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Description
BACKGROUND OF THE INVENTION

[0001] Ultrasound imaging may be used for acquiring
three-dimensional images, for guiding surgical tools such
as biopsy needles, for navigating in real time anatomical
districts in which surgical interventions has to be carried
out or prosthesis has to be placed. Imaging techniques
are also wide spread in which the image is generated as
a combination of images of a target body or region which
images acquired with different imaging techniques one
these techniques being ultrasound imaging. These com-
bined images require registration of the images acquired
by the differentimaging techniques before fusing, or com-
pounding together in another way the single images.
[0002] Inallthe above cases, thereis the need of track-
ing the position of the ultrasound probe and to refer this
position to a common reference system.

[0003] According to an example, in acquiring three-di-
mensional ultrasound images, many two-dimensional
images may be acquired, each one along a different slice
of a plurality of adjacent slices and the relative position
of each image slice is determined by tracking the dis-
placement of the probe along the body of the target. This
requires that the probe is provided in combination with a
tracking system allowing to determine the probe position
and/or orientation.

[0004] A further example consists in the so called vir-
tual navigator real time fusion technology. This technol-
ogy is used to enhance real-time ultrasound scans with
second imaging modality 3D acquisitions, thereby sup-
plementing MRI, CT, PET, PET/MRI, PET/CT, AngioCT,
MRI TOF, 3D Ultrasound, 3D CEUS (Contrast Enhanced
Ultrasound), 3D Color or Power Doppler data with mor-
phological (B-Mode), hemodynamic (Color, Power, Con-
tinuous or Pulsed Wave Doppler), CEUS and stiffness
(Elastosonography) data. Fusing together these real-
time diagnostics supplied by ultrasound with the highly
detailed anatomical volumes (offered by MRI or CT), or
functional (offered by PET, PET/MRI, PET/CT, AngioCT,
MRI TOF, 3D Color or Power Doppler, 3D CEUS), allows
the operator to display in real-time a virtual space where
the different imaging modes are merged and where ul-
trasound scanning plane spatial data is correlated with
three-dimensional second imaging modality volumes.
This allows for an easier navigation that is based on the
geometrical and spatial relationships between the real-
time data and pre-acquired data. The tool can be used
for prevention, diagnosis, therapy, intervention and fol-
low up. Virtual Navigator techniques are based on a track-
ing technology used in conjunction with ultrasound
probes with or without biopsy instruments or other sur-
gicaltools. In some applications, also an accurate motion
compensation is provided for compensating the volun-
tary and/or involuntary movements of the patient during
imaging. According to an embodiment a motion control
sensor is placed on the body being examined to coun-
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teract voluntary and/orinvoluntary movements and to en-
able continuous motion compensation which preserves
the previously set co-registration between two, or more
than two, imaging modes. Some examples of these tech-
niques are disclosed for instance in document
US9271682 assigned to the present applicant. In this
document a method and a system are disclosed for op-
erating an imaging device for the monitoring of an ana-
tomical region during insertion of metallic objects or ob-
jects made at least partly of metal inside the said region,
which metallic objects disturb standard tracking ultra-
sound probe systems. The method is based on acquisi-
tion of image data by two different imaging systems, one
of which is capable of high resolution and the other of
real time imaging, registering the images of the two im-
aging systems and using the high resolution system for
imaging the anatomic district while the real time imaging
system is used for imaging the metallic object to be in-
troduced in the said anatomic district. Document
EP1467317 discloses a method and an apparatus for
combining first and second imaging data of an object,
according to which an ultrasound detector repeatedly
generates the firstimage data of the object and the sec-
ond image data of the object are generated separately
by means of a CT an MR a PET or an X-Ray apparatus.
The second image data being three-dimensional image
data of the object. A combination device combines the
first and second image data. A tracker of the ultrasound
probe being provided for tracking the position of the ul-
trasound probe and of the two-dimensional data gener-
ated by the ultrasound probe. The tracking device is used
as areference coordinate system in relation to which first
and second image data can be registered in order to reg-
ister first and second image data for combination. A cer-
tain position of the ultrasound probe and thus of the slice
or section plane along which the image data is collected
can be thus related to an identical section plane or slice
in the three-dimensional image data allowing reconstruc-
tion of the image along the said slice or section plane by
using the second image data instead of the first image
data generated by the ultrasound probe. Document
EP2147636 discloses a device for guiding surgical tools
by ultrasonic imaging. From 3D images, 2D images are
generated corresponding to a view from the tip of the
tool. A tracking system is provided in combination with
the ultrasound imaging system which tracking system
determines the position and orientation of the probe and
of the surgical tool. The tracking system comprising a
tracking unit cooperating with sensors such as trans-
ponders associated to the probe and to the surgical tool.
[0005] In all the above disclosed cases, an operating
unit must be secured to the ultrasound probe. When the
probe motion, position and/or orientation in space has to
be determined by a tracking system, the operating unit
can be a sensor secured to the probe which measures
parameters of a coded field permeating the space within
which the probe has to be displaced or one or more mark-
ers positioned on the probe and which are sensed by a
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sensing unit furnishing information about position, orien-
tation ad motion (displacement) of the probe. One known
example of tracking systemis a so called electromagnetic
tracking system. Another example is represented by an
optical tracking system.

[0006] In the electromagnetic tracking systems, a cod-
ed electromagnetic filed is generated permeating the re-
gion in which the probe has to be positioned and dis-
placed and the probe is provided with at least one elec-
tromagnetic sensor or receiver measuring the electro-
magnetic filed. This measured data are transmitted to a
processing unit of the tracking system determining the
position of the probe in relation to a fixed reference po-
sition for example the origin of the electromagnetic field.
[0007] Optical tracking systems uses a combination of
optical markers having a precise relative position on a
support. The support is secured to the probe and the
markers are sensed by an optical detector. The data of
the relative position of the markers revealed by the optical
sensor allows to determine position, orientation and dis-
placement of the probe.

[0008] The electromagnetic system of tracking the
probe, for example in real-time fusionimaging, combining
ultrasound images and one or more second imaging mo-
dality/ies (MRI, CT, PET, PET/MRI, PET/CT, AngioCT,
MRI TOF, 3D Ultrasound, 3D CEUS, 3D Color or Power
Doppler) represents a good choice in terms of ergonom-
ics and usability, with respect to the optical trackers. The
electromagnetic tracker has the main limitation of the ne-
cessity of being close (max 78 cm) to the transmitter
which generates the electromagnetic field in the region
where the probe is positioned and displaced. Further-
more, electromagnetic tracking systems are influenced
by metallic parts for example of the examination bed
and/or by the power cords and also by external electro-
magnetic fields. On the other hand the electromagnetic
tracking systems have the plus of having a small dimen-
sions (usually 0.7 x 0.7 x 2.0cm), of being easily mount-
able on the probe without changing in a significant and/or
limiting way the probe shape and/or the weight of the
probe, so that the probe maintains essentially its ergo-
nomic features and do not alter its behavior in relation to
the manipulation by the user. This effect is, instead, ob-
tained with the optical tracking systems. Optical tracking
systems have the advantage to enables to be operated
quite distant from the optical detector (which has anyway
to maintain the line of sight - condition not always met
within the crowded clinical/interventional environments).
Moreover, the optical tracker changes consistently probe
dimensions and weight relationships and influence the
ergonomicity and the behavior of manipulation by the us-
er. The use of a sterile cover (quite common in any in-
terventional setting) is impossible in case of optical track-
er (covering the whole probe plus tracking sensor), such
as, for example, of the electromagnetic type, while it is
common and easy to be used, in case of a single sensor,
and easily positioned and removed (covering both probe
and sensor, avoiding any disinfection/sterilization of the
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tracking sensor.

[0009] In any case in both tracking systems at least a
sensor or at least an optical marker needs to be secured
to the probe. Current solutions provide for two embodi-
ments. According to a first embodiment the operating unit
is secured to the ultrasound probe by a mechanical joint
or attachment device. This embodiment may be provided
in two variants in one variant the joint or the attachment
device is not releasable, in the sense that one secured
to the probe the sensor may not be separated anymore
from the probe. The second variant provides for releas-
able joint or attachment devices of the operating unit to
the probe, allowing the operating unit to be separated
from the probe when not in use.

[0010] According to a second known embodiment the
operating units, i.e. the sensors or the markers of the
tracking system which has to be mounted on the probe
may be integrated steadily in the probe structure.
[0011] When the probe is used as a support for a sur-
gical tool such as a biopsy needle, the sensor or markers
can be integrated or secured to the support for the sur-
gical tool which can be secured to the probe for example
by mechanical connection.

[0012] Still further embodiments require that the probe
is provided with at least one button or several buttons on
small keypads which are also to be secured to the probe
body. Also in this case the above variants and embodi-
ments are used and known. A button or a keypad can be
steadily integrated in the structure of the probe or the
button or the keypad can be secured by releasable joints
or by fixed joints to the probe in a similar way as for the
sensors and markers.

[0013] The most frequent position on a probe of an
electromagnetic sensor or receiver of a tracking system
is on the probe body and particularly on the probe handle
or within the probe itself. While the construction of a probe
with the tracking sensorinside is something already avail-
able on the market, this solution is far from being an in-
dustrial-optimization choice, since the costs for such a
dedicated probe are to high in relation to the relatively
low volumes of production.

[0014] The solution most commonly used today is the
one of having the electromagnetic sensor attached ex-
ternally on the probe body, by a mechanically attached
sensor support. This solution is efficient in terms of sen-
sor attachment stability, reduced weight and reduced im-
pact on probe ergonomics and handling. On the other
hand it's not easy to be attached/removed especially "on
the fly" forinstance if the probe and the sensor are already
covered with the sterile sheet.

BRIEF SUMMARY OF THE PRESENT INVENTION

[0015] According to a first object a combination of a
probe and an operating unit such as a tracking sensor or
receiver and/or a keypad and/or a surgical tool support
is aimed in which a releasable joint of the operating unit
to the probe is provided, the said joint having relatively
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small dimensions notimpacting on the shape of the probe
and on ergonomic features of the probe and allowing
easy attachment and detachment of the operating unit
from the probe especially on the fly.

[0016] According to a further aspect the joint should
have reduced weight and should not alter the balance of
the probe shape in the hand of the user, not altering the
behavior of the probe during manipulation.

[0017] Still a further aspect aims to providing a joint
between the probe and the operating unit which allows
to be configured according to different modalities of en-
gagement between the probe and the operating unit
and/or according to different strength of the retaining
force or bonding force of the operating unit to the probe.
[0018] Another aspect relates to providing a combina-
tion of a probe and an operating unit, such as a tracking
sensor or a receiver and/or a keypad and/or a surgical
tool support comprising a releasable joint of the operating
unit to the probe, the manipulation and operation of the
joint in securing the operating unit to the probe and in
detaching the operating unit from the probe being intuitive
and requiring to exercise low manual forces for attaching
and detaching the operating unit to and from the probe.
[0019] According to still another aspect an ultrasound
system is aimed being provided in combination with a
probe and with at least an operating unit which can be
releasably attached to the probe, the operating unit being
part of an operating system executing imaging related
functions.

