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Description

[0001] The present invention relates to ultrasound im-
aging, and in particular to a device for imaging bodily
tissue under load.
[0002] Bodily tissue can be examined using a process
called palpation. In some cases palpation is a physical
process performed by healthcare professionals or clini-
cians using their hands to examine a body or to assess
characteristics of the bodily tissue. The experience and
expertise of the clinician is essential in correctly interpret-
ing sometimes subtle differences in the physical feel of
the tissue in order to make a diagnosis.
[0003] Ultrasound palpation devices may also be used
by clinicians to assess tissue. Such devices often com-
prise an ultrasound probe, which is manually applied to
a region of tissue by a clinician. Information regarding
the Young’s modulus of the tissue can be obtained using
such a device, and this data can be readily recorded
and/or used to provide an image of the region being as-
sessed. However, the expertise of a clinician is still often
required for operation of the devices, in particular regard-
ing correctly locating the region of tissue to be palpated
and applying a suitable force. It is possible that the force
applied to a patient’s tissue using an ultrasound palpation
device may result in damage to the tissue, particularly if
the patient has decreased sensitivity in that region of tis-
sue and is therefore not able to feel if the applied force
is too large. Furthermore, the applied force can also dis-
tort the ultrasound images.
[0004] Despite these potential problems, it is beneficial
for clinicians to be able to image different regions of a
patient’s body under load, because certain regions of tis-
sue may cause pain or display other problems, such as
abnormalities or pathologies, only when compressed.
Imaging a patient’s tissue under load allows the tissue
function to be assessed.
[0005] One particular area of the body which can suffer
problems under load is the sole of the foot. Tissue of the
sole of the foot may become damaged, but this damage
may not show itself when the foot is in an unloaded con-
dition. It is widely believed that changes in the mechanical
properties of plantar soft tissue are responsible for a
number of pathologic and non-pathologic traumas such
as ulcers and oedema. Patients suffering from diabetic
foot may have decreased sensitivity in the sole of the
foot, and therefore these patients may not feel tissue
damage. In certain cases, tissue damage can worsen
until amputation of the foot is necessary.
[0006] Documents US2009/0183388 and
WO2013/130541 disclose devices for combined ultra-
sound and pressure measurements of body parts.
[0007] It is an object of the present invention to provide
a device for obtaining information about tissue under
load, which overcomes or substantially mitigates some,
or all of the above mentioned and/or other disadvantages
associated with conventional weight-bearing scans and
palpation techniques.

[0008] According to a first aspect of the invention there
is provided a device for measuring the properties of bodily
tissue, according to claim 1.
[0009] The diagnostic device is advantageous be-
cause it allows for both pressure measurement and ul-
trasound imaging of parts of the body under load. The
weight of the body or the body part compresses struc-
tures and applies stress to help reveal certain pathology
that may only be visible when the patient is in a weight-
bearing or partial weight-bearing position. However, be-
cause the load is generally applied through the weight of
the body or body part rather than by applied pressure
from a third party, the chances of excess pressure being
applied are minimised. Furthermore, ultrasound imaging
of parts of the body under load may provide data, and
may enable reconstruction of tissue geometry, for exam-
ple, under clinically relevant conditions. Imaging under
controlled loading may also improve the reliability of the
images.
[0010] The device may be suitable for measuring pres-
sure and imaging of both humans and animals. The de-
vice may be used in both clinical and veterinary applica-
tions. The area of the platform may be between 0.01 m2

