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ULTRASOUND DEVICE AND METHOD OF
ASSESSING A BONE OF A SUBJECT

FIELD OF THE INVENTION

[0001] This invention mainly relates to the field of ultra-
sound, more particularly, to an ultrasound device and a
method of assessing a bone of a subject.

BACKGROUND OF THE INVENTION

[0002] Osteoporosis increases the risk of fracture and has
become a significant public health threat nowadays in the
world. It is very important to diagnose osteoporosis in a very
early stage. Quantitative Ultrasound (QUS) has become a
widely available non-invasive tool for assessment of bone
status and diagnosis of osteoporosis.

[0003] There are mainly three approaches for QUS mea-
surement in the prior art.

[0004] The first approach is based on the axial transmis-
sion mode (cf. U.S. Pat. No. 7,112,173 B1, U.S. Pat. No.
7,022,076 B1, U.S. Pat. No. 6,221,019 B1). Representative
commercial devices include Omnisense 7000 and
Omnisense 8000 (BeamMed Ltd, Israel). As shown in FIG.
1a, a pair of probes 900, 901 are placed in tandem on one
side of the bone 196. The axial transmission mode is suitable
for assessing long bones such as tibia and radius. Here a tibia
ultrasound assessment device is used as an example. The
pair of probes 900, 901 are fixed on a bracket (not shown)
which is connected to a pedal (not shown) on which a
subject can stand. When the subject stands on the pedal, the
pair of probes 900, 901 are in tandem on one side of the tibia.

[0005] The second approach is based on the transverse
transmission mode. Representative commercial devices
include Express (GE®, US), SONOST-3000 (Osteosys®,
Korea), Osteo Pro (BMTECH®, Korea). As shown in FIG.
15, which is a side view of a bone, and FIG. 1c, which is a
corresponding profile taken on the line AA' in FIG. 15, a pair
of probes 900, 901 are placed in opposite direction across
the bone 196. The transverse transmission mode is suitable
for status evaluation of cancellous bones such as the heel pad
(cf. Patent No. US2003/0068014 A1, U.S. Pat. No. 6,676,
291 B2), bone thickness measurement (cf. U.S. Pat. No.
7,537,566 B2) and age evaluation (cf. U.S. Pat. No. 7,678,
049B2). The bracket and pedal structure may be similar to
that used for the axial transmission mode.

[0006] The third approach is based on the pulse-echo
mode. Related technologies include ultrasound critical-
angle reflectometry (UCR) (cf. Patent No. US20050015010;
U.S. Pat. No. 6,899,680) and backscattering techniques (cf.
Patent No. US20020161300). The pulse-echo mode takes
advantage of wave reflection or scattering at the soft tissue-
bone and cortical-trabecular bone interface, and is able to
assess bone material properties and microstructures. As seen
in FIG. 1d, a probe 900 transmits an ultrasound signal to the
bone 196 and receives an echo signal of the ultrasound
signal from the bone 196. The bracket and pedal structure
may be similar to that used for the axial transmission mode.

[0007] WO 2011/119873 A2 discloses ultrasound guided
automated wireless distraction osteogenesis, wherein the
ultrasound transceivers are mounted to the bone, subcuta-
neously on two sides of the osteotomy.
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SUMMARY OF THE INVENTION

[0008] The inventors of the present application have real-
ized that the existing three approaches for QUS measure-
ment have the following drawbacks.

[0009] Limited skeletal sites. Transverse mode and pulse-
echo mode are only applicable to one skeletal site, e.g. heel
pad. Axial transmission mode is only applicable to long
bones. As a result, the evaluation of bone health status is
unilateral.

[0010] Limited parameters. Each of axial transmission
mode, transverse mode and pulse-echo mode only provides
limited parameters, which can only reflect a few aspects of
bone material properties.

[0011] Limited measurement points. Most approaches
take the measurement at a single point at a specific skeletal
site (e.g., heel pad), resulting in poor accuracy and reliabil-
ity.