[0020] According to an aspect the operating unit is at
least a sensor, a receiver or a marker of a probe tracking
system provided in combination with the ultrasound sys-
tem.

[0021] According to still an aspect of the invention the
operating unit is a surgical tool support for releasably
securing the surgical tool to the probe and the ultrasound
system being provided in combination with a system for
tracking the surgical tool and/or the probe.

[0022] Inrelationtothe firstaspectan ultrasound probe
is provided in combination with an operating unit such as
a tracking sensor or receiver and/or a keypad and/or a
surgical/interventional tool support, the probe and the op-
erating unit being each one provided with one of two parts
of a releasable joint, the said two parts of the joint being
releasably engageable one with the other by magnetic
force and by mechanical coupling.

[0023] Accordingto an embodiment the part of the joint
provided on the probe is secured to the probe body. A
variant provides for integrating the said part of the joint
in the probe structure. An alternative variant provides for
securing the said part of the joint in a releasable way to
the probe.

[0024] According to a preferred embodiment the part
of the joint on the probe is provided on the handle of the
probe or integrated in the structure of the handle of the
probe.

[0025] Similarly, according to an embodiment, the part
of the joint associated to the operating unit is integrated
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or non-releasably secured to the operating unit, particu-
larly to its case or a part of its case.

[0026] In a variant embodiment, the part of the joint
associated to the operating unit is releasably secured to
the structure of the operating unit, particularly to the case
of the said operating unit.

[0027] Inanembodiment, the operating unitis secured
to the associated part of the joint, i.e. the part of the joint
dedicated to be secured to the said operating unit, by
means of a mechanical coupling. In a variant embodi-
ment, the said mechanical coupling is a snap coupling.
[0028] The above variant embodiments relating to the
way the probe and the operating unit are secured to the
relating parts of the joint may be provided in any combi-
nation one with the other.

[0029] In relation to the part or the joint associated to
the operating unit, in a variant embodiment the said part
of the joint can form the support to which two or more
operating units can be secured to the said joint according
to one or more of the above described variant embodi-
ments, the said two or more operating units being iden-
tical or different operating units.

[0030] According to an embodiment the total force se-
curing the operating unit or the two or more operating
units to the probe, i.e. the force retaining engaged one
to the other the two parts of the joint is produced in part
by magnetic force and in part by the mechanical coupling.
[0031] According to a further embodiment which can
be provided in any combination with the preceding ones
a guide for the correct positioning of the two parts of the
jointis provided, the said guide being formed by the mag-
netic attraction force between the two parts of joint.
[0032] According to another feature which can be pro-
vided in any combination with the above embodiments
centering means between the two parts of the joint are
provided which centering means are or are part of the
mechanical coupling between the two parts of the joint.
[0033] Thanks to the above configuration of the joint,
a magnetic guidance of the two parts of the joint is pro-
vided which is combined with a mechanical low profile
attachment.

[0034] Particularly when the operating unit is a sensor
or a receiver of an electromagnetic field of an electro-
magnetic tracking system provided in combination with
the probe, the magnetic field sources on the probe and
on the part od the joint associated to the operating unit
are shielded towards the probe and towards the operat-
ing unit by magnetic shields.

[0035] According to an embodiment the magnetic
shields comprise each one a nonmagnetic plate.

[0036] Inanembodiment,in combination with the mag-
netic shields on the prove and on the part of the joint
associated to the operating unit on the respectively facing
sides of the part of the joint on the probe and of the part
of the joint associated to the operating unit there are at
least one or more magnetic seeds distributed according
to a predefined pattern and having opposed polarity so
that the part of the joint of the probe and the part of the
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joint associated to the operating unit are attracted one
against the other.

[0037] Inan embodiment herein the probe has a case,
the case comprising a case wall, the part of the joint on
the probe comprising a layer of magnetic insulating ma-
terial having a predetermined dimension and shape
which layer is laid over the surface of the case wall facing
the interior of the probe, one or more magnetic elements
or magnetic seeds being distributed according to a pre-
defined pattern between the layer of magnetic insulating
material and the wall of the case of the probe.

[0038] Relating to an embodiment of the part of the
joint associated to one or more operating units and which
is adapted to cooperate with the above embodiment of
the part of the joint on the probe, the said part of the joint
associated to the one or more operating units comprises
a socket provided with a contact surface facing the ex-
ternal surface of the wall of the case of the probe coinci-
dentwith the internal layer of magneticinsulating material
and the magnetic elements, the said contact surface be-
ing covered with a magnetic insulating material and the
said layer of magnetic insulating material bearing on the
side facing the probe one or more magnetic elements
which are positioned and polarized in a way as to interact
in an attracting manner with the pattern of one or more
magnetic elements on the probe.

[0039] In the following, more detailed and specific em-
bodiments will be disclosed.

[0040] In an embodiment, the case of the probe is
made of plastic material at least in the region in which
the layer of magnetic insulating material is provided,
while at least the magnetic elements and/or the layer of
insulating material are bond or integrated in the material
of the case of the probe during the molding process of
the said case.

[0041] Similar construction can be provided for the part
of the joint associated to the one or more operating units.
[0042] Inan embodiment, the mechanical coupling be-
tween the two parts of the joint is obtained by means of
a low profile mechanical coupling.

[0043] Accordingtoanembodimentthe saidlow profile
mechanical coupling is obtained by providing on the
probe in a region coinciding with the distribution of the
magnetic elements an indentation having a predefined
depth, corresponding to at least part of the height of the
socket of the part of the joint supporting the one or more
operating units and a predefined shape and dimensions
along the external surface of the case of the probe, the
socket having a corresponding shape with dimensions
equal or slightly smaller as the ones of the indentation.
[0044] The said indentation having a depth and the
said socket having a height which is smaller than the
maximum width of the area occupied by the indentation
on the probe case and of the corresponding shape of the
socket.

[0045] According to a further embodiment which can
be provided alternatively or in combination with the pre-
vious embodiment, the mechanical coupling may be pro-

10

15

20

25

30

35

40

45

50

55

vided at least in part by centering organs provided on the
probe at the part of the joint on the probe and on the
socket of the part of the joint supporting the one or more
operating units, which organs engage themselves when
the two parts of the joint are attached one to the other.
[0046] In an embodiment, the centering organs com-
prises two pins or teeth positioned at a predetermined
distance one from the other and protruding from the ex-
ternal surface of the probe at the region of the part of the
joint on the probe and which pins or teeth engages holes
or recesses provided on the socket of the part of the joint
supporting the one or more operating units when the two
parts of the joint comes in contact one with the other or
vice versa

[0047] Accordingtoanembodiment, the said operating
unit can be one or more sensors or receivers of a probe
tracking system, one or more removable buttons or a
small removable keypad bearing one or more buttons or
a tool.

[0048] According to a further embodiment, when all or
at least a part of the one or more operating units cable
connection to a system such as for example a probe
tracking system, a cable management device is provided
which is in the form of a clamping tool of the at least one
or more cables of the operating unit or units to the cable
of the probe. In this embodiment, the clamping tool can
be configured according to the joint for attaching the op-
erating tool to the probe body.

[0049] The said clamping tool comprising at least two
parts each one mechanically secured to on or part of the
cables and which clamping tool parts are engageable
one to the other by means of magnetic force and of me-
chanical coupling.

[0050] Inthis case, according to an embodiment, each
clamping tool part is provided with magnetic elements on
the side facing the other clamping tool part the said mag-
netic elements being distributed and polarized in such a
way to cause the two parts of the clamping tool to attract
each other, the said magnetic elements being distributed
over the surface of a layer of magnetic insulating material
which covers the side of the clamping tool part designed
to come in contact with the other clamping tool part, a
mechanical coupling element to one or more cables be-
ing provided on the side of the layer of magnetic insulating
material opposite to the side of the said layer bearing the
magnetic elements so to suppress or reduce the influ-
ence of the magnetic field of the magnetic elements on
the cables.

[0051] Asitappears clearly from the above description
of the several possible embodiments the combined mag-
netic and mechanical joint of one or more operating units
to the probe can be set in different ways by distributing
the main effect of the retention of the operating unit on
the probe in different ways on the magnetic force and on
the mechanical coupling. Three special cases may be
provided which differently weights the magnetic force and
the mechanical coupling for the guidance and for the re-
tention effect of the two joint parts:
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In a first case the joint is configured in such a way
to determine weak magnetic force and strong me-
chanical retention. The magnetic force is used only
as an user guidance when approaching the operat-
ing unit joint part to the probe for an easier finding
of the correct position in relation to the part of the
joint on the probe and the correct way of connection
relative orientation of the joint parts one with respect
to the other and ready to fit condition of the mechan-
ically performed coupling;

In a second case the magnetic force and the me-
chanical coupling are setin such away as to exercise
mid magnetic guidance and retention effects and mid
mechanical retention effects. The magnetic force is
used as an user guidance for an easier finding of the
correct way of connection as in the previous case.
The connection retaining the operating unit or units
on the probe is performed both magnetically and me-
chanically;

The third case provides a configuration in which a
strong magnetic guidance-retention force is exer-
cised and a weak or even absent mechanical reten-
tion. In this case, the magnetic force is used as a
user-guidance for an easier finding of the correct way
of connection as in the two previous cases. The con-
nection is performed mainly/totally magnetically,
while the mechanical part, if present, has the sole
purpose of indication and/or partially retaining the
correct coupling connection between the probe and
the operating unit or units, i.e. between the two parts
of the joint.

[0052] In relation to the further aspects disclosed pre-
viously, an ultrasound system is provided comprising a
probe and in combination a probe tracking system com-
prising an electromagnetic field generator configured to
generate an electromagnetic field permeating a space in
which the probe has to be positioned and at least one
sensor or receiver releasably secured to the probe body
for measuring the electromagnetic field, a processing unit
configured to receive the measured data from the at least
one sensor and/or receiver and to determine at least one
or a combination of the following parameters comprising
position, displacement and/or orientation of the probe,
the at least one sensor or receiver being secured to the
body of the probe by means of a releasable joint com-
prising at least two parts one part associated to the probe
and one part associated to the sensor or receiver the
said two parts of the joint being releasably engageable
one with the other by a combination of magnetic force
and mechanical coupling.

[0053] The above ultrasound system may be provided
in combination separately with every one of the previous-
ly disclosed embodiments or with all or with any sub com-
bination of the previously disclosed embodiments.
[0054] According to a further embodiment, the me-
chanical organs for releasably attaching the sensor, i.e.
the support of the sensor or the support of other operating
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unit to the probe consist in a seat for the said support of
the sensor or of other operating units provided on the
probe, the seat having a shape matching the outer pe-
ripheral contours of the support and the said seat being
opened on one side for engaging and disengaging the
said support with and from the said seat, the said seat
and optionally the support being provided at least along
part of facing surfaces such as a peripheral wall delimiting
the opening with mechanical attachment organs of the
snap-fit kind.

