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(54) ULTRASOUND PROBE ARRANGEMENT

(57)  An ultrasound probe arrangement comprises a
holder for application to a surface, a housing mounted
over the holder and a probe carrier. The housing has an
inner guide surface which comprises a portion of a sphere
and the probe carrier comprises a disc having an outer
guide surface around the outer rim of the disc which com-
prises a portion of sphere. The probe carrier is slidable
within the housing with the inner and outer guide surfaces
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FIG. 1

in contact. An ultrasound probe is carried by the probe
carrier and makes contact with the surface, e.g. skin.

This arrangement enables the probe to be held in a
desired orientation so that a clinician can work
hands-free. The disc design enables different probe de-
signs to be used with the same basic holder and housing
design.
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Description
FIELD OF THE INVENTION

[0001] This invention relates to an ultrasound probe
arrangement, in particular an ultrasound probe and a po-
sitioning system which enables the position of the probe
to be adjusted relative to a surface to which the probe is
being applied.

BACKGROUND OF THE INVENTION

[0002] Ultrasound probes can be used for imaging or
other monitoring procedures, for example during mini-
mally invasive cardiac interventions.

[0003] Ultrasound may be used during minimal inva-
sive interventions in the heart, for example during heart
valve repairs. This type of procedure is time consuming
and it is important to have a stable image of the relevant
part of the patient’s body for a long period of time. Clini-
cians typically have to control the probes manually, for
example passing the probe over the surface of the body
by hand.

[0004] With regard to such a manual process, some
applications use X-ray imaging/radiation together with ul-
trasound imaging. By holding the probe manually, the
hand of the clinician is exposed to the harmful X-ray ra-
diation. During long-term procedures, holding the ultra-
sound probein a steady position is also difficult and stren-
uous for the clinician.

[0005] It is also known during ultrasound-guided pro-
cedures to make use of a probe positioning device, which
holds the ultrasonic probe. The probe positioning device
holds the probe at a predetermined position relative to
the patient. The operation of these systems varies from
completely manual, to completely automated.

[0006] In an automated probe positioning system, a
control system corrects for the movement of the patient
or disturbances in the environment. These systems can
use a tilt, pressure or other sensor carried by the probe
to collect positional data. The positioning system, such
as a robotic arm, is coupled to the probe. The positioning
system can provide roll and pitch control as well as trans-
lating the probe in lateral and longitudinal directions. A
processor receives signals from the sensors correspond-
ing to the actual orientation of the probe and controls the
positioning system to adjust the orientation of the probe
until the desired position is achieved.

[0007] This approach enables recording of the position
of the ultrasound probe, for example so that the spatial
relationship between multiple images can be derived.
However, lower cost probe positioning systems which
are not fully automated do not do not provide a convenient
way of recording position information.

[0008] The use of a probe positioning system gives a
more stabilized control compared to a hand held ap-
proach, giving reduced image distortion.

[0009] The current methods, whether fully manual or
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fully automated, are costly, take up valuable space
around the patient, and in some circumstances may still
lead to difficulties in providing a stable image. A steady
image is particularly important for ultrasound-guided pro-
cedures.

[0010] US 5598 845 discloses a transducer device in
which the transducer is mounted inside a spherical en-
closure, and the spherical enclosure fits within a ring
which is attached to the skin. This enables adjustment
of the orientation of the transducer. The spherical enclo-
sure has to be designed specifically for the ultrasound
probe, which is attached to the inside walls of the enclo-
sure.

SUMMARY OF THE INVENTION

[0011] The invention is defined by the claims.

[0012] According to examples in accordance with an
aspect of the invention, there is provided an ultrasound
probe arrangement, comprising:

a holder for application to a surface;

a housing mounted over the holder, the housing hav-
ing an inner guide surface which comprises a portion
of a sphere;

a probe carrier comprising a disc having an outer
guide surface around the outer rim of the disc which
comprises a portion of sphere, wherein the probe
carrier is slidable within the housing with the inner
and outer guide surfaces in contact; and

an ultrasound probe can be carried by the probe car-
rier and which projects below the probe carrier to-
wards the surface for making direct contact with the
surface.

[0013] The holder, housing and probe carrier together
function as a positioning system. They enable the probe
to be held in a desired orientation so that a clinician can
work hands-free. This means that blocking of X-ray im-
aging/radiation equipment around the patient is avoided.
A small form factor also means there is also less blocking
of other medical equipment around the patient.

