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(57) ABSTRACT

A compression device for compressing a subject that is used
in ultrasonic measurement that receives ultrasonic waves
from the subject to acquire biological information of the
subject, comprising: two compression plates that are used
when compressing the subject, and that face each other in a
vertical direction with respect to a horizontal plane; a flexible
sheet for setting a subject on, which is stretched between
upper ends of the two compression plates; a compression
mechanism that relatively changes a distance between the two
compression plates to sandwich and compress the subject that
is set on the flexible sheet through the flexible sheet; and a
supply unit for supplying a matching liquid onto the flexible
sheet. The apparatus can match an acoustic impedance with a
subject and can suppress leaking or overflowing of a match-
ing liquid.
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COMPRESSION DEVICE USED IN
ULTRASONIC MEASUREMENT,
COMPRESSION CONTROL METHOD
THEREOF, AND PHOTOACOUSTIC
MEASUREMENT APPARATUS AND
CONTROL METHOD THEREOF

TECHNICAL FIELD

[0001] The present invention relates to a compression
device used in ultrasonic measurement and a compression
control method thereof, and a photoacoustic measurement
apparatus and a control method thereof.

[0002] More particularly, the present invention relates to a
compression device used in a photoacoustic measurement
apparatus that radiates near infrared rays inside a subject,
receives photoacoustic waves generated inside the subject
with an ultrasound probe, and displays a tissue image inside
the subject.

BACKGROUND ART

[0003] Srirang Manohar, et al., The Twente photoacoustic
mammoscope: system overview and performance, Physics in
Medicine and Biology 50 (2005) 2543-2557 discusses a pho-
toacoustic measurement apparatus that has been developed
for use in breast cancer examination.

[0004] According to Manohar, et al., a subject (breast) is
compressed between a glass plate and an ultrasound probe,
and illumination light (near infrared rays) that employs an
Nd:YAG laser as a light source is radiated to the breast
through the glass plate.

[0005] Photoacoustic waves generated inside the subject
(breast) are received with the ultrasound probe. The received
photoacoustic waves are used to reconstruct an image of
tissue inside the subject (breast), particularly angiogenesis in
breast cancer, and the reconstructed image is displayed.
[0006] However, according to the apparatus discussed in
Manohar, et al., gaps are caused due to dead spaces between
apart of the subject (breast) and the ultrasound probe in which
the part of subject (breast) cannot contact the ultrasound
probe. Since the gap portions are filled with air and an acous-
tic impedance of air is significantly different from the acous-
tic impedance inside a subject, photoacoustic waves are not
transmitted through the gap portions and regions arise in
which image reconstruction cannot be performed.

[0007] Therefore, according to Japanese Patent Applica-
tion Laid-Open No. S60-190853, a transmission-type ultra-
sonic measurement apparatus is proposed, by filling gap por-
tions with an acoustic matching medium formed of water or a
gel, the apparatus suppresses the occurrence of regions for
which image reconstruction cannot be performed, to thereby
match the acoustic impedances.

[0008] The ultrasonic measurement apparatus according to
Japanese Patent Application Laid-Open No. S60-190853 will
now be described using FIGS. 9A and 9B.

[0009] In FIGS. 9A and 9B, a compression device 901
compresses a breast as a subject 51. An accordion mechanism
905 is attached to the compression device 901.

[0010] An acoustic matching medium 906 for matching
acoustic impedances is filled inside the compression device
901.

[0011] The ultrasonic measurement apparatus also
includes a transmitting transducer 911a and a receiving trans-
ducer 91154.
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[0012] The acoustic matching medium 906 is sealed by the
compression device 901 and the accordion mechanism 905,
and the compression device 901 is movable in a compressing
direction.

[0013] However, there are the following problems with the
conventional example as exemplified by ultrasonic measure-
ment apparatus of Japanese Patent Application Laid-Open
No. S60-190853.

[0014] Although according to the apparatus of Japanese
Patent Application Laid-Open No. S60-190853, a problem as
in the case of Manohar, et al. described above, in which the
acoustic impedance differs because of gap portions and
regions arise that cannot be measured, does not arise, another
problem remains relating to retention of a matching liquid
(acoustic matching medium 906).

[0015] That is, as illustrated in FIGS. 9A and 9B, when a
form is adopted in which a subject is inserted from the side,
when water is employed as a matching liquid (acoustic
matching medium 906) there is a risk that the matching liquid
(acoustic matching medium 906) will leak throughout
between before and after the compressing by the compression
device 901.

[0016] Alternatively, when a gel is employed as the match-
ing liquid (acoustic matching medium 906), since the volume
thereof changes by the compressing operation there is a risk
that the matching liquid (acoustic matching medium 906) will
overflow.

[0017] Further, in order to save time and labor for cleaning
the compression device each time the person to be examined
changes, it is necessary to make both a portion which the
person to be examined contacts and the acoustic matching
medium 906 disposable.

