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(57) ABSTRACT

An apparatus for ultrasound imaging of a body, particularly a
breast of a patient, includes ultrasonic pulse-emitting and
pulse-receiving units, disposed in facing relationship at a
predetermined distance from each other on opposite sides of
acompartment for receiving the body, ultrasonic pulses emit-
ted by the emitting unit and received by the receiving unit
after passing through the body being converted into transmit
signals; and an ultrasonic pulse emitting and receiving unit
disposed to define a scan plane substantially perpendicular to
the coronal plane of the patient and having one or more
electro-acoustic transducers, which emit ultrasonic pulses
into the body and receive echoes generated by the anatomic
structures of the body, the echoes being converted into reflec-
tion signals. An acoustic impedance adaptation medium, par-
ticularly a liquid, preferably water, is interposed between the
emitting unit and/or the receiving unit and/or the emitting and
receiving unit and the breast.
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APPARATUS FOR ULTRASOUND IMAGING

FIELD OF THE INVENTION

[0001] The present invention relates to an apparatus for
ultrasound imaging of a body under examination, particularly
abreast of a patient. More particularly. the invention relates to
an apparatus which includes, in one embodiment:

[0002] anultrasonic pulse-emitting unit having one or more
electro-acoustic transducers and an ultrasonic pulse-receiv-
ing unit having one or more electro-acoustic transducers, the
emitting unit and the receiving unit being in mutually facing
relation and at a predetermined distance from each other,
thereby being located on opposite sides of a compartment for
receiving the breast, the ultrasonic pulses emitted by the
emitting unit being received by the receiving unit after pass-
ing through the body under examination and being converted
into transmit signals;

[0003] an ultrasonic pulse emitting and receiving unit hav-
ing one or more electro-acoustic transducers for emitting
ultrasonic pulses into the breast and for receiving echoes
generated by the anatomic structures of the breast, which
echoes are converted into reflection signals; and

[0004] a control unit for controlling the emitting unit and
the emitting and receiving unit, a processing unit for process-
ing the received signals, and units generating and displaying
the images,

[0005] wherein an acoustic impedance adaptation medium,
particularly a liquid, most preferably water, is interposed
between the emitting unit and/or the receiving unit and/or the
emitting and receiving unit and the breast.

BACKGROUND OF THE INVENTION

[0006] Apparatus for ultrasound imaging are known and
widely used, mainly for 3D breast scanning

[0007] 3D ultrasound imaging of a breast placed in a liquid
bath, preferably in water, has certain advantageous character-
istics, for example, distortions in structure detection may be
prevented, and the process is inherently safer.

[0008] Nevertheless, the pulses emitted by the emitting unit
or the emitting and receiving unit are required to pass through
at least two interfaces made of materials having different
acoustic impedances.

[0009] Particularly, when water is the acoustic impedance
adaptation medium, a water-skin interface is added, which
has a high acoustic impedance mismatch.

[0010] A number of undesired effects occur at this inter-
face, including high reflection, which involves lower energy
transmission, and high refraction, which involves divergence
of the acoustic beams from the ideal straight path.

[0011] These effects, which can be found in prior art appa-
ratus, lead to a decrease of sensitivity, and affect spatial reso-
lution of images.

[0012] In prior art apparatus, this problem is yet unsolved
and the need still exists for technical solutions that might limit
reflection and refraction.

[0013] These apparatus also showed a new scanning prob-
lem, which was not found in standard handheld ultrasound
probes.

[0014] Ifthe transmitted pulses have an angle of incidence

of more than 60°, the signal intensity is attenuated.

[0015] The worst condition occurs when the angle of inci-
dence is close to a critical angle of about 66°, which some-
what creates a threshold effect.
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[0016] A prior art apparatus is disclosed, for instance, in
U.S. Pat. No. 7,771,360, incorporated herein by reference, in
which the emitting and receiving unit performs scans on
planes that are substantially parallel to the coronal plane of
the patient.

[0017] This leads to a general degradation of image quality
in the areas in which the angles of incidence fall close to the
above values, and particularly in the area of the nipple, the
trunk wall, or in case of a small breast.

SUMMARY OF THE INVENTION

[0018] The present invention has the object of obviating the
above drawbacks of prior art apparatus by an apparatus as
described hereinafter. An apparatus according to the inven-
tion has a shape changing element for changing the shape of
the breast, so that, for most of the surface of the breast, the
lines of view of the ultrasonic pulses emitted by the emitting
and receiving unit are incident on the surface at an angle of
less than 70°, preferably less than 66°, to the normal of the
plane tangent to the surface of the breast at the point of
incidence.