[0014] Thediscis designed fora specific probe design.
By projecting the probe below the disc (by which is meant
towards the surface compared to the disc) it may make
direct contact with the skin. This means that a single con-
tact point with the skin may be maintained during adjust-
ment of the probe position.

[0015] The positioning system as a whole enables
easy and intuitive use. By using a positioning system,
the ultrasound probe is more stabilized compared to the
situation where it is held by hand. Hence, the positioning
system results in reduced image distortion. The holder
can be sterilized before it is applied to the surface. For
some applications, a hand held ultrasound probe was
previously considered impractical because of the inva-
sion of the sterile field by the hand of the sonographer.
Multiple ultrasound probes can be placed on the surface
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by using several positioning systems. This does not re-
quire more operators as would be the case for hand held
ultrasound probes.

[0016] The overall positioning system is attached to
the surface and is not connected to the fixed world. This
reduces the distortions that can act on the ultrasound
probe and hence on the resulting images. For example,
the positioning system will move in the same manner as
the movements of the patient.

[0017] The arrangement provides easy fixation of ori-
entation angles: once the desired orientation is achieved
by the clinician (sonographer), the probe orientation is
maintained after the clinician’s hand is released, as a
result of the friction between the two guide surfaces. For
example, no screw tightening is needed.

[0018] The arrangement can be used with a miniatur-
ized probe to reduce the overall size and hence become
less obtrusive.

[0019] The probe is preferably positioned to make con-
tact with the surface at a location corresponding to the
center of the sphere. Thus, the point of rotation corre-
sponds to the location of the tip of the probe against the
surface.

[0020] This central location does not shift laterally in
response to adjustment of the probe orientation angle,
so that the position on the surface remains constant dur-
ing adjustment.

[0021] Existing probe holders do not have the rotation
point of the probe on the skin. This introduces a transla-
tion when re-adjusting the probe rotation.

[0022] The housing preferably has an adjustable posi-
tion in the holder. This adjustable position enables a
pressing force to be adjusted. This is for example needed
for cardiac ultrasound to enable good probe positioning
between the ribs.

[0023] The holder and the housing may together form
a ratchet arrangement. In this way, the housing can be
pushed into the holder (i.e. towards the surface), until a
desired position is reached. This desired position corre-
sponds to a particular pressing force, in that the surface
provides a reaction force which depends on the amount
of depression. The housing is then held in position by the
ratchet arrangement. The ratchet arrangement can be
released to subsequently decouple the housing and hold-
er.

[0024] The adjustable position may comprise a set of
discrete positions, wherein each discrete position allows
for a limited amount of relative movement between the
holder and the housing. In this way, there is some normal
(i.e. perpendicular to the surface) movement allowed.
When adjusting the probe carrier and probe orientation,
the lateral contact position is preferably fixed but the
height will vary. The allowed relative movement takes up
this height variation.

[0025] The arrangement may further comprise an ad-
hesive component for attaching the holder to the surface.
In this way, the holder may be fixed in position before
applying the probe.
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[0026] The arrangement may further comprise a posi-
tion sensor arrangement for sensing the relative position
of the housing and the probe carrier.

[0027] Inthis way, the positioning system can track the
orientation angles of the ultrasound probe. This informa-
tion can be used for distortion detection and image reg-
istration.

[0028] The position sensor arrangement for example
comprises a light source and a light detector provided at
one of the housing and the probe carrier, and adetectable
image on the other of the probe carrier and the housing.
By reading the image (by monitoring reflected light), a
local image portion may be recognized and identified,
and this local portion encodes location information. Al-
ternative positioning systems are possible such as gyro-
scopes and/or acceleration sensors and/or magnetic
Sensors.

[0029] The image may for example comprise a dot pat-
tern, wherein the local dot pattern at any location of the
image identifies the that location. This provides a posi-
tioning system which is simple to implement.

[0030] The image may be provided on the inner guide
surface and the light source and light detector are pro-
vided on the probe carrier.

[0031] The arrangement is preferably an ultrasound
imaging probe.