and about 1 m2 for humans, depending on the body parts
to be measured, and up to about 10 m2 for veterinary
applications. The thickness of the platform may be be-
tween 1 mm and 100 mm. The platform may comprise a
material that is sufficiently strong to bear the weight of a
human or large animal.
[0011] The platform may be a rigid surface. The plat-
form comprises a material that does not exhibit significant
deformation under the applied loads. The platform may
be deformable by less than 10% of the original thickness.
The material of the platform is a polymer plastic or a fibre
reinforced material.
[0012] The platform may be flat when there is no force
applied to the platform. If the platform is deformable, the
platform may deform when a force is applied to the plat-
form. The platform may have a smooth surface.
[0013] The platform may comprise a region of ultra-
sound-transparent material. The platform may comprise
a plurality of regions of ultrasound-transparent material.
The entire platform may comprise ultrasound-transpar-
ent material. By "ultrasound-transparent material" is
meant a material with a sufficiently low-attenuation
acoustic characteristic, eg a sufficiently low attenuation
coefficient, that an effective image is obtained when ul-
trasound signals radiate through the platform. The ultra-
sound transparent material may be a solid gel, a silicone
elastomer, a liquid pocket, a foam or another visco-elastic
ultrasound transparent material. The ultrasound attenu-
ation coefficient may be less than 2.0, less than 1.0 or
less than 0.5 dB·MHz-1·cm-1 for example.
[0014] The device may comprise a base for resting on
a support surface, eg the floor or ground, such that the
device is self-supporting. The base may have a contact
surface that contacts the support surface, in use. The
contact surface may be substantially flat, or may be
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formed by a plurality of projections, eg legs, which contact
the support surface. The platform orientated substantially
parallel to the support surface and/or the contact surface
of the base, in use, and hence the platform may be ori-
entated substantially horizontally, in use. Alternatively,
the platform may be provided in an inclined position, or
adjustable to an inclined position, relative to the support
surface and/or the contact surface of the base. For ex-
ample, the inclined surface may be orientated at between
10° and 45°, or between 20° at 40°, relative to the support
surfaceand/or the contact surface of the base, or relative
to horizontal, in use. This may enable the measurement
of tissue properties under shear loading.
[0015] The at least one ultrasound device may com-
prise a transmitter and a sensor. The transmitter and the
sensor may be integrated within the same device. Alter-
natively, the transmitter and the sensor may be separate.
The at least one ultrasound device may be substantially
perpendicular to the platform, such that ultrasound sig-
nals are transmitted substantially perpendicular to a ma-
jor surface of the platform. Additionally or alternatively,
the at least one ultrasound device may be angularly ad-
justable such that the ultrasound signals may be trans-
mitted at an angle relative to a major surface of the plat-
form.
[0016] The at least one ultrasound device may be po-
sitioned beneath the platform, such that the platform lies
between the ultrasound device and the part of the body
that is placed on the platform.
[0017] The at least one ultrasound device may com-
prise a plurality of ultrasound transmitters and sensors.
Additionally or alternatively, there may be provided a plu-
rality of ultrasound devices. The plurality of ultrasound
devices may be substantially perpendicular to a major
surface of the platform such that ultrasound signals are
transmitted substantially perpendicularly to the major
surface of the platform.
[0018] There may be provided an array of ultrasound
devices. The array may be a regular array or an irregular
array. The array may be predetermined. The array may
be variable. This feature is advantageous as it may be
preferable in some cases to provide imaging over a large
area, whereas in other cases a different array may be
required to provide imaging over a specific, smaller area.
[0019] The plurality of ultrasound devices may be pen-
shaped. The pen-shaped devices may have a cross-sec-
tional area of less than 2 cm2, or less than 1 cm2. The
pen-shaped devices may be generally cylindrical or pris-
matic in shape. The length of the pen-shaped devices
may be between 1 and 10 cm. The pen-shaped devices
may have a generally circular cross-section. The cross-
section of each pen-shaped device may be shaped such
that multiple devices are able to fit together in close prox-
imity. The end of each pen-shaped device from which
ultrasound signals are transmitted and/or received may
include an ultrasound-transparent surface that is the size
and shape of the cross-section of the pen-shaped device.
[0020] The plurality of pen-shaped ultrasound devices

may be arranged in an array such that each pen-shaped
device is upstanding and aligned parallel to the surround-
ing pen-shaped devices. The pen-shaped devices may
be arranged such that each pen-shaped device is in con-
tact with the surrounding pen-shaped devices. The pen-
shaped devices may be arranged in sufficiently close
proximity that the plurality of ends of the pen-shaped de-
vices together provide a surface. The surface provided
by the array of pen-shaped devices may be the platform
of the diagnostic device. The surface may be flat and
smooth when there is no force applied to the surface and
may deform when a part of a body is placed on the sur-
face.
[0021] A plurality of pen-shaped ultrasound devices is
an advantageous feature as it may provide an increased
sensitivity in ultrasound measurement. Furthermore, the
feature of the cross-sectional surface of the array of pen-
shaped devices providing the platform is advantageous
because it removes the necessity for a further rigid, ul-
trasound transparent platform. Additionally, the move-
ment of the pen-shaped devices may provide an oppor-
tunity to measure further parameters such as the shape
and size of the body or part of the body.
[0022] The at least one ultrasound device may be mov-
able. Additionally or alternatively, the means for meas-
uring pressure may be movable. The at least one ultra-
sound device and/or means for measuring pressure may
be movable in a direction generally perpendicular to a
major surface of the platform, such that the distance be-
tween the at least one ultrasound device and/or the
means for measuring pressure and the platform may be
increased or decreased. The at least one ultrasound de-
vice and/or means for measuring pressure may be mov-
able in a direction on a plane parallel to a major surface
of the platform. The diagnostic device may comprise a
movable formation. The diagnostic device may comprise
a movable arm. The movable arm or movable formation
may comprise an attachment means for attachment to
the at least one ultrasound device and/or the means for
measuring pressure. The movable arm or movable for-
mation may facilitate movement of the ultrasound device
and/or the means for measuring pressure.
[0023] A movable formation is advantageous as it al-
lows different regions of tissue to be imaged or measured
across the platform as required.
[0024] The means for measuring the pressure exerted
by the person on the platform may be a pressure sensor.
The pressure sensor may comprise a non-deformable
material.
[0025] The pressure sensor may be positioned be-
tween the ultrasound device and the surface of the body
which is placed on the platform. The pressure sensor
may be placed on top of the platform. Alternatively, the
pressure sensor may be placed beneath the at least one
ultrasound device, at an opposing end of the device to
the end which is closest to the platform.
[0026] The pressure sensor may comprise an ultra-
sound-transparent material.
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[0027] The pressure sensor may measure the pres-
sure across the entire surface of the part of the body
placed on the platform. Alternatively, the pressure sensor
may measure the pressure at different regions of the plat-
form.
[0028] The pressure sensor may comprise a series of
strips that are parallel to the platform surface. The length
of the strips may be approximately equal to the length of
the platform. The width of the strips may be less than
2cm, less than 1 cm, or less than 0.5cm. The series of
strips may cover the entire width of the platform surface.
[0029] The pressure sensor may be removable from
the platform. If the pressure sensor is not ultrasound-
transparent, then it is advantageous that the pressure
sensor is removable in order for ultrasound imaging to
be performed when required.
[0030] If the platform comprises deformable material,
then the means for measuring the pressure may com-
prise means for measuring deformations in the deform-
able material when a person stands on or places a part
of a body on the platform. This feature is particularly ad-
vantageous in that it allows ultrasound imaging and pres-
sure measurements to be performed simultaneously.
[0031] Additionally or alternatively, means for measur-
ing pressure may comprise a force sensor. The force
sensor may be positioned beneath the ultrasound device,
such that when a part of the body is placed on the plat-
form, a force is applied to the ultrasound device which is
measured by the force sensor. This method is advanta-
geous because it allows simultaneous ultrasound imag-
ing and pressure measurement.
[0032] The device may comprise means for recon-
struction of tissue geometry based on data received from
the ultrasound sensor and/or the means for measuring
pressure. This is advantageous as it can provide infor-
mation regarding the tissue under different clinically rel-
evant conditions.
[0033] The device may provide a means for calculating
tissue properties based on data received from the ultra-
sound sensor and/or the means for measuring pressure.
[0034] The device may be provided as a diagnostic
kiosk. The kiosk may be a standalone system. The kiosk
may comprise the diagnostic device and a display
means. The kiosk may also provide controls such as
when to commence measurements. An advantage of the
device being provided as a diagnostic kiosk is that it may
be provided in a variety of settings such as a doctors’
surgery, a pharmacy, a shop or a patient’s home. The
diagnostic kiosk may not require an expert clinician in
operation.
[0035] The display means may be built-in or may be
separate from the device.
The display means may provide instructions to the user
regarding the appropriate position on the platform to
place a part of the body on, or the amount of force to
apply to the platform. This feature is advantageous as it
can provide instructions to the user to move the position
of the part of the body in contact with the platform, in