[0018] Furthermore, when inserting the subject into the
acoustic matching medium 906, the subject should be
inserted as deeply as possible. However, because the area
surrounding the portion to be inserted is covered by the accor-
dion mechanism 905 and the like, a large amount of time and
trouble is required to insert the subject deeply.

[0019] Unless the subject can be inserted deeply into the
compression device, regions that cannot be measured arise in
proportion to the area of the subject that cannot be inserted
into the acoustic matching medium 906. Therefore a unit to
insert the subject as deeply as possible into the acoustic
matching medium 906 is necessary.

DISCLOSURE OF THE INVENTION

[0020] The presentinvention was made in view of the above
problems, and an object of the invention is to provide, as a
compression device for compressing a subject that is used in
ultrasonic measurement that receives ultrasonic waves from
the subject to acquire biological information of the subject, a
compression device used in ultrasonic measurement that can
match an acoustic impedance with a subject and can suppress
leaking or overflowing of a matching liquid, as well as a
compression control method thereof, and a photoacoustic
measurement apparatus and a control method thereof.
[0021] Another object of present invention is to provide a
compression device used in ultrasonic measurement that can
make a portion contacted by a person to be examined as well
as an acoustic matching medium disposable and can cause a
subject to be inserted more deeply and decrease regions that
is not measured, as well as a compression control method
thereof, and a photoacoustic measurement apparatus and a
control method thereof.
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[0022] Therefore, the present invention is aimed to provide
a compression device, a photoacoustic measurement appara-
tus, compression control methods and a control method of the
photoacoustic measurement apparatus as below.

[0023] The compression device of the present invention for
compressing a subject that is used in ultrasonic measurement
that receives ultrasonic waves from the subject to acquire
biological information of the subject, comprising: two com-
pression plates that are used when compressing the subject,
and that face each other in a vertical direction with respect to
a horizontal plane; a flexible sheet for setting a subject on,
which is stretched between upper ends of the two compres-
sion plates; a compression mechanism that relatively changes
a distance between the two compression plates to sandwich
and compress the subject that is set on the flexible sheet
through the flexible sheet; and a supply unit for supplying a
matching liquid onto the flexible sheet.

[0024] The photoacoustic measurement apparatus of the
present invention that comprises a compression device which
sandwiches and compresses a subject between two compres-
sion plates, and that compresses a subject using the compres-
siondevice and detects as a photoacoustic signal an ultrasonic
wave generated by a light irradiated at the subject, character-
ized in that the compression device is a compression unit
comprising the compression device as above; the photoacous-
tic measurement apparatus further comprising: an illumina-
tion light optical system for irradiating the light at a subject
through the compression plate; a probe that receives a pho-
toacoustic signal generated from the subject through the com-
pression plate; and a processing portion that processes a pho-
toacoustic signal received by the probe to reconstruct an
image.

[0025] The compression control method of the present
invention by a compression device for compressing a subject
that is used in ultrasonic measurement that receives ultrasonic
waves from the subject to acquire biological information of
the subject, comprising: stretching a flexible sheet between
upper ends of two compression plates that face each other in
a vertical direction with respect to a horizontal plane; setting
a subject between the facing compression plates from a top
surface of the flexible sheet, and detecting completion of the
setting; starting compressing driving by a compression
mechanism in order to compress the subject by means of the
two compression plates; ending compressing driving by the
compression mechanism; and filling a matching liquid
between the flexible sheet and the subject.

[0026] The other compression control method of the
present invention by a compression device for compressing a
subject that is used in ultrasonic measurement that receives
ultrasonic waves from the subject to acquire biological infor-
mation of the subject, comprising: stretching a flexible sheet
between upper ends of two compression plates that face each
other in a vertical direction with respect to a horizontal plane;
forming a hollow for supplying a matching liquid to and
accommodating a subject on in a top surface of the flexible
sheet; setting the subject in the hollow for accommodating the
subject, and detecting that setting of the subject is completed;
starting compressing driving by a compression mechanism in
order to compress the subject by means of the two compres-
sion plates; ending compressing driving by the compression
mechanism; and filling a matching liquid between the flexible
sheet and the subject.

[0027] The control method of the present invention for a
photoacoustic measurement apparatus that comprises a com-
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pression device which sandwiches and compresses a subject
between two compression plates, and that compresses a sub-
ject using the compression device and detects as a photoa-
coustic signal an ultrasonic wave generated by light that is
made incident on the subject, comprising: compressing a
subject using the compression device as above; receiving
through a probe a photoacoustic signal that is propagated
from the subject through at least one of the compression
plates when light is irradiated at the subject through at least
one of the compression plates among the two compression
plates; and processing a photoacoustic signal received by the
probe and reconstructing an image.

