 15 includes an acuminate tip 16
and a holder 17 for holding the acuminate tip 16.

4.3 Operation of Curative Effect-Determining Device

The curative effect-determining device 12 determines the
curative effect of the acuminate tip according to the follow-
ing operation.

The band 58 is wound around the wrist and the sensor
holder 59 is fixed near the radial artery 98.

Before the acupuncture treatment by the acupuncture unit
15, the pressure sensor 68 of the pulse wave-detecting unit
18 detects the pulse waveform. The pulse waveform
detected by the pressure sensor 68 is stored in the memory
unit 36. The waveform parameter calculation subunit 38
calculates a parameter, for example, a post-ejection pressure
ABP,, according to the pulse waveform stored in the
memory unit 36.

Next, the acupuncture unit 15 stimulates a portion of a
trial subject according to the medical treatment.

After the stimulation of the position by the acupuncture
unit 13, the pressure sensor 68 redetects the pulse waveform.
The memory unit 36 stores the pulse waveform detected by
the pressure sensor 68. The waveform parameter calculation
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subunit 38 calculates a parameter of the pulse waveform
according to the pulse waveform stored in the memory unit
36.

Next, the determination subunit 44 determines the effect
of the acupuncture treatment by the acupuncture unit 15
according to the parameters before and after the stimulation
by the acupuncture unit 15.

The results appear on the display unit 50, for example,
including a liquid crystal display, in the form of text and
graph.

4.4 Modifications of Embodiment C

4.4.1 In the above embodiment, the parameter, which is
calculated by the waveform parameter calculation subunit
38 of the curative effect determination unit 32 and is used for
determining the curative effect by the determination subunit
44, is the post-ejection pressure ABP,. Alternatively, the
parameter, which is calculated in the waveform parameter
calculation subunit 38 of the curative effect determination
unit 32 and is used for determination in the determination
subunit 44, may be the pulse pressure ABP, which is a
differential pressure between the systolic blood pressure and
the diastolic blood pressure; the dicrotic wave height ABP,,
which is a differential pressure between the blood pressure
at the dicrotic notch and the maximum blood pressure of the
dicrotic wave: a post-ejection pressure ratio ABP,/ABP,
which corresponds to the post-ejection pressure (-a differ-
ential pressure between the systolic blood pressure and the
blood pressure at the dicrotic notch) normalized by the pulse
pressure; a dicrotic wave height ratio ABP,/ABP, which
corresponds to the dicrotic wave height (-a differential
pressure between the blood pressure at the dicrotic notch and
the maximum blood pressure of the dicrotic wave) normal-
ized by the pulse pressure; a tidal wave height ratio ABP,/
ABP, which corresponds to the tidal wave height (-a differ-
ential pressure between the diastolic blood pressure ABP
and the maximum blood pressure of the tidal wave) nor-
malized by the pulse pressure; or a pulse.

4.4.2 Modifications 2.4.2, 2.4.3,2.4.4, and 2.4.5 in Embodi-
ment A can also be applied to this embodiment.

4.5 Effects of Embodiment C.

As described above, in the curative effect-determining
device 12 according to this embodiment, the pulse wave-
detecting unit 18 detects pulse waveforms before and after
the acupuncturing treatment by the acupuncture unit 15, the
memory unit 36 stores the pulse waveforms, and the curative
effect determination unit 32 determines the effect of the
acupuncturing treatment by the acupuncture unit 15 accord-
ing to the pulse waveforms stored in the soft magnetic assist
film 36. The effect of the acupuncturing treatment can
thereby be objectively determined.

5. Embodiment D

In the above embodiments, the probing of the meridian
points and the determination of the curative effect are
performed using pulse waveforms detected by the pulse
wave-detecting unit 18 or 18A. Alternatively, a blood pres-
sure measuring unit and a conversion unit may be included
together with the pulse wave-detecting unit so that the pulse
waveforms are converted into blood pressure waveforms
that are used for probing the meridian points or determining
the curative effect.