[0012] Single mode. The existing approaches are based on
one of axial transmission mode, transverse transmission
mode and QUS pulse-echo mode. In the case of, for
example, the tibia ultrasound assessment device, the location
relationship of the bracket and the pedal are fixed specifi-
cally for assessing the tibia, therefore it cannot be used in
e.g. the transverse transmission mode to assess a cancellous
bone. No ultrasound assessment device in the prior art can
support both the axial transmission mode and the transverse
mode. The ultrasound assessment device in the prior art
lacks flexibility of use.

[0013] Poor repeatability. Most approaches take the mea-
surement at only selected points, resulting in poor repeat-
ability.

[0014] Operator-dependent. Most devices must be

manipulated by experienced doctors. The experience of the
operator may influence the accuracy of the evaluation.
[0015] Ignorance of the coupling effect of soft tissue. Soft
tissue was reported to have a significant coupling effect on
the ultrasound propagation in bones, including varying the
propagation velocity in bones. Such an effect may introduce
bias to the evaluation if it is not considered in in vivo
measurement. In the existing approaches, such a coupling
effect of the soft tissue is not considered, and only the
thickness of the soft tissue is considered to derive how long
the ultrasound signal propagates in the soft tissue.

[0016] Based on the prior art described above, it is advan-
tageous to provide an improved ultrasound bone assessment
device, which overcomes at least one of the above-described
drawbacks.

[0017] According to an embodiment of this invention, it
proposes an ultrasound device for assessing a bone of a
subject in at least two modes comprising a first mode and a
second mode. The ultrasound device comprises: a selecting
unit configured to select a mode from the at least two modes;
a first ultrasound probe having a first face to be brought into
contact with skin of the subject and configured to transmit an
ultrasound signal to the bone; a second ultrasound probe
having a second face to be brought into contact with skin of
the subject and configured to receive the ultrasound signal
from the bone; an assessing unit configured to derive a first
parameter indicating one or more characteristics of the bone
based on the selected mode and the ultrasound signal
received by the second ultrasound probe in the first mode or
in the second mode; and a coupler for coupling the first
ultrasound probe and the second ultrasound probe, the
coupler being configured to be switched to a first configu-
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ration in the first mode and to a second configuration in the
second mode, wherein the first face and the second face are
oriented in substantially a same direction in the first con-
figuration, and in substantially an opposite direction in the
second configuration.

[0018] As is well known, the face of an ultrasound probe
is defined as a surface of the ultrasound probe which is to
contact skin of the subject during bone assessment. The face
of the ultrasound probe can be flat or curved. During the
operation of the ultrasound probe, the ultrasound signal
propagates in a “range” direction which is defined as a
direction orthogonal to the face of the ultrasound probe.

[0019] In the first mode, since the face of the first ultra-
sound probe (i.e. the first face) and the face of the second
ultrasound probe (i.e. the second face) are oriented in
substantially a same direction, the ultrasound device is
applicable for bone assessment in the axial transmission
mode. In the second mode, since the face of the first
ultrasound probe and the face of the second ultrasound probe
are oriented in substantially an opposite direction, the ultra-
sound device is applicable for bone assessment in transverse
mode.

[0020] Since the ultrasound device is switchable between
a first mode and a second mode, it can support both the axial
transmission mode and the transverse mode, resulting in a
high flexibility of use for the ultrasound assessment device.

[0021] According to an embodiment, the ultrasound signal
comprises a first ultrasound sub-signal in a first frequency
band and/or a second ultrasound sub-signal in a second
frequency band, and the second frequency band is higher
than the first frequency band.