[0028] According to the present invention it is possible to
realize, as a compression device for compressing a subject
that is used in ultrasonic measurement that receives ultrasonic
waves from the subject to acquire biological information of
the subject, a compression device used in ultrasonic measure-
ment that can match an acoustic impedance with a subject and
can suppress leaking or overflowing of a matching liquid, as
well as a compression control method thereof, and a photoa-
coustic measurement apparatus and a control method thereof.
[0029] Further, it is possible to realize a compression
device used in ultrasonic measurement that can make a por-
tion contacted by a person to be examined as well as an
acoustic matching medium disposable and can cause a sub-
ject to be inserted more deeply and decrease regions that can
not be measured, as well as a compression control method
thereof, and a photoacoustic measurement apparatus and a
control method thereof.

[0030] Other features and advantages of the present inven-
tion will be apparent from the following description taken in
conjunction with the accompanying drawings, in which like
reference characters designate the same or similar parts
throughout the figures thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] FIG. 1is a view that describes a configuration of a
compression device according to Embodiment 1 of the
present invention;

[0032] FIG. 2 is a flowchart of a process from setting a
subject inside a compressing container until compressing the
subject according to Embodiment 1 of the present invention;
[0033] FIGS. 3A, 3B, 3C and 3D are views that describe a
process from setting a subject inside a compressing container
until compressing the subject according to Embodiment 1 of
the present invention, in which FIG. 3A is a view that
describes a step of detecting a subject has been set, and FIGS.
3B to 3D are views that describe a step of filling a matching
liquid;

[0034] FIG. 4 is a view that describes the configuration of a
compression device according to Embodiment 2 of the
present invention;

[0035] FIG. 5 is a flowchart of a process from setting a
subject inside a compressing container until compressing the
subject according to Embodiment 2 of the present invention;
[0036] FIG. 6 is a view that describes sheet replenishment
according to Embodiment 2 of the present invention;

[0037] FIG. 7 is a view that describes the configuration of a
compression device according to Embodiment 3 of the
present invention;

[0038] FIG. 8isaview that describes a photoacoustic appa-
ratus on which a compression device is mounted according to
Embodiment 4 of the present invention; and
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[0039] FIGS. 9A and 9B are views that describe the back-
ground art according to a conventional example.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0040] Preferred embodiments of the present invention will
now be described in detail in accordance with the accompa-
nying drawings.

[0041] Embodiments ofthe present invention are described
hereunder.

[0042] A compression device of the present embodiments
is a compression device for compressing a subject that is used
in ultrasonic measurement that receives ultrasonic waves
from a subject to acquire biological information of the sub-
ject. The compression device is configured as follows.
[0043] More specifically, in order that the device can match
an acoustic impedance with that of a subject, and insert and
compress a subject while also suppressing leakage or over-
flowing of a matching liquid, the device is arranged as fol-
lows.

[0044] The compression device includes two compression
plates that face each other in a vertical direction with respect
to a horizontal plane, and are used when compressing the
subject; and a flexible sheet for setting a subject on that is
stretched between upper ends of the two compression plates
that face each other in the vertical direction.

[0045] The compression device also includes a compres-
sion mechanism that relatively changes a distance between
the two compression plates facing each other in the vertical
direction so as to sandwich and compress the subject that is
set on the flexible sheet through the flexible sheet; and a
supply unit for supplying a matching liquid onto the flexible
sheet. According to this configuration, the subject can be set
on a flexible sheet from the top surface, leakage or overflow-
ing of a matching liquid for matching acoustic impedances
from the compression device can be reduced, and the subject
can be compressed.

[0046] By providing the flexible sheet with a hollow for
accommodating the subject, it is possible to facilitate setting
of the subject when setting the subject on the flexible sheet.
Further, by arranging the flexible sheet so as to be detachable
with respect to the upper end of the compression plates, a
portion which a person to be examined contacts and an acous-
tic matching medium can be made disposable. By adopting a
configuration that has an actuator that pulls one end of the
flexible sheet downward while sandwiching the subject, the
subject can be set deeply in the compression device, and
hence regions that cannot be measured can be reduced.
[0047] The compression device of the present invention is
used in ultrasonic measurement that receives ultrasonic
waves from a subject to acquire biological information of the
subject, and for example is mounted to the following type of
apparatus. The apparatus is a photoacoustic measurement
apparatus that radiates pulsed light at a subject and receives
ultrasonic waves emitted due to a local temperature increase
that occurs when the pulsed light is absorbed. This is referred
to as so-called PAT (Photo Acoustic Tomography), and ultra-
sonic waves generated from a subject are also referred to as
photoacoustic waves. Since light is attenuated significantly
inside a living body, a compression device such as that of the
present invention can be suitably applied for performing pho-
toacoustic measurement for a deep portion of a subject. The
compression device of the present invention can also be
applied to a known ultrasound apparatus that radiates ultra-
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sonic waves at a subject and receives ultrasonic waves (reflec-
tion echo) reflected from the subject.

