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(57) ABSTRACT

A therapy device comprises a light source; an irradiation unit
configured to irradiate an object with light from the light
source; a reception unit configured to receive an acoustic
wave generated and propagated within the object due to the
light, and output the acoustic wave as an electrical signal; a
processing unit configured to acquire characteristic informa-

(22) Filed: Dec. 18, 2015 tion of the object based onthe electrical signal output from the
reception unit; atemperature adjustment unit configured to be
(30) Foreign Application Priority Data capable of changing a temperature of the object; and a tem-
perature control unit configured to control the temperature
Dec. 26,2014 (IP) oo 2014-265102 adjustment unit based on the characteristic information.
10 TEMPERATURE
1 REGULATION \
\ UNIT 6
’ —
iy
DISPLAY
CONTROL | | UNIT
LIGHT UNIT
SOURCE \8
/ SIGNAL
PROCESSING
DEVICE

15

CALCULATION /

INPUT UNIT \ 7

PROCESSING
UNIT




US 2016/0184133 Al

Jun. 30,2016 Sheet 1 of 4

Patent Application Publication

I

Ol

h}/

JINDV LNdNI

wi/

LIND

LINA
ONISSID0Ed

TOYLNQOD

LINN

AV1dSId

/

€T

14

NOWVINITVO

30IAdd
ONIS53204dd
IVYNDIS

ST

\

A024N0OS
1HOIT

-

-~ |

LINN
NOILVYIND3Y
FHNLVHEIddNTL

,/f\m L6
/n—“
ST
¢ cl




US 2016/0184133 Al

Jun. 30,2016 Sheet 2 of 4

Patent Application Publication

¢ Ol

/ LnNn
ONISSIDOUd
v/ LINA LNdNI NOILYINDTYD /
eq
8 / HPiaag | eyl
- ONISSIDONUd 324N0S
1IN TYNSIS
TOYLNOD LHOM
LINN
AV1dSid @.ﬁ
/ ey
&1 -\ ——€g
?/i! -
9- 4 f
/ NOIIYIND3Y 1
JUNLYYIdNIL I

eqt



US 2016/0184133 Al

Jun. 30,2016 Sheet 3 of 4

Patent Application Publication

LT1

/ agvos
911 /

AN

30N3d
BNISSAT0Hd

VN

OIS

1INA NOILLVLS
AV1dsia HOM
/ ¢IT
811

T —qT11

IDHNOS

HOLVYINDIY

A3ddIND3-dNNd

mHH\

JENIVvYIdNGL /




US 2016/0184133 Al

Jun. 30,2016 Sheet 4 of 4

i

Patent Application Publication

€CT T

(44

¢l ——
07—

8L¢—

L1C—

9TC—

STZ—

vIT |

ONLLLIS DNILL3S

JHNSSIUd ANIFYIND
3

INIATOS 40 38N1vd3dINGL
o™

\

123790 40 3dNivd3adiNGg L
1/ 1owrl

i

O T TENIHLIAM NHEOTSOWIH
it 10 LINNOWY

IIIII

FENSSIdd  JHNLVHILNGL

NIGOTS0WAH 40 LINNONY

7
c0¢

FOVINI NOLLNGIYLSIA INNOINY NIGOTD0ONIH

A

—  €1¢

—C1C

—£0¢C

- 70¢
- €0¢

T0¢




US 2016/0184133 Al

THERAPY DEVICE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a therapy device.
[0003] 2. Description of the Related Art

[0004] Inice therapy, heat therapy, and cryokinetics, inju-

ries are prevented and treated by cooling, heating, or pressur-
izing an affected area. For example, Japanese Patent Appli-
cation Laid-open No. 2012-187397 discloses a device that
performs heat therapy such that the temperature of a patient is
raised, held, and lowered in accordance with a temporal shift
in temperature set in advance, based on the temperature of the
patient measured with a temperature sensor.

SUMMARY OF THE INVENTION

[0005] However, what amount of blood in the affected area
contributes to the effect of therapy cannot be known from the
temperature of the affected area. Therefore, as with a method
described in Japanese Patent Application Laid-open No.
2012-187397, there is a possibility that a sufficient therapeu-
tic effect is not obtained with a method of controlling the
assigned temperature, depending on the measured tempera-
ture of the affected area.

[0006] Inview of the problem described above, an object of
the present invention is to provide a therapy device that can
enhance the therapeutic effect in an affected area.

[0007] The present invention in its one aspect provides a
therapy device comprising a light source; an irradiation unit
configured to irradiate an object with light from the light
source; a reception unit configured to receive an acoustic
wave generated and propagated within the object due to the
light, and output the acoustic wave as an electrical signal; a
processing unit configured to acquire characteristic informa-
tion of the object based on the electrical signal output from the
reception unit; a temperature adjustment unit configured to be
capable of changing a temperature of the object; and a tem-
perature control unit configured to control the temperature
adjustment unit based on the characteristic information.
[0008] The present invention in its another aspect provides
a therapy device comprising a light source; an irradiation unit
configured to irradiate an object with light from the light
source; a light detection unit configured to receive light radi-
ated from the irradiation unit and propagated within the
object, and output the light as an electrical signal; a process-
ing unit configured to acquire characteristic information of
the object based on the electrical signal output from the light
detection unit; a temperature adjustment unit configured to be
capable of changing a temperature of the object; and a tem-
perature control unit configured to control the temperature
adjustment unit based on the characteristic information.
[0009] The present invention provides a therapy device that
can enhance the therapeutic effect in an affected area.
[0010] Further features of the present invention will
become apparent from the following description of exem-
plary embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG.11isablock diagram showing a therapy device
in Embodiment 1 of the present invention;
[0012] FIG. 2 is a block diagram showing a therapy device
in Embodiment 2 of the present invention;
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[0013] FIG. 3 is a block diagram showing a therapy device
in Embodiment 3 of the present invention; and

[0014] FIG. 4 is a diagram showing a screen of a display
unit in the therapy device in Embodiment 3.

