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Mounting device for reversibly mounting an electromagnetic field generator

on an ultrasonic probe

Field of the invention

The invention relates to a mounting device for reversibly mounting at least one electro-
magnetic field generator on an ultrasonic probe, a mounting system, a mounting assembly

and an ultrasonic probe, each at least partially comprising the mounting device.

Related art

Sonography generally refers to an application of ultrasound to image parts of the human or
animal body. Ultrasonic probes are commonly used, especially in medical diagnostics of
humans and animals, for a creation of two-dimensional or three-dimensional images, in
particular of body parts or tissues of the human or animal. Thus, sonography may be ap-
plied in order to visualize and evaluate a condition of a tissue, such as a presence of a tu-
mor, injuries or physical lesions, in order to detect a pregnancy or in prenatal care. Sono-
graphy can further be applied as a modality in order to guide an instrument placement dur-
ing an intervention, in particular, a minimally invasive procedure, such as a needle biopsy.
Continuous localization of the instrument relative to the anatomy localized in the ultrasonic
image, which is usually referred to as “tracking”, can be facilitated by an application of an

electromagnetic field generated by an electromagnetic field generator.

US 7926776 B2 discloses a bracket for mounting at least one position detecting sensor on
an ultrasonic probe. Herein, the bracket is used to releasably mount at least one 3D track-
ing sensor on an ultrasound transducer. In US 2015/0148664 A1 an ultrasound system with
stereo image guidance or tracking is disclosed. The image-guided ultrasound system com-
prises an ultrasonic probe, a display configured to communicate with the ultrasonic probe
to receive ultrasound signals to display images from the ultrasonic probe, and an imaging
device. The imaging device is at least one of removably attached to or integral with the
ultrasonic probe. Further, WO 2015/159129 A1 describes an instrument guide for a probe
head of an ultrasound imaging probe. The instrument guide comprises a probe support re-
gion, a first guide bracket, a second guide bracket, a first guide disposed in the first guide
bracket and a second guide disposed in the second guide bracket. Furthermore, US

2011/0313293 Al discloses a cap for use with an ultrasonic probe. The probe cap compris-
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es a body defining a cavity into which a head portion of the probe is removably received.
The cap further comprises stabilization arm extending from the cap body for stabilizing the
cap against a skin surface of a patient. Furthermore, the cap comprises a needle guide in-

cluded with the cap.

Franz et al., Combined modality for ultrasound imaging and electromagnetic tracking,
Biomed Tech 2013; 58 (Suppl. 1), Mirz et al., Interventional real-time ultrasound imaging
with an integrated electromagnetic field generator, Int ] CARS 2014; 9(5) pp 759, and
Mirz et al., Mobile EM Field Generator for Ultrasound Guided Navigated Needle Inser-
tions, LNCS 7915 Information Processing in Computer-Assisted Interventions, June 26
2013, pp 71, describe a combined modality comprising an ultrasonic probe and a compact
electromagnetic field generator, wherein the compact electromagnetic field generator is
mounted on the ultrasonic probe. The combined modality shows robust ultrasound imaging
and electromagnetic tracking. In Adrian Winterstein, Ein ultraschallbasiertes Computeras-
sistenzsystem mit integriertem elektromagnetischem Feldgenerator fiir die Leberchirurgie,
master thesis, April 2014, Darmstadt University of Applied Sciences, Keno Mirz, Com-
puter-assistierte Punktionen unter Ultraschallfiihrung mit einem mobilen elektromag-
netischen Feldgenerator, master thesis, January 2013, Heidelberg University and Heil-
bronn University, and Alfred Franz, Workflow-integrated Electromagnetic Tracking for
Navigated Ultrasound-guided Interventions, dissertation, October 2015, Heidelberg Uni-
versity, a combined modality comprising an ultrasonic probe and a compact electromagnet-
ic field generator is disclosed, wherein the compact electromagnetic field generator is
mounted on the ultrasonic probe in a manner that a ring-like structure of the electromagnet-

ic field generator surrounds a section of the ultrasonic probe.

Further, US 2011/282200 A1l describes a handheld accessory system for an ultrasonic
equipment and an inspection method applicable to the accessory system. The accessory
system includes a force detector and a positioning device attached to a hand-held ultrasonic
probe, and a signal processing device. A user may apply the ultrasonic probe to the target
tumor with a certain compression depth. A force compensation module in the signal pro-
cessing device allows to make compensation due to unsteady compression depth, thereby
providing for the operation of transverse palpation to detect the stiffness ratio and mobility
of a target relative to its surrounding tissues, and being therefore specifically suitable for

diagnosing breast tumors, as benign or malignant.

Furthermore, US 2014/257104 Al discloses a system and method for assembling a 3D
ultrasound image representation from multiple two-dimensional ultrasound images utilis-

ing a magnetic position detection system to detect the ultrasound probe position and allow
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mapping of the multiple two-dimensional ultrasound images into a three-dimensional
frame of reference. The magnetic position detection system may use magnetic markers
positioned on the subject or fixed in space around the subject. The position detection may
use magnetic model fitting, look-up table, triangulation or distance measurement tech-
niques to determine the position of the ultrasound probe relative to the magnetic markers.
The ultrasound probe includes a magnetometric detector to detect the field generated by

the magnetic markers.

Moreover, KR 2009 0124310 A relates to an ultrasonic probe configured for being con-

nected to an attachment device.

Despite the recent advances concerning devices for mounting an electromagnetic field

generator onto an ultrasonic probe, there is still room for improvement.

Problem to be solved

It is therefore an objective of the present invention to at least partially overcome deficien-
cies of state of the art. In particular, many mounting devices may, as a general rule, be
combinable with only a subset of ultrasonic probes, such as with one particular ultrasonic
probe, for example with the ultrasonic probe of a certain supplier. Further, mounting de-
vices may in general be configured to mount an electromagnetic field generator in just a
single or a limited number of mounting positions on an ultrasonic probe. This lack of flexi-
bility in mounting the electromagnetic field generator on the ultrasonic probe may, in gen-
eral, be a disadvantage, especially in clinical practice where a user may intend to orientate

the ultrasonic probe with respect to a patient, which may be desirable to be overcome.

Summary of the invention

This problem is solved by a mounting device for reversibly mounting at least one electro-
magnetic field generator, a mounting system, a mounting assembly and an ultrasonic probe
having the features of the independent claims. Preferred embodiments of the invention,
which may be realized in an isolated way or in any arbitrary combination, are disclosed in

the dependent claims.