[0019] Thus, breast positioning is restricted, to limit the
reflection and refraction effects that start to occur with angles
of incidence of more than 60° and are particularly evident
with angles of incidence of more than 66° to the normal of the
plane tangent to the breast surface in the incidence point,
thereby improving penetration of ultrasonic pulses and hence
image quality.

[0020] As an additional advantage, patient positioning is
simplified.
[0021] Inafirstembodiment, the shape changing element is

a breast retaining or modeling ring, which is placed around
the breast.

[0022] The ring is made of an acoustically “transparent”
material, which will cause no significant reflection, which
might lead to a loss in the transmitted signal, and will also
adapt to the impedance of the media between which it is
interposed (water/water+PEG and skin) to ensure a lower
refraction, with the same incidence angle.

[0023] Materials with such characteristics, which might be
used to form the ring belong, for instance, to the group com-
prising silicones, polyurethanes, urethanes and agaroses.

[0024] The breast retaining and modeling ring is particu-
larly advantageous in the breast area close to the patient’s
trunk because, when the retaining ring is in this area, the
breast surface may be modeled into a predetermined shape,
thereby avoiding the above mentioned angles of incidence.

[0025] Therefore, the shape changing element allows the
breast portion proximal to the rib cage to be remodeled to
ensure that the angles of incidence of ultrasounds are as far as
possible from the critical angle.

[0026] Ina further embodiment, size adjustment means are
provided for adjusting the size of the shape changing element,
to allow the shape changing element to fit various breast sizes,
changing from patient to patient, thereby optimizing the
shape modeling function while providing high comfort to the
patient.

[0027] In an alternative embodiment, the shape changing
element is a retaining cup placed around the breast.

[0028] Thus, the entire breast is contained in such retaining
cup, whose shape may be designed to avoid the above men-
tioned angles of incidence.
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[0029] According to a further improvement, the shape
changing element is made of a material having an acoustic
wave propagation velocity and a density substantially equal
to those of water.

[0030] This will counterbalance the disadvantageous addi-
tion of interfaces caused by the use of the shape changing
element, through which the ultrasonic pulses are designed to
pass.

[0031] The present invention further relates to an apparatus
as described hereinbefore, in which the emitting and receiv-
ing unit is arranged to define a scan plane substantially pet-
pendicular to the coronal plane of the patient.

[0032] The scan plane may be any plane, including a plane
parallel to or coincident with the sagittal plane or the axial
plane.

[0033] Due to the conformation of the breast, an emitting
and receiving unit oriented to define a scan plane substantially
perpendicular to the coronal plane of the patient will avoid
angles of incidence equal to or larger than the above men-
tioned threshold values, and will advantageously limit reflec-
tion and reflection, thereby improving image quality.

[0034] This is particularly advantageous when scanning a
small breast, with remarkable improvements in image quality
therefor.

[0035] As compared with prior art apparatus, an emitting
and receiving unit arranged to define a scan plane substan-
tially perpendicular to the coronal plane of the patient will
improve the spatial resolution in the direction perpendicular
to the coronal plane, which is affected, in prior art apparatus,
by a different degree of the focusing force in the scan plane
parallel to the coronal plane and in the direction perpendicu-
lar to the coronal plane.

[0036] This is directly caused by the impossibility of
achieving accurate electronic focusing in the direction per-
pendicular to the coronal plane.

[0037] However, the apparatus of the present invention
advantageously provides a spatial resolution in the plane pet-
pendicular to the coronal plane that is comparable to that of
the coronal plane itself, thereby affording even spatial reso-
lutions in the three spatial dimensions, and achieving voxel
isotropy.

[0038] In a further exemplary embodiment, the unit for
processing the received signals generates a propagation
velocity map from the transmit signals.

[0039] Therefore, the images are generated on the basis of
the reflection signals and are recorded according to the propa-
gation velocity map.

[0040] The synergistic effect of information retrieved from
the transmit signals received by the receiving unit and from
the reflection signals received by the emitting and receiving
unit advantageously provides improved quality images and
allows correction according to the propagation velocity mea-
sured at each point.

[0041] Ina further embodiment, the ultrasonic pulses emit-
ted by the emitting and receiving unit are focused to a depth
corresponding to the dense tissue of the breast.

