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(54) Ergonomic housing for electroacoustic transducers and ultrasound probe with said housing

(57) Ergonomic housing for electroacoustic trans-
ducers, particularly for ultrasound imaging, comprising
at least an inner space (4) housing one or more electroa-
coustic transducers (5) and possible further eletric and/or
electronic components (6/7),
which housing (1) has at least an acoustic window (2) at
which the one or more electroacoustic transducers (5)
are placed
and at least an handle part (101) composed of an oppos-
ing gripping surface having a shape that is ergonomically
fitted for being gripped by an hand or a part thereof,
characterized in that
the gripping surface has such a shape or profile (301) to
be ergonomically fitted for being gripped by inserting it
in the hollow between two adjacent fingers of the hand,
i.e. by holding it between the fingers.

The invention relates also to a probe with a housing
of said type and an ultrasound machine in combination
with said probe.
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Description

[0001] The present invention relates to an ergonomic
housing for electroacoustic transducers, particularly for
ultrasound imaging, comprising at least an inner space
housing one or more electroacoustic transducers and
possible further eletric and/or electronic components:

which housing has at least an acoustic window at
which the one or more electroacoustic transducers
are placed

and an handle part composed of an opposing grip-
ping surface having a shape that is ergonomically
fitted for being gripped by an hand or a part thereof.

[0002] Housings of said type are known in the technical
field. The ultrasound imaging is considerably widespread
and it is often used. By means of studies in the field it
has been found that users of ultrasound systems have
muscle-skeletal diseases of the hand, wrist, neck and
back coinciding with the use of ultrasound probes.
[0003] In order to avoid or at least to reduce above
drawbacks, housings whose shape has been ergonom-
ically modified are known. However the difficulty is that
on one hand observed diseases can be eliminated or
reduced by allowing the hand and the muscle-skeletal
structure associated thereto to have relaxation moments,
however without losing the control of the probe such that
when the examination is carried out the probe can be
gripped with a sufficient security in order to guide it and
to exert the necessary pressure against the patient.
[0004] A solution to this drawback is described in the
document W0O2005/053537 (Koninklijke Philips elec-
tronics N.V.) wherein in the location opposite to the
acoustic window from which soundproofing pulses are
emitted the probe housing has a cap-like surface that is
enough wide and it is such to allow the surface of the
palm of the hand to grip the housing. Said gripping sur-
face called palmar gripping surface is a kind of spherical
orspheroidal gripping member thatis gripped by the hand
as a ball.

[0005] A similar solution is provided in the document
US2006/0173331 (Siemens Corporation). In this case
the housing of the probe provides a palmar gripping sur-
face provided in an opposite location with respect to the
acoustic window.

[0006] However said palmar grip does not completely
solve the above drawback, since it does not allow to relax
the hand without losing the grip on the housing of the
probe. So the hand has to remain substantially tight on
the surface of the housing forming the manual handle
part. Even if during rest moments the tightening force
can somewhat be relaxed, the hand cannot be absolutely
stretched in the correct relaxation position of the muscle-
skeletal structure.

[0007] Even if such configuration of the housing for
ultrasound probes providing the palmar grip increases
somewhat the situation with respect to the conventional
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pen type grip by which the probe is held between the
fingers (position called pinching in the technical jargon)
for performing the scanning (task defined pushing in the
field jargon), probes providing a palmar grip do not allow
to alternatively grip the probe by a pen type grip (pinch-
ing).

[0008] Considering the above, the invention aims at
providing an ergonomic housing for electroacoustic
transducers, particularly for ultrasound imaging, allowing
to overcome drawbacks of known housings and above
all allowing to surely hold the probe in the hand even in
a position of substantial complete relaxation of the mus-
cle-skeletal structure thereof.

[0009] Theinventionaims also atimproving said hous-
ing such to avoid drastic changes to the conventional
structure of probes and moreover such to make simplier
and to rationalize the manufacturing of ultrasound
probes.

[0010] The invention achieves above aims by provid-
ing an ergonomic housing for electroacoustic transduc-
ers, particularly for the ultrasound imaging, of the type
described hereinbefore, wherein the housing has such a
shape or profile to be ergonomically fitted for being
gripped between two adjacent fingers of the hand, i.e. to
be inserted in the hollow between two adjacent fingers
of the hand.

[0011] Advantageously the shape and sizes of the
housing are such that the adjacent fingers of the hand
holding the housing do not force fingers of the hand to
be opened wide or to be tightened leading fingers to not
be relaxed. On the contrary, particularly the shape and
sizes of the housing are such to allow the holding be-
tween the two fingers in a natural relative spacing position
thereof.

[0012] An advantageous embodiment provides the
gripping surface of the housing to have a gripping surface
that is ergonomically shaped in order to be gripped be-
tween the fingers, i.e. by interposing it in the hollow be-
tween two adjacent fingers of the hand.

[0013] The gripping extension to be held between the
fingers is shaped such to be anatomically adapted to be
engaged in the hollow between the fingers between two
adjacent fingers of the hand, particularly between the
forefinger and the middle finger or between the middle
finger and the forefinger.

[0014] Advantageously the gripping surface of the
housing from which the gripping extension to be held
between the fingers comes out has a resting part that is
like a spherical or spheroidal cap or dome and that is
provided opposing the acoustic window, the gripping ex-
tension to be held between the fingers being provided at
the top of said resting part.

[0015] The gripping extension to be held between the
fingers may have various shapes and sizes. It can be
also composed of an elongated member like a pin or the
like having a rounded shape in section.