As used in the following, the terms “have”, “comprise” or “include” or any arbitrary
grammatical variations thereof are used in a non-exclusive way. Thus, these terms may
both refer to a situation in which, besides the feature introduced by these terms, no further

features are present in the entity described in this context and to a situation in which one or
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more further features are present. As an example, the expressions “A has B”, “A comprises
B” and “A includes B” may both refer to a situation in which, besides B, no other element
is present in A (i.e. a situation in which A solely and exclusively consists of B) and to a
situation in which, besides B, one or more further elements are present in entity A, such as

element C, elements C and D or even further elements.

Further, it shall be noted that the terms ““at least one”, “one or more” or similar expressions
indicating that a feature or element may be present once or more than once typically will
be used only once when introducing the respective feature or element. In the following, in
most cases, when referring to the respective feature or element, the expressions “at least
one” or “one or more” will not be repeated, non-withstanding the fact that the respective
feature or element may be present once or more than once.

Further, as used in the following, the terms "preferably"”, "more preferably", "particularly”,
"more particularly"”, "specifically”, "more specifically" or similar terms are used in con-
junction with optional features, without restricting alternative possibilities. Thus, features
introduced by these terms are optional features and are not intended to restrict the scope of
the claims in any way. The invention may, as the skilled person will recognize, be per-
formed by using alternative features. Similarly, features introduced by "in an embodiment
of the invention" or similar expressions are intended to be optional features, without any
restriction regarding alternative embodiments of the invention, without any restrictions
regarding the scope of the invention and without any restriction regarding the possibility of
combining the features introduced in such way with other optional or non-optional features

of the invention.

In a first aspect of the present invention, a mounting device for mounting at least one elec-
tromagnetic field generator onto an ultrasonic probe for orientating the electromagnetic
field generator with respect to the ultrasonic probe in at least one mounting position is dis-
closed. The mounting device comprises at least one first fastening structure. The mounting

device is connectable to the electromagnetic field generator via the first fastening structure.

As used herein, the term “mounting device” may generally refer to an arbitrary device con-
figured for bringing an object into a position or keeping an object in a position. As used
herein, the term “reversibly mount” may generally refer to an arbitrary situation in which
an object may be mounted and after having been mounted may be released or removed
from the position in which it was mounted without being damaged. It is possible, that the
object after having been removed from the position in which it was mounted may again be

mounted in the same and/or in a different position. As used herein, the term “electromag-
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netic field generator” may generally refer to an arbitrary component configured to produce
an electric and/or magnetic field. Additionally, the electromagnetic field generator may
comprise a sensor array. As used herein, the term ,,sensor array” may generally refer to a
device configured to receive an electric and/or magnetic signal. The electric and/or mag-
netic signal may in particular be emitted by an object to be localized by the sensor array or
with the aid of the sensor array. Specifically, the electric and/or magnetic signal emitted by
the object may contain information such as but not limited to a position of the object or an
orientation of the object. As used herein, the term “ultrasonic probe” may generally refer to
a component configured to transmit and/or receive ultrasound. An ultrasonic probe may
also be referred to as an ultrasonic transducer. The ultrasonic probe may be configured to
produce ultrasound, e.g. by converting electrical signals into ultrasound, or to convert ul-
trasound in electrical signals or both. Typically, ultrasonic probes, specifically ultrasonic
probes used in medical diagnosis, may be classified as linear probes, sector probes and
curved probes. The ultrasonic probe may further be combined or integrated with a light
source, preferably a pulsed laser, configured to generate an optical signal, such as an elec-
tromagnetic wave in the optical spectrum, that may be converted into an acoustic signal,
specifically an ultrasound signal, taking advantage of a photoacoustic effect. The ultrasonic
probe may, in particular, be configured to receive the acoustic signal generated by the opti-
cal signal. A conversion from the optical to the acoustic signal taking advantage of the
photoacoustic effect may, in particular, take place in the tissue of a patient. Thus, by re-
ceiving the acoustic signal the ultrasonic probe may be configured to measure additional
properties of the tissue, typically optical or functional properties. As used herein, the terms
“orient” or “orientate” may generally refer to locating a first object relative to a position,
preferably, to at least one second object. In particular, the first object may be aligned with
the second object. As used herein, the term “mounting position” may generally refer to an
arbitrary position into which an object may be brought or in which an object may be held
in order to achieve a mounting of the object. As used herein, the term “fastening structure”
may generally refer to an arbitrary element configured to fix or to partake in fixing an ob-
ject in a certain position or to connect or to partake in connecting the object to another ob-
ject. The fastening structure may achieve fixing an object in a certain position or connect-
ing an object to another object on its own, e.g. as a clip, and/or in cooperation and/or inter-
action with another device or structure, e.g. another fastening structure. As used herein, the
term “‘connectable” may generally refer to the property of an object that may be brought
into and fixed in close physical proximity to another object. In particular, the object that is
connectable to another object may be in direct or indirect physical contact with the other

object when it is connected to it.
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The mounting position may be a predefined mounting position. As used herein, the term
“predefined mounting position” may generally refer to a mounting position that had been
chosen and/or determined as a possible mounting position before the object was actually
mounted. The predefined mounting position may be marked and/or identified as such, e.g.
by optical marks, such as lines or dots, and/or physically, e.g. by one or more of a protru-
sion, an elevation, an indentation and a depression. Specifically, the predefined mounting
position may facilitate a mounting of an object, e.g. by identifying a location, in which the
object may be mounted rapidly and/or easily and/or in which the object, when mounted, is
particularly stable. In a particular embodiment, the electromagnetic field generator may be
mountable on the ultrasonic probe in at least two mounting positions by the mounting de-
vice. Specifically, the two mounting positions may be predefined mounting positions. Spe-
cifically, the two mounting positions may be located at two distinct sides of the ultrasonic
probe. The two distinct sides may be essentially perpendicular to one another. Thus, the
mounting device may provide at least two distinct mounting positions such that the elec-
tromagnetic field generator may be mounted onto the ultrasonic probe, unmounted from
the ultrasonic probe and remounted at at least one different position without disconnecting
the mounting device from the ultrasonic probe. This may be particularly advantageous for
orienting the electromagnetic field generator with respect to the ultrasonic probe and, thus,
for allowing to achieve a placement most ergonomic for the user during a clinical applica-