[0042] Concerning the dense tissue of the breast, internal
heterogeneities act as impedance mismatch interfaces, which
disturb the acoustic beams with path deviation or intensity
attenuation effects.

[0043] Simulation of individual beams using actual imag-
ing codes and use of real propagation velocity data clearly
show the presence of these effects.
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[0044] This causes an apparent focusing consistency loss,
which results in a lower signal-to-noise ratio and blurred
structure images.

[0045] Internal breast structures have a generally radial
architecture, whereby acoustic beams impinge upon strongly
irregular shapes when performing scans over a plane substan-
tially parallel to the coronal plane of the patient, with consid-
erably variable angles of incidence for the various acoustic
beams.

[0046] However, when the scan plane is substantially per-
pendicular to the coronal plane, regular surfaces are found,
with similar angles of incidence for the various acoustic
beams, which will reduce the defocusing effect.

[0047] This will reduce focusing aberrations in dense
breast tissue scanning, caused by the internal breast capsule
physiology.

[0048] In a further embodiment, a second ultrasonic pulse
emitting and receiving unit is provided, which includes one or
more electro-acoustic transducers for emitting ultrasonic
pulses into the breast and receiving the echoes generated by
the anatomical structures of the breast, which echoes are
converted into reflection signals, which second emitting and
receiving unit is arranged to define a scan plane substantially
parallel to the coronal plane of the patient.

[0049] The images generated by the second emitting and
receiving unit are combined with the images generated by the
emitting and receiving unit.

[0050] Thus, the reflection signals of the emitting and
receiving unit integrate the information retrieved from the
reflection signals of the second emitting and receiving unit.
[0051] In a further exemplary embodiment, the lines of
view of the ultrasonic pulses emitted by the emitting and
receiving unit are oriented towards the rib cage of the patient
by steering.

[0052] This feature improves scanning of the area proximal
to the rib cage because electronic steering affords better
angles of incidence of ultrasounds against the breast surface,
as compared with those obtained, in similar conditions, by
scanning on planes parallel to the coronal plane.

[0053] According to an alternative exemplary embodiment,
the lines of view of the ultrasonic pulses emitted by the
emitting and receiving unit are oriented towards the rib cage
of the patient by manual or automatic orientation of the emit-
ting and receiving unit.

[0054] This will further avoid angles of incidence with
values similar to the above mentioned critical values.

[0055] Inyet another exemplary embodiment, the emitting
and receiving unit is arranged to define a scan plane substan-
tially parallel to the coronal plane of the patient, the scan
plane being further oriented towards the rib cage of the patient
by steering.

[0056] A further configuration may be envisaged, in which
the emitting and receiving unit is arranged to define a scan
plane substantially perpendicular to the coronal plane of the
patient, the second emitting and receiving unit being arranged
in combination to define a scan plane substantially parallel to
the coronal plane of the patient, and the scan plane of such
second emitting and receiving unit being oriented towards the
rib cage of the patient by steering.

[0057] In apreferred embodiment, the lines of view of the
ultrasonic pulses emitted by the emitting and receiving unit
are incident on the surface of the breast at an angle less than
70°, preferably less than 66°, to the normal of the plane
tangent to the surface of the breast in the incidence point.
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[0058] Even better results in terms of image quality may be
achieved by maintaining the angle of incidence below 60°.
[0059] The present invention also relates to an apparatus as
described hereinbefore, in which the water 1s added with
polyethylene glycol (PEG).

[0060] The presence of PEG in solution has a remarkable
effect on the propagation velocity of ultrasonic pulses, as
confirmed by acoustic test measurements.

[0061] This will reduce acoustic velocity mismatch with
patient’s breast tissues.

[0062] Therefore, the addition of PEG to the solution
affords propagation velocity adjustment, by changing the
amount of added PEG.

[0063] The addition of PEG also imparts degassing prop-
erties to the solution, i.e. removes the small suspended gas
bubbles from the liquid and reduces the level of dissolved gas
below the natural equilibrium level.

[0064] In a preferred exemplary embodiment, the polyeth-
vylene glycol is added in an amount from 1% to 40%, prefer-
ably from 10% to 30%, particularly 20%.

[0065] Experimental studies showed that, even with angles
ofincidence of transmit pulses exceeding 60° and particularly
66°, the addition of 20% PEG eliminates the signal intensity
attenuation effects, which occur with PEG-free water, as
mentioned above.