[0022] In this way, the ultrasound device is capable of
transmitting the ultrasound signal in more than one fre-
quency band, which further increases its flexibility of use,
because a certain assessment may be performed better with
an ultrasound signal in a low frequency band, whilst a
certain other assessment may be performed better with an
ultrasound signal in a high frequency band. For example, an
ultrasound signal with a central frequency in a range from
0.5 MHz to 1 MHz is suitable for assessing bone properties,
whilst an ultrasound signal with a central frequency around
5 MHz is suitable for acquiring M-mode ultrasound imag-
ing, which can be used to determine soft tissue thickness for
example. Consequently, it has the advantage of providing
the possibility of taking the impact of the layer of soft tissue
around the bone on bone assessment into account so as to
improve the accuracy of the bone assessment.

[0023] According to an embodiment, the assessing unit is
configured to derive a third parameter based on the second
ultrasound sub-signal, the third parameter indicating a cou-
pling effect caused by soft tissue around the bone, and to
derive the first parameter based on the first ultrasound
sub-signal and the derived third parameter, the first param-
eter indicating one or more characteristics of the bone.

[0024] Inthis way, the accuracy of bone assessment can be
improved, because the coupling effect of the layer of soft
tissue overlying the bone has been considered in assessing
the bone.

[0025] According to an embodiment, at least one ultra-
sound probe of the first ultrasound probe and the second
ultrasound probe further comprises at least one pressure
sensor for measuring pressure applied to the face of the at
least one ultrasound probe; and the assessing unit is config-
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ured to derive the first parameter based on the received
ultrasound signal and the measured pressure.

[0026] Because the pressure at the probe-skin interface
influences the thickness of the soft tissue and thus has an
important influence on the assessment result, it is beneficial
to have at least one pressure sensor for measuring the
pressure applied to the face of the probe, and only if e.g. the
measured pressure is within the reasonable range, the assess-
ment result is adopted. In this manner, the accuracy of the
assessment result can be improved.

[0027] According to an embodiment, the one or more
pressure sensors are three pressure sensors, the distance
between any two of the three pressure sensors being con-
stant.

[0028] Such a way of adopting three pressure sensors
arranged at a constant mutual distance provides the benefit
that the face of the probe is kept in proper contact with the
skin of the subject being subjected to a measurement. For
example, if the three pressures measured by the three
pressure sensors all fall in a predetermined range, this
indicates a good positioning of the probe on the skin of the
subject, i.e. the face of the probe properly contacts the skin
of the subject.

[0029] According to an embodiment, each of the ultra-
sound transducers contained in the first ultrasound probe
and/or the second ultrasound probe is movable over a certain
range so as to measure at a plurality of sites on the subject,
the assessing unit is configured to derive the first parameter
at each of the plurality of sites, and the ultrasound device
further comprises an averaging unit configured to average
the first parameters derived at the plurality of sites to obtain
an averaged first parameter.

[0030] Because each of the ultrasound transducers is mov-
able over a certain range so as to measure at a plurality of
sites on the subject, the assessing unit can derive the first
parameter at each of the plurality of sites for averaging by
the averaging unit. Then the averaged assessment result can
be more accurate than the assessment result that is based
only on a single site.

[0031] According to an embodiment of this invention, it
proposes a method of assessing a bone of a subject in at least
two modes comprising a first mode and a second mode,
using an ultrasound device mentioned above, said method
comprising: selecting a mode of the at least two modes;
transmitting an ultrasound signal to the bone using a first
ultrasound probe; receiving the ultrasound signal from the
bone using a second ultrasound probe; and deriving a first
parameter indicating one or more characteristics of the bone
based on the selected mode and the ultrasound signal
received by the second ultrasound probe in the first or
second mode.