tion

In a particularly preferred embodiment, the mounting device may be arranged, preferably
connectable to the ultrasonic probe, within an envelope of 5 cm of the ultrasonic probe.
Further, the electromagnetic field generator may be attachable within an envelope of 5 cm
of the ultrasonic probe when mounted on the ultrasonic probe by the mounting device. In
other words, the electromagnetic field generator may be connectable to the ultrasonic
probe within an envelope of 5 cm of the ultrasonic probe when mounted on the ultrasonic
probe by the mounting device. As used herein, the term “envelope” may generally refer to
a three-dimensional structure encompassing an object. The distance between a surface of
the object and a surface of the envelope may have a constant value. Herein, the surface of
the object and the surface of the envelope may be considered to assume the shortest dis-
tance. Thus, the envelope may have a three-dimensional shape that largely corresponds to a
scaled-up three-dimensional shape of the ultrasonic probe. A distance between a surface of
the envelope and a surface of the ultrasonic probe may have a constant value, in particular
a constant value of 5 cm. When mounted on the ultrasonic probe by the mounting device,
the electromagnetic field generator at its point most remote from the ultrasonic probe may
have a distance to the ultrasonic probe of 5 cm or smaller. In particular, the distance be-

tween the electromagnetic field generator, at its point most remote from the ultrasonic
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probe, and the ultrasonic probe may be 1 cm to 5 cm. Thus, in particular, both the mount-
ing device and the electromagnetic field generator may be arranged or may be arrangeable
within an envelope of 5 cm of the ultrasonic probe when the electromagnetic field genera-
tor is connected to the ultrasonic probe by the mounting device. As used herein, a “dis-
tance” between two points or between a point and an object may generally refer to the
shortest possible geometric trace between the two points or between the point and the ob-
ject. In another particularly preferred embodiment, the electromagnetic field generator may
be attachable within an envelope of 1 cm to 2 cm of the ultrasonic probe when mounted on

the ultrasonic probe by the mounting device.

In a particularly preferred embodiment, the mounting device may be reversibly connecta-
ble to the ultrasonic probe. Specifically, the mounting device may be released or removed
from the ultrasonic probe without being damaged after having been connected to the ultra-
sonic probe. In particular, the mounting device may subsequently again be connectable to
the ultrasonic probe. Further, the mounting device may at least partially encompass the
ultrasonic probe. As used herein, the term “at least partially encompass” may generally
refer to the situation in which one object A encloses the circumference of another object B
at at least one position or section of the object B. Furthermore, the mounting device may at
least partially encompass the electromagnetic field generator. In a preferred embodiment,
the mounting device, in particular the first fastening structure, may comprise a strap or a
sling. The strap or the sling may at least partially encompass the electromagnetic field gen-

erator.

Further, the mounting device may be formed by a single piece. As used herein the term “by
a single piece” may generally refer to an element consisting of one component only or to
an element consisting of at least two components which may be connected such that a dis-
ruption of the connection damages and/or destroys the element and/or renders the element

unserviceable. Alternatively, the mounting device may comprise at least two components.

The mounting device comprises the first fastening structure. The first fastening structure
may comprise at least one first fastening component configured to interact with a second
fastening component. As used herein, the term “fastening component” may generally refer
to an element configured to interact with another element, e.g. another fastening compo-
nent, in order to form a connection between the two elements. Specifically, the connection
may be reversible. Further, the first fastening component may comprise at least one of at
least one element selected from the group consisting of: a male part of a press fastener; a
female part of a press fastener; a male part of a press button; a female part of a press but-

ton; a protrusion; an indentation; an elevation; a depression; a plug connector; a plug sock-
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et; a pin; a pinhole; a button; a button hole; a hook of a hook-and-loop fastener; a loop of a
hook-and loop fastener; a clip; a guide rail; a sliding fastener; a snap-fit fastener; a pin fas-

tener; a clutch; a clamp.

In a particularly preferred embodiment, the mounting device may further comprise at least
one second fastening structure, wherein the mounting device may be connectable to the
ultrasonic probe via the second fastening structure. The second fastening structure may
comprise at least one element selected from the group consisting of: a bracket, a belt; a
ring; a tie; a male part of a press fastener; a female part of a press fastener; a male part of a
press button; a female part of a press button; a protrusion; an indentation; an elevation; a
depression; a plug connector; a plug socket; a pin; a pinhole; a button; a button hole; a
hook of a hook-and-loop fastener; a loop of a hook-and loop fastener; a clip; a guide rail; a
sliding fastener; a snap-fit fastener; a pin fastener; a clutch; a clamp. In a preferred embod-
iment, the second fastening structure may be formed by a single piece. In another preferred
embodiment, the second fastening component may comprise at least two components. Spe-
cifically, the second fastening structure may comprise at least one first connection element
and at least one second connection element. Herein, the mounting device may, preferably,
be connectable to the ultrasonic probe via the first connection element while the second
connection element may, preferably, be connectable to both the first connection element
and the first fastening structure. As used herein, the term “connection element” may gener-
ally refer to a component configured to partake in connecting at least two objects A and B.
When connected the two objects A and B may not be connected to one another directly
and/or may not be in direct physical contact with one another. Instead, the two objects may
be connected via at least one connection element and/or the two objects may each be in
direct physical contact with the connection element, wherein the connection element the
object A is connected to may differ from the connection element object B is connected to.
Specifically, the connection element may partake in connecting at least two objects A and
B by being itself connected to at least two components of the connection, such as but not
limited to, to both objects A and B or to two connection elements or to one object A or B
and one connection element or to one connection element and one fastening structure. The
first connection element may comprise at least one element selected from the group con-
sisting of: a bracket; a belt; a ring; a tie; a clip. The first connection element, in particular
the bracket, the belt, the ring, and/or the tie, may be at least partially elastic or expandable
and/or may comprise at least one elastic or expendable section. Further, the first connec-
tion element, in particular the bracket, the belt, the ring, and/or the tie, may be discontinu-
ous, comprising at least two connectable elements, which in their entirety form the first
connection element. As a particularly preferred example, the first connection element may

be a bracket, preferably a bracket comprising a plastic material and/or a metal. The bracket
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may be openable and closable via at least one hinge. The bracket may form a ring-like
structure in its closed state. Further, the bracket may be lockable in its closed state, e.g. by
at least one screw and at least one screw-nut. Other mechanisms to lock the bracket in its

closed state are feasible.