[0066] The combination of the above features and their
combined use affords a consistent optimization of 3D breast
scanning using integrated transmission and reflection ultra-
sound techniques.

BRIEF DESCRIPTION OF THE DRAWINGS

[0067] These and other features and advantages of the
present invention will appear more clearly from the following
description of a few embodiments, illustrated in the annexed
drawings, in which:

[0068] FIG. 1 defines the planes of the human body accord-
ing to standard nomenclature;

[0069] FIG.2isatop view of an apparatus according to the
invention;

[0070] FIG.3isaside view of anapparatus according to the
invention;

[0071] FIG. 4 shows a refraction model for a water-skin-fat
interface for acoustic beams having different angles of inci-
dence;

[0072] FIG. 5 shows signal attenuation in fat according to
the angle of incidence;

[0073] FIG. 6 shows an example, in which the acoustic
beams reach the breast skin at an undesired angle of inci-
dence;

[0074] FIG. 7 shows an example, in which the angle of
incidence is adjusted by steering acoustic beams;

[0075] FIG. 8 shows a scan over a plane substantially par-
allel to the coronal plane, with focus on dense breast tissue;
[0076] FIG.9 shows a scan over a plane substantially per-
pendicular to the coronal plane, with focus on dense breast
tissue;

[0077] FIG.10 shows an exemplary embodiment of a shape
changing element in an apparatus according to the invention;
[0078] FIG. 11 shows a change of the propagation velocity
of sound according to PEG concentration;

[0079] FIG. 12 shows a refraction model for a water/PEG-
skin-fat interface for acoustic beams having different angles
of incidence;
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[0080] FIG. 13 shows signal attenuation in fat according to
the angle of incidence, with a water and PEG solution.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE INVENTION

[0081] FIG. 1 defines the anatomical planes of the human
body according to the standard nomenclature: the coronal
plane 50 that divides the body into dorsal and ventral or back
and front parts, the sagittal plane 51 that divides the body into
right and left parts and the axial plane 52 that divides the body
into cranial and caudal parts.

[0082] FIGS. 2 and 3 show different views of the apparatus
for ultrasound imaging of a body under examination accord-
ing to the present invention. By “body” it is intended an entire
body of a patient or a part thereof, for example, a breast 3.
[0083] The apparatus includes an ultrasonic pulse emitting
unit 1 having one or more electro-acoustic transducers and an
ultrasonic pulse receiving unit 2 having one or more electro-
acoustic pulses.

[0084] The emitting unit 1 and the receiving unit 2 are in
mutually facing relation and at a predetermined distance from
each other, thereby being located on opposite sides of a com-
partment for receiving the breast 3.

[0085] The ultrasonic pulses emitted by the emitting unit 1
are received by the receiving unit 2 after passing through the
breast 3 and are converted into transmit signals.

[0086] An ultrasonic pulse emitting and receiving unit 4 is
also provided, which includes one or more electro-acoustic
transducers for emitting ultrasonic pulses into the breast 3 and
for receiving echoes generated by the anatomic structures of
the breast 3, which echoes are converted into reflection sig-
nals.

[0087] A control unit for controlling the emitting unit 1 and
the emitting and receiving unit 4, a processing unit for pro-
cessing the received signals, and units generating and dis-
playing images, not shown, are also provided.

[0088] An acoustic impedance adaptation medium 16, par-
ticularly a liquid, preferably water, is interposed between the
emitting unit 1 and/or the receiving unit 1 and/or the emitting
and receiving unit 4 and the breast 3.

[0089] The breast is held in position by a rod 12 which
cooperates with the breast 3 itself, e.g. via a pair of magnets
13 and 15, and the emitting unit 1, the receiving unit 2 and the
emitting and receiving unit are respectively placed at the ends
of a support element having three arms, which can translate
and/or rotate about the breast 3.

[0090] The apparatus may be advantageously used for
three-dimensional imaging.

[0091] The emitting and receiving unit 4 is arranged to
define a scan plane 5 substantially perpendicular to the coro-
nal plane 50.

[0092] The scan plane may be any plane, including a plane
parallel to or coincident with the sagittal plane 51 or the axial
plane 52.

[0093] The emitting and receiving unit 4 oriented to define
a scan plane substantially perpendicular to the coronal plane
50 of the patient avoids angles of incidence equal to or larger
than the threshold value of 66°, thereby limiting reflection
and reflection at the interface.