[0016] According to a further characteristic improving
the sucurity of grip between the fingers, the gripping ex-
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tension to be held between the fingers has at least a pair
of opposite gripping recesses with a laid down U-shaped
section, each of which is intended for housing one of the
two adjacent fingers for the engagement between the
fingers of said gripping extension.

[0017] As a further improvement, the gripping exten-
sion to be held between the fingers has an annular recess
having substantially a laid down U-shaped section,
whose bottom surface is formed by a band of shell axial
surface connected in a rounded way with the two side
surfaces that are formed by surfaces transversal to the
longitudinal axis of the extension and connected to said
bottom surface, possibly only one or both in a rounded
way, while one of said two side surfaces of the annular
recess is composed of the resting part of the gripping
surface and the other side surface is composed of the
surface of a radial annular enlargement provided at a
certain distance from said resting part of the gripping sur-
face.

[0018] The gripping extension to be held between the
fingers may have a rotation symmetrical shape or a not
circular shape of the section, with a greater axis substan-
tially oriented towards the fingers gripping it and/or in the
antero-posterior direction of the hand and/or in the direc-
tion of the hollow between the fingers and with a smaller
axis oriented in the direction transversal to the longitudnal
axis of the fingers and/or to the antero-posterior direction
of the hand.

[0019] Still according to an advantageous character-
istic, the gripping extension to be held between the fin-
gers is a sleeve for the introduction of an electrical cable
for connecting the transducer.

[0020] Various relative arrangements of the acoustic
window with respect to the gripping surface and with re-
spect to the gripping extension to be held between the
fingers are possible. A particular choice for example pro-
vides gripping extension to be held between the fingers
to have a longitudinal axis that coincides with the prolon-
gation of a vector perpendicular to the center of the
acoustic window.

[0021] As regards the acoustic window, it has to be
shaped in a way corresponding to the array of electroa-
coustic transducers that can be linear, i.e. flat or curved
such as in convex probes or the curvature may be ac-
cording to two axes that are perpendicular one with re-
spect to the other or anyway they are not parallel. In this
case, the acoustic window is composed of a flat member
or it has a curved configuration respectively only accord-
ing to a curvature axis or according to two or more cur-
vature axes there being possible also the fact that the
curvature can be opposite to the one of the gripping sur-
face.

[0022] Inorderto allow the gripping of the housing with
a so called pen type grip (pinching), the housing has such
a shape and such a thickness at least in a direction per-
pendicular to the longitudinal axis to be gripped with a
position of the hand corresponding to the so called pen
type grip, said shape and said thickness being provided
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for a part of the housing associated to the end having the
acoustic window.

[0023] Other manufacturing variants improving the
gripping comfort may provide said housing to have two
opposite recesses with a section rounded shape, at an
intermediate region of the housing, between the gripping
surface and the acoustic window. Moreover the housing
may have, from said intermediate region and in the di-
rection of the acoustic window, two different thicknesses
in the direction of each one of two axes perpendicular
one with respect to the other and enclosed in the plane
perpendicular to the axis of the gripping extension to be
held between the fingers or in a plane tangential or par-
allel to the acoustic window.

[0024] The handle part of the housing forming the cap-
like gripping surface opposite to the acoustic window, is
advantageously composed of a spheroidal body that is
flattened on two sides that are diametrically opposite one
with respect to the other such to have two different diam-
eters a greater one and a smaller one in the plane per-
pendicular to the axis of the gripping extension to be held
between the fingers, the two opposite side recesses pro-
vided in the intermediate region of the housing being
made as hollow ones in the direction of said greater axis.
[0025] Therefore the invention provides a housing
made of a first housing part and a second housing part,
which parts are harmonically completed one with the oth-
er and are divided along an intermediate separation
plane between a part that is shaped such to form a grip-
ping handle with a pencil type grip position and a gripping
handle part that is shaped such to be hold by gripping it
between fingers.

[0026] It is possible to provide said two housing parts
to be integrally made or to be movably fastened one to
the other or it is possible to provide said two housing
parts to be movably fastened one to the other.

[0027] Still according to an advantageous character-
istic of the invention, the housing is provided in combi-
nation with one or more transducers, an electronic circuit,
a cable connecting the electronic circuit to remote
processing and control devices and a member connect-
ing the cable to the electronic circuit, a part of the two
cooperating connector parts being integral with the first
housing part and the other one being integral with the
second housing part and the two connector parts being
automatically engaged and disengaged one with the oth-
er contemporaneously when said two housing parts are
fastened and separated.

[0028] By the latter characteristic, it is possible to pro-
vide a first housing part that is firmly associated to trans-
ducers and to possible circuits and eletric or electronic
components, different combinations of first housing parts
and transducers and possible circuits and electronic
components that are different one with respect to the
other being provided, while it is possible to provide only
a second housing part that is firmly associated to the
control cable, all first housing parts having a movable
fastening end that is the same and it can be fastened and
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separated from only a second housing part.

[0029] Differently from present machines, by means
of the above for different probes it is possible to provide
the same cable that can be firmly integrated in the frame
of an ultrasound machine for example or possibly by pro-
viding also automatic winding means as in supplying and
control cables of dental tools in so called dental drill units.
[0030] The invention relates also to an ultrasound
probe comprising a housing of the type described here-
inbefore and a combination of ultrasound machine and
probe with the housing described above and comprising
the control and supplying cable of the ultrasound probe
that is firmly integrated in the machine structure and it is
mounted on automatic unwinding and winding means.
[0031] Further improvements of the housing, of the
probe and of the ultrasound machine according to the
present invention are object of sub-claims.