[0032] Examplesinaccordance with another aspect of
the invention provide a method of adjusting the positon
of an ultrasound probe, comprising:

applying a holder to a surface;

mounting a housing over the holder, the housing hav-
ing an inner guide surface which comprises a portion
of a sphere;

supporting an ultrasound probe on a probe carrier
comprising a disc having an outer guide surface
which comprises a portion of sphere, wherein the
probe carrier is slidable within the housing with the
inner and outer guide surfaces in contact, wherein
the ultrasound probe projects below the probe carrier
to make direct contact with the surface; and
adjusting the position of the ultrasound probe by
moving the probe carrier within the housing, wherein
the probe projects from the probe carrier towards the
surface.

[0033] The position of the holder over the housing may
also be adjusted.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] Examples ofthe invention will now be described
in detail with reference to the accompanying drawings,
in which:

Figure 1 shows in schematic form the general com-
ponents of the ultrasound probe arrangement;
Figure 2 shows a perspective view of a more detailed
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example of the positioning system;

Figure 3 shows an exploded perspective view of the
components of Figure 2 and also shows the probe;
Figure 4 shows initial fitting of the housing to the
holder;

Figure 5 shows a position with the housing further
pushed down into the holder;

Figure 6 shows the angular adjustment of the probe
carrier;

Figure 7 shows that the adjustable position may com-
prise a set of discrete positions;

Figure 8 shows the lower part of an ultrasound im-
aging probe and shows how the contact position
changes during orientation adjustment;

Figure 9 shows atechnical drawing of the holder and
probe carrier; and

Figure 10 shows one design of probe attached to the
probe carrier;

DETAILED DESCRIPTION OF EMBODIMENTS

[0035] The invention provides an ultrasound probe ar-
rangement which comprises a holder for application to a
surface, a housing mounted over the holder and a probe
carrier. The housing has an inner guide surface which
comprises a portion of a sphere and the probe carrier
comprises a disc having an outer guide surface around
the outer rim of the disc which comprises a portion of
sphere. The probe carrier is slidable within the housing
with the inner and outer guide surfaces in contact. An
ultrasound probe may be carried by the probe carrier and
make contact with the surface, e.g., the skin.

[0036] Thisarrangementenables the ultrasound probe
to be held in a desired orientation so that a clinician can
work hands-free. The disc design enables different probe
designs to be used with the same basic holder and hous-
ing design.

[0037] Figure 1 shows in schematic form the general
components of the ultrasound probe arrangement.
[0038] The arrangement comprises a holder 10 to be
attached to the surface 12 to be imaged, typically the
skin. Itis the part that holds the whole probe arrangement
to the surface. It is attached by an adhesive. Thus, the
holder is wearable and it enables the probe to used
hands-free. The holder can be a disposable item for hy-
giene reasons. The shape is designed having regard to
the particular surface, in particular the specific part of the
body to which the probe arrangement is to be attached.
[0039] The holder 10 receives a housing 14 which has
an inner guide surface 16 which comprises a portion of
a sphere.

[0040] A probe carrier 18 forms a disc having an outer
guide surface 20 around the outer rim of the disc which
also comprises a portion of sphere. The sphere of the
outer guide surface has essentially the same (and in prac-
tice slightly smaller) radius as the sphere of the inner
guide surface. The probe carrier 18 is slidable within the
housing with the inner and outer guide surfaces in con-
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tact. This gives three rotational degrees of freedom (a
sphere rotating within a sphere) as shown by the image
22. The holder 10, housing 14 and probe carrier 18 to-
gether define a positioning system.

[0041] The probe carrier is designed for a specific ul-
trasound probe 24. Thus, various ultrasound probes can
be used by using different probe carriers, but the same
housing and holder may be used. In the present embod-
iment the ultrasound probe 24 has a reduced form factor,
such that it is arranged to be substantially enclosed in
the housing 14.

[0042] This makes such probe arrangement suitable
for longer term monitoring purposes, wherein the patient
may wear clothes above the attached to his/ her body
probe arrangement.

[0043] An ultrasound probe 24 is carried by the probe
carrier and it projects below the probe carrier 18 towards
the surface 12 for making direct contact with the surface.
Figure 1 only shows the lower part of the probe 24. It will
also have an upper part and a connecting cable to con-
necttoremote signal analysis equipment. The probe may
be connectable to the probe carrier by a snap or click
connection or by any other convenient connector ar-
rangement.