[0094] FIG. 4 shows a refraction model of a water-skin-fat
interface, 1.e. a double water-skin and skin-fat interface, with
different refraction angles being shown for the acoustic
beams that reach the interface at different angles of incidence.
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[0095] As the angle of incidence increases, the angle of
refraction also remarkably increases, especially in the thick-
ness of the skin.

[0096] The signal is strongly attenuated when the angle of
incidence of the transmit pulses exceeds 60°, as shown in the
diagram of FIG. 5, in which the signal intensity is displayed as
a function of the angle of incidence.

[0097] Itshall be notedthat, fora critical value of about 66°,
the signal amplitude is strongly reduced, which somewhat
creates a threshold effect.

[0098] Thisisalso schematically shown in FIG. 6, in which
the acoustic beams reach the breast at an angle of incidence of
more than 66°, and are subjected to strong refraction.

[0099] Inorder to obviate this problem, the lines of view of
the ultrasonic pulses emitted by the emitting and receiving
unit 4 may be arranged to be oriented towards the rib cage of
the patient.

[0100] Such orientation may be obtained by electronic
steering, i.e. by pulse delay control by a beamformer, or by
manual or automatic orientation of the emitting and receiving
unit 4.

[0101] A second ultrasonic pulse emitting and receiving
unit, not shown, may be also provided, which is arranged to
define a scan plane substantially parallel to the coronal plane
50 of the patient.

[0102] The images generated by the second emitting and
receiving unit may be combined with the images generated by
the emitting and receiving unit 4.

[0103] In this case, steering may be performed on the
acoustic beams of the emitting and receiving unit 4, of the
second emitting and receiving unit, or both.

[0104] In an alternative exemplary embodiment, the emit-
ting and receiving unit 4 is arranged to define a scan plane
substantially parallel to the coronal plane 50 of the patient,
which scan plane is further oriented towards the rib cage of
the patient by steering.

[0105] In a preferred embodiment, the lines of view of the
ultrasonic pulses emitted by the emitting and receiving unit
are incident on the surface of the breast at an angle less than
70°, preferably less than 66°, to the normal of the plane
tangent to the surface of the breast in the incidence point.
[0106] FIG. 8 shows a scan over a plane substantially par-
allel to the coronal plane 50, in which the ultrasonic pulses
emitted by the emitting and receiving unit 4 are focused to a
depth corresponding to the dense tissue 30 of the breast 3.
[0107] As clearly shown, the internal heterogeneities of the
dense tissue 30 act as impedance mismatch interfaces, which
disturb the acoustic beams with path deviation or intensity
attenuation effects.

[0108] The internal structures of the dense tissue 30 of the
breast 3 have a generally radial architecture, whereby acous-
tic beams impinge upon strongly irregular shapes when pet-
forming scans over a plane substantially parallel to the coro-
nal plane of the patient, with considerably variable angles of
incidence for the various acoustic beams.

[0109] However, when the scan plane is substantially per-
pendicular to the coronal plane 50, as shown in FIG. 9, more
regular surfaces are found, with similar angles of incidence
for the various acoustic beams, which will reduce the defo-
cusing effect.

[0110] FIG. 10 shows a shape changing element 6 for
changing the shape of the breast 3 so that, for most of the
surface of the breast 3, the lines of view of the ultrasonic
pulses emitted by the emitting and receiving unit are incident
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on the surface at an angle less than 70°, preferably less than
66°, to the normal of the plane tangent to the surface of the
breast 3 in the incidence point.

[0111] In the illustrated exemplary embodiment, the shape
changing element 6 is a retaining ring placed around the
breast 3.

[0112] This is particularly advantageous in the breast area 3
close to the patient’s trunk because, when the retaining ring is
in this area, the breast surface may be modeled into a prede-
termined shape.

[0113] This will avoid the above mentioned angles of inci-
dence, which would be found if the breast were free, as
schematically shown by the broken line 31, or any irregular
shapes, e.g. caused by skin pinching, as schematically shown
by the broken line 32.

[0114] Size adjustment means may be further provided for
adjusting the size of the shape changing element, to allow the
shape changing element to fit various breast sizes, changing
from patient to patient, thereby optimizing the shape model-
ing function while providing high comfort to the patient.
[0115] In an alternative embodiment, the shape changing
element 6 is a retaining cup placed around the breast.