order to optimise the pressure and ultrasound measure-
ments.
[0036] The display means may provide further infor-
mation to the user, for example instructing the user to
seek medical advice. This is particularly advantageous
because the device may be used by a patient or operated
by a non-specialist user in order to identify whether there
may be a need for the patient to seek professional med-
ical help. This is a helpful feature as advice can be pro-
vided to users in the time period between medical ap-
pointments.
[0037] The display means may provide information to
a clinician, for example ultrasound images and pressure
data. Information may be provided that will advise a cli-
nician to repeat measurements or take further measure-
ments, or to refer the patient to a different specialist.
[0038] A method of measuring tissue properties of a
part of a body under load may comprise placing a part
of the body on the platform; measuring the pressure dis-
tribution; and performing ultrasound imaging. This meth-
od is particularly advantageous in measuring tissue prop-
erties in the sole of a foot.
[0039] The pressure and ultrasound measurements
may be static, i.e. the sole of the foot or any other part
of the body is still when the measurements take place.
The measurements may take place when a person is
resting the sole of the foot or any other part of the body
on the platform with no applied force. The measurements
may take place when a person is standing with one foot
on the platform and one foot elsewhere outside the device
such that only part of the person’s body weight is on the
platform. The measurements may take place when a per-
son is standing with both feet on the platform, such that
the whole of the person’s body weight is on the platform.
The measurements may take place when a patient is
sitting or lying on the platform. The measurements may
take place when the patient is sitting on the platform with
their back against a support. A combination of any of
these weight-bearing measurements may be performed.
[0040] The pressure and ultrasound measurements
may be dynamic. The measurements may take place
when a person is walking on the platform. Alternatively,
the platform may move or vibrate such that dynamic
measurements may be performed without requiring the
patient to lift up the foot or any other part of the body on
the surface of the platform.
[0041] Ultrasound imaging and pressure measure-
ments may be performed simultaneously. Alternatively,
ultrasound imaging may precede or follow pressure
measurements. Only one of ultrasound or pressure
measurements may be required by the user.
[0042] Tissue properties may be determined based on
ultrasound and/or pressure measurements. The proper-
ties may be calculated based on static and/or dynamic
measurements. The properties may be calculated based
on the tissue being under different loads. Any one of or
any combination of the following properties may be
measured based on the ultrasound and/or pressure
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measurements: tissue thickness, structural integrity,
structural details, configuration of fatty cells, alignment
of macro and micro chambers, internal deformation, en-
ergy absorption capacity, stiffness during loading, per-
fusion.
[0043] The tissue properties may be calculated using
mathematical and reverse finite element modelling.
[0044] The measured tissue properties may be com-
pared with thresholds. The thresholds may comprise pre-
vious measurements for the same person at a previous
date. The thresholds may be predetermined thresholds.
The predetermined thresholds may be thresholds for
healthy tissue. The comparison between the measured
tissue properties and the predetermined thresholds may
be used for diagnosis.
[0045] The measured tissue properties may be pre-
sented on a display to inform the user or clinician.
[0046] The device may comprise means for prescrip-
tion. The method may comprise prescribing an optimised
insole. Mechanical properties of the insole may be pre-
scribed using the measured tissue properties. The me-
chanical properties of an insole may be prescribed to
decrease plantar soft tissue internal stress. The mechan-
ical properties of an insole may be prescribed to decrease
peak or average plantar pressure, plantar pressure-time
integral, the rate plantar pressure is applied and/or
plantar shear stress/load at a region of interest.
[0047] The diagnostic device may comprise means to
calculate materials for an optimised insole. The diagnos-
tic device may comprise means to calculate an optimised
shape for an insole. A material may be selected from a
database, where the selected material may have the
closest mechanical properties to the mechanical proper-
ties identified, relative to other materials in the database.
[0048] Information regarding a prescribed insole may
be communicated, for example to a clinician or an insole
manufacturer. Data regarding the prescribed insole may
be transmitted to a 3D printer. The information may be
communicated using a display means. This is advanta-
geous in a retail situation, as it may advise a user on the
appropriate insole to purchase from a selection in a shop.
[0049] An insole may be manufactured which provides
the required mechanical properties determined by the
means for prescription. Manufacture of the insole may
comprise cutting a flat insole from sheet of material which
has the required mechanical properties. Alternatively, a
contoured custom insole may be milled from a block of
a selected material. Alternatively, a material with be-
spoke mechanical behaviour may be produced. A varia-
ble contoured insole may be printed from a 3D printer to
match the required mechanical properties. 3D printing of
bespoke insoles is advantageous as this method of man-
ufacture has the ability to create a variety of different
materials with different characteristics. These character-
istics may include shore hardness, density, elasticity, vis-
cosity, stress-strain relationship, etc.
[0050] The device may assist in selecting an appropri-
ate insole from a range of insoles. The range of insoles