[0055] Accordingto an embodiment, the seat compris-
es lateral walls and a bottom side formed by the probe
wall, the lateral walls delimiting a housing having a shape
and dimensions corresponding to the peripheral contours
of the support in its condition attached to the probe and
overlapping the lateral walls of the support, the lateral
walls of the support and the lateral walls of the seat being
provided with cooperating organs of the snap fit kind.
[0056] According to an embodiment the said organs
may be formed by a continuous or discontinuous protru-
sion of the lateral wall of the seat or by a crown of knobs,
both bulging out with a rounded cross section in the di-
rection of the lateral wall of the support, while the support
being provided with a continuous or discontinuous
groove or with a crown of notches in which the said con-
tinuous or discontinuous protrusion or the said crown of
knobs snaps.

[0057] Alternatively the lateral walls of the seat bears
a continuous or discontinuous lip or a crown of teeth at
the edge of the lateral wall delimiting the open side of the
seat, the said lip or segment of lips or the said teeth being
of elastic deformable material and protruding at least at
their ends towards the inner zone of the seat in such a
measure to allow insertion of the support by elastic broad-
ening of the opening delimited by the said lip, lip seg-
ments or teeth while the said lip, lip segments or teeth
overlap a peripheral zone of the support along the upper
edges of the lateral wall of the said support.

[0058] In both the above alternative embodiments of
the mechanical coupling organs, according to an embod-
iment, the said lateral walls of the seat for the support
are integrally molded on top of the external surface of
the wall of the probe.

[0059] In both the above alternative embodiments of
the mechanical coupling organs, according to a variant
embodiment, the said lateral wall of the seat is formed
by the lateral wall delimiting an indentation of the wall of
the probe, the height of the said lateral wall of the inden-
tation covering at least part or the entire height of the
lateral wall of the support in the condition of the said sup-
port engaged in the said seat.

[0060] According to a variant embodiment at least part
of the height of the lateral wall of the seat is formed by
the said lip or segment of lips or the said teeth being of
elastic deformable material.

[0061] It has to be noticed that the seat and the asso-
ciated engaging edge is place on the probe at the zone
provided with the magnetic elements according to one
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or more of the preceding embodiments. In an embodi-
ment the said engaging edge surrounds the zone bearing
the magnetic elements.

[0062] Still according to an embodiment the seat is
partly formed by an indentation in the probe wall the bot-
tom wall of the said indentation being provided with the
magnetic elements and with the magnetic shield, the said
indentation having lateral walls with a height correspond-
ing to part of the height of the support for the sensor and
or other operating units to be attached to the probe, while
the engaging edge completes the lateral wall of the said
indentation to essentially the height of the said support,
being attached to the zone of the surface of the probe
wall surrounding the said lateral walls of the indentation.
[0063] According to a further variant embodiment the
said lateral wall of the snap fit seat for the support is
formed for its entire height by a lip or a combination of
lip segments or a crown of teeth distributed along a line
enclosing the zone of the wall of the probe being provided
with the magnetic elements and with the magnetic shield,
the said lip, or the said combination of lip segments or
the said crown of teeth being molded on the outer surface
of the probe wall.

[0064] According to a further embodiment, at least two
different operating units may be attached in a releasable
way to the probe, each operating unit being provided with
an own support, and the probe being provided with a
snap fit seat for each of the said support placed in different
zones.

[0065] A variant embodiment in which at least two dif-
ferent operating units may be attached in a releasable
way to the probe, each operating unit being provided with
an own support, each support or at least part of the said
supports being provided on the side opposite the side
facing the seat on the probe with a seat for the support
of the further operating unit of the said at least two oper-
ating units.

[0066] According to an embodiment the said snap-fit
seats on the support of at least part of the said at least
two operating units are configured according to one of
the above disclosed variants and particularly are provid-
ed with a combination of a magnetic coupling and of a
mechanic coupling the magnetic coupling being config-
ured according to one of the previously disclosed em-
bodiments and the mechanical coupling being also con-
figured according to one of the previously disclosed em-
bodiments.

[0067] This last embodiment in which the support of at
least some of the operating units is provided with mag-
netic and mechanical coupling for the support of a further
operating unit allows to attach the supports of different
operating units one on top of the other. A specific em-
bodiment provides for a combination of a probe, a key-
board and a sensor attached in a releasable way to the
probe, the sensor having a support and the keypad hav-
ing a support in the form of an attachment pad, the at-
tachment pad of the keyboard being provided on the side
facing the probe with a seat for releasably coupling the
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support of the sensor thereto.

[0068] The magnetic guidance of the Fusion Imaging
sensor supportis animportantresource especially in cas-
es where the probe is used with the (sterile) protective
cover. In this case, when the Fusion Imaging sensor has
to be attached once the probe has been already placed
within the cover, the magnetic guidance drives the oper-
ator to correctly find the attachment spot as well as guid-
ing to the correct attachment direction/position. The me-
chanical attachment securely connects the Fusion Imag-
ing sensor support to the probe body. The same consid-
erations are still value also regarding the option of a full
magnetic attachment of the Fusion Imaging sensor to the
probe body.

BRIEF DESCRIPTION OF THE DRAWINGS
[0069]

Figure 1 show a perspective view of an embodiment
in which to the handle portion of the case of an ul-
trasound probe there are releasably secured a key-
pad and a sensor of an electromagnetic tracking sys-
tem.

Figure 2 shows a perspective view of the half shell
forming the case and the handle portion of a probe
according to figure 1, on the side facing the interior
of the probe a predefined number of magnetic ele-
ments being bonded to the wall of the probe and
being distributes according to a certain distribution
pattern.

Figure 3 shows a perspective view of the half shell
forming the case and the handle portion of a probe
according to figure 1, on the side facing the interior
of the probe in a following step of the construction in
which the pattern of magnetic elements is further
covered on the side facing the inside of the probe
with a magnetic shield.

Figure 4 shows a perspective view of the half shell
forming the case and the handle portion of a probe
according to the preceding figures, on the external
side of the probe and a keypad being attached to the
said external surface of the probe body.

Figure 5 shows a first variant embodiment of the joint
part supporting the sensor and in the condition cou-
pled to the joint part on the probe.

Figure 6 shows a variant embodiment of the joint
part on the probe and the joint part of the sensor.
Figure 7 show a further variant of the joint fore re-
leasably attaching the sensor to the probe body.
Figure 8 and 9 shows block diagrams of an ultra-
sound system combined with a tracking system of
the probe for generating images by combining ultra-
sound images and images acquired by a different
imaging technique.

Figure 10 show a block diagram of a further embod-
iment of a biopsy needle or surgical tool imaging and
tracking system comprising an ultrasound system in
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combination with a probe and/or biopsy needle or
surgical tool tracking system.

Figures 11 to 13 show a further embodiment of the
combination of probe and a sensor of a tracking sys-
tem of the probe the embodiment further comprising
means for managing the cable of the sensor.
Figure 14 to 18 show different views and details of
the further embodiment of the combination of a probe
a sensor of a probe tracking system and a keyboard
to be attached to the probe and further comprising
means for guiding the cables of the sensor and of
the keyboard along the cable of the probe.

[0070] Although the following example is directed to
an ultrasound probe combine with a sensor of a tracking
system of the probe and with a smack key pad comprising
one or more buttons to control functions of the tracking
system and/or of the ultrasound system, the basic idea
of the disclosed embodiments can be easily extended to
other operating units to be combined with the probe and
Jor for example with surgical tools to be used in combi-
nation with the probe.

[0071] Figures 19 to 25 show different alternative em-
bodiments of the mechanical snap-fit coupling of the sup-
port of one or more operating units to a probe, in the
figures the magnetic coupling not being shown in detail
while being considerd provided according to one or more
of the embodiments disclosed in the previous figures and
in the corresponding description.

[0072] Figure 1 show one example of an ultrasound
probe 1. The probe 1 comprising a probe body formed
by a case. The case comprises a shell generally of plastic
material which forms the housing for the ultrasound trans-
duce array which is provided at a ultrasound transmit and
receive window 101 in the probe head 102. The probe
has a handle portion 103 with a flattened cross section
such as an ellipsoidal or oval cross section having a major
and a minor diameter.

[0073] Inthe disclosed example, the at least one of the
sides of the handle portion 103 parallel to the major di-
ameter of the said cross section is destined to bear a
sensor 104 of a probe tracking system and in combination
therewith a small keyboard 105 comprising one or more
buttons 106. In the disclosed embodiment, the buttons
are provided in the number of three.

[0074] Atthe side, opposite to the transmit and receive
head 102 the case of the probe has a cable exit 107 for
the cable 108 connecting the probe receiving and trans-
mission channels to the transmit and receive channels
of an ultrasound system.

[0075] The sensor 104 is also provided with a cable
109 for transmitting the signals measured by the sensor
104 to a processing unit of a tracking system disclosed
in the following.

[0076] Accordingtoan embodiment, the cable exit 107
widens in a funnel like manner at its end and is provided
with a slot 130 for releasably retaining and guiding the
cable 109 of the sensor 104 un such a way to be parallel
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or essentially parallel to the cable 108 of the probe.
[0077] Also, the keyboard 105 might be provided with
a cable which is not shown in the present example. In a
variantembodiment which is the one shown the keyboard
105 is provided with a wireless transmit/receive unit for
communicating wirelessly with a transmit/receive unit of
one or more processing units such as for example with
the control board of the ultrasound system or with the
control unit of a tracking system. Other systems may be
provided in combination with the ultrasound system and
the probe which may be controlled by one ormore buttons
106 of the keyboard and which might be dedicated to
carrying outother additional functions in combination with
the ultrasound imaging and the probe tracking function.
[0078] Inthe above case, a transmit and receiving unit
of the signals generated by the keyboard can be provided
which is configurated to operate as an intermediate com-
munication interface of the keyboard with each one of
the one or more systems by channeling each button to
one or more systems according to the functions control-
led by the said button, so that the same keyboard can be
operated alternatively in combination of only one different
system provided in combination or with two or more sys-
tems.

[0079] As it will be disclosed later in the description
there may be provided also a joint for coupling each other
the different cables 108 and 109 at least at one point of
their length and which can be configured with a similar
structural concept as the joint releasably securing the
sensor 104, the keyboard 105 or the other operating units
to the probe body.

[0080] According to an embodiment shown in the fig-
ures 1, 2 and 3 the sensor 104 and the keyboard 105 are
secured to the probe body thanks to a combination of
magnetic force and mechanical coupling.

[0081] In the above embodiment, a releasable joint is
provided between the sensor and the probe body which
joint is formed by two parts releasably engageable to-
gether magnetically and mechanically each one of the
said part of the joint being associated with the probe or
with the sensor.

[0082] Figures 2 and 3 show an embodiment in which
the joint part associated to the probe case, and particu-
larly to the handle portion 103 is formed by the wall of
the shell forming the handle portion of the case, normally
of plastic material, one or more magnet elements or
seeds 110 distributed in a predetermined number and
according to a predetermined pattern along the said wall
and a layer 111 of magnetic insulating material which
covers towards the inside of the probe shell the entire
region where the magnetic elements 110 are positioned
according to the said predetermined pattern of distribu-
tion.

[0083] Several different ways of bonding the magnetic
elements and/or the magnetic insulating layer may be
provided, for example such as co-molding with the probe
case or by over-molding of the case on the layer of mag-
netic insulating material and on the magnetic elements
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or by co-molding or over-molding the probe case to or
on the magnetic elements and the following over molding
or laminating the layer of magnetic insulating material on
the inside surface of the wall forming the shell of the probe
case over the region bearing the magnetic elements pat-
tern.