DESCRIPTION OF THE DRAWINGS

[0032] The present invention will be described and
explained hereinafter in more detail in combination with
embodiments and with reference to the drawings, wherein:
[0033] FIG. 1a illustrates the usage status of a pair of
probes in an approach based on the axial transmission mode
in the prior art;

[0034] FIG. 15 illustrates the usage status of a pair of
probes in an approach based on the transverse transmission
mode in the prior art;

[0035] FIG. 1c is a profile shown in the direction AA' in
FIG. 15;
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[0036] FIG. 1d illustrates the usage status of a probe in an
approach based on the pulse-echo mode in the prior art;
[0037] FIG. 2illustrates an ultrasound device for assessing
a bone of a subject according to an embodiment of this
invention;

[0038] FIG. 3a illustrates a first configuration of the cou-
pler when the coupler comprises two arms pivoting around
an axis according to an embodiment of this invention;
[0039] FIG. 35 illustrates a second configuration of the
coupler when the coupler comprises two arms pivoting
around an axis according to an embodiment of this inven-
tion;

[0040] FIG. 4a illustrates a first configuration of the cou-
pler when the coupler comprises a retractable portion which
can be retracted into two non-retractable portions according
to an embodiment of this invention;

[0041] FIG. 45 illustrates a second configuration of the
coupler when the coupler comprises a retractable portion
which can be retracted into two non-retractable portions
according to an embodiment of this invention;

[0042] FIG. 5a illustrates a face of the first ultrasound
probe which contacts skin of the subject, wherein the first
ultrasound probe comprises two ultrasound transducers and
a pressure sensor according to an embodiment of this
invention;

[0043] FIG. 5b illustrates a face of the first ultrasound
probe which contacts skin of the subject, wherein the first
ultrasound probe comprises an ultrasound transducer and a
pressure sensor according to an embodiment of this inven-
tion;

[0044] FIG. 5c¢ illustrates a face of the first ultrasound
probe which contacts skin of the subject, wherein the first
ultrasound probe comprises two ultrasound transducers and
three pressure sensors according to an embodiment of this
invention;

[0045] FIG. 5d illustrates a face of the first ultrasound
probe which contacts skin of the subject, wherein the first
ultrasound probe comprises an ultrasound transducer and
three pressure sensors according to an embodiment of this
invention;

[0046] FIG. 6 illustrates a flowchart of the method of
assessing a bone of a subject according to an embodiment of
this invention;

[0047] The same reference signs in the figures indicate
similar or corresponding features and/or functionalities.

DETAILED DESCRIPTION

[0048] The present invention will be described with
respect to particular embodiments and with reference to
certain drawings, but the invention is not limited thereto but
only by the claims. The drawings described are only sche-
matic and are non-limiting. In the drawings, the size of some
of the elements may be exaggerated and not drawn to scale
for illustrative purposes.

[0049] FIG. 2 illustrates an ultrasound device 1 for assess-
ing a bone of a subject in at least two modes comprising a
first mode and a second mode according to an embodiment
of this invention. The ultrasound device 1 comprises a
selecting unit 199, a first ultrasound probe 101, a second
ultrasound probe 102, an assessing unit 130, and a coupler
103. The selecting unit 199 is configured to select a mode
from the at least two modes. The first ultrasound probe 101
is configured to transmit an ultrasound signal to the bone.
The second ultrasound probe 102 is configured to receive the
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ultrasound signal from the bone. The assessing unit 130 is
configured to derive a first parameter indicating one or more
characteristics of the bone based on the selected mode and
the ultrasound signal received by the second ultrasound
probe 102 in the first mode or in the second mode. The
coupler 103 couples the first ultrasound probe 101 and the
second ultrasound probe 102, the coupler 103 being config-
ured to be switched to a first configuration in the first mode
and to a second configuration in the second mode. A face 109
of the first ultrasound probe and a face 110 of the second
ultrasound probe are oriented in substantially a same direc-
tion in the first configuration, and in substantially an oppo-
site direction in the second configuration.