provided may be ultrasound transparent. The range of
insoles provided may comprise insoles of a variety of
shapes and/or materials. The method of selecting an in-
sole may comprise a user standing on the insole on the
platform of the device; the pressure distribution may be
measured and an ultrasound image may be obtained;
tissue properties may be determined from the pressure
and/or ultrasound data; tissue properties may be com-
pared to thresholds to determine whether the insole is
suitable. This method may be repeated with several in-
soles from the range and the appropriate insole may be
determined.
[0051] This method is advantageous as it may provide
information regarding whether a certain insole shape
and/or material is likely to reduce pressure in required
regions of the sole of the foot, to relieve or prevent certain
symptoms.
[0052] Certain embodiments of the invention will be
described in further detail below by way of example only
with reference to the accompanying drawings, of which:

Figure 1 is a three-dimensional view of a diagnostic
device according to an example of the invention;

Figure 2 is a three-dimensional view of a diagnostic
device according to another example of the inven-
tion;

Figure 3 is a schematic side view of a diagnostic
device according to a third example of the invention;

Figure 4 is a schematic side view of a diagnostic
device according to a third example of the invention
in a different configuration from that of Figure 3;

Figure 5 is a schematic side view of a diagnostic
device according to a fourth example of the inven-
tion;

Figure 6 is a schematic side view of a diagnostic
device according to a fifth example of the invention;
and

Figure 7 is a schematic side view of a diagnostic
device according to the fifth example of the invention
in a different configuration from that of Figure 6.

[0053] Referring firstly to Figure 1, the diagnostic de-
vice comprises a platform 10 and an array of ultrasound
devices 20 and a means for measuring pressure 30.
[0054] The platform 10 is generally rectangular in
shape, but may be shaped differently to suit different ap-
plications. The thickness of the platform 10 is substan-
tially constant across the surface of the platform.
[0055] The platform 10 is a thin film of an ultrasound-
transparent material, with a first major surface 12 and a
second major surface 14. The thickness of the platform
10 between the first major surface 12 and the second
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major surface 14 is less than 1mm. In use, a body part
of a user, for example the sole of a foot 2, contacts the
first major surface 12 of the platform 10 and applies a
load to the platform 10.
[0056] The array of ultrasound devices 20 shown in
Figure 1 comprises a plurality of pen-shaped devices 22.
The pen-shaped devices 22 are generally cylindrical in
shape, and are arranged such that the longitudinal axes
of the devices are parallel with respect to each other. The
diameter of each of the pen shaped devices 22 is less
than 10 millimetres, for example 5 millimetres. The length
of the pen-shaped devices 22 is of the order of several
centimetres, for example 10 centimetres.
[0057] The circular cross-section of the pen-shaped
devices 22 at an upper end 24 lies parallel to the second
major surface 14 of the platform 10. The pen-shaped
devices 22 are arranged such that the surfaces at the
upper ends 24 of the devices 22 form a uniform two-
dimensional array, in rows and columns, across the sec-
ond, or bottom, major surface 14 of the platform 10.
[0058] The means for measuring pressure 30 compris-
es an array of force sensors 32. A force sensor 32 is
positioned at the lower end 26 of each pen-shaped ultra-
sound device 22 such that a load applied to an upper end
24 of any pen-shaped ultrasound device 22 will be trans-
mitted to an associated force sensor 32.
[0059] The platform 10 is deformable such that when
a user places a body part in contact with the first major
surface 12 of the platform 10, the thin film conforms to
the body part. The deformation of the thin film allows
different loads to be transmitted to different ultrasound
devices 22 within the array 20, and thereby to different
force sensors 32. A map of the pressure or load applied
by the body part across the platform 10 can thus be gen-
erated. Simultaneously, the individual ultrasound devic-
es 22 can perform measurements, through the ultra-
sound-transparent material of the platform 10, at the
same points as the load measurements are taken. As a
result, not only are the ultrasonic measurements taken
under a load, but the specific load at each measurement
point can also be determined.
[0060] Figure 2 shows another example of a diagnostic
device, which comprises the array of ultrasound devices
20 and the means for measuring pressure 30, as de-
scribed above in reference to Figure 1. The example
shown in Figure 2 comprises a platform 40 which is
formed from a soft ultrasound-transparent material. The
platform 40 is of a thickness of the order of centimetres,
for example 2 centimetres. The platform 40 is a deform-
able material, which is compressible under the weight of
a foot in use. The platform may be deformable such that
it substantially conforms in shape to the sole of the foot.
[0061] By replacing the thin film of the platform 10 from
the first embodiment with a thicker platform 40 of soft
deformable material, there is provided an additional
means of determining the pressure distribution on the
platform 40, by measuring the deformations of the soft
deformable material when a load is applied by the body