[0084] Accordingto an embodiment shown particularly
in figure 1, 5 and 6, the sensor 104 is secured in a re-
leasably or in a steady, i.e. non-releasably way to a sen-
sor support 112, which comprises and external shield
113 of magnetic insulating material on the side facing the
sensor and magnetic elements (not shown in detail) on
the side of the external shield 113 facing the joint part on
the probe, i.e. the region of the probe case bearing the
pattern of magnetic elements 110.

[0085] The magnetic elements on the joint part asso-
ciated to the sensor 104 are provided with a pattern of
distribution along the surface of the support for the sensor
104 and with a polarization such as to generate an at-
traction force between the said support and the region
of the probe case, and particularly the probe handle por-
tion at which the pattern of magnetic elements 110 is
provided on the said probe.

[0086] Different variantembodiments may be provided
considering the configurations of the pattern of distribu-
tion of the magnetic elements 110 on the probe and on
the support for the sensor 104 which patterns might be
identical and congruent so that each magnetic element
on the probe coincide with each magnetic element on
the support, the polarization of the magnetic elements
being such the magnetic elements on the probe and on
the support faces themselves with opposite polarized
poles for generating the attraction force.

[0087] A variant embodiment may provide for different
pattern on the probe and on the support in order, for ex-
ample, to enhance a guiding action of the support rela-
tively to the probe for bringing the two parts of the joint
in the correct mutual engagement position. The polari-
zation of the magnetic elements on the probe and on the
support for the sensor being such that an attraction force
is generated between the said probe and the said sup-
port.

[0088] According to a further embodiment, which is
shown in figure 6, the support 600 for the sensor com-
prising the magnetically insulating shield 601 is further
releasably mechanically coupled to the sensor 104. In
this embodiment, the support 600 is provided with at least
two opposite elastic deflectable wings 603 which can be
elastically divaricated relatively one from the other and
which are provided with at least an end tooth 602 for
superimposing to an external surface of the body of the
sensor 104. According to animprovement each tooth has
wedged cross section in direction of the longitudinal axis
of the wings 603, the inclined surface 604 of the wedged
cross section being oriented such that its starts at the tip
of the wing 603 and is directed towards the opposite wing
603 in direction of the root of the corresponding wing
such as to form deflection surface cooperating with the
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body or the sensor 104. When pressing the body of the
sensor 104 against the teeth 602 in the direction of en-
gagement of the sensor 104 with the support 600, the
wings are automatically divaricated allowing the sensor
tobe broughtin snap engagementbetween the two wings
and between the facing side of the shield 601 of the sup-
port 600 and the retaining teeth 602 of the wings 603.
[0089] The above describe configuration is only one of
the possible alternatives of releasable snap engagement
of the sensor 104 with the support 600, i.e. with the joint
part associated to the sensor 104.

[0090] According to a further feature, the support 600
may also be provided with centering guides of the sensor
relatively to the support and particularly to the magnetic
shield 601 of the support. This centering guides can be
steps or protrusions 605 on the support surface facing
the sensor 104 defining at least parts of the external pe-
rimeter of the body of the sensor 104 and having the
function of positioning stops superimposing atleast some
of the lateral sides of the body of the sensor or part there-
of, particularly of the lateral sides not parallel to the wings
603 and thus blocking the sensor in relation to displace-
ment in a direction perpendicular to an axis or a plane
connecting the wings 603.

[0091] In relation to the above shown embodiment it
has to be noticed that without any limitation to the provi-
sion on the same support 600 or on different supports of
two or more sensors 104, only one single electromag-
netic sensor 104, properly set and fine-tuned, enables
high levels of precision (from 0 to 5 mm) reducing at the
minimum the ergonomics problem of the management
and manipulation of the probe and the related weight/er-
gonomics changes is preferable with respect to any other
solution which considers two or more tracking sensors
which is in any case also contemplated as alternative
embodiment.

[0092] Accordingto anembodimentthe part of the joint
on the probe and/or the part of the joint associated to the
sensor or to one or more sensor or other operative units
or to a combination of different operative units there are
provided three magnetic elements positioned at three dif-
ferent points. These three points are positioned respec-
tively each one at a vertex of a triangle preferably at the
vertex of an isosceles triangle whose symmetry axis is
oriented parallel to the central symmetry axis of the probe
passing through the transmit and receive window 101
and with the vertex falling on the said symmetry axis fac-
ing the exit of the probe case for the cable opposite to
the said transmit and receive window 101.

[0093] According to the embodiment shown in figure
1, 4 and 5, in combination with the connection by mag-
netic force between the two parts of the joint for securing
the sensor 104 to the probe body or case and in the
present embodiment preferably to the handle portion 103
of the probe also a mechanical coupling is provided be-
tween the said two parts of the joint.

[0094] The mechanical coupling may be low profile as
the one disclosed in the embodiment of figures 1, 4 and
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5. Here the mechanical coupling has merely the function
of ensuring that the two parts of the joint associated re-
spectively to the probe and to the sensor, i.e. the region
of the probe case where the magnetic elements 110 are
positioned and the cooperating support 112 of the sen-
sor, are positioned correctly one with respect to the other
and that this relative position is safely maintained during
operation of the probe, avoiding relative displacements
along the probe surface. The force retaining the support
of the sensor in a condition adhering against the probe
case is in this case mainly the magnetic force. Thus, a
magnetic force vector is oriented essentially perpendic-
ularly to the surface of the case of the probe, or essentially
in a direction incident relatively to the said surface of the
case of the probe, while the mechanical coupling is block-
ing the support in relation to forces having a direction
essentially parallel or tangent to the said surface of the
case of the probe at the corresponding joint part. In this
embodiment, the support 112 and in the specific example
also the magnetic shield is provided on opposite sides
of the sensor with at least a passing hole, while two ref-
erence pins 115 protrude from the external surface of the
case of the probe which pins are positioned with a pre-
determined position relation to the distribution pattern of
the magnetic elements 110 on the probe and each one
coinciding with one of the passing holes on the support
112 of the sensor 104.

[0095] Figure 6 shows a variant embodiment of the low
profile mechanical coupling between the two parts of the
joint associated respectively to the case of the probe and
to the support of the sensor. In this embodiment, the pat-
tern of magnetic elements 110 on the probe is positioned
atleast for a part, preferably for all the magnetic elements
110 coinciding with the part of the wall of the probe case
forming the bottom wall of and indentation 606. The in-
dentation 606 having an open side with dimensions and
shape of its aerial projection which is corresponding to
the shape of the aerial projection and the dimensions of
the support 600 of the sensor. The dimensions of the
indentation 606 can be alittle greater than the dimensions
of the support 600 in a measure sufficient to ensure to
the support to engage properly the indentation coming
in contact with the bottom side of it. The depth of the
indentation may be at least a fraction of the thickness of
the support 600 or even equal or bigger than the said
thickness. Also in this case, the mechanical coupling en-
sures the maintenance of the correct relative positioning
of the two parts of the joint securing the sensor to the
probe, namely of the region provided with at least a part
of the magnetic elements 110 on the probe and the sup-
port 600 and the magnetic elements provided on it. Thus,
the displacement of the support 600 along the probe body
is not possible ensuring always a correct relative posi-
tioning of the sensor on the probe. The retention of the
sensor against the case of the probe against a detach-
ment from the said case is obtained merely by the mag-
netic force as also the guidance of the support against
the indention and the correct positioning of the support
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shape relatively to the indention.

[0096] In this case the polarization of the magnetic el-
ements on the probe and thus of the corresponding mag-
netic elements on the support may be different for the
magnetic elements in different zones of an alignment axis
so to cause a repulsive magnetic force if the support is
wrongly oriented for example of 180° with respect to the
probe. This is particularly useful in a condition in which
the sterile wrapping of the probe renders difficult to un-
derstand the position and shape of the indentation. When
the alignment of probe and support is correct, the usual
guiding attractive magnetic force is generated between
sensorand probe so as to allow the support to be correctly
positioned in engagement with the indentation.

[0097] The above variants of the mechanical coupling
may be provided in combination one with the other, for
example providing the pins protruding from the bottom
side of the indentation and thus enhancing the mechan-
ical coupling between prove and support, i.e. sensor.
[0098] According to a further embodiment, illustrated
in figures 1 and 4, together with the sensor 104, to the
case of the probe a small keyboard 105 provided with
one or more buttons 106 may be secured releasably to
the case body.

[0099] According to a first embodiment shown in fig-
ures 1 and 4, the keyboard is mechanically coupled to
the joint part on the probe, while it is retained attached
to the probe by the magnetic force between the part of
the joint on the probe and the part of the joint associated
to the sensor, i.e the support 112., forming an interme-
diate layer between the two parts of the joint. According
to this embodiment as can be appreciated from figures
1 and 4, the keyboard is provided on a pad 120 of flexible
and/or pliable material such as for example silicone or
rubber or other materials with similar flexibility and/or pli-
ability. The pad 120 is provided with a passing hole for
each or at least some of the reference pins protruding
from the surface of the case of the probe and which pins
115 all or at least some of them engages also the passing
holes on the support 112 of the sensor.

[0100] According to a further embodiment not shown
in the figures, the keyboard 105 may be provided option-
ally or alternatively to the mechanical coupling with mag-
netic elements cooperating with the magnetic elements
or with at least some of the magnetic elements bonded
to the probe case, similarly to the support 112 for the
sensor 104 which magnetic elements 110 on the case of
the probe may be partly the same for the pad 120 and
forthe support 112 of further magnetic elements destined
to cooperate only with coinciding magnetic elements of
the keyboard. In this case, at the positions of the said
magnetic elements the pad 120 may be provided on the
side opposite to the inside of the probe with a magnetic
shielding layer and the layer in the inside of the case for
insulating the magnetic field may be extended to the said
further magnetic elements (not shown in the figures).
[0101] A keyboard as in the embodiment of figures 1
and 4 may also be provided in the embodiment of the
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figure 6. Here the indentation may be provided with a
greater depth and the pad of the keyboard may form in
a position coincident with the indentation on the probe
case also an indentation which is shaped and dimen-
sioned in a manner allowing the support 112 to be insert-
ed and housed therein at least for part of its thickness
providing a mechanical low profile coupling for the pad
and for the support 112 of the sensor 104 and causing
the keyboard to be retained in the attached position in
the indentation of the probe by the magnetic attraction
between support 112 and magnetic elements 110 on the
probe.

[0102] Also for this embodiment there is possible to
provide further magnetic elements 110 on the probe
which are destined to cooperate in an attractive manner
with coinciding magnetic elements of the keyboard ac-
cording to every of the variants disclosed in relation to
the previous embodiment.

[0103] According to a further variant embodiment, the
keyboard may be mechanically coupled form the exterior
side to the support 112 in a similar way as the sensor
104 in the embodiment of figure 6.

[0104] Figure 7a, 7b show two views of anembodiment
of the joint between a sensor 104 and the wall of the case
of the probe, particularly at the region of the handle por-
tion.