[0048] Inthe present specification, the term “matching lig-
uid” refers to a material that is supplied between a probe that
receives ultrasonic waves and a subject, and has an acoustic
impedance value that is approximate to that of the subject.
The concept of “matching liquid” also includes a gel and the
like as long as the material has no fixed shape and cannot be
retained without a structure such as that of the present inven-
tion.

EMBODIMENTS

[0049] Hereunder, embodiments of the present invention
are described.

Embodiment 1

[0050] According to Embodiment 1, a configuration
example of a compression device that applies the present
invention is described. FIG. 1 illustrates a view that describes
the configuration of a compression device according to the
present embodiment.

[0051] The configuration illustrated in FIG. 1 includes
compression plates 1, compression plate fastening portions 2,
guides 3, a compression mechanism 4, and a sheet for setting
asubject on 5. Arrows 31 and 41 indicate directions in which
matching liquid and lubricant are introduced into the appara-
tus, respectively.

[0052] The configuration illustrated in FIG. 1 also includes
a matching liquid supply line 6, a lubricant supply nozzle 13,
and a compression device 100.

[0053] In the compression device 100 of this embodiment,
the compression plates 1 for sandwiching a subject are com-
posed of two flat plates that face each other in a vertical
direction with respect to a horizontal plane. The two flat plates
can be composed of parallel flat plates.

[0054] The compression plates 1 are retained by the com-
pression plate fastening portions 2, respectively, and the par-
allelism between the compression plates 1 is maintained by
the guides 3.

[0055] Thecompression plates 1 are driven by the compres-
sion mechanism 4 so that the compression plates 1 are made
to relatively approach each other or move away from each
other.

[0056] The guides 3 and the compression mechanism 4 can
be mounted to the compression plate fastening portions 2.
[0057] Although according to the present embodiment the
compression mechanism 4 is composed by a robot mecha-
nism, the compression mechanism 4 is not limited thereto,
and may be an air cylinder mechanism or a manual mecha-
nism (vise mechanism) that uses a rack-and-pinion or a worm
gear.

[0058] In the compression device 100 of the present
embodiment, the sheet 5 for setting a subject on is stretched
between the upper ends of two flat plates that face each other
in the vertical direction as described above. At this time, it is
desirable that the sheet 5 for setting a subject on is formed
with a flexible sheet, and is formed in a shape that is provided
with a concave portion (hollow) in a central part that facili-
tates setting of the subject thereon. Regarding the material of
the sheet 5, a flexible sheet formed with a rubber material such
as urethane rubber or latex rubber is suitable.

[0059] A rubber material is suitable because the acoustic
impedance of a rubber material is close to that of the subject
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and thus facilitates matching of the respective acoustic
impedances. Furthermore, the sheet 5 can change shape and
therefore facilitates setting of a subject thereon regardless of
the size of the subject.

[0060] The material of the sheet 5 is not limited to a rubber
material, and a resin film such as polyethylene or PET or a
viny] are also available.

[0061] However, when using a resin film or a vinyl for the
sheet 5, creases can easily occur when compressing the sub-
ject with the compression plates 1.

[0062] Therefore, because creases hinder matching of
acoustic impedances, sheets 5 can be prepared in advance that
include a plurality of types of concave portion sizes that
conform to the sizes of subjects.

[0063] Furthermore, in consideration of hygiene, the sheet
5 can be adapted to be removable with respect to the upper
ends of the compression plates, and can be replaced each time
the person under examination changes.

[0064] Therefore, fixing portions (unshown) for fixing the
sheet 5 can be provided, for example, at the upper parts of the
compression plate fastening portions 2, and the sheet 5 is
replaced for each person under examination.

[0065] Liquid for matching the acoustic impedance
between the sheet 5 and the subject that is set thereon is filled
by a matching liquid supply line 6.

[0066] As the liquid for matching the acoustic impedance,
deaerated water, gel or oil is suitable.

[0067] The matching liquid supply line 6 includes the fol-
lowing members in addition to pipe. For example, the match-
ing liquid supply line 6 includes a pump for feeding a match-
ing liquid, an adjustment valve for adjusting a flow rate or a
pressure when feeding liquid, a heater for adjusting a tem-
perature of the matching liquid to a temperature near that of
the subject, a filter that eliminates foreign substances from the
matching liquid, and a valve that controls opening and closing
of liquid feeding.

[0068] Further, matching liquid (lubricant) for matching
acoustic impedances can also be supplied between the sur-
faces of the two compression plates 1 facing each other and a
surface that the subject does not contact of the flexible sheet.
[0069] Thus,evenifacrease occurs in the sheet 5, matching
liquid enters the crease and the acoustic impedances are
matched.

[0070] Furthermore, the matching liquid serves as a lubri-
cant and enables compressing of the subject while suppress-
ing the occurrence of creases.