[0116] FIGS. 11, 12 and 13 show charts concerning poly-
ethylene glycol (PEG) addition to water 16.

[0117] The presence of PEG in solution has a remarkable
effect on the propagation velocity of ultrasonic pulses, as
confirmed by acoustic test measurements, as shown in FIG.
11.

[0118] Therefore, the addition of PEG to the solution
affords propagation velocity adjustment, by changing the
amount of added PEG.

[0119] Particularly, as PEG concentration increases, sound
velocity initially increases in an almost linear fashion; then
the curve ascends to a peak at 50% concentration, and
decreases again.

[0120] The addition of PEG also imparts degassing prop-
erties to the solution, i.e. removes the small suspended gas
bubbles from the liquid and reduces the level of dissolved gas
below the natural equilibrium level.

[0121] Inapreferred exemplary embodiment, the polyeth-
ylene glycol is added in an amount from 1% to 40%, prefer-
ably from 10% to 30%, particularly 20%.

[0122] Experimental studies showed that, even with angles
ofincidence of transmit pulses exceeding 60° and particularly
66°, the addition of 20% PEG eliminates the signal intensity
attenuation effects, which occur with PEG-free water, as
mentioned above.

[0123] FIG. 12 shows a refraction model of a water/PEG-
skin-fat interface for acoustic beams having different angles
of incidence, in which water has been added with 20% PEG;
acomparison with the chart of FIG. 4 interestingly shows that
refraction is strongly reduced.

[0124] FIG. 13 also clearly shows that, with 20% PEG, the
threshold effect disappears.

[0125] While the invention has been described in connec-
tion with the above described embodiments, it 1s not intended
to limit the scope of the invention to the particular forms set
forth, but on the contrary, it is intended to cover such alterna-
tives, modifications, and equivalents as may be included
within the scope of the invention. Further, the scope of the
present invention fully encompasses other embodiments that
may become apparent to those skilled in the art and the scope
of the present invention is limited only by the appended
claims.
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1. An apparatus for ultrasound imaging of a body under
examination, particularly a breast of a patient, the apparatus
comprising:

an ultrasonic emitting unit configured to emit a pulse and
comprising one or more electro-acoustic transducers;
and

an ultrasonic receiving unit configured to receive a pulse
and comprising one or more electro-acoustic transduc-
ers, said emitting unit and said receiving unit being in
mutually facing relation and at a predetermined distance
from each other on opposite sides of a compartment for
receiving a body under examination, ultrasonic pulses
emitted by said emitting unit and received by said receiv-
ing unit after passing through said body under examina-
tion being converted into transmit signals;

an ultrasonic pulse emitting and receiving unit comprising
one or more electro-acoustic transducers for emitting
ultrasonic pulses into said body under examination of a
patient and for receiving echoes generated by anatomic
structures of said body under examination, said echoes
being converted into reflection signals;

a control unit for controlling said emitting unit and said
emitting and receiving unit,

a processing unit for processing the received signals;

aunit generating images;

a unit displaying said images, wherein an acoustic imped-
ance adaptation medium is interposed between one or
more of said emitting unit, said receiving unit, or said
emitting and receiving unit and said body under exami-
nation; and

a shape changing element for changing a shape of said
body under examination, so that, for most ofa surface of
said body under examination, lines of view of the ultra-
sonic pulses emitted by said emitting and receiving unit
are incident on said surface at an angle less than 70° to a
normal of a plane tangent to said surface of said body
under examination in an incidence point.

2. The apparatus as claimed in claim 1, wherein said body
is a breast and said shape changing element is a retaining ring
placed around said breast.

3. The apparatus as claimed in claim 1, wherein said body
is a breast and said shape changing element is a retaining cup
placed around said breast.

4. The apparatus as claimed in claim 1, wherein said shape
changing element is made of a material having an acoustic
wave propagation velocity and a density substantially equal
to those of water.

5. The apparatus as claimed in claim 1, wherein said shape
changing element is made of a material that is substantially
transparent acoustically, such to cause no significant reflec-
tion and to adapt to the impedance of media between which
said shape changing element is interposed, thereby ensuring a
lower refraction with a same incidence angle.

6. The apparatus as claimed in claim 5, wherein said mate-
rial is selected from the group consisting of silicones, poly-
urethanes, urethanes, and agaroses.

7. The apparatus as claimed in claim 1, wherein a size
adjustment element is provided for adjusting a size of said
shape changing element.