The second connection element may comprise the at least one second fastening compo-
nent. Specifically, the second fastening component may comprise at least one of at least
one element selected from the group consisting of: a male part of a press fastener; a female
part of a press fastener; a male part of a press button; a female part of a press button; a pro-
trusion; an indentation; an elevation; a depression; a plug connector; a plug socket; a pin; a
pinhole; a button; a button hole; a hook of a hook-and-loop fastener; a loop of a hook-and
loop fastener; a clip; a guide rail; a sliding fastener; a snap-fit fastener; a pin fastener; a

clutch; a clamp.

The first fastening structure and the second fastening structure may be connectable via at
least one connection, specifically via at least one connection selected from the group con-
sisting of: a snap-fit connection; a press button connection; a sliding connection; a clamp
connection; a press-fastener connection; a button connection; a hook-and-loop connection;
a pin connection; a clip connection; a clutch connection. In particular, the first fastening
structure and the second fastening structure may be connectable via the first fastening

component and the second fastening component.

The mounting device may be connectable to the ultrasonic probe in at least one connection
position. In particular, the connection position may be a predefined connection position. As
used herein, the term “connection position” may generally refer to an arbitrary position in
which an object may be arranged when connected to a further object. Specifically, the at
least one connection position may be located at at least one of: a base of the ultrasonic
probe; and a neck of the ultrasonic probe; a base-neck-transition of the ultrasonic probe. As
used herein, the term “base of an ultrasonic probe” may generally refer to a section of the
ultrasonic probe that is closest to a patient or an element, when the patient or object is ex-
amined using the ultrasonic probe. As used herein, the term “neck of an ultrasonic probe”
may generally refer to a further section of the ultrasonic probe which is attached to the base
of the ultrasonic probe. The section that is referred to as “neck of the ultrasonic probe”
may usually be used for handling purposes. Further, this section may usually have a slim-
mer shape compared to the base of the ultrasonic probe, e.g. the neck of the ultrasonic
probe may have a smaller circumference than the ultrasonic probe. As used herein, the
term “‘a base-neck-transition” may generally refer to a portion of the ultrasonic probe lo-

cated between the base of the ultrasonic probe and the neck of the ultrasonic probe. In par-
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ticular, a circumference of the ultrasonic probe may be altering within the base-neck-
transition of the ultrasonic probe, e.g. from the larger circumference of the base of the ul-

trasonic probe to the smaller circumference of the neck of the ultrasonic probe.

The mounting device, in particular the second fastening structure, preferably the first con-
nection element, most preferably the bracket, may comprise an extension arm. The exten-
sion arm may point along the ultrasonic probe towards a cable of the ultrasonic probe. The
extension arm may have a length of 1 cm to 20 cm, preferably of 2 to 15 cm, more prefera-
bly of 3 to 10 cm. The extension arm may comprise the at least one mounting position.
Thus, in a particularly preferred embodiment, the mounting device, in particular the first
connection element may be connectable to the base, the base-neck transition or, preferably,
the neck of the ultrasonic probe while the electromagnetic field generator may be mounta-
ble on the ultrasonic probe in a mounting position located alongside the cable of the ultra-
sonic probe. Orientating the electromagnetic field generator with respect to the ultrasonic
probe in this mounting position may be particularly advantageous in interventions where
the object to be localized is mainly to be found in an area around the neck of the ultrasonic
probe, e.g. when a long instrument used for the intervention can only be tracked at its base
or handle. This may ensure that the localized object may be positionable close to the field

generator and, thus, always in the area of highest tracking accuracy.

The mounting device may be at least partially covered by a layer of anti-slip material. In
particular, the layer of anti-slip material may face the ultrasonic probe when the electro-
magnetic field generator may be mounted on the ultrasonic probe via the mounting device.
Specifically, the anti-slip material may be minimally compressible. In a preferred embodi-
ment the anti-slip material may comprise at least one material selected from the group con-
sisting of: a gecko tape; a grip tape; a non-slip foam. In particular, the second fastening
structure may be at least partially covered with the layer of anti-slip material. More par-
ticularly, the first connection element may be at least partially covered with the layer of
anti-slip material. For example, the bracket may be at least partially covered with the layer

of anti-slip material.

The mounting device, in particular the first fastening structure, may be reversibly connect-
able to the electromagnetic field generator. In a preferred embodiment, the first fastening
structure may be a strap configured to reversibly receive the electromagnetic field genera-
tor. Alternatively, a connection between the mounting device, in particular the first fas-
tening structure, and the electromagnetic field generator may be irreversible. As used here-
in, the term “irreversible connection” may generally refer to a connection of two objects,

wherein the two objects may not be detachable when connected. Additionally or alterna-
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tively, a detachment of the two objects may render at least one of the two objects unser-

viceable.

The electromagnetic field generator may be firmly adhered to the mounting device. Specif-
ically, the electromagnetic field generator may be firmly adhered to the first fastening
structure. As used herein, the term “firmly adhered to” may generally refer to an object
being stably connected to another object, for example via glue and/or an adhesive and/or
an adhesive strip. The two objects may be detachable from one another, for example by
means of an aid such as but not limited to a solvent. A detachment of the mounting device,
in particular of the first fastening structure, from the electromagnetic field generator may
render the mounting device, in particular the first fastening structure, unserviceable. Alter-
natively, the mounting device, in particular the first fastening structure, may be reusable,
for example by equipping the mounting device, particularly the first fastening structure

with a new adhesive strip.

Further, the ultrasonic probe may be firmly adhered to the mounting device. Specifically,
the ultrasonic probe may be firmly adhered to the second fastening structure. A detachment
of the mounting device, in particular of the second fastening structure, from the ultrasonic
probe may render the mounting device, in particular the second fastening structure, unser-
viceable. Alternatively, the mounting device, in particular the second fastening structure,
may be reusable, for example by equipping the mounting device, particularly the second

fastening structure with a new adhesive strip.