part on the platform.
[0062] Figure 3 shows a third example of a diagnostic
device according to the invention. The diagnostic device
comprises a platform 50, an ultrasound device 60, and
a force sensor 70.
[0063] The platform 50 comprises a region of deform-
able ultrasound-transparent material 52, and a rigid bor-
der 54 around the perimeter of the ultrasound-transpar-
ent material 52. The region of deformable ultrasound-
transparent material 52 is deformable such that when a
body part such as a foot 2 is placed on the platform 50,
the material 52 is compressed under the weight of the
foot 2, as shown in Figure 3.
[0064] The ultrasound device 60 is an ultrasound
probe, which is generally cylindrical in shape and approx-
imately 5 centimetres in length. However, it should be
understood that the ultrasound device may be any other
type of clinical ultrasound probe, for example a probe
with a linear array. The ultrasound device 60 is located
beneath the platform 50, on the opposite side to that on
which the foot 2 is placed in use. The ultrasound device
60 is movable on a plane parallel to the bottom major
surface 56 of the platform 50, in the direction shown by
the arrows 62. The ultrasound device 60 can be moved
to different positions relative to the platform 50 to image
different areas of the foot.
[0065] The ultrasound device 60 stands on a force sen-
sor 70. Support members 64 are upstanding from the
force sensor 70, and are arranged on either side of the
ultrasound device 60, to provide support such that the
ultrasound device is substantially perpendicular to the
bottom major surface 56 of the platform 50.
[0066] The ultrasound device 60 and force sensor 70
are contained within a movable formation 66. The forma-
tion 66 comprises a base, from which the force sensor
70 and ultrasound device 60 are upstanding, walls 68,
69 and interior supports 72. The interior supports 72 con-
tact the support members 64 and ensure that the ultra-
sound device 60 and force sensor remain in the desired
position, substantially perpendicular to the platform 50,
within the movable formation 66.
[0067] The walls 68, 69 are attached to the centres of
wheels 74, 75 which are driven by a motor to allow move-
ment of the movable formation 66 relative to the platform
50. A first loop 76 of a belt, towards the left of the device
shown in Figure 3, is provided around a first of these
driven wheels 74, a first fixed corner piece 78 and a first
movable wheel 80. A second loop 77 is similarly provided
towards the right side around a second of the driven
wheels 75, a second fixed corner piece 79 and a second
movable wheel 81. The driven wheels 74, 75 rotate in a
clockwise direction and move along their respective loop
of the belt 76, 77 in the direction indicated by arrows 62,
causing the movable formation 66 to move in that direc-
tion. The belt is fixed at the corner pieces 78, 79 while
the further movable wheels 80 and 81 are provided to
maintain tension in both loops 76, 77 of the belt. In par-
ticular, as the driven wheels 74, 75 move along the belt
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76, 77 in the direction of arrows 62, the further movable
wheels 80, 81 rotate clockwise and move in the direction
indicated by arrows 82, 83.
[0068] Figure 4 shows the ultrasound device 60 of this
example in another position, having moved in the direc-
tion of the arrows 62. As a result of the movement of the
driven wheels 74, 75 to the left, the first movable wheel
80 has moved downwards, while the second movable
wheel 81 has moved upwards to maintain tension in the
belt 76, 77. If the direction of motion imparted to the
wheels 74, 75 is reversed such that the wheels 74, 75
rotate anticlockwise, the movable formation 66 will move
in a direction opposite to that indicated by arrows 62, i.e.
to the right as shown, and the first and second movable
wheels 80, 81 will maintain tension by moving upwards
and downwards respectively. In an alternative embodi-
ment, wheels 74, 75 and corner pieces 78, 79 may be
provided on a support plate beneath the platform.
[0069] Figure 5 shows a diagnostic device according
a fourth example of the invention. The device comprises
a platform 50 comprising a deformable ultrasound-trans-
parent material 52 with a rigid perimeter 54, as included
in the embodiments shown in Figures 3 and 4. The device
also comprises the movable formation 66 containing the
ultrasound device 60 and force sensor 70. However, in
the example of Figure 5, the movable formation is fixed
to bars 84, 85 and is movable in the direction indicated
by arrow 86 through the clockwise rotation of wheels 88
arranged along the bars 84, 85. As before, the movable
formation may be moved in a direction opposite to the
arrow 86 simply by reversing the direction of rotation of
wheels 88.
[0070] Figures 6 and 7 show another example that
comprises a similar configuration to that shown in the
example in Figure 5. However, in this configuration each
wall 68 of the movable formation 66 is affixed to a wheel
90, 92 at a point that is not the centre of the wheel. As a
result, rotation of the wheels 90, 92 causes the movable
formation to move in sinusoidal motion as indicated by
the arrow 94. This provides a means of controllably var-
ying the distance between the ultrasound device 60 and
the sole of the foot during use. Figure 6 shows the mov-
able formation 66 in a position such that the ultrasound
device 60 and force sensor 70 are at the greatest distance
from the sole of the foot, and Figure 7 shows the movable
formation in a position such that the ultrasound device
and force sensor are at the smallest distance from the
platform. In this embodiment, ultrasound images are re-
corded only when the probe is at a minimum distance to
the platform.
[0071] The sinusoidal motion of the movable formation
significantly reduces the frictional forces between the ul-
trasound probe and the platform when the movable for-
mation is moving to a different position beneath the plat-
form. The deformable material of the platform may be
urged against the ultrasound probe under weight-bearing
conditions generating frictional forces during movement
of the probe relative to the platform. In an alternative em-