8. An apparatus for ultrasound imaging of a body under
examination, particularly a breast of a patient, the apparatus
comprising:

an ultrasornic emitting unit configured to emit a pulse and
comprising one or more electro-acoustic transducers;
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an ultrasonic receiving unit configured to receive a pulse
and comprising one or more electro-acoustic transduc-
ers, said emitting unit and said receiving unit being in
mutually facing relation and at a predetermined distance
from each other on opposite sides of a compartment for
receiving a body under examination, ultrasonic pulses
emitted by said emitting unit and received by said receiv-
ing unit after passing through said body under examina-
tion being converted into transmit signals;

an ultrasonic pulse emitting and receiving unit comprising

one or more electro-acoustic transducers for emitting
ultrasonic pulses into said body under examination of a
patient and for receiving echoes generated by anatomic
structures of said body under examination, said echoes
being converted into reflection signals;

a control unit for controlling said emitting unit and said

emitting and receiving unit,

a processing unit for processing the received signals;

a unit generating images;

a unit displaying said images,

wherein an acoustic impedance adaptation medium inter-

posed between one or more of said emitting unit, said
receiving unit, or said emitting and receiving unit, and
said body under examination, and

wherein said emitting and receiving unit is arranged to

define a scan plane substantially perpendicular to a coro-
nal plane of said patient.

9. The apparatus as claimed in claim 8, wherein said unit
for processing signals generates a propagation velocity map
from said transmit signals, said images generated from said
reflection signals being further recorded according to said
propagation velocity map.

10. The apparatus as claimed in claim 8, wherein said body
under examination is a breast, and wherein the ultrasonic
pulses emitted by said emitting and receiving unit are focused
to a depth corresponding to dense tissue of the breast.

11. The apparatus as claimed in claim 8, further comprising
a second ultrasonic pulse emitting and receiving unit said
second ultrasonic pulse emitting and receiving unit compris-
ing one or more electro-acoustic transducers for emitting
ultrasonic pulses into said body under examination and
receiving the echoes generated by the anatomical structures
of said body under examination, said echoes being converted
into reflection signals, said second emitting and receiving unit
being arranged to define a scan plane substantially parallel to
the coronal plane of said patient, the images generated by said
second emitting and receiving unit being further combined
with said images generated by said emitting and receiving
unit.

12. The apparatus as claimed in claim 8, wherein lines of
view of the ultrasonic pulses emitted by said emitting and
receiving unit are oriented towards the rib cage of said patient
by steering.

13. The apparatus as claimed in claim 8, wherein lines of
view of the ultrasonic pulses emitted by said emitting and
receiving unit are oriented towards the rib cage of said patient
by manual or automatic orientation of said emitting and
receiving unit.

14. The apparatus as claimed in claim 8, wherein said
emitting and receiving unit is arranged to define a scan plane
substantially parallel to the coronal plane of said patient, said
scan plane being further oriented towards the rib cage of said
patient by steering.
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15. The apparatus as claimed in claim 13, wherein said
lines of view of the ultrasonic pulses emitted by said emitting
and receiving unit are incident on a surface of said body under
examination at an angle ofless than 70° to a normal of a plane
tangent to said surface of said body under examination in an
incidence point.

16. An apparatus for ultrasound imaging of a body under
examination, particularly a breast of a patient, the apparatus
comptising:

an ultrasonic emitting unit configured to emit a pulse and

comprising one or more electro-acoustic transducers;

an ultrasonic receiving unit configured to receive a pulse
and comprising one or more electro-acoustic transduc-
ers, said emitting unit and said receiving unit being in
mutually facing relation and at a predetermined distance
from each other on opposite sides of a compartment for
receiving a body under examination, ultrasonic pulses
emitted by said emitting unit and received by said receiv-
ing unit after passing through said body under examina-
tion being converted into transmit signals;

an ultrasonic pulse emitting and receiving unit comprising
one or more electro-acoustic transducers for emitting
ultrasonic pulses into said body under examination of a
patient and for receiving echoes generated by anatomic
structures of said body under examination, said echoes
being converted into reflection signals;

a control unit for controlling said emitting unit and said
emitting and receiving unit,

a processing unit for processing the received signals; and

aunit generating images, and aunit displaying said images,
wherein an acoustic impedance adaptation medium is
interposed between one or more of said emitting unit,
said receiving unit, or said emitting and receiving unit
and said body under examination; and

wherein said acoustic impedance medium comprises water
and polyethylene glvcol.
17. The apparatus as claimed in claim 16, wherein said
polyethylene glycol is added to water in an amount from 10%
to 30% in weight.