The mounting device may be combinable with an attachable instrument, in particular, with
a needle guide. As used herein, the term “combinable” may generally refer two objects
being usable simultaneously. In particular, the needle guide may be connectable to the ul-
trasonic probe when the electromagnetic field generator is mounted on the ultrasonic probe
via the mounting device. Alternatively or in addition, the mounting device may be combin-
able with other attachable instruments, such as but not limited to a sensor holder for elec-
tromagnetic or other sensors, a projector to project image or other information onto the
patient, a light or laser source to emit a light signal into the tissue. In particular, the attach-
able instrument, especially, the needle guide, may be combinable with the mounting device
by using a separate device for attaching the attachable instrument. Alternatively or in addi-
tion, the mounting device may comprise a further attachment element adapted for mount-
ing the attachable instrument on the ultrasonic probe using the mounting device. Thus, the
mounting device may be configured to mount the at least one electromagnetic field genera-
tor and the at least one attachable instrument, in particular the needle guide, on the ultra-

sonic probe simultaneously. Further, the mounting device may be connectable to a variety
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of ultrasonic probes. In particular, the mounting device may be connectable to at least two
different ultrasonic probes. Further, the mounting device may be at least partially integrat-
ed into a housing of the ultrasonic probe. In particular, the second fastening structure may
be at least partially integrated into the housing of the ultrasonic probe. Specifically, the
first connection element and/or the second connection element may be at least partially

integrated into the housing of the ultrasonic probe.

In a particularly preferred embodiment, the mounting device may comprise at least two,
preferably three, connectable parts, which when connected may reproduce the three-
dimensional shape of the ultrasonic probe at least to a large extent. This may be particular-
ly advantageous for providing an ergonomic shape of the mounting device and/or for
providing a high stability of the connection between the mounting device and the ultrason-
ic probe and/or between the electromagnetic field generator and the ultrasonic probe. Spe-
cifically, the connectable parts may cover the ultrasonic probe except for functional ele-
ments that require direct accessibility. In particular, the at least two parts may be formed
using a cast of the ultrasonic probe or a part thereof. Specifically, the at least two, prefera-
bly three, parts may together form or may together comprise the second fastening structure.
In particular, the connectable parts may be connectable via at least one snap-in mechanism.

Other mechanisms are feasible.

The electromagnetic field generator may have no mechanical play with respect of the ultra-
sonic probe when the electromagnetic field generator is mounted on the ultrasonic probe

via the mounting device.

In a further aspect, a mounting system is disclosed. The mounting system comprises a
mounting device as described elsewhere in this document. The mounting system further
comprises an electromagnetic field generator. Herein, the electromagnetic field generator is
attached within an envelope of 5 cm of the ultrasonic probe when mounted on the ultrason-
ic probe by the mounting device. In particular, the electromagnetic field generator may
have a dimension below 5 cm. As used herein, the term “dimension” may generally refer to
an extension of the electromagnetic field generator. As a specific example, the dimension
of the electromagnetic field generator may be an edge length or a diameter of the electro-
magnetic field generator, in particular, of a cuboid-shaped electromagnetic field generator.
In particular, the cuboid-shaped electromagnetic field generator may have an edge length
of below 5 cm, preferably below 2 cm, in particular below 1 cm. By way of example, the
electromagnetic field generator may be cuboid-shaped having an edge length of 0.5 cm to
4.5 cm. In another particularly preferred embodiment, the electromagnetic field generator

may have an edge length of 0.75 cm to 1.5, most preferably of 1 cm.
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In a further aspect, a mounting assembly is disclosed. The mounting assembly comprises a
mounting system as described elsewhere in this document. The mounting assembly further
comprises an ultrasonic probe. In a preferred embodiment, a mounting device may be at
least partially integrated into a housing of the ultrasonic probe. As used herein, the term
“housing” may generally refer to a component of an object that confines the object against
its surroundings. In a preferred embodiment, a second fastening structure may at least par-

tially be integrated into the housing of the ultrasonic probe.

In a further aspect, an ultrasonic probe is disclosed. Herein, a mounting device as described
elsewhere in this document is at least partially integrated into a housing of the ultrasonic
probe. In a preferred embodiment, a second fastening structure may at least partially be
integrated into the housing of the ultrasonic probe. In a further preferred embodiment, an
electromagnetic field generator may be at least partially integrated into the housing of the

ultrasonic probe.

In a further aspect, a use of a mounting device for orientating at least one electromagnetic
field generator with respect to at least one element selected from the group consisting of a
patient, a body part of the patient, a section of the body part of the patient, a tissue of the
patient, a needle guide is disclosed. Thus, the mounting device may be used to mount the
electromagnetic field generator onto an ultrasonic probe in a mounting position such that
the mounted electromagnetic field generator allows or facilitates at least one of an exami-
nation, a treatment, or a medical intervention such as but not limited to a minimally inva-
sive procedure, in particular a needle biopsy.

For further details regarding the mounting device, the mounting system, the mounting as-
sembly, the ultrasonic probe, and the use of the mounting device, as well as definitions of
terms used to further describe the mounting device, the mounting system, the mounting
assembly, the ultrasonic probe, and the use of the mounting device reference may be made

to the description of the mounting device elsewhere in this document.

Short description of the figures

Further Details of the invention may be derived from the following disclosure of preferred
embodiments. The features of the embodiments may be realized in an isolated way or in
any combination. The invention is not restricted to the embodiments. The embodiments are
schematically depicted in the figures. Identical reference numbers in the figures refer to
identical elements or functionally identical elements or elements corresponding to each

other with regard to their functions.
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In the figures:

Figure 1

Figure 2

Figures 3A to 3C

Figure 4

Figures 5A to 5C

Figure 6

Figures 7A to 7C

Figure 8§

-14 - PCT/EP2018/059886

shows an electromagnetic field generator mounted onto an ultrasonic

probe via a mounting device;

shows an exploded view of a preferred embodiment of the mounting
device together with the electromagnetic field generator and the ultra-

sonic probe;

show each a partial view of a different embodiment of the mounting

device and an electromagnetic field generator;

shows another preferred embodiment of the mounting device together

with an electromagnetic field generator and an ultrasonic probe;

show different embodiments of a second fastening structure of the
mounting device mounted in three different connection positions on a
base of the ultrasonic probe (Figure 5A), on a base-neck transition of
the ultrasonic probe (Figure 5B) and on a neck of the ultrasonic probe
(Figure 5C);

shows a first connection element of the mounting device mounted onto

the ultrasonic probe in a bottom view;

show an envelope of the ultrasonic probe in two side views (Figures 7A

and 7C) and a bottom view (Figure 7B); and

shows a further embodiment of the mounting device.