[0071] An application method using an atomizer or a
scraper is suitable with respect to a method for supplying the
matching liquid (lubricant), and both automated application
and manual application can be used.

[0072] As illustrated in FIG. 1, according to the present
embodiment a lubricant supply nozzle 13 that utilizes an
atomization method is provided as a supply unit for supplying
a lubricant.

[0073] Water or castor oil as a lubricant is applied between
the compression plates 1 and the sheet 5 using the lubricant
supply nozzle 13.

[0074] A lubricant may also be applied with an unshown
scraper. In that case, gel is also effective as a lubricant.
[0075] The compression device 100 of the present embodi-
ment has the above described configuration. However, there is
a possibility that the lifetime of the machine will be shortened
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due to the matching liquid leaking and wetting the compres-
sion mechanism 4 as a result of the sheet 5 breaking or a hole
forming therein.

[0076] Therefore, a pan (unshown) can be provided below
the sheet 5 as a precaution in case the matching liquid leaks.
[0077] Next, the process of a compression control method
froma time that a subject is set inside a compressing container
until compressing begins using the compression device of the
present embodiment will be described.

[0078] FIG. 2 is a flowchart of a process from setting a
subject inside a compressing container until compressing the
subject according to the present embodiment.

[0079] FIGS. 3A to 3D are views that describe a process
from setting a subject inside a compressing container until
compressing the subject according to the present embodi-
ment, in which FIG. 3A is a view that describes a step of
detecting that a subject has been set, and FIGS. 3B to 3D are
views that describe a step of filling matching liquid.

[0080] As shown in FIG. 2, first, in a step S21 of detecting
that a subject has been set, a subject is set in a concave portion
of the sheet 5 and setting of the subject is detected.

[0081] At that time, a small amount of matching liquid can
be desirably supplied to inside the concave portion of the
sheet 5 from the matching liquid supply line 6.

[0082] FIG.3A isaview that illustrates the above described
state from a side surface direction of the compression plates 1.
[0083] A detection unit is used to detect that setting of a
subject 51 on the above described flexible sheet is completed.
And the detection unit may take the form of operation of an
unshown button that is intended as a setting detection after a
technician such as a physician or an operator sets a subject in
the concave portion of the sheet 5.

[0084] Other available detection methods include attaching
a strain gauge to the sheet 5, measuring deformation of the
sheet 5 after a subject is set thereon, and detecting that setting
is completed when the deformation amount is saturated.
[0085] Next, in step S22 in which the compression mecha-
nism starts compressing driving, the subject is compressed by
the compression mechanism 4.

[0086] Subsequently, in step S23 in which compressing
driving by the compression mechanism ends, the compres-
sion mechanism 4 ends the driving when a distance between
the compression plates 1 becomes a predetermined value.
Alternatively, a sensor that measures a compressing force is
provided and the compression mechanism 4 ends the driving
when an output of the sensor becomes a predetermined value.
[0087] Next, in step S24 of filling a matching liquid, the
concave portion of the sheet 5 is filled with a matching liquid
61 from the matching liquid supply line 6.

[0088] FIGS. 3B to 3D are views that illustrate the above
described state from the side surface direction of the com-
pression plates 1.

[0089] As is clear from the state in S24 as illustrated in
FIGS. 3B to 3D, the acoustic impedance of a subject that is
compressed by the compression plates 1 is matched as far as
the compression plates via the matching liquid and the sheet
5.

[0090] According to the above process, it is possible to
deform the sheet 5 and fill a matching liquid between the sheet
5 and the subject.

[0091] Therefore, the acoustic impedance can be matched
from the subject to the compression plates 1.
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[0092] Further, if the sheet 5 is made disposable, time and
labor for cleaning can be saved and the usability can be
improved.

Embodiment 2

[0093] In Embodiment 2, a configuration example of a
compression device which is provided with a sheet that has a
flat central part, and that does not have a concave portion in a
central part as in Embodiment 1, is described.

[0094] FIG. 4 is a view that describes the configuration of a
compression device according to the present embodiment.
[0095] Components in FIG. 4 which are the same as in FIG.
1 that illustrates Embodiment 1 are denoted by the same
reference numerals, and a description of those common com-
ponents is omitted hereunder.

[0096] According to the present embodiment, the sheet 5
has a flat central part and is stretched between the upper ends
of'two flat plates that face each other in the vertical direction.
[0097] Because costs may increase due to processing of the
sheet 5 when a concave portion is provided in the central part
of the sheet 5 as in Embodiment 1, according to the present
embodiment a sheet 5 in which the central part is also flat is
used.

[0098] Next, a process from a time that a subject is setin a
compressing container until compressing begins using the
compression device of the present embodiment as illustrated
in FIG. 4 will be described.

[0099] FIG. 5 is a flowchart of a process from setting a
subject inside a compressing container until compressing the
subject according to the present embodiment.