DESCRIPTION OF THE EMBODIMENTS

[0015] An embodiment of the present invention will be
described below in detail with reference to the drawings. For
the same components, the same reference numerals are
assigned as a principle, and descriptions are omitted. Note
that the specific calculation formulae, calculation procedures,
and the like described below should be changed appropriately
depending on the configuration or various conditions of a
device to which the invention is applied, and it is not intended
to limit the scope of the invention to the description below.
[0016] A device of the present invention includes a device
that utilizes the photoacoustic effect to receive acoustic waves
generated within an object by irradiating the object with light
(electromagnetic waves) such as near-infrared light and
acquire characteristic information of the object as image data.
In the case of a device utilizing the photoacoustic effect,
characteristic information of an object to be acquired is gen-
eration source distribution of acoustic waves caused by light
irradiation, initial sound pressure distribution within the
object, light energy absorption density distribution or absorp-
tion coefficient distribution derived from initial sound pres-
sure distribution, concentration distribution of a substance
forming a tissue, or the like. The concentration distribution of
a substance is, for example, oxygen saturation distribution,
total hemoglobin concentration distribution, oxy/deoxy
hemoglobin concentration distribution, or the like. It may be
such that the degree of inflammation in an observed segment
is estimated from the characteristic information, and such
information is assumed as the characteristic information.
[0017] Characteristic information of an object in a plurality
of positions may be acquired as a two-dimensional or three-
dimensional characteristic distribution. The characteristic
distribution can be generated as image data showing charac-
teristic information of an object.

[0018] Acoustic waves referred to in the present invention
are typically ultrasound waves and include elastic waves
called sound waves or ultrasound waves. Acoustic waves
generated by the photoacoustic effect are called photoacous-
tic waves or light-induced ultrasound waves. An acoustic
detector (e.g., a probe) receives acoustic waves generated
within an object.

Embodiment 1

[0019] FIG. 1isablock diagram showing Embodiment 1 of
a therapy device according to an embodiment of the present
invention. A therapy device 100 (hereinafier, abbreviated as
“device 100”) of Embodiment 1 includes an irradiation unit 3
that irradiates an object 1 with single-wavelength pulsed light
11. Further, the device 100 includes an acoustic wave detec-
tion unit 4 (corresponding to a reception unit) with which a
photoacoustic wave 10 generated by an absorber 9 within the
object 1 absorbing energy of light from the irradiation unit 3
is detected, converted to an analog electrical signal, and out-
put. Further, the device 100 includes a signal processing
device 14 that receives an analog electrical signal output from
the acoustic wave detection unit 4, amplifies the analog elec-
trical signal, and generates and outputs a digital signal formed
by analog/digital conversion. Further, the device 100 includes
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acalculation processing unit 5 (corresponding to a processing
unit) that calculates characteristic information of the object 1
using a digital signal output from the signal processing device
14. Characteristic information to be obtained with the device
according to the present invention includes information
reflecting the amount of blood within an object. Further, the
device 100 includes a water bag 2 containing a solvent 12 that
is provided near the object 1 to contact the object 1in order to
change the temperature of the object 1. Further, the device
100 includes a temperature regulation unit 6 that changes the
temperature of the object 1 indirectly by changing the tem-
perature of the solvent 12. Further, the device 100 includes an
input unit 7 with which an operator is capable of inputting a
target value regarding characteristic information of the object
1 such as the amount of hemoglobin. The calculation process-
ing unit 5 as a setting unit sets a target value of characteristic
information of the object 1, based on the information input by
the input unit 7. Further, the device 100 includes a control unit
8 that controls the temperature regulation unit 6, based on
characteristic information of the object 1 obtained by the
calculation processing unit 5 and a target value of character-
istic information set by the calculation processing unit 5. The
device 100 includes a display unit that displays obtained
characteristic information of an object, a set target value of
characteristic information, or the like.

[0020] <<Details of Component>>

[0021] Details of the material, structure, and function of
each will be described for the respective components of the
device 100 described above.

[0022] (Irradiation Unit)

[0023] The irradiation unit 3 includes an irradiation optical
system (not shown) and is a means for spreading pulsed light
from a light source 15 with the irradiation optical system and
then irradiating the object 1. The light source is capable of
generating pulsed light of 5 nanoseconds to 50 nanoseconds.
The light source is preferably alaser with which a large output
can be obtained. However, this is not limiting, and it is also
possible to use a light-emitting diode instead of a laser as the
light source. For the laser to be used as the light source,
various lasers such as a solid-state laser, gas laser, dye laser, or
semiconductor laser can be applied. The laser to be used as the
light source ideally has high output and can change the wave-
length continuously. For example, a Nd:YAG pumped Ti:sa
laser or alexandrite laser is advisable. In the light source, a
plurality of single-wavelength lasers for different wave-
lengths may be held.