[0032] Characteristics ofthe invention and advantages
deriving therefrom will be more clear from the following
description of some not limitative embodiments shown
in annexed drawnings wherein:

Fig.1is a side elevation view taken on the larger side
of an ultrasound probe according to the present in-
vention.

Fig.2 is a side elevation view of the probe according
to figure 1 but taken from the smaller side thereof.
Figs. 3 and 4 show conditions of the hand in positions
holding the probe between the fingers under the re-
laxed condition of the hand and under the operating
condition when the hand firmly grasps the probe and
corresponding to functionalities that can be achieved
by conventional gripping modes known as pinching
and pushing.

Figs. 5A to 5E are different positions for gripping a
convex probe according to the present invention for
alternatively the pen type grip and the grip between
the fingers.

Figs. 6A to 6E are different positions for gripping a
linear probe according to the present invention for
alternatively the pen type grip and the grip between
the fingers.

Figures 7 and 8 are two views similar to figures 1
and 2 of a convex probe according to the present
invention and wherein the probe housing can be sep-
arated in two parts thereof along a median plane one
of which part is the pen type grip part and the other
part is the gripping part to be held between the fin-
gers.

Figures 9 and 10 are two views similar to figures 1
and 2 of a linear probe according to the present in-
vention and wherein the probe housing can be sep-
arated in two parts thereof along a median plane one
of which part is the pen type grip part and the other
part is the gripping part to be held between the fin-
gers.

Figure 11 is a variant embodiment of probes accord-
ing to figures 7 to 10 wherein the pen type gripping
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part and housing electroacoustic transducers and
possible electronics of different configurations of
probes can be movably fastenend to an housing part
composing the betwee-finger gripping part that is
identical for all probes.

Figs. 12 and 13 are a cross-section according to a
median plane longitudinal and parallel to the wider
face of a convex probe and a linear probe respec-
tively and wherein the array of electroacoustic trans-
ducers and the possible electronics or electric cir-
cuitry are schematically indicated.

Figs. 14 and 15 schematically show a linear probe
according to the present invention and according to
previous figures 11 to 13.

Fig.16 schematically shows an ultrasound machine
wherein the cable communicating and controlling the
probe is firmly mounted in the machine by automatic
winding means and at its end connected to the probe
it has a betwee-finger gripping member composing
a housing part that can be movably fastened to an
housing part associated to the probe according to
the example of figures 11 to 15.

[0033] Infigures 1 and 2 there is shown a probe of the
type called convexandi.e. wherein electroacoustic trans-
ducers generating ultrasound pulses and receiving re-
flected ultrasound pulses being part of a transducer set,
so called array, are arranged on a curved surface or are
moved along a curved surface.

[0034] In this case the probe has an housing 1 that at
one end, the one proximal to the object to be examined
and particularly to the epithelial region coinciding with
the anatomical region to be examined, has an acoustic
window 2 behind which there is arranged the transducer
array housed in a space enclosed by the housing 1.
[0035] The acoustic window 2 is composed of a wall
portion that is permeable i.e. transparent to ultrasound
pulses, both the ones transmitted by transducers and the
ones reflected towards the transducers.

[0036] The housing extends from the acoustic window
in the direction of a distal end i.e. an end opposite to the
one of the acoustic window. At such end the housing 1
forms an handle part 101 having a gripping and/or resting
surface 201 that is rounded like a spherical or spheroidal
cap or dome extending in the direction opposite to the
end provided with the acoustic window 2 by a gripping
extension to be held between the fingers denoted by 301.
Such extension having a shape with a rounded cross
section is connected to the gripping or resting surface
201 by at least two diametrically opposite recesses being
shaped like a laid down U denoted by 401 and which
recesses 401 have a rounded bottom wall connected to
a first side wall radially oriented with respect to the axis
of the gripping extension 301 to be held between the
fingers and composed of the region of the top of said
gripping/resting surface 201. The opposite wall laterally
delimiting the opposite U shaped recesses 401 is com-
posed of two diametrically opposite radial enlargements
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of the gripping extension 301 to be held between the
fingers.

[0037] Advantageously such as shown in examples of
figures instead of two opposite laid down U shaped re-
cesses it is advantageous to provide an annular groove
of the gripping extension 301 to be held between the
fingers delimited by two radial walls spaced in the direc-
tion of the axis of said extension and one of which is
composed of the top portion of the gripping/resting sur-
face 201, while the other one is composed of the radial
annular surface of a radial enlargement 501 of said ex-
tension 401 that is provided as being spaced to a certain
extent from the gripping/resting surface 201. The bottom
of the annular groove is connected to said two annular,
radial walls in a rounded and harmonic way.

[0038] Advantageously the distance between said two
annular radial walls substantially corresponds to the av-
erage diameter or it is adapted to said average diameter
of two adjacent fingers of an hand such that they can be
partially housed in said groove or in said opposite recess-
es and such that the annular radial surface that is more
far away from the acoustic window 2 partially overlaps
the top of the hand and so of the corresponding two ad-
jacent fingers between which the gripping extension to
be held between the fingers is intended to be gripped.
[0039] The section of said extension is advantageous-
ly rounded and it can have different shapes.