[0100] As shownin FIG. 5, first, in step S51 of supplying a
matching liquid in, a matching liquid is supplied to the sheet
5 from the matching liquid supply line 6.

[0101] As a result, the sheet 5 bends in a concave shape
under the weight of the matching liquid. More specifically,
the sheet 5 becomes approximately the same shape as the
sheet 5 that has a concave portion as described in Embodi-
ment 1.

[0102] Next, instep S52 of detecting that a subject has been
set, a subject is set in the sheet 5 and it is detected that setting
of the subject is completed.

[0103] Next, in step S53 in which the compression mecha-
nism starts compressing driving, the subject is compressed by
the compression mechanism 4.

[0104] Subsequently, in step S54 in which compressing
driving by the compression mechanism ends, the compres-
sion mechanism 4 ends the driving when a distance between
the compression plates 1 becomes a predetermined value.
Alternatively, a sensor that measures a compressing force is
provided and the compression mechanism 4 ends the driving
when an output of the sensor becomes a predetermined value.
[0105] Next, in step S55 of filling a matching liquid, a
matching liquid is filled into the concave portion of the sheet
5 from the matching liquid supply line 6.

[0106] Thus, according to Embodiment 2, processing that
is performed in advance to provide a concave portion in the
central part of the sheet 5 need not be performed.

[0107] Further, a sheet roller 7 described below can be
provided as a unit that stretches the sheet in detachable con-
dition between the upper ends of the two flat plates facing
each other in the vertical direction.

[0108] For example, for the sheet roller 7, as illustrated in
FIG. 6, a configuration may be adopted in which the sheet 5 is
provided on a roller, and each time a person under examina-
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tion changes the sheet 5 is peeled off and a new sheet 5 is
pulled out from the sheet roller 7 and fixed.

[0109] As a result, a portion that a person to be examined
contacts and an acoustic matching medium can be made
disposable, and thus the usability can be enhanced to an even
greater degree.

Embodiment 3

[0110] Inembodiment3,aconfigurationexample of acom-
pression device that compresses a subject more deeply into
the compression device is described.

[0111] FIG. 7 is a view that describes the configuration of a
compression device according to the present embodiment.
[0112] Components in FIG. 7 that are the same as in FIG. 1
that illustrates Embodiment 1 are denoted by the same refer-
ence numerals, and a description of those common compo-
nents is omitted hereunder.

[0113] In the compression device of the present embodi-
ment, an actuator that pulls one end of a sheet downward
while sandwiching a subject is provided below two flat plates
that face each other in the vertical direction.

[0114] The above described Embodiment 1 and Embodi-
ment 2 are each configured such that a subject is set on the
sheet 5 and compressed together with the sheet 5 between the
compression plates 1 by the compression mechanism 4. How-
ever, in the present embodiment, as described above, an
actuator is provided for compressing a subject more deeply
into a compression device.

[0115] According to the present embodiment, the actuator
is composed by a roller 8 that rolls up the sheet 5.

[0116] When the sheet 5 is rolled up by the roller 8, the
sheet 5 is pulled to the roller side. Accompanying such pulling
of the sheet 5, the subject is also pulled in the downward
direction in FIG. 7. Thus, the subject can be compressed more
deeply into the compression device.

[0117] A step of rolling up the sheet 5 using the roller 8 may
preferably be performed when the subject is being com-
pressed, and may preferably be performed between the step in
which driving of the compression mechanism starts in S22
and the step in which driving of the compression mechanism
ends in S23 as illustrated in FIG. 2 of Embodiment 1.
[0118] Alternatively, a step of rolling up the sheet 5 using
the roller 8 may also preferably be performed between the
step in which driving of the compression mechanism starts in
S53 and the step in which driving of the compression mecha-
nism ends in S54 as illustrated in FIG. 5 of Embodiment 2.
[0119] A matching liquid 71 for matching acoustic imped-
ances can be applied between the compression plates 1 and
the sheet 5.

[0120] Thus, by means of an action as a lubricant of the
matching liquid, sliding of the sheet 5 with respect to the
compression plates 1 improves (frictional resistance
decreases) and the subject can be compressed more deeply
into the compression device.

[0121] An application method using an atomizer or a
scraper is suitable with respect to a unit that supplies the
matching liquid (lubricant) 71, and both automated applica-
tion and manual application can be used.

[0122] Further, the step of rolling up the sheet 5 using the
roller 8 can be performed in the step of supplying a matching
liquid in S51 as illustrated in FIG. 5 of Embodiment 2.
[0123] Since the step S51 in FIG. 5 is aimed to form a
concave portion for setting a subject on in the sheet 5, an
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arrangement may also be adopted in which the sheet 5 is
rolled up with the roller 8 at that time to facilitate setting of the
subject.