bodiment, the interface between the platform material
and the ultrasound probe may be provided with an ultra-
sound-transparent gel. The gel may reduce the frictional
forces between the deformable material of the platform
and the ultrasound probe.
[0072] Figures 3 to 7 each show only one movable for-
mation 66, containing an ultrasound device 60 and a force
sensor 70, which moves in a direction indicated by the
arrows in order to enable measurements along the length
of the foot. However, in alternative embodiments, there
may be a series of movable formations aligned parallel
to each other, each containing an ultrasound device 60
and a force sensor 70, to also enable measurements
across the width of the foot and provide measurements
of a two-dimensional area of the sole of the foot. In other
embodiments, the ultrasound probe may comprise a lin-
ear array of sensors. The linear array may extend across
the majority of the width of the platform, such that as the
ultrasound probe is moved along the length of the plat-
form, measurements may be obtained over the area of
the platform.
[0073] Alternatively, the devices in Figures 3 and 4 may
be provided with movement axes along the axes of
wheels 74, 75 and along fixed corner pieces 78, 79 as
shown. The device may then comprise a mechanism
such that movement of the movable formation 66 is en-
abled along these axes to obtain ultrasound and force
sensor measurements across the width of the foot when
the foot is in a position as shown in the examples in Fig-
ures 3 and 4.
[0074] The examples above are given only to help ex-
plain the nature of the invention, and are not intended to
limit the protection sought. Features described in relation
to one example may be applied, where suitable, to an-
other example. In particular, the fixing of the movable
formation 66 to an off-centre point on the wheels de-
scribed in relation to Figures 6 and 7 could similarly be
applied to the example shown in Figure 3 to 5 to provide
a similar sinusoidal movement of the ultrasound device
60.
[0075] Although the illustrated examples described
above refer in general to measurements of the sole of a
foot, it will be readily understood that the specific devices
would equally function as described to take measure-
ments of other body parts located on the platforms 10,
40, 50.
[0076] Included within each of the embodiments of the
diagnostic device, but not shown in Figures 1 to 7, are
means for calculating tissue properties based on data
received from the ultrasound device and/or the force sen-
sor. Additionally, there may be means to display the cal-
culated tissue properties, or memory storage on which
to store data regarding the properties and measurements
obtained from the ultrasound device and force sensor.
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Claims

1. A device for measuring the properties of bodily tis-
sue, the device comprising a platform (10) for at least
partially supporting a body or part of the body (2)
such that a load is applied by the body or body part
(2) to the platform (10), at least one ultrasound device
(22), and means for measuring the pressure exerted
by the body or body part (2) on the platform (10),
wherein, in use, ultrasound signals from said at least
one ultrasound device (22) radiate from or through
the platform (10) for imaging of the part of the body
(2) in contact with a major surface (12) of the platform
(10), characterised in that the material of the plat-
form (10) is a polymer plastic or a fibre reinforced
material such that the platform (10) does not exhibit
significant deformation under the applied loads from
said body or body part (2).

2. A device as claimed in claim 1, comprising a plurality
of preferably elongate ultrasound devices (22).

3. A device as claimed in claim 2, wherein the ultra-
sound devices (22) are arranged in an array (20)
such that each ultrasound device (22) is upstanding
and aligned parallel to each surrounding ultrasound
device (22).

4. A device as claimed in any preceding claim, wherein
the major surface (12) of the platform (10) comprises
a layer of ultrasound-transparent material.

5. A device as claimed in claim 4, wherein the at least
one ultrasound device (60) is movable in a direction
parallel to and/or perpendicular to the major surface
of the platform (10).

6. A device as claimed in any preceding claim, wherein
the at least one ultrasound device (22) is angularly
adjustable in order that ultrasound signal may be
transmitted at an oblique angle relative to the major
surface (12) of the platform (10).

7. A device as claimed in any preceding claim, wherein
the platform (10) comprises a deformable material.

8. A device as claimed in claim 7, wherein the means
for measuring pressure comprises means for meas-
uring deformations in the deformable material.

9. A device as claimed in any preceding claim, wherein
the device further comprises means for calculating
tissue properties and/or for reconstruction of tissue
geometry based on data received from the at least
one ultrasound sensor (22) and/or means for meas-
uring pressure.

10. A device as claimed in claim 9, the device further

comprising means for calculating the shape and/or
materials for an optimised insole based on the cal-
culated tissue properties when the part of the body
placed on the platform (10) is the sole of a foot (2).