[0105] Figure 7a show an aerial projection of the pad
120 of the keyboard and of the magnetic shield 113 on
the support of the sensor, their geometric shapes and
their relative positions when the support is secured to the
probe.

[0106] Figure 7b is a cross sectional view showing the
layer configuration of an embodiment of the joint in the
condition in which the two joint parts and the keyboard
are secured together. Starting from the outside the sup-
port 112 is provided with a magnetic shield 701 which
coincides with a layer 702 of permanently magnetized
material cooperating with the one or more magnetic el-
ements 703 bonded or integrated in the material of the
wall 706 of the case of the probe. A magnetic shielding
layer 705 being laminated onto the internal side of the
wall of the case of the probe covering the entire area on
which the magnetic elements 703 are distributed along
the wall of the case of the probe and the entire area of
the magnetized layer 702 on the sensor support. Option-
ally between the magnetized layer 702 on the sensor
support and the external surface of the wall of the case
of the probe a pad 708 of a keyboard is interposed.
[0107] According to an embodiment, the magnetic
shield and the layer of magnetic insulating material are
formed by so called mu-metal or other high permability
materials having similar features. Mu-metal is a nickel-
iron soft ferromagnetic alloy with very high permeability,
which is used for shielding sensitive electronic equipment
against static or low-frequency magnetic fields. It has
several compositions. One such composition is approx-
imately 77% nickel, 16% iron, 5% copper and 2% chro-
mium or molybdenum. More recently, mu-metal is con-

10

15

20

25

30

35

40

45

50

55

1"

sidered to be ASTM A753 Alloy 4 and is composed of
approximately 80% nickel, 5% molybdenum, small
amounts of various other elements such as silicon, and
the remaining 12 to 15% iron. Mu-metal typically has rel-
ative permeability values of 80,000-100,000 compared
to several thousand for ordinary steel. It is a "soft" ferro-
magnetic material; it has low magnetic anisotropy and
magnetostriction, confering a low coercivity so that it sat-
urates at low magnetic fields. Other high-permeability
nickel-iron alloys such as permalloy have similar mag-
netic properties; mu-metal’s advantage is that it is more
ductile and workable, allowing it to be easily formed into
the thin sheets needed for magnetic shields. Other ma-
terials with similar magnetic properties include Co-Netic,
supermalloy, supermumetal, nilomag, sanbold, molyb-
denum permalloy, Sendust, M-1040, Hipernom, HyMu-
80 and Amumetal.In an embodiment, the plastic material
ofthe case of the probe can be ABS plastic or other similar
plastic.

[0108] In an embodiment, the magnetized layer of the
support of the sensor can be of magnetic rubber and is
polarized in such a way as to generate attractive forces
in cooperation with the magnetic elements 703 integrated
or bonded to the wall 706 of the case which can be also
magnetic silicon rubber.

[0109] In an embodiment, similarly the pad 708 of the
keyboard can be also made of a layer of magnetic rubber
such as magnetic silicon.

[0110] A variant embodiment may provide as already
disclosed above a pad of the keyboard which is of a-
magnetic material instead that magnetic material.
[0111] As magnetic materials, different materials can
be used examples of which are plastic ferrite or plastic
neodymium.

[0112] According to a further feature, the concept of
the joint between probe and sensor of one or more other
kinds of operating units can be also applied for joints
between the cable of the probe and the cable or cables
of one or more of the operating units associated to the
probe. Thanks to this provision the manipulation of the
probe during use in combination with one or more oper-
ating units secured to the probe such ad at least a sensor
of a probe tracking system and/or at least a keyboard
with one or more control buttons and/or other kind of op-
erating units is dramatically facilitated by managing the
cable of the probe and the one or more further cables in
such a way that the cables are held together at least for
a certain length from the probe avoiding interferences of
each cable with the probe during use.

[0113] Figure 11, 12 and 13 show an embodiment of
the combination of an ultrasound probe and a sensor 104
or other operating unit, the probe 1 and the sensor 104
being releasably attached one to the other with a joint
which is configured according to one or more of the pre-
viously disclosed embodiments and variants and the sen-
sor 104 being provided with a cable for transmitting the
measured signals to a processing unit of a tracking sys-
tem or other kinds of operating system combined with an
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ultrasound imaging system.

[0114] The support of the sensor 1101 in figure 11 has
a different shape of its aerial projection. The end 1104
of the case 1102 of the probe case from which the cable
1103 of the probe exits the case has a longitudinal slot
1105 in which the cable 1106 of the sensor 1101 can be
engaged and guided parallel to the cable 1103 of the
probe. The slot 1105 can be provided in the end of the
case of the probe or in a part 1108 forming a sort of
sealing terminal of the opening for the cable 1103 of the
probe and being fixed to the said opening while it is pro-
vided with a hole for passing the cable 1103 of the probe
and with the peripheral slot 1105 oriented parallel and
optionally coincident with the said hole for the cable of
the probe.

[0115] At a certain distance from the said end of the
case of the probe, the cable 1103 and the cable 1106 of
the sensor 1101 are held releasably together in an es-
sentially parallel relative position by a releasable joint.
The releasable joint 1108 is shown with greater detail in
figure 13. Along the cable 1106 of the sensor is provided
for a segment of a certain length and at least in one or
more points of the length of the said cable 1106 with a
part of a joint in the form of a small hose 1301 having a
predetermined length and diameter. The hose 1301 is
formed by at least two layers, one layer of magnetic
shielding material which is laid directly on the peripheral
outside surface of the cable 1106 and a layer of magnet-
ized material or a layer incorporating magnetic elements
which is superimposed on the said layer of insulating
material.

[0116] The said hose 1301 being destined to engage
a longitudinal slot 1303 of the retaining element 1302
which is attached to the cable 1103 of the probe the said
retaining element which can be similarly in the form of a
hose enveloping at least partially the cable 1103 of the
probe has a longitudinal slot with a cross section corre-
sponding to the cross section of the hose 1301 on the
cable 1106 of the sensor and the said longitudinal slot
being provided with a magnetized layer or with a pattern
of magnetic elements on its outer surface which is bond-
ed to the retention element 1302 by means of an inter-
mediate layer of magnetic insulating material. The layer
of magnetic insulating material avoids that the magnetic
field of the magnetized layers or of the magnetic elements
propagates in the cables and generate electromagnetic
disturbing the signals.

[0117] Asitappears from figure 11 more than one joint
for coupling together the cable of the probe to the cable
ofthe sensor can be provided distributed along the length
of the said cables ate predefined intervals and covering
preferably and at least a length that displaces the point
at which the cables are separated one from the other
away from the region within which the cable interferes
with the zone of displacement and manipulation of the
probe.

[0118] Figures 14, 15 and 16 show a variant embodi-
ment which is a combination of the embodiment in which

10

15

20

25

30

35

40

45

50

55

12

the probe is combined with a keyboard 1401 with buttons
1402 and with a sensor 1403 each having a dedicated
cable 1404 and 1405 with the embodiment of figures 11
to 13.

[0119] A terminal part 1406 of the probe body at the
exit of the cable 1407 from the probe is configures ac-
cording to the embodiment of figures 11 and 12. The
longitudinal slot in the terminal part 1406 is dimensioned
such that botch cables of the sensor and of the keyboard
fit therein. Along the cable of the probe at predetermined
distances one from the other one or more retention ele-
ments 1408 for releasably attaching the cables 1404 and
1405 of the sensor and of the keyboard are provided.
According to thisembodiment the said retaining elements
1408 are in principle configured according to the one de-
scribed with reference to the embodiment of figures 11
to 13 but instead of having only one longitudinal slot for
releasably engaging the engaging hose of one cable
each cable 1404 and 1405 have a own retention hose
1409 positioned coinciding with each one of the retention
elements 1408 on the cable of the probe and each one
engaging a dedicated longitudinal slot 1410 on the cor-
responding retention element 1408. Thus, in this embod-
iment, as shown in figure 15, the retention element 1408
has two longitudinal slots positioned at different angular
positions in relation to the axis of the cable of the probe,
preferably such that each cable 1404 and 1405 is at-
tached at one of the two opposite sides of the cable of
the probe each longitudinal slot 1410 being destined to
engage the retention hose 1409 of one of the two cables
1404, 1405. Asa the result the cables 1404 and 1405 are
properly guided each one along a side of the cable of the
probe.

[0120] In the embodiment, according to figure 15 and
16 the longitudinal slots on the retaining element 1408,
the retaining hoses 1409 one the cables 1404 and 1405
and the probe cable are shownin cross section according
to a plane perpendicular to the axis of the said cables.
[0121] As a variant from the previously described po-
sition of the two longitudinal hoses 1410 it appears that
these two hoses 1410 are angularly spaced by an angle
of 90° around the axis of the cable 1407 of the probe.
[0122] According to a further feature the retaining hos-
es 1409 enveloping the cables 1404 and 1405 of the
sensor and of the keyboard have a circular cross-section
and the longitudinal slots 1410 hare a corresponding cir-
cular cross section with an essentially identical radius
and with an angular extension of maximum 180° around
the central longitudinal axis of the slots.

[0123] Furthermore figure 16 shows the above already
disclosed layer configuration of the longitudinal slots on
the retaining elements and of the retaining hoses on the
cables of the sensor and of the keyboard. The retaining
hoses 1409 for the cables 1404 and 1405 comprises a
first layer 1601 directly enveloping the cables and being
of a magnetic shielding material and a layer 1602 of mag-
netized material orincorporating magnetic elements cov-
ering towards the outside the layer 1601 of magnetic
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shielding material.

[0124] Inan analogous way the longitudinal slots 1410
are covered towards the outside first by a layer of mag-
netic shielding material 1603 which is covered towards
the outside by a layer 1604 of magnetized material or a
layer incorporating magnetic elements.

[0125] Each retaining element 1408 can be attached
tothe cable 1407 of the probe by a releasable mechanical
coupling or by chemical physical bonding or thanks to a
joint configured according to the ones for the cables 1404
and 1405. In figure 16 a slot 1605 having half-cylindrical
form houses the cable 1407 of the probe in which the
said cable can be retained by mechanical coupling for
example by one or more bands distributed along the
length of the semi-cylindrical slot and which are secured
on one side to one edge of the slot and are wrenched
against the cable by means of an engaging head secured
to the opposite edge of the slot.

[0126] Figures 17 and 18 show further details of the
embodiment of figure 14. According to this embodiment
the sensor 1403 has a support 1701 comprising a mag-
netic shielding layer 1702 separating the sensor 1403
from the layer 1703 of magnetized material or a layer
bearing or integrating one or more magnetic elements.
The polarity of the said layer 1703 is inverted in relation
to the polarity of a layer 1704 of magnetized material or
bearing or integrating one or more magnetic elements
which covers an intermediate layer 1705 forming a mag-
netic shield towards the inside of the probe. A pad 1706
ofthe keyboard 1707 is provided as an intermediate layer
between the opposite polarized magnetized layers 1703
and 1704 respectively associated to the probe and to the
sensor 1403. The pad 1706 may be provided with mag-
netized layers on the two opposite sides facing respec-
tively the layer 1703 of magnetized material associated
to the sensor 1403 and the layer of magnetized material
associated to the probe which layers 1708 and 1709 are
inversely polarized relatively to the said magnetized lay-
ers 1703 and 1704. The said pad has a form and dimen-
sions substantially corresponding to the ones of the lay-
ers forming the magnetized layers 1703 and 1704. Thus
when interposing the pad 1706 between the support of
the sensor 1403 and the part of the joint associated to
the probe the probe, the pad 1706 and the support of the
sensor attract each other and are releasably secured one
to the other.