[0124] Thus far, a description has been made regarding a
method that rolls up the sheet 5 with the roller 8 in order to
pull the sheet 5 downward. However, a method of pulling the
sheet 5 downward is not limited thereto, and may be another
method as long as the method is one that pulls one portion of
the sheet 5 downward. For example, a method may be adopted
in which a portion of the sheet 5 is hooked by a member that
is rectilinearly moved by an actuator, and the member is
rectilinearly moved to pull the sheet 5 downward.

[0125] Thus, according to the present embodiment a sub-
ject can be set more deeply into a compression plate 1.
[0126] Therefore, by combining this feature with matching
of acoustic impedances, regions which can not be measured
can be reduced further.

Embodiment 4

[0127] In Embodiment 4 a configuration example of a pho-
toacoustic measurement apparatus to which the compression
device of Embodiment 1 is mounted is described. The pho-
toacoustic measurement apparatus radiates near infrared rays
to inside a subject, receives photoacoustic signals that are
generated inside the subject and propagate therefrom with an
ultrasound probe, and displays a tissue image of inside the
subject.

[0128] FIG. 8 illustrates the configuration of a photoacous-
tic measurement apparatus (photoacoustic mammography,
hereunder referred to as “PAM”).

[0129] The term “photoacoustic waves” refers to acoustic
waves that are generated when near infrared rays radiated to
inside a subject are absorbed by tissues inside the subject and
undergo local thermal expansion.

[0130] By receiving the photoacoustic waves with an ultra-
sound probe and extracting (detecting) a signal unique to the
photoacoustic waves, the tissue of the subject that absorbed
the near infrared rays can be specifically imaged.

[0131] By radiating a wavelength that is easily absorbed by
blood (hemoglobin) in particular among the subject tissues,
an image of blood or a blood vessel can be specifically
acquired, and in particular angiogenesis at a cancer cite can be
imaged.

[0132] Asaresult, the degree of progression of a cancer can
be ascertained in more detail.

[0133] FIG. 8 illustrates an apparatus in which the prin-
ciples of this type of photoacoustic measurement apparatus
that radiates near infrared rays to inside a subject to cause the
rays to be incident thereon receives photoacoustic signals
generated inside the subject with an ultrasound probe, and
displays a tissue image of inside the subject are applied to
breast cancer screening.

[0134] In FIG. 8, the compression device described using
FIG. 1 to FIG. 7 is denoted by reference numeral 100.
[0135] An illumination light optical system 9 is a system
for irradiating laser beams of a wavelength from 650 nm to
1100 nm for generating photoacoustic waves from a subject
(breast).

[0136] The illumination light optical system can be com-
posed by an illumination light optical system for irradiating
near infrared rays at a subject through at least one flat plate
(through a compression plate) of the parallel flat plates.
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[0137] Inthis connection, a laser light source and a route of
illumination light from the laser light source to the illumina-
tion light optical system 8 are not shown in the drawing.
[0138] An illumination light scan unit 10 scans near infra-
red rays from the illumination light optical system and adjusts
an irradiation position.

[0139] A probe 11 receives photoacoustic waves emitted
from a subject (breast). A probe scan unit 12 is used for
scanning the probe 11 and aligning the probe inside a prede-
termined region.

[0140] In this case, the compression plate 1 on the side on
which the probe is arranged can have favorable transmissivity
with respect to photoacoustic waves, and preferably made of
aresin, particularly, polymethylpentene as a material thereof.
[0141] Further, the compression plate 1 on the side of the
illumination light optical system 9 can have favorable trans-
missivity with respect to illumination light, and preferably
made of a resin such as polycarbonate or glass as a material
thereof.

[0142] According to the photoacoustic measurement appa-
ratus of the present embodiment, photoacoustic signals
received by the probe 11 are amplified, subjected to A/D
conversion, and undergo processing such as delay and sum,
and envelope detection, and the resulting signals are used to
perform three-dimensional image reconstruction.

[0143] The image information obtained by the three-di-
mensional image reconstruction processing is displayed on a
monitor.

[0144] The relevant processing portions and the monitor
are not illustrated in FIG. 8. Known methods may be applied
as the methods for performing signal processing of photoa-
coustic signals to performing reconstruction of a three-di-
mensional image, and the present invention is not limited to a
method described herein.

[0145] It should be understood that the range of application
of the compression device 100 of the present invention is not
limited to the PAM apparatus 200. For example, eliminating
the illumination light optical system 9 and the illumination
light scan unit 10 and using a probe 11 that can send and
receive ultrasonic waves enables application of the compres-
sion device 100 an ultrasound apparatus.

[0146] By mounting the compression device 100 described
above to a photoacoustic apparatus, time and labor required
for cleaning can be reduced. Hence, the operating efficiency
of the photoacoustic apparatus can be improved.

[0147] The compression device and the control method
thereof of the present invention described in the foregoing can
also be applied to an ultrasound apparatus, and not only a
photoacoustic apparatus.