[0024] The irradiation unit 3 is a means for irradiating an
object with pulsed light emitted from the light source 15,
using the irradiation optical system. The irradiation optical
system is typically an optical part such as a mirror that reflects
light, a lens that spreads light, or a diffuser that diffuses light.
Pulsed light from the light source 15 is guided to an object
while being processed into a desired shape of irradiation light
distribution with such an optical part. However, this is not
limiting, and pulsed light from the light source 15 may be
propagated using a waveguide such as optical fiber. For the
optical part, anything with which the object 1 can be irradi-
ated with pulsed light emitted from the light source 15 in a
desired shape may be used. Pulsed light is preferably spread
to a certain amount of area rather than be focused with a lens,
in terms of safety for the object 1 and increasing the diagnosis
region. With the irradiation umt 3, the pulsed light 11 may be
radiated in different directions toward the object 1. In this
case, it may be such that the irradiation unit is provided with
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alight irradiation unit scanning mechanism (not shown), and
the light irradiation unit scanning mechanism irradiates the
object 1 from different directions.

[0025] (Acoustic Wave Detection Unit)

[0026] The acoustic wave detection unit 4 is a means for
detecting a photoacoustic wave generated on the surface or
the inside of the object 1 and converting the photoacoustic
wave to an electrical signal that is an analog signal. The
acoustic wave detection unit 4 is also called a probe or trans-
ducer. For the acoustic wave detection unit 4, anything that
can detect an acoustic wave signal, such as a transducer using
the piezoelectric phenomenon, a transducer using resonance
oflight, or a transducer using a change in capacitance, may be
used. The acoustic wave detection unit 4 is preferably formed
by arranging a plurality of one-dimensionally or two-dimen-
sionally arrayed acoustic wave detection elements and con-
figured to be capable of mechanical scanning with an acoustic
wave detection unit scanning mechanism. Accordingly, an
acoustic wave can be detected in a plurality of positions, and
the precision in acquiring characteristic information of an
object improves. The acoustic wave detection unit4 may be a
single element on which an acoustic lens is focused, and the
position of the generating source of an acoustic wave may
accordingly be identifiable.

[0027]

[0028] The signal processing device 14 is a means for
amplifying and converting to a digital signal an analog elec-
trical signal input from the acoustic wave detection unit 4.
The signal processing device 14 is typically configured of an
amplifier, an A/D converter, a field programmable gate array
(FPGA)chip, or the like. The signal processing device 14 may
be capable of parallel processing of a plurality of signals
simultaneously, in the case where there are a plurality of
analog electrical signals input from the acoustic wave detec-
tion unit 4. Accordingly, the device 100 can shorten the time
until acquisition of characteristic information of the object 1.
When a photoacoustic wave is detected in a state where the
relative positions of the object 1 and the acoustic wave detec-
tion unit 4 are the same, an analog electrical signal or digital
signal that is the detection result may be integrated into one
signal. A method of integration may be a mere addition of the
signals, may be a method of adding of and dividing by the
number of the signals, or may be weighting and adding of the
respective signals.

[0029]

[0030] The calculation processing unit 5 is a means for
acquiring characteristic information of an object by perform-
ing calculation, image reconstruction, or the like of the light
amount distribution. The calculation processing unit 5 typi-
cally includes a workstation and performs image reconstruc-
tion processing with software in which the image reconstruc-
tion processing or the like is programmed in advance. The
calculation processing unit 5 may be provided with a plurality
of pieces of hardware that separately perform respective pro-
cesses for calculation of the characteristic information. The
intensity of acoustic waves generated within an object is
proportional to the Griineisen coefficient dependent upon the
temperature of the object. Therefore, the calculation process-
ing unit 5 preferably converts the Griineisen coefficient based
on the temperature of the object 1 detected by a temperature
sensor 16 described later and acquires characteristic informa-
tion of the object 1 using the Griineisen coefficient thus
obtained.

(Signal Processing Device)

(Calculation Processing Device)



US 2016/0184133 Al

[0031] (Object)

[0032] The object 1 does not constitute the device 100, but
will be described herein for the purpose of illustration. The
object 1 is a segment particularly of a human being in which
a strain, arthritis, or the like often occurs, such as an ankle,
knee, calf, thigh, shoulder, elbow, wrist, arm, back, or neck.
However, this is not limiting, and the object 1 may be an
animal.

[0033] (Absorber)

[0034] The absorber 9 does not constitute the device 100,
but will be described herein for the purpose of illustration.
The absorber 9 is particularly a place of blood accumulation
in a blood vessel or segment that has swollen due to inflam-
mation or of internal bleeding such as a bruise. The absorber
9 may be anything that absorbs the pulsed light 11.

[0035] (Water Bag)

[0036] The water bag 2 is configured to be capable of con-
tacting the object 1. The water bag 2 is a plastic bag in which
the solvent 12 is encapsulated for cooling or heating the
object 1 through heat conduction between the water bag 2 and
the object 1 by contacting the object 1. However, this is not
limiting, and the water bag 2 may be anything that can encap-
sulatethe solvent 12 and cause temperature propagation to the
object 1.