These Figures and the various features comprised therein will be elucidated in a combined

fashion below.

Detailed description of the embodiments

Figure 1 shows a mounting device 110 for reversibly mounting at least one electromagnet-

ic field generator 112 on an ultrasonic probe 114 for orienting the electromagnetic field

generator 112 with respect to the ultrasonic probe 114 in at least one mounting position
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116. The mounting device 110 comprises at least one first fastening structure 118. The
mounting device 110 is connectable to the electromagnetic field generator 112 via the first
fastening structure 118. Figure 1 further shows the electromagnetic field generator 112

mounted onto the ultrasonic probe 114 via the mounting device 110.

The electromagnetic field generator may be mounted in a predefined mounting position
120. The predefined mounting position 120 may be marked for example by a protrusion as
can be seen in Figures 2, 4, 5A to 5C and in Figure 6. However, the predefined mounting
position 120 may also be marked by other means such as by optical marks such as lines or
dots. As shown in Figures 2, 4 and 6 the mounting device 110 may comprise two or more
mounting positions 116, in particular two or more predefined mounting positions 120 for
mounting the electromagnetic field generator 112 on the ultrasonic probe 114. Thus, the
mounting device 110 may provide at least two distinct mounting positions 120 such that
the electromagnetic field generator 112 may be mounted onto the ultrasonic probe 114,
unmounted from the ultrasonic probe 114 and remounted at at least one different mounting
position 120 without disconnecting the mounting device 110 from the ultrasonic probe
114. Specifically, the at least two mounting positions 120 may be located at two distinct
sides of the ultrasonic probe 114. The two distinct sides may be essentially perpendicular
to one another, as e.g. illustrated in Figure 2. The two distinct sides may, however, also

confine a different angle or be parallel, as e.g. illustrated in Figures 4 and 6.

The electromagnetic field generator 112 may be attachable within an envelope 121 of 5 cm
of the ultrasonic probe 114 when mounted on the ultrasonic probe 114 by the mounting
device 110. In other words, the electromagnetic field generator 112 may be connectable to
the ultrasonic probe 114 within an envelope 121 of 5 cm of the ultrasonic probe 114 when
mounted on the ultrasonic probe 114 by the mounting device 110. A distance d between a
surface of the envelope 121 and a surface of the ultrasonic probe may have a constant val-
ue, such as illustrated in Figures 7A, 7B and 7C, in particular a constant value of 5 cm.
Further, the mounting device 110 may be arranged, preferably connectable to the ultrasonic
probe 114, within an envelope of 5 cm of the ultrasonic probe 114. Thus, in particular, both
the mounting device 110 and the electromagnetic field generator 112 may be arranged or
may be arrangeable within an envelope of 5 cm of the ultrasonic probe 114 when the elec-
tromagnetic field generator 112 is connected to the ultrasonic probe 112 by the mounting
device 110. The envelope 121 of the ultrasonic probe 114 is shown in two side views in
Figures 7A and 7C and a bottom view in Figure 7B. As is apparent from a synopsis of Fig-
ures 7A, 7B and 7C, the envelope 121 may have a three-dimensional shape that largely
corresponds to a scaled-up three-dimensional shape of the ultrasonic probe 114. When

mounted on the ultrasonic probe 114 by the mounting device 110, the electromagnetic field
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generator 112 at its point most remote from the ultrasonic probe 114 may have a distance
to the ultrasonic probe of 5 cm or smaller. In particular, the distance between the electro-
magnetic field generator 112 at its point most remote from the ultrasonic probe 114 and the

ultrasonic probe 114 may be 1 cm to 5 cm.

The mounting device 110 comprises the first fastening structure 118. The first fastening
structure may comprise at least one first fastening component 122 configured to interact
with a second fastening component 124. The first fastening component 122 and the second
fastening component 124 may interact to form a connection that may be reversible. In a
first embodiment, the first fastening component 122 may for example be a male part of
press button 126 and the second fastening component 124 may be a female part of a press
button 128 as shown in Figure 3A. In an alternative embodiment, the first fastening com-
ponent 122 may be a snap-fit fastener 129 and the second fastening component 124 may be
a guide rail 130 as shown in Figure 3B. In a further embodiment, the first fastening com-
ponent 122 may be an indentation 132 and the second fastening 124 component may be a
protrusion 134 as shown in Figure 4. Specifically, the first fastening component 122 and
the second fastening component 124 may be selected from the group consisting of: a male
part of a press fastener; a female part of a press fastener; a male part of a press button
(126); a female part of a press button (128); a protrusion (134); an indentation (132); an
elevation; a depression; a plug connector; a plug socket; a pin; a pinhole; a button; a button
hole; a hook of a hook-and-loop fastener; a loop of a hook-and loop fastener; a clip; a
guide rail (130); a sliding fastener; a snap-fit fastener (129); a pin fastener; a clutch; a
clamp. In another preferred embodiment shown in Figure 3C, the first fastening structure
118 may comprise a strap 135. The strap 135 may at least partially encompass the electro-
magnetic field generator 112. Further, the strap 135 may be configured to reversibly re-
ceive the electromagnetic field generator 112. As also shown in Figure 3C, the mounting

device 110, in particular the first fastening structure 118, may comprise a cable guide 137.

The mounting device 110 may comprise a second fastening structure 136, wherein the
mounting device 110 is connectable to the ultrasonic probe 114 via the second fastening
structure 136. The second fastening structure 136 may be formed by a single piece. Alter-
natively, the second fastening structure 136 may comprise at least two components. Specif-
ically, the second fastening structure 136 may comprise at least one first connection ele-
ment 138 and at least one second connection element 140, the mounting device 110 being
connectable to the ultrasonic probe 114 via the first connection element 138, the second
connection element 140 being connectable to both the first connection element 138 and the
first fastening structure 118. The first connection element 138 may be a bracket 142 as

shown in Figures 1, 5A to 5C and 6. Specifically, the bracket 142 may comprise a plastic
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material and/or a metal. The bracket 142 may be openable and closable via at least one
hinge 144 as shown in Figures 1, 5A to 5C and 6. Further, the bracket 142 may be lockable
in its closed state, e.g. by a screw 146 and a screw-nut 148 as shown in Figure 6. Alterna-
tively, the first connection element 138 may be formed by a flexible material. In a pre-
ferred embodiment, the first connection element 138 may be a ring 151 comprising a flexi-
ble material as shown in Figure 2. The ring 151 comprising a flexible material may be
connectable to the ultrasonic probe 114 due to the flexibility of the flexible material, which
may allow a bending of the ring 151 to enlarge its circumference to impose it on the ultra-
sonic probe 114. Once imposed on the ultrasonic probe 114, the ring 151 comprising a
flexible material may reassume its original shape to establish a tight fit of the ring 151
around the ultrasonic probe 114. Other possibilities for the first connection element 138
such as but not limited to a belt, a tie and a clip are feasible. The first connection element
138, in particular the bracket 142, the belt, the ring and/or the tie may be at least partially

elastic or expandable.