HFIG. 9 is a block diagram showing a functional configu-
ration of the blood pressure measuring unit 80 and a portion
relating to the blood pressure measuring unit 80, namely, the
relationship between the pulse wave-detecting in addition to
the pulse wave-detecting units 18 and 18A shown in the
above embodiments any other pulse wave-detecting units
having sensors for detecting pulse waveforms may be used.
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The blood pressure measuring unit 80 measures the blood
pressure at the same positions that are used for detecting
pulse waves by the pulse wave-detecting unit 18. An
embodiment of the blood pressure measuring unit 80 will be
described below in detail.

The 72 converts the pulse waveform detected by the pulse
wave-detecting unit 18 into a blood pressure waveform at
the position, according to the blood pressure value measured
by the blood pressure measuring unit 80. For example, the
conversion unit 72 converts the pulse waveform into the
blood pressure waveform using the amplitude between the
systolic blood pressure and the diastolic blood pressure that
are measured by the blood pressure measuring unit 80. The
resulting blood pressure waveform is input into the meridian
point determination unit 30 or 31 or the curative effect
determination unit 32 to perform determination using the
blood pressure waveform instead of the pulse waveform.

FIG. 10 is a schematic view of the blood pressure mea-
suring unit 80 for measuring the blood pressure. The blood
pressure measuring unit 80 measures a blood pressure by
winding a band 91 around a position for detecting the pulse
wave by the pulse wave-detecting unit 18, for example, a
wrist. The band 91 has a pressure bag 89 therein and is
wound around the wrist such that the pressure bag 89 faces
the radial artery 98.

The pressure bag 89 connects with a pump 86 and a
discharge valve 88 via a pipe 87. The pump 86 and the
discharge valve 88 control the volume of a liquid charged in
the pressure bag 89 to control the pressuring force of the
pressure bag 89 to the radial artery 98.

The pipe 87 is provided with a pressure sensor 90 for
detecting the change in liquid pressure. The pressure sensor
90 detects vibration of the radial artery 98 as a change in
pressure of the liquid that transmitted via the pressure bag 89
and the pipe 87. Since the pressure bag 89 lying above the
radial artery 98 is pressured in response to the vibration of
the radial artery 98, the pressure of the liquid in the pressure
bag 89 changes in response to the vibration of the radial
artery 90. Thus, the pressure sensor 90 detecting such a
change in pressure can output signals corresponding to the
vibration of the radial artery 98.

The blood pressure measuring unit 80, constituting a part
of the configuration shown in FIG. 9, further includes a
control unit 84 and a blood pressure determination unit 92,
in addition to the above units.

The control unit 84 controls the operation of the pump 86
and the discharge valve 88 to cause a change in pressure of
the pressure bag 89 by controlling the volume of the liquid
in the pressure bag 89 so that the pressure bag 89 presses the
radial artery 98 with a variable applying pressure within a
predetermined range. For example, the control unit 84
includes a CPU and a memory such a semiconductor
memory for storing programs for CPU operation.

The blood pressure determination unit 92 inputs a variety
of pressure information from the pressure bag 89 through the
control unit 84 and detection signals from the pressure
sensor 90 at each pressure and determines the maximum
blood pressure and the minimum blood pressure according
to the input information. For example, the blood pressure
determination unit 92 includes a CPU and a memory for
storing programs for CPU operation.

The operation of blood pressure measurement of the
blood pressure measuring unit 80 will now be described.

The cuff band 91 is wound around a wrist such that the
pressure bag 89 lies above the radial artery 98.

The pump 86 and the discharge valve 98 are controlled by
the control unit 84 to control the volume of the liquid in the
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pressure bag 89. The applying pressure in the pressure bag
89 is thereby changed. The pressure bag 89 presses the radial
artery at a variable applying pressure within a predetermined
range. Specifically, the control unit 84 controls the applying
pressure of the pressure bag 89 within the range of, for
example, 250 to 20 mg, the range being slightly wider than
a typical blood pressure range.