[0037] The water bag 2 may be configured such that pres-
sure can be applied to the object 1 via the solvent. In this case,
a safety mechanism such as a safety valve that prevents a
pressure of a certain level or higher from being applied may
be provided for safety. The water bag 2 may be such that
pressure can only be applied in a range of, for example,
between 0 mmHg to 200 mmHg that is a predetermined
pressure range, due to such a safety mechanism.

[0038] Theacoustic wave detection unit 4 may receive pho-
toacoustic waves via the water bag 2. In this case, it is desir-
able that the water bag 2 be configured of a material that
provides adequate acoustic matching with the object 1.
[0039] The water bag 2 may be provided with the tempera-
ture sensor 16 (corresponding to a temperature detection unit)
that can measure the temperature of the object 1 or the tem-
perature of the solvent 12 within the water bag 2. The water
bag 2 may be provided with a blood pressure meter capable of
measuring the blood pressure of the object 1. Accordingly, the
measurement result of the blood pressure meter can be input
to the calculation processing unit 5 to adjust the temperature
of the solvent 12 in accordance with the input result.

[0040] (Solvent)

[0041] The solvent 12 may formed by causing a superab-
sorbent polymer used in a refrigerant or the like to include
water or may be formed only of water. However, this is not
limiting, and the solvent 12 may be any medium that can
transfer heat uniformly to the object 1. Tt is desirable that the
solvent 12 be liquid or gas to which pressure can be applied
with a pump or the like. The acoustic wave detection unit 4
may receive photoacoustic waves via the water bag 2 and the
solvent 12. In this case, it is desirable that the solvent 12 be
liquid that is low in acoustic decay rate and favorable in terms
of acoustic matching with the water bag 2.

[0042] (Temperature Regulation Unit)

[0043] The temperature regulation unit 6 is formed of a
heater that heats the solvent 12 and a Peltier element that
cools the solvent 12. The temperature regulation unit 6 is a
means for holding the temperature of the solvent 12 at a
temperature designated by the control unit 8 based on the
measurement result in the temperature sensor 16, by using the
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heater that heats the solvent 12 and the Peltier element that
cools the solvent 12. The temperature regulation unit 6 may
be provided with a safety mechanism that stops driving of the
heater and the Peltier element, in the case where the tempera-
ture of the solvent 12 has exceeded a predetermined tempera-
ture range, e.g., in the case where it has become 42 degrees
Celsius or higher or 0 degrees Celsius or lower. That is,
accordingly, the heater and the Peltier element can be driven
within a range of 0 degrees Celsius to 42 degrees Celsius.
[0044] In this embodiment, the water bag 2 and the tem-
perature regulation unit 6 can be assumed as a temperature
adjustment unit. The temperature adjustment unit according
to the present invention is not limited to the above and may be
anything that can change the temperature of the object 1.
[0045] (Control Unit)

[0046] The control unit 8 is a means for determining a
sequence for causing the temperature regulation unit 6 to
raise, hold, and lower the temperature of an object, based on
characteristic information of the object acquired by the cal-
culation processing unit 5 and a target value of characteristic
information of the object set by the calculation processing
unit. The control unit 8 controls the temperature regulation
unit 6 based on the determined sequence.

[0047] A temperature control unit according to the present
invention can control raising, holding, and lowering of the
temperature of an object at a desired timing in accordance
with the needs of therapy, based on characteristic information
of the object. The temperature control unit according to the
present invention may control any parameter of the tempera-
ture adjustment unit, as long as the temperature adjustment
unit can be controlled to change the temperature of the object
1.

[0048] (Input Unit)

[0049] The input unit 7 is an input device for an operator to
input a measurement parameter such as a target value of
characteristic information, the temperature of the solvent 12,
or time for which that is to be maintained. The input unit 7
may be a mouse or keyboard or may be a touch panel. This is
not limiting, and the input unit 7 may be anything that is
capable of inputting the information.

[0050] (Display Unit)

[0051] A display unit 13 is a monitor with which the
progress of a sequence, the setting temperature of the tem-
perature regulation unit 6, the actual temperature of the object
1 or the solvent 12, or characteristic information of an object
is displayed and made visible. The display unit 13 may sound
abuzzer that indicates the timing for detaching the water bag
2 from the object 1. The device 100 may be provided with a
notification unit that is any means for notification of the
timing for detaching an acoustic adjustment unit from an
object.

[0052] An example of a temperature control method using
the therapy device according to the present invention will be
described.

[0053] For example, the control unit 8 first controls the
temperature regulation unit 6 such that the temperature of the
solvent 12 becomes a “temperature for lowering the tempera-
ture” to lower the temperature of the object 1. The calculation
processing unit 5 acquires the amount of hemoglobin within
the object. When the amount of hemoglobin acquired by the
calculation processing unit 5 has reached a target value, the
control unit 8 controls the temperature regulation unit 6 to
maintain the temperature of the solvent 12 for a predeter-
mined time. Accordingly, the temperature of the object is
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expected to be held constant when the amount of hemoglobin
is at the target value. Subsequently, when the predetermined
time has passed since the amount of hemoglobin has reached
the target value, the control unit 8 controls the temperature
regulation unit 6 such that the temperature of the solvent 12
becomes a “temperature for raising the temperature” to raise
the temperature of the object 1. In a manner described above,
the control unit 8 can control raising, holding, and lowering of
the temperature of an object at a desired timing, based on
characteristic information of the object.