[0044] The probe typically has an acoustic lens at its
outer surface, and this lens makes contact with the sur-
face. The overall positioning system thus has an open
base so that the contact characteristics between the
probe and the surface are defined only by the probe de-
sign. The probe and the signal processing applied to the
captured signals thus do no need to be adapted in order
to take account of the design of the positioning system.
[0045] The probe 24 makes contact with the surface
12 at a location 25 beneath the housing 14 which corre-
sponds to the center of the spherical surfaces. This lo-
cation is below the bottom plane of the carrier, because
in use adepression will be formed in the skin by the probe,
as showninFigure 1. Arrow 26 shows the normal reaction
force provided by the skin from this central contact loca-
tion 25. This central contact point 25 of rotation on the
skin, means that angular adjustment of the orientation
does not change the lateral position of that contact point
25.

[0046] Whenthehousing 14 is pressed againstthe skin
and held in place by the holder 10, the ultrasound probe
position is locked by the friction between the spherical
surfaces 16, 20.

[0047] Figure 2 shows a perspective view of a more
detailed example of the positioning system. The overall
device is generally in the form of a cylindrical disc, al-
though any other outer shape is possible. The probe car-
rier 18 has mounting holes 30 or other fixation features
by which it connects to the probe or to an adjustment
handle, which is not shown in Figure 2.

[0048] Figure 3 shows an exploded perspective view
of the components of Figure 2 and also shows the lower
internal part of the probe 24.

[0049] Figure 3 also shows a position sensor arrange-
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ment for sensing the relative position between the holder
18 and the housing 14. The positioning system is used
to track the orientation angles of the ultrasound probe.
This information can be used for distortion detection and
image registration.

[0050] The position sensor arrangement comprises a
light source 40 and a light detector 42 provided on the
probe carrier 18 (recessed beneath the spherical outer
surface 20). The light source is for example an infrared
LED and the light detector is an infrared detector. This
provides image recognition based on reflection from an
image which is provided on the other of the holder and
the housing. A portion 44 of an image is shown as a dot
pattern, and the image is provided at all locations of the
spherical inner guide surface 16 which may align in use
with the image sensor.

[0051] By reading the image, a local image portion is
recognized, and this local portion encodes location infor-
mation. The use of a dot pattern for position recognition
(e.g. of a pen over a page) is known. For example, the
dot pattern may deviate locally from a regular grid, (as
projected onto the spherical surface by a suitable trans-
formation) and at all locations the deviation from a regular
grid is different. This or any other image based position
detection system may be used.

[0052] Alternative position sensor systems are possi-
ble such as gyroscopes and/or acceleration sensors.
[0053] In this example, the image is provided on the
inner guide surface 16 and the light source and light de-
tector are provided on the probe carrier 18, but they may
be the other way around. The position sensing system
is used to determine the three rotation angles (see Figure
1) of the ultrasound probe.

[0054] The probe design may be optimized to fit into a
housing 14 and holder 10 with the smallest possible di-
mensions.

[0055] Thedifferentadjustmentsthat maybe madeare
shown in Figures 4 to 7.

[0056] Figure 4 shows initial fitting of the housing 14
to the holder 10.

[0057] The housing 14 has an adjustable position with-
in the holder 10. In the example shown, the holder 10
has a set of fingers 50 which are received in openings
52 of the housing. Together they from a ratchet system
so that when the housing 14 is pushed down into the
holder 10 (thereby bringing the probe closer to the skin),
the position is retained. However, since the probe is
mounted to the carrier 18, the contact of the probe tip to
the skin remains at the sphere center, regardless of the
height adjustment. The height adjustment means thatthe
probe tip (and sphere center) will be at different depths
below the bottom surface of the holder 10.

[0058] Figure 5 shows a position with the housing 14
further pushed down into the holder 10.

[0059] Figure 6 shows the angular adjustment of the
probe carrier 18.

[0060] The adjustable position between the housing
14 and the holder 10 enables a pressing force to be ad-
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justed and corresponding depth of local depression of
the skin as mentioned above. This is for example needed
for cardiac ultrasound to enable good probe positioning
between the ribs.

[0061] As shown in Figure 7, the adjustable position
may comprise a set of discrete positions 70, wherein each
discrete position 70 allows for a limited amount of relative
movement between the holder and the housing. The
ratchet system means the discrete positions are reached
in turn. Figure 7 also shows the base part of the probe
24 attached to the carrier 18.