[0040] In order to avoid the two adjacent fingers, gen-
erally but not exclusively the forefinger and the middle
finger to take an unnatural and too much wide apart po-
sition at least at the region of the two opposite laid down
U-shaped recesses 401 or of the annular groove, the
section of the extension part corresponding to the region
of the bottom of the groove is not round but it is flattened
atthe sides intended to be faced towards the two adjacent
fingers. Therefore, in this case, the section is made oval
or flattened such to have a smaller axis in the direction
transversal to the fingers and to the hollow therebetween
and a greater axis in the direction parallel to the longitu-
dinal extension of the fingers and of the hollow therebe-
tween. This allows to reduce the spreading of fingers
such to have such a position guaranteeing a relaxed con-
dition of the muscle-skeletal structure of the hand during
the gripping condition between the fingers but also to
guarantee a condition for the sufficient control or holding
of the extension between the two fingers by means of an
increased surface contacting the fingers in the longitudi-
nal direction thereof.

[0041] The gripping/resting surface 201 is composed
of an handle part like a spheric or spheroidal member or
however a rounded member that is not a palmar gripping
surface and having a maximum outwardly projecting
equatorial line beyond which said handle part tapers con-
necting with a thinned handle part having a pen type grip
denoted by 601 and ending by the end provided of the
acoustic window 2.

[0042] The spheroidal handle part is connected to the
tapered handle part 601 having the pen type grip with
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two hollow recesses 701 at diametrically opposite sides
and that in the gripping condition between the fingers
condition are a recess for gripping or housing the thumb
ofthe hand. Said two opposite recesses 701 are provided
at the two side ends of the larger sides of the the pen
type grip tapered handle part 601, while the two narrower
sides of said the pen type grip tapered handle part are
connected by a continuous flaring to the spheroidal han-
dle part such as shown in figure 2.

[0043] In the median region of the two wider sides of
the pen type grip tapered part 601 of the probe, said two
wider sides have a hollow 801 for gripping or housing
fingertips of the fingers in the pen type grip respectively.
[0044] Even if such characteristic is not to be consid-
ered a limitative one, but it is a simple advantageous
configuration, in the shown embodiments the gripping
extension 301 to be held between fingers is tubolar and
it is opened both at the end for the connection to the
housing and to the opposite end and it is a sleeve for
passing the cable for a cable for the control and commu-
nication of transducers and possible electronic and/or
electriccomponents associated to transducers with other
units of an ultrasound machine. Such characteristic is
seen in greater details by sections according to diametral
planes of figures 12 and 13. However such double func-
tionality of the gripping extension 301 to be held between
fingers is only a particular case and it can be provided
also in combination with an housing provided with differ-
ent inlets for the control and communication cable (not
shown in details in figures).

[0045] The above housing has such a shape that at an
head end and particularly at the head end proximal to or
contacting the epithelium of the patient is provided with
an acoustic window 2 composed of a surface having a
narrower side and a longer side. Said surface may be
flat or curved in a convex way. To said proximal head
end there is connected a first pen type grip handle part
denoted by 601 that is flattened having two wider sides
parallel or substantially parallel to longer sides of the
acoustic window and two narrower sides that are oriented
in the direction of the narrower sides of the acoustic win-
dow 2.

[0046] The width of the two narrower sides, that is the
distance between the two wider sides is such that said
pencil type grip handle part 601 can be easily gripped
between the fingers of the hand with said pen type grip
and substantially it has a size corresponding to the thick-
ness of a pen with a more or less large diameter.
[0047] In the central region of the two wider sides of
the pen type grip handle part 601 there are provided two
depressions or hollows 801 for easily tightening said part
601. These hollows allow to close the opposite fingers
like pliers when holding the probe like a pen, thus over-
coming a circumference with an arc of 180° formed by
pen type grip opposite fingers.

[0048] The pen type grip handle tapered part 601 is
connected by two opposite side hollows made in the wid-
er side walls to an handle spheroidal part 101 to be held
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between the fingers that is composed of a spheroidal
member having a greater diameter in the direction par-
allel to wider sides of the pen type grip handle part 601
and a smaller diameter in the direction parallel to narrow-
er sides of said pen type grip handle part 601. Said sphe-
roidal member on the side faced towards the end provid-
ed with the acoustic window 2 forms wall faces of recess-
es 701 in wider sides of the pen type grip handle part 601
and on the opposite side it forms a resting cap or dome
that in its top region has the gripping extension 301 to be
held between fingers with the annular groove 401 engag-
ing the two adjacent gripping fingers delimited on one
side by said cap or dome of the resting or gripping mem-
ber 101 and on the other side by the radial enlargement
501.

[0049] In the particular embodiment the housing 1 has
a longitudinal axis that coincides with a vector passing
through the centre of the acoustic window and perpen-
dicular to the surface tangential to said acoustic window
in said centre such axis being coincident with the longi-
tudinal axis of the gripping extension 401 to be held be-
tween the fingers and perpendicular to the greater and
smaller diameter of the spheroid 101 in the equatorial
plane thereof.

[0050] Figures 3 and 4 clearly show the advantage of
gripping the housing between the fingers according to
the present invention. In this example the skeletal struc-
ture of the hand is schematized by using an arrangment
of articulated rods. Joints are indicated by circles. The
greatest circle is the wrist. Figure 3 clearly shows the fact
that by means of the gripping extension to be held be-
tween the fingers it is possible to relatively firmly and
securely gripthe probe evenifthe handis inits substantial
resting and stretched position. In this case the probe is
not subjected to any pressures and the grip is secure as
regards the holding and the control of the probe when
the hand and the probe are not stresse.