11. A system for assessing the suitability of an insole,
the system comprising a device according to any of
claims 1 to 10 and a three-dimensional replica of an
insole formed from an ultrasound-transparent mate-
rial.

12. A method for measuring the properties of bodily tis-
sue, comprising the placing of a part of the body (2)
on the platform (10) of the device as claimed in any
one of claims 1 to 10, determining a pressure distri-
bution indicative of the pressure between the plat-
form and a surface of the tissue, and imaging the
bodily tissue by means of ultrasound imaging,

13. The method of claim 12, further comprising calculat-
ing properties of the bodily tissue based on pressure
and/or ultrasound measurements, and preferably
comparing the calculated properties of the bodily tis-
sue to predetermined thresholds.

14. The method according to claim 12 or 13, wherein the
pressure distribution is determined and the bodily
tissue is imaged while the part of the body (2) is
moved onto and off the platform (10) to provide dy-
namic measurements.

15. The method according to any one of claims 12 to 14,
wherein the platform (10) vibrates while the pressure
distribution is determined and the bodily tissue is im-
aged to provide dynamic measurements.

Patentansprüche

1. Vorrichtung zur Messung der Eigenschaften von
Körpergewebe, wobei die Vorrichtung eine Plattform
(10) zum mindestens teilweisen Abstützen eines
Körpers oder Teils des Körpers (2), sodass eine Last
von dem Körper oder Körperteil (2) auf die Plattform
(10) aufgebracht wird, mindestens eine Ultraschall-
vorrichtung (22) und Mittel zum Messen des von dem
Körper oder Körperteil (2) auf die Plattform (10) aus-
geübten Drucks umfasst, wobei, bei Verwendung,
Ultraschallsignale aus der mindestens einen Ultra-
schallvorrichtung (22) von der oder durch die Platt-
form (10) zum Abbilden des Teils des Körpers (2) in
Kontakt mit einer Hauptoberfläche (12) der Plattform
(10) ausstrahlen, dadurch gekennzeichnet, dass
das Material der Plattform (10) ein Polymerkunststoff
oder ein faserverstärktes Material ist, sodass die
Plattform (10) keine wesentliche Verformung unter
den von dem Körper oder Körperteil (2) aufgebrach-
ten Lasten aufweist.
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2. Vorrichtung nach Anspruch 1, umfassend eine
Mehrzahl von bevorzugt länglichen Ultraschallvor-
richtungen (22).

3. Vorrichtung nach Anspruch 2, wobei die Ultraschall-
vorrichtungen (22) in einem Array (20) angeordnet
sind, sodass jede Ultraschallvorrichtung (22) auf-
recht und parallel zu jeder umgebenden Ultraschall-
vorrichtung (22) ausgerichtet ist.

4. Vorrichtung nach einem vorhergehenden Anspruch,
wobei die Hauptoberfläche (12) der Plattform (10)
eine Schicht aus ultraschalltransparentem Material
umfasst.

5. Vorrichtung nach Anspruch 4, wobei die mindestens
eine Ultraschallvorrichtung (60) in einer Richtung pa-
rallel zu und/oder senkrecht zu der Hauptoberfläche
der Plattform (10) bewegbar ist.

6. Vorrichtung nach einem vorhergehenden Anspruch,
wobei die mindestens eine Ultraschallvorrichtung
(22) winkelverstellbar ist, damit Ultraschallsignal un-
ter einem schrägen Winkel relativ zu der Hauptober-
fläche (12) der Plattform (10) übertragen werden
kann.

7. Vorrichtung nach einem vorhergehenden Anspruch,
wobei die Plattform (10) ein verformbares Material
umfasst.

8. Vorrichtung nach Anspruch 7, wobei das Mittel zum
Messen von Druck Mittel zum Messen von Verfor-
mungen in dem verformbaren Material umfasst.

9. Vorrichtung nach einem vorhergehenden Anspruch,
wobei die Vorrichtung ferner Mittel zum Berechnen
von Gewebeeigenschaften und/oder zur Rekonst-
ruktion der Gewebegeometrie auf Basis von aus
dem mindestens einen Ultraschallsensor (22) emp-
fangenen Daten und/oder Mittel zum Messen von
Druck umfasst.

10. Vorrichtung nach Anspruch 9, wobei die Vorrichtung
ferner Mittel zum Berechnen der Form und/oder Ma-
terialien für eine optimierte Einlegesohle auf Basis
der berechneten Gewebeeigenschaften, wenn der
auf der Plattform (10) platzierte Teil des Körpers die
Sohle eines Fußes (2) ist, umfasst.

11. System zur Bewertung der Eignung einer Einlege-
sohle, wobei das System eine Vorrichtung nach ei-
nem der Ansprüche 1 bis 10 und eine dreidimensi-
onale Nachbildung einer aus einem ultraschalltrans-
parenten Material gebildeten Einlegesohle umfasst.

12. Verfahren zum Messen der Eigenschaften von Kör-
pergewebe, umfassend das Platzieren eines Teils

des Körpers (2) auf der Plattform (10) der Vorrich-
tung nach einem der Ansprüche 1 bis 10, Bestimmen
einer für den Druck zwischen der Plattform und einer
Oberfläche des Gewebes indikativen Druckvertei-
lung und Abbilden des Körpergewebes mittels Ultra-
schallbildgebung.