[0054] The control unit 8 may further enhance the therapy
effect by controlling the pressure applied to an object, in
addition to temperature adjustment of the object, based on
characteristic information of the object. In the case of the
example described above, the control unit 8 may control the
amount of inflow of the solvent 12 to the water bag 2 to apply
pressure to the object, when the amount of hemoglobin has
reached the target value and while the temperature of the
object is being held constant.

Embodiment 2

[0055] FIG.2isablock diagram showing Embodiment 2 of
a therapy device according to an embodiment of the present
invention. For portions corresponding to those in FIG. 1, the
same reference numerals are assigned, and description will be
omitted unless necessary.

[0056] The therapy device in Embodiment 2 is a therapy
device 200 (hereinafter abbreviated as “device 2007) that uses
propagation of diffusion light. The device 200 includes an
irradiation unit 3a that irradiates the object 1 with single-
wavelength light generated by a light source 15a and a light
detection unit 4a that receives light reaching the light detec-
tion unit 4a as a result of the absorber 9 absorbing energy of
a part of light and converts the received light to an analog
electrical signal. Further, the device 200 includes a calcula-
tion processing unit 5a that calculates characteristic informa-
tion of an object using an analog electrical signal and the
water bag 2 containing the solvent 12 that is provided near the
object 1 to contact the object 1 in order to change the tem-
perature of the object 1. Further, the device 200 includes the
temperature regulation unit 6 that changes the temperature of
the object 1 by changing the temperature ofthe solvent 12 and
the input unit 7 for an operator to input a target value of
characteristic information of the object. Further, the device
200 includes the control unit 8 that controls the temperature
regulation unit 6, based on characteristic information of the
object 1 acquired by the calculation processing unit 5a and a
set target value, and a display unit that displays the charac-
teristic information of the object, the target value of the char-
acteristic information, or the like. Since configurations other
than the irradiation unit 3a, the light detection unit 4a, and the
calculation processing unit 5a of this embodiment are similar
to those in Embodiment 1, description is omitted herein, and
only the configurations that are portions differing from the
configurations in Embodiment 1 will be described.

[0057] (Irradiation Unit)

[0058] The irradiation unit 3a is formed of the light source
15a and an irradiation optical system. For the light source
15a, alight-emitting diode, laser, or the like may be used. The
light source 154 is preferably that with which a large output
can be obtained. For the laser to be used as the light source
15a, various lasers such as a solid-state laser, gas laser, dye
laser, or semiconductor laser can be applied.
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[0059] For measurement of the propagation of diffusion
light, there are short pulse measurement, intensity-modulated
light measurement, and continuous light measurement. Tt is
desirable that the light source in the case of using short pulse
measurement be capable of outputting pulsed light of several
tens of picoseconds to 100 picoseconds. It is desirable that the
light source 154 in the case of using intensity-modulated light
measurement be capable of intensity modulation between 10
MHz and several hundred MHz. It is desirable that the light
source in the case of using continuous light measurement be
capable of outputting stable light continuously. It is desirable
that the light source 15¢ be capable of outputting pulsed light,
be formed of a plurality of single-wavelength laser diodes
according to the wavelengths to be used for measurement, and
be capable of outputting intensity-modulated light and con-
tinuous light. An irradiation optical system similar to that in
Embodiment 1 may be used. With the irradiation unit 3a, light
from the light source 154 may be radiated from different
directions toward the object 1. In this case, it may be such that
the irradiation unit 3« is provided with a light irradiation unit
scanning mechanism (not shown), and the light irradiation
unit scanning mechanism irradiates the object 1 from differ-
ent directions.

[0060] (Light Detection Unit)

[0061] The light detection unit 44 is a means for detecting
light that has propagated the surface and the inside of the
object 1. With the light detection unit 4a, light is detected and
converted to an electrical signal that is an analog signal. For
the light detection unit 4a, a photomultiplier, an avalanche
photodiode, photon counting, or the like may be used. With
the light detection unit 4a, light that has propagated the sur-
face and the inside of the object 1 may be focused with a lens
and then detected, so that light is gathered to some degree and
received.

[0062] (Signal Processing Device)

[0063] A signal processing device 14a is ameans for ampli-
fying and converting to a digital signal an analog electrical
signal input from the light detection unit 4a. The signal pro-
cessing device 14a is typically configured of an amplifier, an
A/D converter, a field programmable gate array (FPGA) chip,
or the like. The signal processing device 14a may be capable
of parallel processing of a plurality of signals simultaneously,
in the case where there are a plurality of analog electrical
signals input from the light detection unit 4a. Accordingly,
the device 200 can shorten the time until acquisition of char-
acteristic information of the object 1.

[0064] (Calculation Processing Device)

[0065] The calculation processing unit 5a is a means for
acquiring characteristic information of the object 1. The cal-
culation processing unit 5a typically includes a workstation
and performs image reconstruction processing with software
in which the image reconstruction processing or the like is
programmed in advance. In the case of a device utilizing a
detection signal of light, characteristic information of an
object to be acquired shows the absorption coefficient distri-
bution, scattering coefficient distribution, and concentration
distribution of a substance forming a tissue inside the object.
The concentration distribution of a substance is, for example,
oxygen saturation distribution, total hemoglobin concentra-
tion distribution, oxy/deoxy hemoglobin concentration dis-
tribution, or the like. It may be such that the degree of inflam-
mation in an observed segment is estimated from the
characteristic information, and such information is assumed
as the characteristic information.