[0051] On the contrary figure 4 shows the holding be-
tween the fingers with the hand in its operating control
condition wherein the probe is held not only by gripping
it between the fingers, but also by tightening it or holding
it like tongs along the resting and gripping cap or dome
like surface 301. In this condition the thumb rests against
the region of the handle spheroidal member under the
equatorial line and connected to the pen type grip handle
part 601. Itis to be noted that the tongs-like or tightening
grip occurs contemporaneously to the gripping between
the fingers and however it is not a palmar grip. Moreover
in this position tightening the holding between the fingers
the spheroidal handle part 101 the joint of the wrist is not
stressed i.e. the axis of the forearm and the one of the
thumb are substantially aligned, thus reducing stresses
to the carpal tunnel.

[0052] At the same time the possibility of resting the
middle finger and/or other fingers of the hand on the cap
or dome on the side of the spheroidal gripping part op-
posite to the acoustic window 2, on the distal side of the
equatorial line of said spheroidal part allows to exert on
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the probe the necessary pushing pressure indicated by
the arrow F1 in figure 4 and so to properly control the
probe.

[0053] The following series of figures 5A to 5E and 6A
to 6E clearly show the modes for gripping the housing
and so the probe according to the present invention with
reference to a probe of the convex type and to a probe
of the linear type.

[0054] Figures 5A and 6A show the gripping condition
by the holding between the fingers with the hand in the
stretched and resting condition. Figure 5B and figure 6C
show the condition when the housing is gripped between
the fingers and the spheroid resting and gripping part 101
is tightened the wider faces of the housing and more pre-
cisely of the pen type grip handle part 601 or longer sides
of the acoustic window 2 being oriented transversally to
the longitudinal direction of fingers.

[0055] Figures 5C and 6B show the variant wherein
the housing is gripped by tightening and holding between
fingers the spheroid gripping and resting part 101 by us-
ing the wider faces of the housing and more precisely of
the pen type grip handle part 601 or with the longer sides
of the acoustic window 2 substantially oriented in the lon-
gitudinal direction of fingers.

[0056] Figures 5D and 5E and figures 6E and 6D show
the housing gripped by the pen type grip with the probe
in said two positions respectively with respect to the lon-
gitudinal axis of the hand respectively and that is in the
two positions of the probe or housing corresponding to
an orientation of the wider sides of the housing or of the
flattened part 601 of the probe trasnversal to the axis of
the forearm or parallel thereot respectively.

[0057] Figures 7 to 15 show probes of the convex type
and of the linear type according to what has been previ-
ously described.

[0058] Asitisclearfromfigures7to15,the twohousing
parts 101 and 601 composing the spheroidal handle grip-
ping or resting part and the pen type grip handle part
respectively, are advantageously made as being mova-
bly fastenable along a substantially equatorial separation
plane of the spheroidal part 101. Such plane coincides
with the line separating the walls of the two housing parts
101 and 601 denoted by 3 in figures 7 to 15.

[0059] The two housing parts 101 and 601 can be
made of different materials and particularly the spheroi-
dal gripping one can be made of a soft material and the
pen type grip handle one can be made of a more rigid
material.

[0060] The softer material can be also an outer layer
covering a more rigid supporting layer. Similarly it is also
possible for one part 101 or the other one 601 to have
regions with covering inserts or layers made of soft ma-
terial in locations contacting the fingers or other parts of
the hand, such as for example hollows 801 or islets 901
in recesses 401.

[0061] Advantageously this characteristic allows to
make housings for ultrasound probes and ultrasound
probes such that the cap-like or dome-like part bearing
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the gripping extension 301 to be held between the fingers
is in common to a series of probes which have as the
probe housing the pen type grip handle part 601 and the
spheroidal gripping part extending to the substantially
equatorial separation surface.

[0062] In this case, such as shown in figures 12 to 15,
in the housing space 4 of the housing there is the en-
closed the array of electroacoustic transducers 5 placed
at the acoustic window 2, a terminal board composed of
a printed circuit 6 or it can be composed of simple con-
ducting paths or it can also comprise an electronic circuit
with corresponding electronic components and a con-
nector 7 mounted on the printed circuit and connecting
a control and communication cable (not shown) to the
printed circuit and to transducers.

[0063] In figures 11 to 15 the two housing parts are
defined by reference numbers 1A and 1B since the fact
of being different is not related to the gripping task but it
is related to the two parts that can be coupled or uncou-
pled and from a functionality point of view they coincide
only partially with definitions of spheroidal gripping and
resting part 101 and pen type grip handle part 601. Par-
ticularly as it results from figures 14 and 15, the connector
7 is made of two parts 107 and 207 that can be coupled
and uncoupled both mechanically and electrically, said
two parts being firmly mounted one 107 to the printed
circuit 6 in the housing part 1B and the other one 207 in
the housing part 1A wherein it is firmly connected to the
control and communication cable (not shown) passing
inside said housing part 1A through the gripping exten-
sion 301 to be held between the fingers.

[0064] The two connector parts are made and mounted
such that the mechanical and electric coupling of said
two connector parts 107, 207 occurs by the same or a
part of the same relative movement coupling or uncou-
pling the two housing parts 1A and 1B, so that contem-
poraneously to the fastening of said two housing parts
1A and 1B and contemporaneously to the separation of
said two housing parts 1A and 1B also the mechanical
and electric coupling and the mechanical and electric un-
coupling of the two connector parts 107 and 207 occur
respectively.