[0050] It is appreciated by those skilled in the art that,
although in the above embodiment, the first ultrasound
probe 101 is configured to transmit an ultrasound signal to
the bone and the second ultrasound probe 102 is configured
to receive the ultrasound signal from the bone, the second
ultrasound probe 102 may be further configured to transmit
an ultrasound signal to the bone and the first ultrasound
probe 101 may be further configured to receive the ultra-
sound signal from the bone. In such a case, the assessing unit
130 is further configured to derive the first parameter based
on the selected mode and the ultrasound signal received by
the first ultrasound probe 101 in the first mode or in the
second mode. In another embodiment, the first parameter
may be derived twice. The first ultrasound probe 101 trans-
mits an ultrasound signal to the bone and the second
ultrasound probe 102 receives the ultrasound signal from the
bone so as to derive the first parameter for the first time. The
second ultrasound probe 102 transmits an ultrasound signal
to the bone and the first ultrasound probe 101 receives the
ultrasound signal from the bone so as to derive the first
parameter for the second time. Then the first parameter
derived for the first time and the first parameter derived for
the second time are averaged to derive the final first param-
eter.

[0051] The ultrasound device 1 can be used to assess bone
of human beings or animals. The ultrasound device 1 can be
used either for homecare or initial evaluation in a hospital,
or follow-up after surgeries, e.g., monitoring of bone frac-
ture healing.

[0052] The ultrasound device 1 can operate in any of the
at least two modes. In the first mode, since the face of the
first ultrasound probe and the face of the second ultrasound
probe are oriented in substantially a same direction, the
ultrasound device is applicable for bone assessment in axial
transmission mode. In the second mode, since the face of the
first ultrasound probe and the face of the second ultrasound
probe are oriented in substantially an opposite direction, the
ultrasound device is applicable for bone assessment in
transverse mode. The at least two modes may further include
other modes. As will be described below, in a third mode, the
ultrasound device is applicable for bone assessment in
pulse-echo mode.

[0053] The selecting unit 199 can be realized in many
ways. For example, as shown in FIG. 2, the selecting unit
199 and the assessing unit 130 are accommodated in a case
198. The selecting unit 199 may be a knob on the surface of
the case. It selects a mode in response to the user’s rotation
of the knob. Or, the selecting unit 199 may be in the form
of a number of buttons on the surface of the case. It selects
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amode in response to the user’s pressing of the buttons. The
selecting unit 199 may be also a keyboard, a touchscreen,
etc.

[0054] In response to a selected mode, the assessing unit
130 performs the corresponding assessment. For example,
the assessing unit 130 stores algorithms for different modes.
In response to the selected mode, the assessing unit 130 may
select the corresponding algorithms to derive a correspond-
ing first parameter based on the ultrasound signal received
by the second ultrasound probe.

[0055] In the first mode, the first parameter is e.g. a
geometric and mechanical property of a bone. In the second
mode, the first parameter is e.g. SOS or BUA. There may be
different algorithms for different first parameters, e.g. for
speed of sound (SOS) or for broadband ultrasound attenu-
ation (BUA), in the same mode. In an embodiment, the
selecting unit 199 may be also used to select a first parameter
in the same mode. When a specific first parameter is selected
by the selecting unit 199, the corresponding algorithm for
that specific first parameter is performed by the assessing
unit 130.

[0056] According to an embodiment, the assessing unit
130 derives the first parameter based not only on the selected
mode and the ultrasound signal received by the second
ultrasound probe 102, but also based on a received fourth
parameter indicating a distance between the first ultrasound
probe 101 and the second ultrasound probe 102. In some
examples, the first parameter can be derived only from the
ultrasound signal received by the second ultrasound probe
102. In some other examples, the first parameter such as
SOS is derived from the ultrasound signal received by the
second ultrasound probe 102 and the distance between the
first ultrasound probe 101 and a second ultrasound probe
102. In the case of deriving the first parameter, such as SOS,
a fourth parameter indicating a distance between the first
ultrasound probe 101 and the second ultrasound probe 102
is acquired as an input to the assessing unit 130. In an
embodiment, the fourth parameter can be input to the
assessing unit 130 by means of a user input to the ultrasound
device. In another embodiment, it is derived according to the
following explanation with reference to FIGS. 3a-b, 4a-b.
[0057] The first ultrasound probe 101 and the second
ultrasound probe 102 are e.g. connected to the case 198 via
wired or wireless communication links 190. In an embodi-
ment, the selecting unit 199 may be also a knob (not shown)
inter-communicating with the case 198 via on communica-
tion links 190.