The pressure sensor 90 for detecting the vibration of the
radial artery 98 detects signals corresponding to the vibra-
tion of the vascular wall due to blood flow in the blood
vessel which is narrowed by each applying pressure from the
pressure bag 89. The results are stored in the blood pressure
determination unit 92 together with the corresponding
applying pressure from the pressure bag 89. The applying
pressure from the pressure bag 89 is transmitted from the
control unit 84 for controlling the applying pressure to the
blood pressure determination unit 92.

After a sufficient number of data that covers the above
applying pressure range of the pressure bag 89 is sampled,
the blood pressure determination unit 92 determines the
blood pressure. The highest applying pressure from the
pressure bag 89 that is detected as the vibration caused by
the blood flow in the blood vessel in the narrowed state by
the pressure sensor 90 is defined as the maximum blood
pressure, whereas the lowest applying pressure from the
pressure bag 89 that is detected as the vibration caused by
the blood flow in the blood vessel in the narrowed state by
the pressure sensor 90 is defined as the minimum blood
pressure. The principle of this blood pressure measurement
is the same as that of stethoscopy in which the blood
pressure is determined by monitoring vibration of the vessel
wall caused by blood flow in the narrowed blood vessel at
an abaxial side of the artery pressed by a wrist band.

The embodiments according to the present invention have
been described above. The present invention, however, is not
limited to these embodiments, and can include various
modifications within the scope of the spirit of the present
invention and the claims.

What is claimed is:

1. A meridian point-probing device, comprising:

a pulse wave-detecting unit which detects pulse waves;

a stimulation unit having an end that stimulates a position
of skin of a trial subject;

a memory unit which stores pulse waveforms detected by
the pulse wave-detecting unit before and after the
stimulation of the position by the stimulation unit; and
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a meridian point determination unit which determines
whether the stimulated position is a meridian point,
according to the pulse waveforms stored in the memory
unit, the meridian point determination unit including a
waveform parameter calculation subunit that calculates
a pressure parameter based on a point located on the
pulse waveforms and determines whether the stimu-
lated position is a meridian point, according to the
pressure parameter.

2. A meridian point-probing device, comprising:

a pulse wave-detecting unit which detects pulse waves;

a stimulation unit having an end that stimulates skin of a
trial subject;

a memory unit which stores pulse waveforms detected by
the pulse wave-detecting unit after the stimulation of a
plurality of positions of the skin of the trial subject by
the stimulation unit; and

a meridian point determination unit which determines
whether each of the stimulated positions is a meridian
point, according to the pulse waveforms stored in the
memory unit, the meridian point determination unit
including a waveform parameter calculation subunit
that calculates a pressure parameter based on a point
located on the pulse waveforms and determines
whether the stimulated position is a meridian point,
according to the pressure parameter.

3. The meridian point-probing device according to claim
2, wherein the waveform parameter calculation subunit
calculates the pressure parameter that includes at least one of
a pulse pressure that is a differential pressure between a
systolic blood pressure and a diastolic blood pressure, a
post-ejection pressure that is a differential pressure between
a blood pressure at a dicrotic notch and the systolic blood
pressure, a dicrotic wave height that is a differential pressure
between the blood pressure at the dicrotic notch and a
maximum blood pressure of the dicrotic wave, a post-
ejection pressure ratio that corresponds to the post-ejection
pressure normalized by the pulse pressure, a dicrotic wave
height ratio that corresponds to the dicrotic wave height
normalized by the pulse pressure, a tidal wave height ratio
that corresponds to the tidal wave height normalized by the
pulse pressure wherein the tidal wave height is a differential
pressure between the blood pressure of the post-ejection
pressure and a maximum blood pressure of a tidal wave, or
a pulse from the pulse waveforms stored in the memory unit.
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