Specifically, the second connection element 140 may comprise the at least one second fas-
tening component 124. The first fastening structure 118 and the second fastening structure
136 may be connectable via the first fastening component 122 and the second fastening

component 124 as depicted in Figure 2 and Figures 3A and 3B.

The mounting device 110 may be connectable to the ultrasonic probe 114 in at least one
connection position 152. In particular, the connection position 152 may be a predefined
connection position 154. Figures 5A to 5C show the mounting device 110 connected to the
ultrasonic probe 114 in different connection positions 152. Specifically, the connection
position 152 may be located at a base of the ultrasonic probe 156 as shown in Figure 5A; a
neck of the ultrasonic probe 158 as shown in Figure 5C or a base-neck-transition of the
ultrasonic probe 160 as shown in Figure 5B. Further, the mounting device 110 may be
combinable with a needle guide 161 as depicted in Figures 5B and 5C. The mounting de-
vice 110 may also be combinable with other attachable instruments (not shown), such as
but not limited to a sensor holder for electromagnetic or other sensors, a projector to pro-
ject image or other information onto the patient. Alternatively or in addition, the mounting
device 110 may comprise a further attachment element adapted for mounting the attachable
instrument on the ultrasonic probe 114 using the mounting device 110. Thus, the mounting
device 110 may be configured to mount the at least one electromagnetic field generator
112 and the at least one attachable instrument, in particular the needle guide 161, on the

ultrasonic probe 114 simultaneously (not shown in the Figures).
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The mounting device 110 may be at least partially covered by a layer of anti-slip material
162. In particular, the second fastening structure 136 may be at least partially covered with
the layer of anti-slip material 162. More particularly, the first connection element 138 may
be at least partially covered with the layer of anti-slip material 162. As shown in Figure 6,
the bracket 142 may be at least partially covered with the layer of anti-slip material 162. In
particular, the layer of anti-slip material 162 may face the ultrasonic probe 114 when the
bracket 142 is mounted on the ultrasonic probe 114. Furthermore, as an alternative or in
addition to the anti-slip material (162) of the second fastening structure, a cast may be
modeled from the shape of the ultrasonic probe ensuring a tight fit of the second fastening
structure at the ultrasonic probe. The cast may, in particular, be made of a thermoplastic

material, such as a polyurethane elastomer.

The electromagnetic field generator 112 may be firmly adhered to the mounting device
110. Specifically, the electromagnetic field generator 112 may be firmly adhered to the
first fastening structure 118 as shown in Figures 3A and 3B. Figure 3B shows the first fas-
tening structure 118 being adhered to the electromagnetic field generator 112 via an adhe-
sive strip 164. Further, the ultrasonic probe 114 may be firmly adhered to the mounting
device 110. Specifically, the ultrasonic probe 114 may be firmly adhered to the second

fastening structure 136.

Further, the mounting device 110 may be at least partially integrated into a housing of the
ultrasonic probe 166. In particular, the second fastening structure 136 may be at least par-
tially integrated into the housing 166 of the ultrasonic probe 114 as shown in Figure 4. In a
further preferred embodiment, an electromagnetic field generator may be at least partially

integrated into the housing of the ultrasonic probe.

In a further preferred embodiment shown in Figure §, the mounting device 110 may com-
prise at least two, preferably three, connectable parts 172, which, when connected, may at
least partially reproduce the three-dimensional shape of the ultrasonic probe 114. This may
be particularly advantageous for providing an ergonomic shape of the mounting device 110
and/or for providing a high stability of the connection between the mounting device 110
and the ultrasonic probe 114 and/or between the electromagnetic field generator 112 and
the ultrasonic probe 114. In particular, the at least two parts 172 may be formed using a
cast of the ultrasonic probe 114. Specifically, the at least two, preferably three, parts 172
may together form or may together comprise the second fastening structure 136. In particu-
lar, the connectable parts 172 may comprise a bottom cover 174, a front cover 176 and a
back cover 178, as shown in Figure 8. In particular, the connectable parts 172 may be con-

nectable to one another with at least one snap-in mechanism mediated by at least one snap-
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in pin 180 and at least one corresponding snap-in hole 182. Other means and/or mecha-

nisms for connecting the connectable parts 172 are also feasible.

According to another aspect of the present invention, a mounting system 168 is further
schematically depicted in Figures 3A to 3C. The mounting system 168 comprises the
mounting device 110. The mounting system 168 further comprises the electromagnetic
field generator 112. The electromagnetic field generator 112 is attached within an envelope
121 of 5 cm of the ultrasonic probe 114 when mounted on the ultrasonic probe 114 by the
mounting device. Figures 3A to 3C show different embodiments of the mounting system
168 in a partial view. The electromagnetic field generator 112 may have a dimension be-
low 5 cm. Further, the electromagnetic field generator 112 may be cuboid-shaped, as
shown in Figures 1, 2, 3A, 3B, 3C and 4. In particular, the cuboid-shaped electromagnetic
field generator 112 may have an edge length of below 5 cm. By way of example, the elec-
tromagnetic field generator 112 may be cuboid-shaped having an edge length of 0.5 cm to
4.5 cm.

According to another aspect of the present invention, a mounting assembly 170 is further
illustrated in Figures 1 and 2. The mounting assembly 170 comprises the mounting system
168. The mounting assembly 170 further comprises an ultrasonic probe 114. Figures 1 and
2 show examples of preferred embodiments of the mounting assembly 170. The mounting
device 110, preferably the second fastening structure 136, more preferably the second fas-
tening component 124, may be integrated into the housing 166 of the ultrasonic probe 114,

as shown in Figure 4.