[0058] According to an embodiment, the at least two
modes comprise a third mode. When the ultrasound device
operates in the third mode, it is applicable for bone assess-
ment in pulse-echo mode. In the third mode, the first
ultrasound probe 101 is further configured to transmit an
ultrasound signal to the bone and receive an echo signal of
the ultrasound signal from the bone. The assessing unit 130
is further configured to derive a second parameter indicating
one or more other characteristics of the bone based on the
selected mode and the echo signal received by the first
ultrasound unit 101 in the third mode., The second ultra-
sound probe 101 may not operate in this mode.

[0059] Additionally or alternatively, the second ultrasound
probe 102 can be used to perform bone assessment in
pulse-echo mode as well. In this case, the second ultrasound
probe 102 is further configured to transmit an ultrasound
signal to the bone and receive an ultrasound echo from the
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bone, and the assessing unit 130 is further configured to
derive a second parameter indicating one or more other
characteristics of the bone based on the selected mode and
the echo signal received by the second ultrasound unit 102.
[0060] The second parameter is e.g. a bone material prop-
erty. When the third mode is selected by the selection umt
199, the corresponding algorithm in the assessing unit 130
1s performed.

[0061] The first ultrasound probe 101, the second ultra-
sound probe 102 and the coupler 103 can be realized in
many ways. Some ways are discussed in detail in the
following.

[0062] In an embodiment, the coupler 103 comprises two
arms 1031, 1032 which have an adjustable intersection
angle. In an example, the two arms is configued to be
pivotable around an axis 104 so as to enable the intersection
angle to be adjustable. Further, the first ultrasound probe 101
and the second ultrasound probe 102 are respectively rotat-
ably coupled to ends of the two arms remote from the axis
104.

[0063] FIG. 3a illustrates a first configuration of the cou-
pler 103 in this embodiment. In the first mode (e.g. the axial
transmission mode), the coupler 103 is in the first configu-
ration, so that the intersection angle of the two arms is larger
than that in the second configuration and thus suitable for
assessing e.g. a long bone in the first mode.

[0064] FIG. 3b illustrates a second configuration of the
coupler 103 in this embodiment. In the second mode (e.g.
the transverse transmission mode), the coupler 103 is in the
second configuration, so that the intersection angle of the
two arms 1031, 1032 is smaller than that in the first
configuration and thus suitable for assessing e.g. cancellous
bones, such as a heel pad, in the second mode.

[0065] The first ultrasound probe 101 and the second
ultrasound probe 102 are respectively rotatably coupled to
ends of the two arms. For example, each of the first
ultrasound probe 101 and the second ultrasound probe 102
1s pivoted to the corresponding arm pivoting around an axis.
By virtue of being rotatably coupled to ends of the two arms,
each of the first ultrasound probe 101 and the second
ultrasound probe 102 can—more—easily contact the skin of
the subject.

[0066] In the embodiments in FIG. 3a and FIG. 34, the
fourth parameter indicating a distance between the first
ultrasound probe 101 and the second ultrasound probe 102
can be determined from an intersection angle of the two
arms, an angle between the “range” direction of the first
ultrasound probe 101 and the arm which it is coupled to, and
an angle between the “range” direction of the second ultra-
sound probe 102 and the arm which it is coupled to. The
“range” direction of an ultrasound probe is to be taken to
mean the direction orthogonal to the face of the ultrasound
probe as introduced above. The intersection angle of the two
arms, the angle between the “range” direction of the first
ultrasound probe 101 and the arm which it is coupled to, and
the angle between the “range” direction of the second
ultrasound probe 102 and the arm which it is coupled to can
be measured and then input to the assessing unit 130
manually. As an alternative, the intersection angle of the two
arms, the angle between the “range” direction of the first
ultrasound probe 101 and the arm which it is coupled to, and
the angle between the “range” direction of the second
ultrasound probe 102 and the arm which it is coupled to, can
be obtained by measuring the orientation of the probes and
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the arms by means of gravity sensors e.g. disposed on the
two arms, the first ultrasound probe 101 and the second
ultrasound probe 102, and automatically input to the assess-
ing unit 130. Then the assessing unit 130 can derive the
fourth parameter based on these parameters.