18. The apparatus as claimed in claim 16,

further comprising a shape changing element for changing
the shape of said body under examination, so that, for
most of the surface of said body under examination, the
lines of view of the ultrasonic pulses emitted by said
emitting and receiving unit are incident on said surface
at an angle less than 70° to a normal of a plane tangent to
said surface of said body under examination in an inci-
dence point,

wherein said emitting and receiving unit is arranged to
define a scan plane substantially perpendicular to the
coronal plane of said patient.

19. The apparatus as claimed in claim 18, wherein said
body is a breast and said shape changing element is a retaining
ring or a retaining cup placed around said breast.

20. The apparatus as claimed in claim 18, wherein said unit
for processing signals generates a propagation velocity map
from said transmit signals, said images generated from said
reflection signals being further recorded according to said
propagation velocity map.

21. The apparatus as claimed in claim 18, wherein said
angle is less than 66°.
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22. An apparatus for ultrasound imaging of a body under
examination, particularly a breast of a patient, the apparatus
comprising:

an ultrasonic emitting unit configured to emit a pulse and
comprising one or more electro-acoustic transducers;

an ultrasonic receiving unit configured to receive a pulse
and comprising one or more electro-acoustic transduc-
ers, said emitting unit and said receiving unit being in
mutually facing relation and at a predetermined distance
from each other on opposite sides of a compartment for
receiving a body under examination, ultrasonic pulses
emitted by said emitting unit and received by said receiv-
ing unit after passing through said body under examina-
tion being converted into transmit signals;

an ultrasonic pulse emitting and receiving unit comprising
one or more electro-acoustic transducers for emitting
ultrasonic pulses into said body under examination of a
patient and for receiving echoes generated by anatomic
structures of said body under examination, said echoes
being converted into reflection signals;

a control unit for controlling said emitting unit and said
emitting and receiving unit,

a processing unit for processing the received signals;

a unit generating images;

a unit displaying said images, wherein an acoustic imped-
ance adaptation medium is interposed between one or
more of said emitting unit, said receiving unit, or said
emitting and receiving unit, and said body under exami-
nation; and

a shape changing element for changing a shape of said
body under examination, so that, for most ofa surface of
said body under examination, lines of view of the ultra-
sonic pulses emitted by said emitting and receiving unit
(4) are incident on said surface at an angle less than 70°
to anormal ofa plane tangent to said surface of said body
under examination in an incidence point,

wherein said emitting and receiving unit is arranged to
define a scan plane substantially perpendicular to a coro-
nal plane of said patient.

23. The apparatus as claimed in claim 22, wherein said
body is abreast and said shape changing element is a retaining
ring or a retaining cup placed around said breast.

24.The apparatus as claimed in claim 22, wherein said unit
for processing signals generates a propagation velocity map
from said transmit signals, said images generated on the basis
of said reflection signals being further recorded according to
said propagation velocity map.

25. The apparatus as claimed in claim 1, wherein said
acoustic impedance medium comprises water added with
polyethylene glycol.

26. The apparatus as claimed in claim 25, wherein said
angle is less than 66°.

27. The apparatus as claimed in claim 25, wherein said
polyethylene glycol is added in an amount from 10% to 30%
in weight.

28. The apparatus as claimed in claim 16, wherein said
emitting and receiving unit is arranged to define a scan plane
substantially perpendicular to a coronal plane of said patient.

29. The apparatus as claimed in claim 28, wherein said unit
for processing signals generates a propagation velocity map
from said transmit signals, said images generated on the basis
of said reflection signals being further recorded according to
said propagation velocity map.
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30. The apparatus as claimed in claim 28, further compris-
ing a second ultrasonic pulse emitting and receiving unit is
provided, said second ultrasonic pulse emitting and receiving
unit comprising one or more electro-acoustic transducers for
emitting ultrasonic pulses into said body under examination
and receiving the echoes generated by the anatomical struc-
tures of said body under examination, said echoes being con-
verted into reflection signals, said second emitting and receiv-
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ing unit being arranged to define a scan plane substantially
parallel to the coronal plane of said patient, the images gen-
erated by said second emitting and receiving unit being fur-
ther combined with said images generated by said emitting
and receiving unit.
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