[0127] The present configuration may be provided also
with mechanical reference pins as described in relation
to the embodiment of figure 1 or with mechanical lor pro-
file coupling as describe with reference to the embodi-
ment of figure 6.

[0128] According to a further feature of the embodi-
mentof figures 14, 17 and 18, the keyboard 1707 is linked
to the pad 1706 by a lateral extension of the said pad
which is bentrelatively to the pad 1706 towards the probe
body positioning the keyboard 1707 superposing on the
lateral side of the probe bodyj, i.e. the side whose tangent
or secant is parallel to the minor axis of the cross-sec-
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tional shape of the probe along a plane perpendicular to
the central axis of the probe, i.e. the axis passing through
the transmit and receive window of the probe.

[0129] According to a preferred embodiment the said
lateral extension is in the form of a curved arm following
essentially the shape of the cross-section of the probe
thus generating a further mechanical low profile coupling
between keyboard and probe which combined with the
magnetic force coupling.

[0130] One or more of the above describe embodi-
ments is destined to be used in combination with different
imaging technologies. One non limiting example for
which the above combination of a probe and at least a
sensor of a tracking unit is particularly relevant is the so
called Virtual Navigator Real-time Fusion Imaging tech-
nology for enhancing real-time Ultrasound scans with
second imaging modality 3D acquisitions, thereby sup-
plementing MRI, CT, PET, PET/MRI, PET/CT, AngioCT,
MRI TOF, 3D Ultrasound, 3D CEUS (Contrast Enhanced
Ultrasound), 3D Color or Power Doppler data with mor-
phological (B-Mode), hemodynamic (Color, Power, Con-
tinuous or Pulsed Wave Doppler), CEUS and stiffness
(Elastosonography) data. Fusing together these real-
time diagnostics supplied by Ultrasound with the highly
detailed anatomical volumes (offered by MRI or CT), or
functional (offered by PET. PET/MRI, PET/CT, AngioCT,
MRITOF, 3D Color or Power Doppler, 3D CEUS), allows
the operator to display in real-time a virtual space where
the different imaging modes are merged and where Ul-
trasound scanning plane spatial data is correlated with
three-dimensional second imaging modality volumes.
This allows for an easier navigation that is based on the
geometrical and spatial relationships between the real-
time data and pre-acquired data. The tool can be used
for prevention, diagnosis, therapy, intervention and fol-
low up. Virtual Navigator is based on electromagnetic
tracking technology used in conjunction with Ultrasound
probes (and biopsy instruments for instance) and accu-
rate Motion Compensation Sensor. The Motion Control
Sensor is placed on the body being examined to coun-
teract voluntary and/orinvoluntary movements and to en-
able continuous motion compensation which preserves
the previously set co-registration between two, or more
than two, imaging modes.

[0131] In figures 8 and 9 an embodiment of a system
for combining first and second image data of an object
comprising an ultrasound imaging system and a tracking
system of the ultrasound probe is shown. The ultrasound
probe being provided with a sensor on its body for deter-
mining position, orientation and for tracking the displace-
ments of the probe by processing the sensed signals by
a processing unit of the tracking system.

[0132] According to this embodimentimages of an ob-
ject 803 (shown in Fig. 8) are to be displayed on a screen
806. An ultrasound detector 801 generates first image
data of the object 803 and transfers the first image data
to a combination device 805 via an image data connec-
tion 810. The combination device 805 comprises a data
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storage 804, which contains second image data thathave
previously been generated by a separate device (not
shown in Fig. 8). The combination device 805 is adapted
to combine the first and second image data and to display
them on a screen 806, which is connected to the combi-
nation device 805. For example, the first and second im-
age data may be displayed separately on a split screen
or may be superimposed. In any case, itis preferred that
a first image, which is generated using the first image
data, and a second image, which is generated using the
second image data, precisely show at least partially the
same area or region of the object 803 in the same orien-
tation (angle of view) and scaling (dimensions).

[0133] The ultrasound detector 1 and the combination
device 805 are connected to each other by an additional
data connection 812 for transferring geometry data from
the ultrasound detector 801 to the combination device
805. In particular, the geometry data connection 812 may
be connected (as shown in Fig. 9) to a control unit 914
of the ultrasound detector 801.

[0134] In practice, the data connections 810, 812 may
be realised by separate data connection links or by the
same data connection link. For example, a "link" may
comprise a connection line, a plurality of connection lines
and/or a digital data bus or bus system.

[0135] An ultrasound probe 916 (Fig. 9) of the ultra-
sound detector 801 is firmly coupled to a position sensor
818 of a tracking system. The determination of the ori-
entation and the location of such a position sensor and,
thereby, of the ultrasound probe is known in the art (see
scientific publication of Pagoulatos et al.: "Interactive 3-
D Registration of Ultrasound and Magnetic Resonance
Images Based on a Magnetic Position Sensor", pub-
lished in IEEE TRANSACTIONS ON INFORMATION
TECHNOLOGY IN BIOMEDICINE, VOL. 3, NO. 4, De-
cember 1999). For example, magnetic and/or optical
(e.g. infrared) signals may be used by the tracking sys-
tem. The position sensor 818 is connected to a tracking
system control unit 808 and the control unit 808 is con-
nected to the combination device 805. During operation
of the arrangement 802, the control unit 808 repeatedly
or quasi-continuously transfers information concerning
the position and concerning the orientation of the ultra-
sound probe 916 to the combination unit 805. Alterna-
tively, this information may be transferred from the US
detector to the combination device. |.e. this information
might be at least partially included in the geometry data,
which are transferred.

[0136] As shown in Fig. 9, the ultrasound device 801
may, for example, comprise an ultrasound probe 916,
which is connected to the ultrasound control unit 914 via
a flexible cord 917 for transferring echo signals to the
control unit 914. On the other hand, the control unit 914
transfers control signals to the ultrasound probe via the
cord 917. Also, it is possible that at least a part of the
geometry information is transferred from the ultrasound
probe 916 to the control unit 914 and/or that at least a
part of the geometry information generated by the control
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unit 914 is based on and/or derived from information,
which is transferred from the ultrasound probe 916 to the
control unit 914. For example, the ultrasound probe 916
may be replaced and, therefore, transfers information
concerning its identity to the combination device 805. In
the combination device 805, in an additional unit of the
arrangement 802, and/or in the combination device 805,
information concerning the relative position and/or orien-
tation of the specific ultrasound probe 916 relative to the
position sensor 818 may be saved. For example, the ul-
trasound probe 16 may comprise a clip for attaching the
position sensor 818. Therefore, it is possible to precisely
position and orientate the position sensor 818 relative to
the ultrasound probe 916 and to determine as well as to
save the respective geometry data in advance. After re-
placement of the ultrasound probe 916, the identity in-
formation and the saved geometry information can be
combined. As a consequence, it is not necessary to re-
calibrate the arrangement consisting of the ultrasound
detector 1 and the position sensor 818.

[0137] Aninputunit920 is connected to the ultrasound
control unit 914, for example for inputting settings of the
ultrasound detector, such as a penetration depth orrange
of the ultrasound image. Further, the user may change
the orientation of the ultrasound image via the input unit
920.

[0138] A furtherembodimentrequiring that atleastone
sensor of a tracking system has to be secured to an ul-
trasound probe is the system for guiding surgical tools
by real-time ultrasonic imaging which is very schemati-
cally shown in Figure 10.

[0139] Numeral 1008 designates an ultrasonic scan
probe which is connected to a probe control unit for ul-
trasonic imaging and particularly for generating volumet-
ric ultrasound images.

[0140] A variety of volumetric ultrasound imaging
methods are known. According to an embodiment of this
method, the probe is provided in combination with a track-
ing system which detects the position, orientation and
displacement of the probe. A succession of ultrasound
images is acquired as the probe is moved, said images
being grouped into a 3D image composed of the various
2D images acquired at different probe positions along
the displacement path, which positions are detected by
the tracking system. Thus, the 2D images can be ar-
ranged in relative order to form a 3D image.

[0141] Tracking systems are known and widely used
for the purpose of acquiring a 3D ultrasound image. An
example of tracking system is the system sold by Ascen-
sion Technology with the trade name PCI Bird which is
incorporated in a currently available product, sold by the
owner hereof with the name of "Virtual Navigator".
[0142] Inthe scheme of Figure 10, the tracking system
is represented by the coordinate system designated by
numeral 1001. The tracking system actually defines the
various positions of the probe 1008 with reference to a
predetermined initial reference point and is thus the op-
erating unit that defines a reference system describing
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the probe displacement space.

[0143] In principle, there is no limitation as for the type
of probe to be used, provided that it can cover a slice
area large enough to contain the image to be acquired.
Nonetheless, as shown in Figure 1, advantages are
achieved from using a volumetric probe. A volumetric
probe may be as disclosed in EP 1681 019 and in EP 1
167 996 by the owner hereof.

[0144] Thus, when the size of the subject to be imaged
by ultrasound allows to do so, the probe is not required
to be manually displaced by the operating personnel or
a specially dedicated device. In other cases, the volu-
metric probe can be displaced less often and to few dif-
ferent positions, in which it can be held during automatic
acquisition of the volumetric image that the probe can
generate without being displaced.

[0145] In this case, the tracking system 1 is only used
to define the different probe position/s in the space de-
scribed by the reference system generated or defined by
the tracking system 1001 itself.

[0146] The tracking systems require at least one de-
tector to be mounted to the element whose displacement
or position is to be monitored, which marker/detector,
with reference to the tracking system used herein, is a
transponder. A transmitter-receiver unit can detect the
marking transponder and determine the probe position.
The marker means associated with the probe 1008 are
designated by numeral 1003. Numeral 1006 designates
the volumetric image acquired by the volumetric probe
1008. Numeral 1002 designates a surgical tool and par-
ticularly a needle or similar elongate, rod-like element.
These tools may include, for example, biopsy needles,
cannulas for insertion of a variety of devices, thermos-
ablation needles or the like.

[0147] The needle or rod-like element has a charac-
teristic functional axis, and in this case this axis is the
axis of the needle which coincides with the insertion axis.
Different types of tools may have different characteristic
functional axes. For example, in the case of a surgical
knife, the characteristic working axis may be the cutting
edge of its blade. The characteristic functional axis of a
particular type of tool can be determined in an intuitive
and simple manner.

[0148] The needle 1002 may carry a single sensor or
marking transponder, which is sufficient to determine the
position of the tool and its orientation, particularly with
reference to the characteristic working or functional axis
of said needle which, as mentioned above, is the central
longitudinal axis of the needle. The sensor or markers
may be attached to the biopsy needle, particularly to the
handle thereof in a similar way as the sensor or markers
on the probe body.