[0067] In another embodiment, the fourth parameter indi-
cating a distance between the first ultrasound probe 101 and
the second ultrasound probe 102 can be measured by a laser
measurement method. For example, a laser emitter is located
within the first ultrasound probe 101 and a laser receiver is
located within the second ultrasound probe 102. Based on
laser speed and the propagation time from the laser emitter
to the laser receiver, the fourth parameter indicating a
distance between the first ultrasound probe 101 and the
second ultrasound probe 102 can be calculated with high
accuracy.

[0068] In another embodiment, the coupler 103 comprises
two non-retractable portions 105, 106 and a retractable
portion 107 arranged therebetween, which is retractable to
different lengths, as required, into the two non-retractable
portions 105, 106. An angle between any of the two non-
retractable portions 105, 106 and the retractable portion 107
is adjustable. The first ultrasound probe 101 and the second
ultrasound probe 102 are respectively rotatably coupled to
the two non-retractable portions 105, 106 (e.g. by pivot axes,
etc.).

[0069] By virtue thereof, each of the first ultrasound probe
101 and the second ultrasound probe 102 can—more—
easily contact the skin of the subject by making the angle
between any of the two non-retractable portions 105, 106
and the retractable portion 107 adjustable and by rotatably
coupling the first ultrasound probe 101 and the second
ultrasound probe 102 to the two non-retractable portions
105, 106.

[0070] FIG. 4a illustrates a first configuration of the cou-
pler 103 in this embodiment. In the first mode (e.g. the axial
transmission mode), the coupler 103 is in the first configu-
ration, so that the retracted length of the retractable portion
107, an angle between the non-retractable portion 105 and
the retractable portion 107, an angle between the non-
retractable portion 106 and the retractable portion 107, an
angle between the “range” direction of the first ultrasound
probe 101 and the non-retractable portion 105 which it is
coupled to, and an angle between the “range” direction of
the second ultrasound probe 102 and the non-retractable
portion 106 which it is coupled to, are comprehensively
adjusted, rendering the location relationship of the first
ultrasound probe 101 and the second ultrasound probe 102
suitable for assessing e.g. a long bone in the first mode.

[0071] FIG. 4b illustrates a second configuration of the
coupler 103 in this embodiment. In the second mode (e.g.
the transverse transmission mode), the coupler 103 is in the
second configuration, so that the retracted length of the
retractable portion 107, the angle between the non-retract-
able portion 105 and the retractable portion 107, the angle
between the non-retractable portion 106 and the retractable
portion 107, the angle between the “range” direction of the
first ultrasound probe 101 and the non-retractable portion
105 which it is coupled to, and the angle between the
“range” direction of the second ultrasound probe 102 and the
non-retractable portion 106 which it is coupled to, are
comprehensively adjusted, rendering the location relation-
ship of the first ultrasound probe 101 and the second
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ultrasound probe 102 suitable for assessing e.g. cancellous
bones, such as a heel pad, in the second mode.