[0065] Inthe schematic example of figures 14 and 15,
the two housing parts 1A and 1B and the corresponding
two connector parts 107 and 207 are coupled by ap-
proaching and compressing them in the direction of ar-
rows F2 and F3 of figure 14 and they are uncoupled by
pulling and bringing them farther away according to the
double arrow F4 in figure 15. Said arrows are oriented
parallely to the longitudinal axis coinciding with the cen-
tral axis of the acoustic window 2 that is perpendicular
to the plane tangential to the centre of said acoustic win-
dow and that possibly it also coincides with the axis of
the gripping extension 301 to be held between the fingers.
[0066] Itis to be noted that in the case of the example
of figures 11 to 15, the probe housing is composed of a
part 1A that is always the same and it is both the terminal
connecting the control and communication cable of the
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ultrasound machine to the ultrasound probe intended as
the array of transducers and circuits associated thereto
inside the probe, and a part of the spheroidal resting and
gripping part 101 and more precisely the dome or cap-
like part provided at the distal end of the probe housing
and opposite to the acoustic window 2 and moreover it
comprises the gripping extension 301 to be held between
the fingers.

[0067] The other housing part 1B on the contrary be-
comes the real housing part of the probe firmly housing
transducers and circuits associated thereto and it is dif-
ferent for each different probe, moreover said housing
part 1B being composed of the pen type grip handle part
601 and of the part of the spheroidal gripping and resting
part 101 connected to said pen type grip handle part and
that is interposed between it and the substantially equa-
torial plane or line of separation 3, while all different
probes have a housing composed of said housing part
1B and all said housing parts 1B have the same config-
uration and the identical coupling means, as well as an
identical connector part 107 by means of which each of
them can be coupled to the housing part 1A and to the
corresponding connector part 207.

[0068] This embodiment allows to achieve a consider-
able advantage as it is shown in figure 16. In this figure
by the number 11 a general machine for acquiring ultra-
sound images is indicated. The machine comprises cir-
cuits 12 controlling the ultrasound probe 1 and process-
ing signals kept by said probe as images that are dis-
played on a screen 13 or by other alternative displaying
means. The probe 1 is connected to control and process-
ing circuits 12 by a control and processing cable 14. This
cable is made as firmly connected or coupled to the ul-
trasound machine and particularly to control and
processing circuits 12, while it ends with an housing part
1A with a connector part 207 to which a probe can be
connected and whose housing is composed of an hous-
ing part 1B with a connector 107 according to what has
been described with reference to figures 11 to 15. In this
case, therefore for changing the type of probe it is not
necessary to replace the control and communication ca-
ble 14, but only the probe. Moreover this arrangement in
combination with the cable 14 allows to provide automatic
means 15 for winding the cable 14 on a reel for example
composed of a reel upon which a certain length of the
cable is wound and that is rotatable in the unwinding di-
rection against the action of spring means operating the
rotation of the reel in the winding direction. Said means,
for example a spiral spring, are loaded by the rotation of
the reel when unwinding the cable occuring by means of
the pulling action exerted by the user, so when the pulling
force is released, the reel is rotationally dragged in the
opposite direction i.e. in the winding direction and the
cable is automatically rewound.

[0069] Said functionality can be achieved also by
means of other means for example with similar alterna-
tive means or by means substantially identical to means
associated to cables or ducts controlling and supplying
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dental tools in so called dental drill units.

[0070] From the above advantages of the present in-
vention are clear consisting in a better condition for using
the probe as regards the gripping thereof and conse-
quences of an extended use on the health conditions of
the muscle-skeletal structure of the hand and/or of the
writs of the user and at the same time in modifying the
present manufacturing of probes by providing a combi-
nation of a series of probes that can be coupled to a sole
connector connecting a control and communication cable
that is firmly associated to the ultrasound machine and
therefore it can be provided in combination with automat-
ic lenghtening and shortening mechanisms. In this case
costs are reduced since all probes are connected to the
same cable, and moreover the secuirty and comfort in
using the device drastically increases.

Claims

1. Ergonomic housing for electroacoustic transducers,
particularly for the ultrasound imaging, comprising
atleast an inner space (4) housing one or more elec-
troacoustic transducers (5) and possible further elet-
ric and/or electronic components (6/7),
which housing (1) has at least an acoustic window
(2) at which the one or more electroacoustic trans-
ducers (5) are placed
and at least an handle part (101) composed of an
opposing gripping surface having a shape that is er-
gonomically fitted for being gripped by an hand or a
part thereof,
characterized in that
the gripping surface has such a shape or profile (301)
to be ergonomically fitted for being gripped by insert-
ing it in the hollow between two adjacent fingers of
the hand, i.e. by gripping it between the fingers.

2. Housing according to claim 1, characterized in that
the gripping surface (101) provides a gripping exten-
sion (301) that is ergonomically shaped to be gripped
between fingers, i.e. by interposing it in the hollow
between two adjacent fingers of the hand.

3. Housing according to claims 1 or 2, characterized
in that the gripping extension (301) to be held be-
tween the fingers is shaped such to be anatomically
fitted for the engagement in the space between the
fingers between two adjacent fingers of the hand,
particularly between the forefinger and the middle
finger or between the middle finger and the ring fin-
ger.

4. Housing according to one or more of the preceding
claims, characterized in that the gripping surface
(101) has a resting part (201) that is shaped like a
spherical or spheroidal cap ordome anditis provided
opposite to the acoustic window (2), the gripping ex-

10

15

20

25

30

35

40

45

50

55

10.

tension (301) to be held between the fingers being
provided at the top of said resting part.