13. Verfahren nach Anspruch 12, ferner umfassend das
Berechnen von Eigenschaften des Körpergewebes
auf Basis von Druck- und/oder Ultraschallmessun-
gen und bevorzugt das Vergleichen der berechneten
Eigenschaften des Körpergewebes mit vorbestimm-
ten Schwellen.

14. Verfahren nach Anspruch 12 oder 13, wobei die
Druckverteilung bestimmt wird und das Körperge-
webe abgebildet wird, während der Teil des Körpers
(2) auf die und herunter von der Plattform (10) be-
wegt wird, um dynamische Messungen zu ermögli-
chen.

15. Verfahren nach einem der Ansprüche 12 bis 14, wo-
bei die Plattform (10) vibriert, während die Druckver-
teilung bestimmt wird und das Körpergewebe abge-
bildet wird, um dynamische Messungen zu ermögli-
chen.

Revendications

1. Dispositif pour mesurer les propriétés d’un tissu cor-
porel, le dispositif comprenant une plate-forme (10)
pour supporter au moins partiellement un corps ou
une partie du corps (2) de telle sorte qu’une charge
est appliquée par le corps ou la partie du corps (2)
à la plate-forme (10), au moins un dispositif ultraso-
nique (22), et un moyen pour mesurer la pression
exercée par le corps ou la partie du corps (2) sur la
plate-forme (10), dans lequel, en utilisation, des si-
gnaux ultrasoniques émis par ledit ou lesdits dispo-
sitifs ultrasoniques (22) rayonnent depuis ou à tra-
vers la plate-forme (10) pour réaliser l’imagerie de
la partie du corps (2) en contact avec une grande
surface (12) de la plate-forme (10), caractérisé en
ce que le matériau de la plate-forme (10) est un plas-
tique polymère ou un matériau renforcé de fibre de
telle sorte que la plate-forme (10) ne présente pas
de déformation significative sous les charges appli-
quées par ledit corps ou ladite partie du corps (2).

2. Dispositif selon la revendication 1, comprenant une
pluralité de dispositifs ultrasoniques de préférence
allongés (22).

3. Dispositif selon la revendication 2, dans lequel les
dispositifs ultrasoniques (22) sont agencés en un ré-
seau (20) tel que chaque dispositif ultrasonique (22)
est vertical et aligné parallèlement à chaque dispo-
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sitif ultrasonique environnant (22).

4. Dispositif selon l’une quelconque des revendications
précédentes dans lequel la grande surface (12) de
la plate-forme (10) comprend une couche de maté-
riau transparent aux ultrasons.

5. Dispositif selon la revendication 4, dans lequel le ou
les dispositifs ultrasoniques (60) sont mobiles dans
une direction parallèle et/ou perpendiculaire à la
grande surface de la plate-forme (10).

6. Dispositif selon l’une quelconque des revendications
précédentes, dans lequel le ou les dispositifs ultra-
soniques (22) sont réglables angulairement afin que
le signal ultrasonique puisse être transmis suivant
un angle oblique par rapport à la grande surface (12)
de la plate-forme (10).

7. Dispositif selon l’une quelconque des revendications
précédentes, dans lequel la plate-forme (10) com-
prend un matériau déformable.

8. Dispositif selon la revendication 7, dans lequel le
moyen de mesure de la pression comprend un
moyen pour mesurer la déformation dans le matériau
déformable.

9. Dispositif selon l’une quelconque des revendications
précédentes, le dispositif comprenant en outre un
moyen pour calculer les propriétés du tissu et/ou
pour la reconstruction de la géométrie du tissu sur
la base des données reçues du ou des capteurs ul-
trasoniques (22) et/ou un moyen pour mesurer la
pression.

10. Dispositif selon la revendication 9, le dispositif com-
prenant en outre un moyen pour calculer la forme
et/ou les matériaux pour une semelle intérieure op-
timisée sur la base des propriétés calculées du tissu
lorsque la partie du corps placée sur la plate-forme
(10) est la plante d’un pied (2).

11. Système pour déterminer si une semelle intérieure
est appropriée, le système comprenant un dispositif
selon l’une quelconque des revendications 1 à 10 et
une réplique tridimensionnelle d’une semelle inté-
rieure formée d’un matériau transparent aux ultra-
sons.

12. Procédé pour mesurer les propriétés d’un tissu cor-
porel, comprenant la mise en place d’une partie du
corps (2) sur la plate-forme (10) du dispositif selon
l’une quelconque des revendications 1 à 10, la dé-
termination d’une répartition de pression indicatrice
de la pression entre la plate-forme et une surface du
tissu, et l’imagerie du tissu corporel au moyen d’ima-
gerie ultrasonique.

13. Procédé selon la revendication 12, comprenant en
outre le calcul des propriétés du tissu corporel sur
la base des mesures de pression et/ou d’ultrasons,
et de préférence la comparaison des propriétés cal-
culées du tissu corporel jusqu’à des seuils prédéter-
minés.

14. Procédé selon la revendication 12 ou 13, dans lequel
la répartition de pression est déterminée et le tissu
corporel est imagé pendant que la partie du corps
(2) est placée sur la plate-forme (10) et en est retirée
pour fournir des mesures dynamiques.

15. Procédé selon l’une quelconque des revendications
12 à 14, dans lequel la plate-forme (10) vibre pendant
que la répartition de pression est déterminée et que
le tissu corporel est imagé pour fournir des mesures
dynamiques.
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