According to another aspect of the invention, the ultrasonic probe 114 is further illustrated
in Figure 4, wherein the mounting device 110 is at least partially integrated into the hous-

ing 166 of the ultrasonic probe 114 as shown in Figure 4.
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Claims

A mounting device (110) for reversibly mounting at least one electromagnetic field
generator (112) on an ultrasonic probe (114) for orientating the electromagnetic field
generator (112) with respect to the ultrasonic probe (114) in at least one mounting
position (116), wherein the mounting device (110) comprises at least one first fas-
tening structure (118), wherein the mounting device (110) is connectable to the elec-

tromagnetic field generator (112) via the first fastening structure (118).

The mounting device (110) according to the preceding claim, wherein the mounting

device (110) is reversibly connectable to the ultrasonic probe (114).

The mounting device (110) according to any one of the preceding claims, wherein
the mounting device (110) is arranged within an envelope (121) of 5 cm of the ultra-

sonic probe (114).

The mounting device (110) according to any one of the preceding claims, wherein
the electromagnetic field generator (112) is connectable to the ultrasonic probe (114)
within an envelope (121) of 5 cm of the ultrasonic probe (114) when mounted on the

ultrasonic probe (114) by the mounting device (110).

The mounting device (110) according to any one of the preceding claims, wherein
the electromagnetic field generator (112) is mountable on the ultrasonic probe (114)

in at least two mounting positions (116) by the mounting device (110).

The mounting device (110) according to any one of the preceding claims, wherein
the first fastening structure (118) comprises at least one first fastening component

(122) configured to interact with at least one second fastening component (124).

The mounting device (110) according to the preceding claim, wherein the first fas-
tening component (122) comprises at least one of at least one element selected from
the group consisting of: a male part of a press fastener; a female part of a press fas-
tener; a male part of a press button (126); a female part of a press button (128); a pro-
trusion (134); an indentation (132); an elevation; a depression; a plug connector; a
plug socket; a pin; a pinhole; a button; a button hole; a hook of a hook-and-loop fas-
tener; a loop of a hook-and loop fastener; a clip; a guide rail (130); a sliding fastener;

a snap-fit fastener (129); a pin fastener; a clutch; a clamp.
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10.

11.

12.

13.

The mounting device (110) according to any one of the preceding claims, wherein
the mounting device (110) comprises at least one second fastening structure (136),
wherein the mounting device (110) is connectable to the ultrasonic probe (114) via

the second fastening structure (136).

The mounting device (110) according to the preceding claim, wherein the second
fastening structure (136) comprises at least one of at least one element selected from
the group consisting of: a bracket (142), a belt; a ring; a tie; a male part of a press
fastener; a female part of a press fastener; a male part of a press button (126); a fe-
male part of a press button (128); a protrusion (134); an indentation (132); an eleva-
tion; a depression; a plug connector; a plug socket; a pin; a pinhole; a button; a but-
ton hole; a hook of a hook-and-loop fastener; a loop of a hook-and loop fastener; a
clip; a guide rail (130); a sliding fastener; a snap-fit fastener (129); a pin fastener; a

clutch; a clamp.

The mounting device (110) according to any one of the two preceding claims, where-
in the second fastening structure (136) is formed by a single piece or wherein the
second fastening structure (136) comprises at least one first connection element (138)
and at least one second connection element (140), the mounting device (110) being
connectable to the ultrasonic probe (114) via the first connection element (138), the
second connection element (140) being connectable to both the first connection ele-

ment (138) and the first fastening structure (118).

The mounting device (110) according to the preceding claim, wherein the first con-
nection element (138) comprises at least one element selected from the group con-

sisting of: a bracket (142), a belt; a ring; a tie; a clip.

The mounting device (110) according to any one of the two preceding claims, where-
in the second connection element (140) comprises the at least one second fastening

component (124).

The mounting device (110) according to the preceding claim, wherein the second
fastening component (124) comprises at least one of at least one element selected
from the group consisting of: a male part of a press fastener; a female part of a press
fastener; a male part of a press button (126); a female part of a press button (128); a
protrusion (134); an indentation (132); an elevation; a depression; a plug connector; a

plug socket; a pin; a pinhole; a button; a button hole; a hook of a hook-and-loop fas-
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14.

15.

16.

17.

18.

19.

20.

tener; a loop of a hook-and loop fastener; a clip; a guide rail (130); a sliding fastener;

a snap-fit fastener (129); a pin fastener; a clutch; a clamp.

The mounting device (110) according to any one of the six preceding claims, where-
in the first fastening structure (118) and the second fastening structure (136) are con-
nectable via at least one connection selected from the group consisting of: a snap-fit
connection; a press-button connection; a sliding connection; a clamp connection; a
press-fastener connection; a button connection; a hook-and-loop connection; a pin

connection; a clip connection; a clutch connection.

The mounting device (110) according to any one of the preceding claims, wherein
the mounting device (110) comprises at least two connectable parts (172) which,
when connected, at least partially reproduce a three-dimensional shape of the ultra-

sonic probe (114).

The mounting device (110) according to any one of the preceding claims, wherein
the mounting device (110) comprises a further attachment element adapted for
mounting an attachable instrument on the ultrasonic probe (114) using the mounting
device (110).

The mounting device (110) according to the preceding claim, wherein the attachable

instrument is a needle guide (161).

A mounting system (168) comprising a mounting device (110) according to any one
of the preceding claims, further comprising an electromagnetic field generator (112),
wherein the electromagnetic field generator (112) is attached within an envelope
(121) of 5 cm of the ultrasonic probe (114) when mounted on the ultrasonic probe
(114) by the mounting device (110).

A mounting assembly (170) comprising a mounting system (168) according to the

preceding claim, further comprising an ultrasonic probe (114).

The mounting assembly (170) according to any one of the preceding claims, wherein
a mounting device (110) according to any one of the preceding claims referring to
the mounting device (110) is at least partially integrated into a housing (166) of the
ultrasonic probe (114).
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21.

22.

23.

The mounting assembly (170) according to any one of the two preceding claims,
wherein a second fastening structure (136) is at least partially integrated into the
housing (166) of the ultrasonic probe (114).

An ultrasonic probe (114), wherein a mounting device (110) according to any one of
the preceding claims referring to the mounting device (110) is at least partially inte-

grated into a housing (166) of the ultrasonic probe (114).

The ultrasonic probe (114) according to the preceding claim, wherein the electro-
magnetic field generator (112) is at least partially integrated into the housing (166) of
the ultrasonic probe (114).
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