Housing according to one or more of the preceding
claims, characterized in that the gripping extension
(301) to be held between the fingers is composed of
an elongated member like a pin, sleeve, bushing,
tube or the like having a rounded shape.

Housing according to claim 5, characterized in that
the gripping extension (301) has at least a pair of
opposite gripping recesses with a laid down U-
shaped section, each of which is intended for hous-
ing one of the two adjacent fingers for the engage-
ment between the fingers of said gripping extension.

Housing according to claim 6, characterized in that
the two gripping recesses have a bottom wall that is
oriented in the axial direction of the gripping exten-
sion and two side walls transversal or perpendicular
to the axis of the gripping surface, one of said two
side surfaces being composed of a region of the rest-
ing part of the gripping surface and the other side
wall being provided at a distance anatomically adapt-
ed to sizes of fingers, especially to average sizes of
fingers.

Housing according to one of claims 6 or 7, charac-
terized in that the gripping extension (301) to be
held between the fingers has an annular recess or
an annular groove (401) having substantially a laid
down U-shaped section, whose bottom surface is
formed by a band of shell axial surface connected in
a rounded way with the two side surfaces that are
formed by surfaces transversal to the longitudinal
axis of the extension and connected to said bottom
surface, possibly only one or both in a rounded way,
while one of said two side surfaces of the annular
recess (401) is composed of the cap or dome-like
resting part (201) of the gripping surface (101) and
the other side surface is composed of the surface of
aradial annular enlargement (401) provided at a cer-
tain distance from said cap or dome-like resting part
(201) of the gripping surface (101).

Housing according to one or more of the preceding
claims, characterized in that the gripping extension
(301) to be held between the fingers has a rotation
symmetrical shape.

Housing according to one or more of the preceding
claims, characterized in that the gripping extension
(301) to be held between the fingers, has a not cir-
cular section shape, with a greater axis substantially
oriented in the direction of fingers gripping it and/or
in the antero-posterior direction of the hand and/or
of the hollow between fingers and with a smaller axis
oriented in the direction transversal to the longitudi-
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18.
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nal axis of fingers and/or to the antero-posterior di-
rection of the hand.

Housing according to one or more of the preceding
claims, characterized in that the gripping extension
(301) to be held between the fingers constitutes a
sleeve for the introduction of an electrical cable for
connecting the transducer.

Housing according to one or more of the preceding
claims, characterized in that the gripping extension
(301) to be held between fingers has a longitudinal
axis that coincides with the prolongation of a vector
perpendicular to a surface tangential to the centre
of the acoustic window (2).

Housing according to one or more of the preceding
claims, characterized in that the acoustic window
(2) is composed of a flat member.

Housing according to one or more of the preceding
claims 1 to 12, characterized in that the acoustic
window (2) has a curved arrangement according to
a sole axis of curvature or according to two or more
axes of curvature the curvature being opposite to the
one of the resting dome or cap (201) of the gripping
surface (101).

Housing according to one or more of the preceding
claims, characterized in that at an intermediate re-
gion of the housing between the gripping surface
(101) and the acoustic window (2) the housing has
two opposite recesses (701) having a rounded sec-
tion shape.

Housing according to one or more of the preceding
claims, characterized in that the handle part of the
housing (1) forming the gripping surface (101) is
composed of a spheroidal body flattened on two di-
ametrically opposite sides such to have two different
diameters at least in the equatorial plane and one of
which is a greater diameter and the other one is a
smaller diameter in the plane, the two opposite side
recesses (401) provided at the intermediate region
of the housing being made hollow in the direction of
said greater axis.

Housing according to one or more of the preceding
claims, characterized in that the spheroidal grip-
ping surface (101) is gripped by being tightened by
fingers of the hand in addition to holding between
the fingers the gripping extension (301) to be held
between fingers, fingers of the hand adhering to said
spheroidal gripping surface beyond the equatorial
line thereof.

Housing according to one or more of the preceding
claims, characterized in that it has two different
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thicknesses in the direction of each one of the two
axes perpendicular one with respect to the other and
enclosed in the plane perpendicular to the axis of
the gripping extension (301) to be held between the
fingers.

Housing according to one or more of the preceding
claims, characterized in that it is shaped such to
allow the gripping with the hand in the position like
a pen type grip.

Housing according to one or more of the preceding
claims, characterized in that in the part thereof be-
tween the spheroidal gripping surface (101) and the
acoustic window (2), the housing has a flattened part
(601) whose thickness substantially corresponds to
the size of a pen or of a thick pen and however it has
such athickness to be gripped by the hand like a pen.

Housing according to claim 20, characterized in
that in the two opposite faces of said pen type grip
handle flattened part (601) and at the end of the two
opposite fingers for example thumb and forefinger
said surfaces have opposite depressions (801) for
the positioning of said fingers.

Housing according to one or more of the preceding
claims, characterized in that it comprises an acous-
tic window (2) provided on the head side of a pen
type grip handle flattened part (601), which extends
in the direction opposite to the acoustic window (2)
with a spheroidal gripping handle (101) provided at
the top opposite to the acoustic window of a gripping
extension (301) to be held between the fingers.

Housing according to one or more of the preceding
claims, characterized in that it is made of a first
housing part (1A) and a second housing part (1B),
which parts are harmonically completed one with the
other and are separated along an intermediate sep-
aration plane (3) between a part shaped such to form
at least a part of a pen type grip handle (601) and at
least a part of a gripping handle shaped such to be
held between the fingers.