[0062] The benefit of the set of discrete positions is
explained with reference to Figure 8, which shows an
ultrasound imaging probe including the lower part 24 for
mounting in the housing, as well as the top part. In the
top image, the probe is oriented normally to the skin. In
the lower image, the probe is rotated.

[0063] This means the lowest contact point 80 has
shifted in the normal direction.

[0064] This results from a non-convex shape at the tip
of the probe. The movement between the holder and the
housing takes up this height difference and thereby main-
tains a more constant normal contact force.

[0065] A typical use of the arrangement described
above will be now be explained.

[0066] The specialist first applies the ultrasound imag-
ing probe 24 to the probe carrier 18. Different kinds of
ultrasound imaging probes can be used by using different
probe carriers that can be designed for the specific probe.
[0067] The specialist then moves the overall probe ar-
rangement that contains the desired ultrasound probe,
over the body of the patient (providing x-axis and y-axis
variation to the desired location) until the desired location
is reached. The specialist then fixates the probe to the
skin (without removing the probe carrier).

[0068] The pressing force of the ultrasound probe on
the body can be then be adjusted (z-axis variation) to
ensure proper acoustic contact. This involves inserting
the housing to a sufficient depth within the holder. For
cardiovascular applications this feature is significant, be-
cause the ultrasound probe hasto be pressed in between
the ribs.

[0069] The z-axis movement is by default one-direc-
tional as explained above. The probe holder starts in the
position of Figure 4 in which the ultrasound probe presses
gently against the skin. The pressing force is increased
by moving the housing towards the skin. When the hand
of the specialist is released the pressing force is main-
tained. The pressing force can be released by pressing
on the openings 52 on both sides of the holder 10 to
disengage the ratchet arrangement. Adjustment in both
directions is then possible. This type of ratchet arrange-
ment is well known for example as employed in a reus-
able tie wrap.

[0070] Many other types of mechanical locking solu-
tions can of course be used instead.

[0071] The thee rotation angles (shown in Figure 1)
around the x, y and z axes can be set by the specialist
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by rotating the disc in the housing. Thus, there are in total
six degrees of freedom in the movement of the probe.
Once the desired orientation is reached, the specialist
can release his hand and the probe will maintain its ori-
entation due tofriction. By arranging the ultrasound probe
to rotate around a fixed point on the skin, there are no
unwanted translations when changing the orientation of
the probe.

[0072] The specialist has then positioned and orientat-
ed the ultrasound probe in the desired setting and re-
leased his hand. The ultrasound imaging procedure can
now start. Various procedures are possible.

[0073] The ultrasound probe may be held in a stabi-
lized position for a long-term time. In order to detect
movement of the ultrasound probe (and hence distor-
tions) the position sensing system is used.

[0074] The ultrasound probe may instead be rotated
in the housing around the three axes as part of the ultra-
sound procedure. The position sensing system may
again be used to track the orientation angles. With this
information, image registration can be carried out to stitch
the images together and/or improve the image quality by
overlaying and filtering techniques.

[0075] Figure 9 shows atechnical drawing ofthe holder
10, housing 14 and probe carrier 18. It shows an example
of the typical size of the arrangement; 82mm diameter
and 18mm height in this example.

[0076] Figure 10 shows one design of probe 100 at-
tached to the probe carrier 18 showing the overall probe
head 102 rather than just the probe tip as in the figures
above. The probe tip is not visible because it projects
into the housing.

[0077] The positioning system described above pro-
vides various benefits. In addition to providing position
information about images taken it may be used to aid
users who are not experienced enough to execute ex-
amination protocols. The position sensing system may
be used to give live feedback to the user on the orientation
of the ultrasound probe. This information may then be
used to guide the user through a specific examination
protocol.

[0078] Some ultrasound examination protocols require
that the ultrasound probe is held fixed in a certain orien-
tation for a long-term period. The positioning system may
be used to detect in real-time if the probe has uninten-
tionally moved, and give feedback to the user.