[0149] However, according to the improvement of the
figures, the tool, i.e. the needle 1002 carries two or more
sensors or marking transponders, designated by numer-
als 1003, 1004. This improvement allows detection of
any needle bending, which can be thus accounted for
while operating the system.
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[0150] Therefore, in the case of the needle 1002 of the
figures, two transponders are located at a certain dis-
tance from each other, coincident with the needle axis,
and can be used to determine the needle orientation with
particular reference to the insertion direction, as well as
any deformation, particularly bending or curving of the
needle. When a transponder is mounted directly to the
tip or at a predetermined distance therefrom, the position
of the needle tip can be determined upon insertion into
the body under examination.

[0151] The sensor or transponder at the tip of the nee-
dle 1002, here the transponder 1004, shall not necessar-
ily be placed at the tip but, as mentioned above, it may
be located at a predetermined known distance from the
tip. Inthis case, once the position of the transponder 1004
has been detected, the position of the tip may be deter-
mined by a simple arithmetic operation.

[0152] Numeral 1007 designates a cutting plane of the
3D image that has a predetermined inclination relative
to the characteristic functional axis, i.e. the longitudinal
central axis, i.e. the direction of insertion of the needle
1002.

[0153] A 2D image of the object is generated along
said cutting plane, using the image data of the 3D image.
This process consists in determining the subset of voxels
of the 3D image that falls within the predetermined cutting
plane 1007, to generate a 2D image. This may occur in
a known manner, as disclosed for instance in the above
mentioned patent applications by the applicant hereof,
and particularly in EP 1 167 996.

[0154] Processing occurs in a control and processing
unit typically incorporated in ultrasonic imaging appara-
tus, which substantially consists of a processing unit that
stores and executes special ultrasound apparatus con-
trol programs for transmitting and receiving ultrasound
signals, for focusing the ultrasound signals transmitted
by the probe and the ultrasound signals received by the
probe upon reflection of the transmitted signals, for con-
verting the received signals into image data and for gen-
erating and displaying images on a monitor, as well as
for monitoring the execution of other operations that de-
pend on the ultrasound signal acquisition and processing
mode being used. The processing unit also controls the
tracking system, which may be provided as software or
dedicated hardware controlled by said software.

[0155] In Figure 10, the processing unit is designated
by its functional blocks only, which are generally used to
execute the operations of the present invention. Thus,
the block 1011 generally includes all hardware and soft-
ware units required for 3D imaging (see also EP 1 681
019 and EP 1 167 996). Thanks to the tracking system,
the 3D image is assigned a well-defined position in a
reference Cartesian system, which is defined by the
tracking system that detects the position of the probe
1008. The tracking system simultaneously detects the
position of the needle or other tool 1002 and the orien-
tation of the characteristic functional axis of such tool
1002 with reference to the same reference system de-
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fined by the tracking system. This will provide well-de-
fined relative positions between the volumetricimage and
the position and orientation of the tool 1002, i.e. the char-
acteristic functional axis thereof. In these conditions, a
cutting plane may be defined in the 3D or volumetric im-
age generated by the probe 1008, which plane has a
predetermined inclination relative to the characteristic
functional axis of the tool 1002.

[0156] Multiple cutting planes may be also defined,
having predetermined and different positions and orien-
tations relative to said characteristic functional axis of the
tool 1002.

[0157] Particularly, referring to the needle, a cutting
plane may be defined, which is oriented perpendicular
to the characteristic functional axis of the tool 1 002 and
is at a predetermined distance from the internal or front
end tip, with reference to the direction of insertion of the
needle. In this case, the image generated along said cut-
ting plane and reconstructed from the volumetric image
data, i.e. the voxels that fall within such cutting plane will
be as viewed by an observer situated at the tip of the
needle and looking towards the longitudinal axis of the
needle in the direction of insertion of the latter. Alterna-
tively to or in combination with the above, images may
be also generated along different cutting planes. A pos-
sible additional cutting plane might be the plane that con-
tains the longitudinal axis of the needle 1002, with the
path of the needle into the body under examination being
thus visible.

[0158] The images obtained along the various cutting
planes may be displayed in succession, i.e. alternate to
each other or in side-by-side or simultaneous arrange-
ment. This condition is shown by the functional blocks
1013 and 1014, which designate all hardware and soft-
ware units required to define the above mentioned cutting
planes and generate images along said cutting plane, as
well as simultaneously or alternately display them using
display drivers 1014 on the display 1015.

[0159] Referring to figures 19 and 20, a first embodi-
ment of a mechanical coupling organs of the support
1901 of a sensor to the wall 1902 of the case of a probe
is shown. Figure 19 is a top view on a support 1901 en-
gaged in a seat 1903 on the wall 1902 of the probe. The
contour of the support 1901 is shown with a discontinuous
line since it is overlapped by a lip of elastic deformable
material 1904 provided atleast atthe top end of the lateral
wall 1905 of the seat 1903.

[0160] Figure 20 is a cross section along a plane co-
inciding with the line XX-XX in figure 19. According to the
drawings, the seat 1903 is formed by an indentation pro-
vided in the wall 1902 of the probe and being opened at
the side facing away from the inner of the probe case.
The indentation having a bottom wall which construction
is configured according one of the previously described
embodiments for the magnetic coupling, such as the lay-
ered configuration providing a magnetic shield layer and
a layer bearing magnetic elements which are polarized
in such a way as to exercise an attraction force of the
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support bearing oppositely polarized magnetic elements
shielded towards the sensor secured to the said support.
[0161] The height hw of the lateral walls 1905 of the
indentation covers at least part of the thickness th of the
support 1901. From the upper end of the lateral wall a lip
1906 of elastic deformable material protrudes in the di-
rection opposite to the bottom wall of the seat 1903 hav-
ing an height hl such that is covers the resting part of the
thickness th of the support 1901 left free by the lateral
wall 1905 of the indentation while protruding at the same
time in the direction of the inner of the indentation 1903
reducing the dimensions of the opening of the said in-
dentation to a dimension smaller that the peripheral con-
tour of the support 1901 and partially overlapping a pe-
ripheral zone of the surface of the support 1901 opposite
to the bottom of the indentation and along the lateral walls
of the support 1901 facing the lateral walls 1905 of the
said indentation. The said lip 1904 being dimensioned
and shaped relatively to the shape of the support ant to
the dimensions of the support in such a way to allow a
releasable coupling of the support in the seat 1903 of the
snap-fit kind.

[0162] Although the example of figure 20 shows a sup-
port according to the embodiment of figure 6 in which the
sensor 1908 is mechanically, releasably coupled to the
support 1901 by snap fit coupling means, the above em-
bodiment of the mechanical coupling of the support 1901
to the wall of the probe can be provided, mutatis
mutandis, in combination with any of the previously dis-
closed embodiments.

[0163] Different variant embodiments are possible. In
one variantembodiment, the height hw of the lateral walls
1905 may correspond to the thickness th of the support,
the lip 1906 protruding essentially from the upper edge
of the lateral wall 1905 of the indentation in such a way
as to overlap a peripheral zone of the side of the support
1901 opposed to the side facing the bottom of the seat.
[0164] In a further variant embodiment, the seat does
not include an indentation but a lateral wall 1905 pro-
trudes from the outer surface of the wall 1902 of the
probe. In this case two alternatives may be possible. In
a first alternative the lateral wall delimiting the seat is
entirely made of elastic deformable material having a
height corresponding to the sum of the height hw and hl
of the embodiment of figure 20 and forming the lateral
wall 1905 and the lip 1904 by one piece. The said lateral
wall may be molded or co molded on the surface of the
wall 1902 of the probe. A variant provides a lateral wall
1905 molded on top of the wall of the probe and made
of arigid material as the same one of the wall of the probe
with a height hw according to the embodiment of figure
20 which lateral wall 1905 is prolonged at its edge op-
posed to the probe wall 1902 by the lip 1904 having a
height and a shape according to the example of figure 20.
[0165] Figure 21 shows a variant embodiment of the
embodiment of figure 19 in which instead of a continuous
lip a crown of teeth 2100 is provided. Each tooth having
a configuration according to the cross section of the lip
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1904 of figure 20.

[0166] Inthe embodimentoffigure 22, instead of a con-
tinuous lip 1904 as in figure 19, a combination of seg-
ments 2200 of a lip distributed along the upper edge of
the lateral wall of the seat are provided. The non-limiting
example of figure 22 provides lip segments 2200 at each
corner of the area delimited by the lateral walls of the
seat and of the support.

[0167] Also, the teeth or the segments of the lip of the
examples of figures 21 and 22 may be configured ac-
cording to the different variant embodiments described
above in relation to the embodiment of figure 20.
[0168] Figure 23 show a variant embodiment of the
snap organs for attaching in a releasable way the support
to the probe. According to this embodiment, the lateral
walls 2305 of the seat 2303 and the lateral walls 2309 of
the support 2301 are provided with cooperating coupling
organs of the snap fit kind. The lateral walls 2305 of the
seat 2303 are provided with protrusion 2015 protruding
towards the inside of the seat 2303 and thus the facing
lateral walls 2309 of the support 2301 which protrusion
2015 has arounded cross section. The lateral walls 2309
of the support 2301 show a groove 2319 having a cross
section corresponding to the cross section of the protru-
sion 2315 and positioned such that the protrusion 2315
snaps inside the groove 2319 when the support is
pressed towards the probe in a aligned position with the
seat.

[0169] The dimensions of the grove and the protrusion
may be such that the intrinsic elastic behavior of the ma-
terial of the support 2301 and of the lateral walls 2305 of
the seat 2303 are sufficient to allow the releasable snap-
fit. Alternatively, the protrusion 2315 may be made of a
different material than the one of the wall of the probe
such as an elastic deformable or compressible material
and is over-molded on the surface of the said lateral wall
2305 of the seat 2303.

[0170] Similarly to the example of figures 19 to 22, the
protrusion 2315 and/or the groove 2319 can by a contin-
uous one or be formed by a combination of segments of
protrusion and/or of corresponding grooves or by a crown
of knobs and/or corresponding notches.

[0171] Similarly to the previous embodiment of figure
20, the said seat may be formed partly by a indentation
in the wall of the probe and partly by a wall prolonging
the lateral walls of the indentation in order to cover the
entire thickness of the support or at least to provide the
said protrusions 2315 at a height coinciding with the
groove 2319 on the lateral wall 2309 of the support 2301.
[0172] According to the example of figure 23, the seat
is molded on top of the externa surface of the wall 2302
of the probe. In this embodiment, the seat has lateral
walls 2305 and a bottom wall integer with the said lateral
walls which are attached to the outer surface of the wall
2302 of the probe. It has to be noted that this construction
of the seat can be provided in combination also with the
pervious examples of figures 19 to 22.

[0173] Alsoin the case of the embodiment of figure 23
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the support 2301 is configured according to the embod-
iment of figure 6 in which the sensor 2308 is mechani-
cally, releasably coupled to the support 2301 by snap fit
coupling organs, the above embodiment of the mechan-
ical coupling of the support 2301 to the wall of the probe
can be provided, mutatis mutandis, in combination with
any of the previously disclosed embodiments.