US 2016/0184133 Al

[0066] The calculation processing unit 5a may be provided
with a plurality of pieces of hardware that separately perform
respective processes for calculation of the characteristic
information.

[0067] The intensity of light detected in this embodiment
does not depend upon the temperature of the object 1 as in the
intensity of acoustic waves generated in Embodiment 1.
Therefore, the characteristic information does not need to be
acquired based on the temperature of the object 1. That is, the
device according to this embodiment does not need to be
provided with a temperature sensor for detecting the tempera-
ture of the object 1 in order to improve the precision of the
obtained characteristic information.

[0068] (Solvent)

[0069] The solvent 12 may formed by causing a superab-
sorbent polymer used in a refrigerant or the like to include
water or may be formed of only water. Gas with large specific
heat is also acceptable. However, this is not limiting, and the
solvent 12 may be any liquid, gas, or the like that can transfer
heat uniformly to the object 1. It is desirable that the solvent
12 be liquid or gas to which pressure can be applied with a
pump or the like.

Embodiment 3

[0070] FIG.3isablock diagram showing Embodiment 3 of
a therapy device according to an embodiment of the present
invention. For portions corresponding to those in FIG. 1 or
FIG. 2, the same reference numerals are assigned, and
description is omitted unless necessary. In this embodiment,
an object 101 is a human being. A therapy device 300 (here-
inafter abbreviated as “device 300”) of this embodiment per-
forms treatment by cooling, heating, or applying pressure to
an affected area where a strain has occurred in a hamstring
within the object 101. The device 300 determines the timing
or period for raising, holding, or lowering the temperature of
the object, from the amount of increase or decrease of blood
within a blood vessel in the vicinity of the affected area that
can be determined based on a photoacoustic image. The
respective configurations of this embodiment will be
described below.

[0071] A water bag 102 is wound around a thigh of the
human being that is the object 101. The water bag 102 holds
water that is a solvent 109 inside thereof. The water bag 102
is provided with a solvent thermometer 111 that can measure
the temperature of the solvent 109 and an object thermometer
110 that can measure the temperature of the object 101, and is
electrically coupled to a workstation 116 that is a control unit.
The water bag 102 is provided with a drain 114 coupled with
apump-equipped temperature regulator 113. The solvent 109
subjected to temperature adjustment within the pump-
equipped temperature regulator 113 flows into the water bag
102 via the drain 114 to accordingly transfer the temperature
to the object 101. The pump-equipped temperature regulator
113 is coupled to the workstation 116 to be capable of
exchanging signals, and the setting temperature is controlled
by the workstation.

[0072] A light source 105 is a means for emitting pulsed
light and is a YAG laser-induced Ti:sa laser. Pulsed light with
a wavelength of 797 nm emitted from the light source 105
passes through an optical bundle fiber that is an optical
waveguide 104 and enters an irradiation optical system 103.
[0073] The irradiation optical system 103 is a means for
irradiating the object 101 with pulsed light 107 that is the
entered light being spread. The irradiation optical system 103
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is formed of a magnifying lens and a light amount measure-
ment unit that measures the amount of light for a part of the
pulsed light 107. The pulsed light 107 that has entered the
object 101 scatters and propagates within the object 101 and
is absorbed by blood that is an absorber 106 in the vicinity of
an affected area to accordingly generate a photoacoustic wave
108.

[0074] A 2D array probe 112 is a means for receiving and
converting to an analog electrical signal the generated pho-
toacoustic wave 108 and sending the analog electrical signal
to a signal processing device 115. The 2D array probe 112 is
formed by a two-dimensional arrangement of 20x30 ele-
ments that are CMUTSs with a center frequency of 3 MHz and
a width of 1 mm.

[0075] The signal processing device 115 is a means for
performing analog/digital conversion of the sent analog elec-
trical signal to generate a digital signal.

[0076] Inthe workstation 116, a digital signal generated by
the signal processing device 115 is input, and image recon-
struction is performed with a universal back projection (UBP)
method based on the input digital signal and an implemented
program. The workstation 116 calculates the initial sound
pressure based on the image reconstruction. The workstation
116 also calculates the light amount distribution inside the
object 101 by solving a diffusion equation with a finite ele-
ment method. The workstation 116 calculates an absorption
coefficient distribution 1, based on such initial sound pressure
P, and light amount distribution 4, the Griineisen constant I"
of the object 101, and formula (1).

Pe=Ipn 0

[0077] The intensity of acoustic waves generated within an
objectis anintensity proportional to the Griineisen coefficient
dependent upon the temperature of the object. Therefore, the
calculation processing unit 5 preferably converts the Grii-
neisen coefficient based on the temperature of the object 101
detected by the object thermometer 110 and acquires charac-
teristic information of the object 101 using the Griineisen
coefficient thus obtained.