[0079] The positioning system may be implemented at
low cost, for example with a single infrared LED and cam-
eral/detector using mature technology. No active, current
carrying elements are needed on the housing 14.
[0080] Orientation sensors may instead be used, for
example combining data from a gyroscope, accelerom-
eter and magnetometer. This may for example give an-
gular accuracy around the x, y and z axes within 2 de-
grees. One orientation sensor may be attached to the
housing, and a second to the probe carrier. By using
these two sensors, the rotation angles of the disc around
the x, y and z axis within in the housing are then known.
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[0081] The arrangement may be used for stress echo
procedures, for treatments of cardiovascular valve dis-
ease, for monitoring during angioplasty, for monitoring in
intensive care units, for fine tuning of a pacemaker and
for local anesthesia. The ultrasound probe may be used
for imaging or other ultrasound measurements, such as
blood flow measurement.

[0082] Other variations to the disclosed embodiments
can be understood and effected by those skilled in the
art in practicing the claimed invention, from a study of
the drawings, the disclosure, and the appended claims.
In the claims, the word "comprising" does not exclude
other elements or steps, and the indefinite article "a" or
"an" does not exclude a plurality. The mere fact that cer-
tain measures are recited in mutually different dependent
claims does not indicate that a combination of these
measures cannot be used to advantage. Any reference
signs in the claims should not be construed as limiting
the scope.

Claims
1. An ultrasound probe arrangement, comprising:

a holder (10) for application to a surface;

a housing (14) mounted over the holder, the
housing having an inner guide surface (16)
which comprises a portion of a sphere;

a probe carrier (18) comprising a disc having an
outer guide surface around the outer rim of the
disc which comprises a portion of sphere,
wherein the probe carrier (18) is slidable within
the housing (14) with the inner and outer guide
surfaces in contact.

2. The arrangement as claimed in claim 1, wherein the
probe (24) is positioned to make contact with the
surface at alocation (25) corresponding to the center
of the sphere.

3. Thearrangement as claimed in claim 1 or 2, wherein
the housing (14) has an adjustable position in the
holder (10).

4. The arrangement as claimed in claim 3, wherein the
holder (10) and the housing together (14) form a
ratchet arrangement.

5. Thearrangement as claimed in claim 3 or 4, wherein
the adjustable position comprises a set of discrete
positions, wherein each discrete position allows for
a limited amount of relative movement between the
holder and the housing.

6. Thearrangementas claimed in any preceding claim,
further comprising an adhesive component for at-
taching the holder to the surface.



10.

1.

12.

13.

14.

15.

11 EP 3 369 381 A1

The arrangement as claimed in any preceding claim,
further comprising a position sensor arrangement
(40,42) for sensing the relative position of the hous-
ing and the probe carrier.

The arrangement as claimed in claim 7, wherein the
position sensor arrangement comprises a light
source (40) and a light detector (42) provided at one
of the housing and the probe carrier, and an image
on the other of the probe carrier and the housing.

The arrangement as claimed in claim 8, wherein the
image comprises a dot pattern (44), wherein the local
dot pattern at any location of the image identifies the
that location.

The arrangement as claimed in claim 9, wherein the
image is provided on the inner guide surface and the
light source and light detector are provided on the
probe carrier (18).

The arrangement as claimed in any preceding claim,
further comprising an ultrasound probe (24) carried
by the probe carrier and which is arranged to project
below the probe carrier towards the surface for mak-
ing direct contact with the surface.

The arrangement as claimed in claim 1 to 10, further
comprising an ultrasound imaging probe.

A method of adjusting the positon of an ultrasound
probe, comprising:

applying a holder (10) to a surface;

mounting a housing (14) over the holder, the
housing having an inner guide surface (16)
which comprises a portion of a sphere;
supporting an ultrasound probe (24) on a probe
carrier (18) comprising a disc having an outer
guide surface which comprises a portion of
sphere, wherein the probe carrier is slidable
within the housing with the inner and outer guide
surfaces in contact, wherein the ultrasound
probe (24) projects below the probe carrier to
make direct contact with the surface; and
adjusting the position of the ultrasound probe by
moving the probe carrier within the housing,
wherein the probe projects from the probe car-
rier towards the surface.

The method as claimed in claim 12, further compris-
ing adjusting the position of the holder (10) over the
housing (14).

The method as claimed in claim 12 or 13, comprising
making contact between the ultrasound probe and
the surface at a location (25) corresponding to the
center of the sphere.
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