[0174] The above embodiments of the mechanical
coupling of the support to the probe have been described
in relation to the support for a sensor. According to the
previous embodiments the construction of this mechan-
ical coupling organs can be provided also on the supports
or pads of other operative units such as for example also
the keyboard described with reference to figures 17 and
18.

[0175] Figures 24 and 25 show the cross section ac-
cording to a plane perpendicular to the wall of the probe
of the mechanical coupling organs according to the em-
bodiments of figures 19 to 23 applied to the embodiment
of figures 17 and 18, in which a sensor and a keyboard
are releasably attached to the probe, the keyboard being
provided with a coupling pad and the sensor with a sup-
port and the said coupling pad and the said support being
releasably attached respectively to the probe and one to
the other in an overlaid configuration.

[0176] The embodiments according to figure 24 and
25 are shown in combination with the variant configura-
tion of the seat in which the said seat is provided with a
lateral wall and a bottom wall which are molded over the
outer surface of the wall of the probe and of the coupling
pad of the keyboard. Nevertheless, each of the above
disclosed variants in relation to figures 19 to 23 can be
provided, mutatis mutandis, in any combination with the
embodiment of figures 24 and 25.

[0177] Figure 24 shows a wall 2402 of the probe to
which a seat 2403 is secured by co-molding or chemi-
cal/physical bonding. The seat 2403 cooperates with the
coupling pad 2410 of a keyboard which is supported on
a lateral side of the probe by an arm 2411 according to
the configuration of figure 17 and 18. The arm 2411 de-
parts from the coupling pad 2410. The seat 2403 is con-
figured according to the embodiment of figure 19 to 22,
the lateral wall 2405 of the seat being prolonged by a lip
a combination of segments of lips or a crown of teeth
2404 of elastic deformable material.

[0178] The seat 2403 may be also configured accord-
ing to any of the variants related to the embodiment of
figures 19 to 22.

[0179] The coupling pad 2410 is provided on its side
opposing the probe with a seat 2412 of the snap fit kind
destined to cooperate with the support 2401 or with a
coupling pad of a sensor 2408 or of another operating
unit. The seat 2412 of the snap fit kind on the coupling
pad 2410 may be identical to the one 2403 of the probe
or it can have a different configuration, as for example a
configuration according to the embodiment of figure 23
or of any variant embodiments of it, provided the support
2401 of the sensor 2408 is configured in a matching way.



33 EP 3 524 160 A1 34

[0180] In the embodiment shown the seat 2403 on the
probe and the one 2412 on the coupling pad 2410 are
identical and the coupling pad 2410 and the support 2401
are alsoidentical. This has the advantage that the sensor
can be attached to the probe without the presence of the
coupling pad of the further operating unit, i.e. the key-
board, or the sensor can be attached to the coupling pad
of the keyboard while this is attached to the probe. Fur-
thermore, providing a different construction of the support
2401 for the sensor, for example py providing a support-
ing arm to which the sensor 2408 is secured and which
places the sensor in a position not interfering with a fur-
ther coupling pad or a further support also the support
2401 could be provided with a seat similarly to the cou-
pling pad 2410.

[0181] Furthermore, one or more different coupling
pads of one or more further operating units may be at-
tached one to the other when each coupling pad of the
said operating units is configured according to the one
disclosed in figure 24.

[0182] Figure 25 shows the embodiment of figure 24
in which the mechanical coupling organs of the snap-fit
kind are configured according to the example of figure
23, both for the coupling pad 2510 for the keyboard or
an operating unit and for the support 2501 for the sensor
2508.

[0183] Aseat2503 is provided on the probe wall 2502,
while an identical seat 2512 is provided on the side of
the coupling pad 2510 opposed to the probe. Also here
the two seats 2503 and 2512 are identically configured
while also the support 2501 for the sensor 2508 and the
coupling pad 2510 for the keyboard or for another oper-
ating unit are identical in shape and dimensions in order
to be able both to be engaged directly and alternatively
to the seat 2503 on the probe or to one another as illus-
trated in figure 25.

[0184] The lateral walls 2505 of the seats 2503 and
2512 are provided with the protrusion 2515 cooperating
with a groove 2519 on the lateral wall 2509 of the support
2501 and of the coupling pad 2510.

[0185] Also in this case the protrusions 2515 and the
grooves 2519 can be continuous, or a combination of
segments of protrusions and corresponding segments of
groves or a crown of knobs and corresponding notches.
[0186] The embodiment according to figure 25 can be
provided, mutatis mutandis, in combination with each
embodiment disclosed in relation to the embodiment il-
lustrated in figure 23.

Claims

1. An ultrasound probe in combination with at least an
operating unit such as a tracking sensor or receiver
and/or akeypad and/or a surgical tool support, char-
acterized in that the probe and the at least one op-
erating unit being each one provided with one of two
parts of a releasable joint, the said two parts of the
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joint being releasably engageable one with the other
by magnetic force and by mechanical coupling.

The ultrasound probe according to claim 1 in which
the part of the joint provided on the probe is alterna-
tively secured to the probe body in a non-releasable
or in a releasable way or integrated in the probe
structure, preferably in the handle portion of the
probe.

The ultrasound probe according to claim 1 or 2, in
which the part of the joint associated to the one or
more operating unit is integrated or non-releasably
secured to the said one or more operating unit, par-
ticularly to its case or a part of its case.

The ultrasound probe according to one or more of
the preceding claims in which the total force securing
the operating unit or the two or more operating units
to the probe, i.e. the force retaining engaged one to
the other the two parts of the joint is produced in part
by magnetic force and in part by the mechanical cou-

pling.

The ultrasound probe according to one or more of
the preceding claims in which a guide for the correct
positioning of the two parts of the joint is provided,
the said guide being formed by the magnetic attrac-
tion force between the two parts of joint.

The ultrasound probe according to one or more of
the preceding claims in which centering organs be-
tween the two parts of the joint are provided which
centering organs forms or are part of the mechanical
coupling between the two parts of the joint.

The ultrasound probe according to one or more of
the preceding claims in which the magnetic field
sources on the probe and on the part of the joint
associated to the one or more operating units are
shielded respectively towards the probe and towards
the one or more operating units by magnetic shields.

The ultrasound probe according to one or more of
the preceding claims in which in combination with
the magnetic shields on the probe and on the part
of the joint associated to the operating unit on the
respectively facing sides of the part of the joint on
the probe and of the part of the joint associated to
the operating unitthere are atleast one or more mag-
netic elements distributed according to a predefined
pattern and having opposed polarity so that the part
of the joint on the probe and the part of the joint as-
sociated to the one or more operating units are at-
tracted one against the other.

The ultrasound probe according to one or more of
the preceding claims in which the probe has a case,
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11.
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13.

35

the case comprising a case wall, the part of the joint
on the probe comprising a layer of magnetic insulat-
ing material having a predetermined dimension and
shape which layer is laid over the surface of the case
wallfacing the interior of the probe, one or more mag-
netic elements being distributed according to a pre-
defined pattern between the layer of magnetic insu-
lating material and the wall of the case of the probe.

The ultrasound probe according to one or more of
the preceding claims in which the said part of the
joint associated to the one or more operating units
comprises a socket provided with a contact surface
facing the external surface of the wall of the case of
the probe and coincident with the internal layer of
magnetic insulating material and the magnetic ele-
ments, the said contact surface being covered with
a magnetic insulating material and the said layer of
magnetic insulating material bearing on the side fac-
ing the probe one or more magnetic elements which
are positioned and polarized in a way as to interact
in an attracting manner with the pattern of one or
more magnetic elements on the probe.

The ultrasound probe according to one or more of
the preceding claims in which a mechanical coupling
is provided between the two parts of joint associated
to the probe and to the one or more operating units,
the said mechanical coupling consisting in an inden-
tation having a predefined depth on the probe, in a
region coinciding at least partly with the distribution
of the magnetic elements and corresponding to at
least part of the height of the socket of the part of
the joint supporting the one or more operating units
and having a predefined shape and dimensions
along the external surface of the case of the probe,
the socket having a corresponding shape with di-
mensions equal or slightly smaller as the ones of the
indentation.

The ultrasound probe according to one or more of
the preceding claims in which the mechanical cou-
pling consists at least in part by centering organs
provided on the probe at the part of the joint on the
probe and on the socket of the part of the joint sup-
porting the one or more operating units, which or-
gans engage themselves when the two parts of the
joint are attached one to the other.

The ultrasound probe according to one or more of
the preceding claims in which all or at least a part of
the one or more operating units have a cable con-
nection to a processing system a cable management
deviceis provided which is in the form of areleasable
clamping tool of the at least one or more cables of
the one or more operating units to the cable of the
probe and which clamping tool can be configured
according to the joint for attaching the one or more
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14.

15.

16.

17.

36
operating units to the probe body.

The ultrasound probe according to claim 13 in which
the said clamping tool comprises at least two parts
each one mechanically secured to one of the cables
and which clamping tool parts are engageable one
to the other by means of magnetic force and of me-
chanical coupling.

The ultrasound probe according to claim 13 or 14 in
which each clamping tool part is provided with mag-
netic elements on the side facing the other clamping
tool part the said magnetic elements being distrib-
utes and polarized in such a way to cause the two
parts of the clamping tool to attract each other, the
said magnetic elements being distributes over the
surface of a layer of magnetic insulating material
which covers the side of the clamping tool part de-
signed to come in contact with the other clamping
tool part, a mechanical coupling element to one or
more cables being provided on the side of the layer
of magnetic insulating material opposite to the side
of the said layer bearing the magnetic elements so
to suppress or reduce the influence of the magnetic
field of the magnetic elements on the cables.

The ultrasound probe according to one or more of
the preceding claims in which the combined mag-
netic and mechanical joint of one or more operating
units to the probe is configured alternatively for pro-
viding

A weak magnetic force and strong mechanical re-
tention, the magnetic force being used only as a user
guidance when approaching the operating unit joint
part to the probe for an easier finding of the correct
position in relation to the part of the joint on the probe
and the correct way of connection relative orientation
of the joint parts one with respect to the other and
ready to fit condition of the mechanically performed
coupling;

A mid magnetic guidance and retention effects and
mid mechanical retention effects, the magnetic force
being used as an user guidance for an easier finding
of the correct way of connection as in the previous
case and the connection retaining the operating unit
or units on the probe is performed both magnetically
and mechanically performed;

A strong magnetic guidance-retention force and a
weak or even absent mechanical retention, the mag-
netic force being used as an user-guidance for an
easier finding of the correct way of connection and
the retention is performed mainly/totally magnetical-
ly, while the mechanical part, has the sole purpose
ofindication and/or partially retaining the correct cou-
pling connection between the probe and the operat-
ingunitorunits, i.e. between the two parts of the joint.

An ultrasound system comprising a probe and in
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combination a probe tracking system and at least
one tracking sensor to be secured to the probe, char-
acterized in that the sensor is secured to the probe
in a releasable way by a joint comprising at least two
parts one part associated to the probe and another
part associated to the at least one sensor, the said
two parts of the joint being releasably engageable
one with the other by magnetic force and by mechan-
ical coupling.

An ultrasound system according to claim 17 in which
the joint for releasably attaching at least one tracking
sensor to the probe is configured according to one
or more of the preceding claims 1 to 16.
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