[0078] Further, the workstation 116 calculates the blood
amount distribution or the hemoglobin amount distribution
based on the absorption coefficient distribution 1, that is the
calculation result. With the light source 105, there may be at
least two wavelengths of light that can be output. The work-
station 116 may perform separate photoacoustic measure-
ments based on respective wavelengths to acquire an absorp-
tion coefficient spectrum and calculate the oxygen saturation
or the concentration distribution of a substance. The worksta-
tion 116 is coupled to be capable of exchanging signals with
a keyboard 117 for an operator to input a target value of
characteristic information of an object. The workstation 116
is coupled to be capable of exchanging signals with a monitor
that is a display unit 118. The monitor that is the display unit
118 displays a sequence, the progress of processing executed
by the sequence, the absorption coefficient distribution, blood
amount distribution, or hemoglobin amount distribution in
the vicinity of an affected area inside the object 101, the
temperature of the solvent 109, the temperature of the object
101, or the like.

[0079] The workstation sets a target value of the amount of
hemoglobin as characteristic information of an object.
Although an example in which an operator sets a target value
using the input unit has been shown herein, a method of
setting a target value is not limited as such. For example, the

Formula (1)
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workstation may acquire and set a target value stored in a
storage device in accordance with the placement of an object.
[0080] FIG. 4 is a diagram showing a screen of the display
unit in the therapy device in Embodiment 3. In a hemoglobin
amount distribution image 201 displayed in the display unit
118, blood 202 flowing in a blood vessel and an affected area
203 of internal bleeding due to strain or the like can be seen.
In the display unit 118, a part of an imaged region (region of
interest) is partitioned into designated regions 204 and 205 to
allow display of a hemoglobin amount 214 in the designated
region 204 and a hemoglobin amount 215 in the designated
region 205. The display unit 118 can also display a target
value 211 of the amount of hemoglobin. A display region 207
provided in the display unit 118 is capable of displaying a
temporal shift 213 in the amount of hemoglobin in the des-
ignated region 204 and a temporal shift 212 in the amount of
hemoglobin in the designated region 205. The display region
207 is capable of displaying the target value 211 of the
amount of hemoglobin that is input using the keyboard 117.
The abscissa in the display region 207 is the elapsed time
from when a start button 221 has been pressed, and each shift
is sequentially displayed even in a suspended state.

[0081] Further, the display screen of the display unit 118 is
provided with an object temperature display unit 216 in which
the current temperature of the object 101 is displayed, a
solvent temperature display unit 217 in which the current
temperature of the solvent 109 is displayed, and a pressure
display unit 218 in which the current pressure displayed. The
display screen of the display unit 118 is provided with a start
button 221 for starting therapy, a suspend button 222 for
suspending therapy, and an end button 223 for ending therapy.
The display screen of the display unit 118 is provided with a
setting temperature display unit 219 in which the current
setting temperature is displayed, a setting pressure display
unit 220 in which the current setting pressure is displayed,
and a setting value change button 224 that allows the setting
temperature or the setting pressure to be changed during
suspension. The setting value change button 224 may be
provided to allow a person to set the temperature while look-
ing at the hemoglobin amount 214 or 215 in the designated
region or the shift 207 in the amount of hemoglobin in the
designated region.

[0082] The device 300 may be provided with a safety
mechanism. For example, the safety mechanism may be as
follows, in the case where the device 300 can calculate the
oxygen saturation by irradiating the object 101 with light with
two wavelengths. That is, the safety mechanism may stop
applying pressure or stop lowering the temperature, when the
amount of blood after light irradiation in the designated
region 204 or 205 has decreased by 10% or more compared to
that before the light irradiation.

[0083] With the therapy device having the configuration
described above, an operator or control device can adjust the
temperature of an object while referencing characteristic
information or the current temperature of the object, with a
target value of characteristic information being set in
advance. Accordingly, appropriate temperature control is per-
formed in accordance with the state of the object. Therefore,
a favorable therapy effect can be expected.

Other Embodiments

[0084] Embodiment(s) of the present invention can also be
realized by a computer ofa system or apparatus that reads out
and executes computer executable instructions (e.g., one or
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more programs) recorded on a storage medium (which may
also be referred to more fully as a ‘non-transitory computet-
readable storage medium’) to perform the functions of one or
more of the above-described embodiment(s) and/or that
includes one or more circuits (e.g., application specific inte-
grated circuit (ASIC)) for performing the functions of one or
more of the above-described embodiment(s), and by a
method performed by the computer of the system or appara-
tus by, for example, reading out and executing the computer
executable instructions from the storage medium to perform
the functions of one or more of the above-described embodi-
ment(s) and/or controlling the one or more circuits to perform
the functions of one or more of the above-described embodi-
ment(s). The computer may comprise one or more processors
(e.g., central processing unit (CPU), micro processing unit
(MPU)) and may include a network of separate computers or
separate processors to read out and execute the computer
executable instructions. The computer executable instruc-
tions may be provided to the computer, for example, from a
network or the storage medium. The storage medium may
include, for example, one or more of a hard disk, a random-
access memory (RAM), a read only memory (ROM), a stor-
age of distributed computing systems, an optical disk (such as
acompact disc (CD), digital versatile disc (DVD), or Blu-ray
Disc (BD)™), a flash memory device, a memory card, and the
like.

[0085] A new system configured of an appropriate combi-
nation of various techniques in the respective embodiments
also falls within the scope of the present invention.