Housing according to claim 23, characterized in
that the first and second housing part (1A;1B) can
be movably fastened one with the other.

Housing according to claim 24, characterized in
that it is provided in combination with one or more
transducers (5), an electronic and/or electric circuit
(6), a cable connecting the electronic or electric cir-
cuit to remote processing and control devices and a
member (7) connecting the cable to the electronic
and/or electric circuit, the connector being made of
two parts (107, 207) that can be mechanically and
electrically coupled and uncoupled and a connector
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part (107) being provided integral with the first hous-
ing part (1B) and the other connector part (207) being
provided integral with the second housing part (1A)
and the two connector parts being automatically en-
gaged and disengaged one with the other contem-
poraneously when said two housing parts (1A, 1B)
are fastened and separated.

Ultrasound probe comprising one or more electroa-
coustic transducers (5), that are connected to a com-
munication cable, said transducers (5) being housed
in a space (4) of an housing (1) of said probe, char-
acterized in that said housing has an acoustic win-
dow (2) at which electroacoustic transducers (5) are
provided and at least an handle part (101) compris-
ing at a location opposite to the acoustic window (2)
ergonomically shaped means (301) to be held be-
tween the fingers, i.e in the hollow between two ad-
jacent fingers of the hand.

Probe according to claim 26, characterized in that
ergonomically shaped means (301) to be held be-
tween the fingers, i.e. in the hollow between two ad-
jacentfingers of the hand are composed of a gripping
extension to be held between the fingers.

Ultrasound probe according to claim 27, character-
ized in that it comprises an housing with one or more
of the characteristics of claims 1 to 25.

Ultrasound probe comprising one or more electroa-
coustic transducers (5), that are connected to a com-
munication cable, said transducers (5) being housed
in a space (4) of an housing (1) of said probe and to
which a communication cable is connected, charac-
terized in that the communication cable is connect-
ed to the electroacoustic transducer or transducers
(5) by a connector (7) comprising a first connector
part (107) connected to electroacoustic transducers
(5) and a second connector part (207) that can be
movably engaged with the first connector part (107),
the housing (1) being formed of two housing parts
(1A, 1B) that can be fastened and separated, the
separation plane or surface (3) between said hous-
ing parts (1A, 1B) being provided at an intermediate
region of the housing (1) between an acoustic win-
dow (2) at which electroacoustic transducers (5) are
provided and a tubolar extension (301) for passing
the cable, while the two connector parts (7, 107, 207)
are firmly fastened one to a first part (1A) of the two
housing parts and the other one to a second part
(1B) of the two housing parts, such that when said
two housing parts (1A, 1B) are fastened or separated
the two parts (107, 207) of the connector (7) asso-
ciated to said first and said second housing part (1A,
1B) respectively are automatically electrically and
possibly mechanically engaged and disengaged one
with the other.
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Set of ultrasound probes each one comprising one
or more electroacoustic transducers (5), that can be
connected to a communication cable, said electroa-
coustic transducers (5) being housed in a space (4)
of an housing part (1B) of said probe, which housing
part (1B) forms the partial region of a gripping handle
(601) of the probe, and wherein the communication
cable is connected to the electroacoustic transducer
or transducers (5) by a connector (7) comprising a
first connector part (107) connected to electroacous-
tictransducers (5) and associated to the housing part
(1B) of the probe and a second connector part (207)
connected to the communication cable, the two part
(107, 207) of the connector (7) being movably en-
gagebale and disengageble one with respect to the
other and the second part (207) of the connector (7)
being associated to a connector housing part (1A)
forming the remaining handle part of the probe and
that can be movably fastened and separated from
the end of the housing part (1A) of the probe at which
there is provided the first part (107) of the connector
(7), so when any probe housing (1A) is fastened or
separated from the connector housing (1B) for the
cable said two housings (1A, 1B) are automatically
engaged and disengaged one with the other the out-
er surfaces of said two housings being harmonically
and withoutinterruption completed one with the other
and the two parts (107, 207) of the connector (7)
associated to said first and to said second housing
part (1A, 1B) respectively are automatically engaged
and disengaged one with the other.

Setofultrasound probes according to claim 30, char-
acterized in that the housing (1B) of the probe has
a shape that is anatomically adapted for being
gripped by a pen type grip, while the housing (1B)
of the connector has a gripping extension (301) to
be held betweent the fingers.

Set of probes according to claim 31, characterized
in that when the probe housing (1A) and the con-
nector housing (1B) are coupled together they form
aspheroidal gripping part (101) for gripping it by tight-
ening the fingers of the hand.

Housing according to one or more of the preceding
claims 1029, characterized in that the handle part
and/or also the gripping extension to be held be-
tween the fingers are made of or are externally cov-
ered by a soft material.

Ultrasound machine comprising means for control-
ling an ultrasound probe and means for processing
receiving signals of the ultrasound probe and an ul-
traspund probe connected to said means by a control
and communication cable, charatcerized in that the
cable is firmly associated to the machine there being
provided with a terminal for the connection to the
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probe made according to one or more of the preced-
ing claims 25 to 31 and the probe being made ac-
cording to one or more of claims 25 to 31.

Ultrasound machine according to claim 34, charac-
terized in that the control and communication cable
is provided in communication with automatic means
lengthening and shortening and/or winding and un-
winding a reel.
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