[0148] The present invention is not limited to the above
embodiments and various changes and modifications can be
made within the spirit and scope of the present invention.
Therefore to apprise the public of the scope of the present
invention, the following claims are made.

[0149] This application claims the benefit of Japanese
Patent Application No. 2009-010657, filed Jan. 21, 2009,
which is hereby incorporated by reference herein in its
entirety.

1. A compression device for compressing a subject that is
used in ultrasonic measurement that receives ultrasonic
waves from the subject to acquire biological information of
the subject, comprising:
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two compression plates that are used when compressing
the subject, and that face each other in a vertical direc-
tion with respect to a horizontal plane;

a flexible sheet for setting a subject on, which is stretched
between upper ends of the two compression plates;

a compression mechanism that relatively changes a dis-
tance between the two compression plates to sandwich
and compress the subject that is set on the flexible sheet
through the flexible sheet; and

a supply unit for supplying a matching liquid onto the
flexible sheet.

2. The compression device according to claim 1, wherein a
hollow for accommodating the subject is provided in the
flexible sheet.

3. The compression device according to claim 1, wherein
the flexible sheet is arranged so as to be detachable with
respect to the upper ends of the compression plates.

4. The compression device according to claim 1, further
comprising a detection unit that detects that the subject is set
on the flexible sheet.

5. The compression device according to claim 1, including
further comprising a supply unit that supplies a lubricant
between surfaces at which the two compression plates face
each other and a surface of the flexible sheet that the subject
does not contact.

6. The compression device according to claim 1, further
comprising an actuator that pulls one end of the flexible sheet
downward while sandwiching the subject.

7. A photoacoustic measurement apparatus that comprises
a compression device which sandwiches and compresses a
subject between two compression plates, and that compresses
a subject using the compression device and detects as a pho-
toacoustic signal an ultrasonic wave generated by a light
irradiated at the subject,

wherein the compression device is a compression unit
comprising the compression device according to claim
1, and

the photoacoustic measurement apparatus further compris-
ing:

an illumination light optical system for irradiating the light
at a subject through the compression plate;

aprobe that receives a photoacoustic signal generated from
the subject through the compression plate; and

a processing portion that processes a photoacoustic signal
received by the probe to reconstruct an image.

8. The photoacoustic measurement apparatus according to
claim 7, wherein, of the two compression plates, a compres-
sion plate on a side on which the probe is disposed is formed
by resin.

9. The photoacoustic measurement apparatus according to
claim 8, wherein the resin comprises polymethylpentene.

10. A compression control method of a compression device
for compressing a subject that is used in ultrasonic measure-
ment that receives ultrasonic waves from the subject to
acquire biological information of the subject, comprising the
steps of:

stretching a flexible sheet between upper ends of two com-
pression plates that face each other in a vertical direction
with respect to a horizontal plane;

setting a subject between the facing compression plates
from a top surface of the flexible sheet, and detecting
completion of the setting;
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starting compressing driving by a compression mechanism
in order to compress the subject by means of the two
compression plates;

ending compressing driving by the compression mecha-

nism; and

filling a matching liquid between the flexible sheet and the

subject.

11. A compression control method of a compression device
for compressing a subject that is used in ultrasonic measure-
ment that receives ultrasonic waves from the subject to
acquire biological information of the subject, comprising the
steps of:

stretching a flexible sheet between upper ends of two com-

pression plates that face each other in a vertical direction
with respect to a horizontal plane;

forming a hollow for supplying a matching liquid to and

accommodating a subject on in a top surface of the
flexible sheet;

setting the subject in the hollow for accommodating the

subject, and detecting that setting of the subject is com-
pleted;

starting compressing driving by a compression mechanism

in order to compress the subject by means of the two
compression plates;

ending compressing driving by the compression mecha-

nism; and

filling a matching liquid between the flexible sheet and the

subject.
12. The compression control method of a compression
device according to claim 10,
the method further comprising the step of, after detecting
that setting of the subject is completed, supplying a
lubricant to between surfaces at which the two compres-
sion plates face each other and a surface of the flexible
sheet that the subject does not contact.
13. The compression control method of a compression
device according to claim 10,
the method further comprising the step of, between starting
compressing driving by the compression mechanism
and ending compressing driving by the compression
mechanism, pulling one end of the flexible sheet down-
ward by means of an actuator to cause a subject to be set
more deeply in the compression device.
14. A control method of a photoacoustic measurement
apparatus that comprises a compression device which sand-
wiches and compresses a subject between two compression
plates, and that compresses a subject using the compression
device and detects as a photoacoustic signal an ultrasonic
wave generated by light that is made incident on the subject,
comprising the steps of:
pressing a subject using a compression device according to
of claim 1;

receiving through a probe a photoacoustic signal that is
propagated from the subject through at least one of the
compression plates when light is irradiated at the subject
through at least one of the compression plates among the
two compression plates; and

processing a photoacoustic signal received by the probe

and reconstructing an image.
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