[0086] While the present invention has been described with
reference to exemplary embodiments, it is to be understood
that the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.
[0087] This application claims the benefit of Japanese
Patent Application No. 2014-265102, filed on Dec. 26, 2014,
which is hereby incorporated by reference herein in its
entirety.

What is claimed is:

1. A therapy device comprising;

a light source;

an irradiation unit configured to irradiate an object with
light from the light source;

a reception unit configured to receive an acoustic wave
generated and propagated within the object due to the
light, and output the acoustic wave as an electrical sig-
nal;

aprocessing unit configured to acquire characteristic infor-
mation of the object based on the electrical signal output
from the reception unit;

a temperature adjustment unit configured to be capable of
changing a temperature of the object; and

a temperature control unit configured to control the tem-
perature adjustment unit based on the characteristic
information.

2. The therapy device according to claim 1, further com-
prising a temperature detection unit configured to detect a
temperature of the object, wherein

the processing unit is configured to acquire a Grilneisen
coefficient of the object based on the temperature of the
object detected by the temperature detection unit and to
acquire the characteristic information based on the Grii-
neisen coefficient and the electrical signal.
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3. A therapy device comprising:

alight source;

an irradiation unit configured to irradiate an object with
light from the light source;

a light detection unit configured to receive light radiated
from the irradiation unit and propagated within the
object, and output the light as an electrical signal,

aprocessing unit configured to acquire characteristic infor-
mation of the object based on the electrical signal output
from the light detection unit;

a temperature adjustment unit configured to be capable of
changing a temperature of the object; and

a temperature control unit configured to control the tem-
perature adjustment unit based on the characteristic
information.

4. The therapy device according to claim 1, wherein the
processing unit acquires information on an amount of hemo-
globin inside the object or information on an amount of blood
inside the object, as the characteristic information of the
object.

5. The therapy device according to claim 1, wherein the
temperature adjustment unit is configured to be capable of
holding a solvent and changing the temperature of the object
by changing a temperature of the solvent, and

the temperature control unit is configured to control the
temperature of the solvent based on the characteristic
information.

6. The therapy device according to claim 5, wherein the
temperature control unit is configured to control the tempera-
ture adjustment unit such that the temperature of the solvent
falls within a predetermined range.

7. The therapy device according to claim 5, wherein the
temperature control unit is configured to control the tempera-
ture adjustment unit such that the temperature of the solvent
does not become 0 degrees Celsius or lower or 42 degrees
Celsius or higher.

8. The therapy device according to claim 1, further com-
prising a setting unit configured to set a target value of the
characteristic information, wherein

the temperature control unit is configured to control the
temperature adjustment unit such that the characteristic
information acquired by the processing unit approaches
the target value.

9. The therapy device according to claim 8, further com-
prising an input unit configured to allow an operator to input
information regarding the characteristic information,
wherein

the setting unit is configured to set the target value based on
the information regarding the characteristic information
input by the input unit.

10. The therapy device according to claim 1, further com-
prising a setting unit configured to set a target value of the
characteristic information, wherein

the temperature adjustment unit is configured to be capable
of holding a solvent and changing the temperature of the
object by changing a temperature of the solvent, and

the temperature control unit is configured to control the
temperature adjustment unit to switch between raising,
holding, and lowering of the temperature of the solvent
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when the characteristic information acquired by the pro-
cessing unit has reached the target value.

11. The therapy device according to claim 1, further com-
prising a display unit configured to display the characteristic
information of the object.

12. The therapy device according to claim 1, wherein the
temperature adjustment unit is configured to be capable of
applying pressure to the object based on the characteristic
information.

13. The therapy device according to claim 3, wherein the
processing unit acquires information on an amount of hemo-
globin inside the object or information on an amount of blood
inside the object, as the characteristic information of the
object.

14. The therapy device according to claim 3, wherein the
temperature adjustment unit is configured to be capable of
holding a solvent and changing the temperature of the object
by changing a temperature of the solvent, and

the temperature control unit is configured to control the

temperature of the solvent based on the characteristic
information.

15. The therapy device according to claim 14, wherein the
temperature control unit is configured to control the tempera-
ture adjustment unit such that the temperature of the solvent
falls within a predetermined range.

16. The therapy device according to claim 3, further com-
prising a setting unit configured to set a target value of the
characteristic information, wherein

the temperature control unit is configured to control the

temperature adjustment unit such that the characteristic
information acquired by the processing unit approaches
the target value.

17. The therapy device according to claim 16, further com-
prising an input unit configured to allow an operator to input
information regarding the characteristic information,
wherein

the setting unit is configured to set the target value based on

the information regarding the characteristic information
input by the input unit.
18. The therapy device according to claim 3, further com-
prising a setting unit configured to set a target value of the
characteristic information, wherein
the temperature adjustment unit is configured to be capable
of holding a solvent and changing the temperature of the
object by changing a temperature of the solvent, and

the temperature control unit is configured to control the
temperature adjustment unit to switch between raising,
holding, and lowering of the temperature of the solvent
when the characteristic information acquired by the pro-
cessing unit has reached the target value.

19. The therapy device according to claim 3, further com-
prising a display unit configured to display the characteristic
information of the object.

20. The therapy device according to claim 3, wherein the
temperature adjustment unit is configured to be capable of
applying pressure to the object based on the characteristic
information.
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