[0072] In the embodiments in FIG. 4a and FIG. 4b, the
fourth parameter indicating a distance between the first
ultrasound probe 101 and the second ultrasound probe 102
can be determined from the retracted length of the retract-
able portion 107, the angle between the non-retractable
portion 105 and the retractable portion 107, the angle
between the non-retractable portion 106 and the retractable
portion 107, the angle between the “range” direction of the
first ultrasound probe 101 and the non-retractable portion
105 which it is coupled to, and the angle between the
“range” direction of the second ultrasound probe 102 and the
non-retractable portion 106 which it is coupled to. The
“range” direction of an ultrasound probe is to be taken to
mean the direction orthogonal to the face of the ultrasound
probe as introduced above. The retracted length of the
retractable portion 107, the angle between the non-retract-
able portion 105 and the retractable portion 107, the angle
between the non-retractable portion 106 and the retractable
portion 107, the angle between the “range” direction of the
first ultrasound probe 101 and the non-retractable portion
105 which it is coupled to, and the angle between the
“range” direction of the second ultrasound probe 102 and the
non-retractable portion 106 which it is coupled to can be
measured and then input to the assessing unit 130 manually.
As an alternative, the retracted length of the retractable
portion 107 can be sensed by a length sensor provided on the
retractable portion 107, and the angle between the non-
retractable portion 105 and the retractable portion 107, the
angle between the non-retractable portion 106 and the
retractable portion 107, the angle between the “range”
direction of the first ultrasound probe 101 and the non-
retractable portion 105 which it is coupled to, and the angle
between the “range” direction of the second ultrasound
probe 102 and the non-retractable portion 106 which it is
coupled to can be obtained by measuring the orientation of
the probes, the retractable portion and the non-retractable
portions by means of gravity sensors e.g. on the non-
retractable portions 105, 106, the retractable portion 107 and
the first ultrasound probe 101 and the second ultrasound
probe 102, and then input to the assessing unit 130 auto-
matically. Then, the assessing unit 130 can derive the fourth
parameter based on these parameters.

[0073] In another embodiment, the fourth parameter indi-
cating a distance between the first ultrasound probe 101 and
the second ultrasound probe 102 can be measured by a laser
measurement method. For example, a laser emitter is located
within the first ultrasound probe 101 and a laser receiver is
located within the second ultrasound probe 102. Based on
the laser speed and the propagation time from the laser
emitter to the laser receiver, the fourth parameter indicating
a distance between the first ultrasound probe 101 and the
second ultrasound probe 102 can be calculated.

[0074] As for the third mode (the pulse-echo mode), the
coupler 103 may be in the first configuration or second
configuration.

[0075] Inan embodiment, the ultrasound signal comprises
a first ultrasound sub-signal in a first frequency band and/or
a second ultrasound sub-signal in a second frequency band.
The second frequency band is higher than the first frequency
band.
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[0076] For example, the first frequency band is in a low
frequency range, e.g. [0.5 MHz, 2 MHz]. The second
frequency band is in a high frequency range, e.g. [4 MHz, 6
MHz].

[0077] A high-frequency ultrasound signal is suitable for
assessing a soft tissue while a low-frequency ultrasound
signal is suitable for assessing a bone.

[0078] In an embodiment, as shown in FIG. 5a, the first
ultrasound probe 101 comprises two ultrasound transducers
1011, 1012 respectively configured to transmit the first and
second ultrasound sub-signal, ie. the low-frequency sub-
signal suitable for bone assessment and the high-frequency
sub-signal suitable for soft tissue assessment. For example,
each of the two ultrasound transducers 1011, 1022 can be a
single-element transducer, or a transducer array.

[0079] As a receiving part, the second ultrasound probe
102 may also have two ultrasound transducers (not shown)
respectively configured to receive the first and second ultra-
sound sub-signal, or it may have only one ultrasound trans-
ducer (not shown) configured to receive the first and second
ultrasound sub-signal (because the first and second ultra-
sound sub-signal are in different frequency bands, it is easy
to separate them).

[0080] In an embodiment, as shown in FIG. 5b, the first
ultrasound unit 101 comprises a broadband ultrasound trans-
ducer 1014 configured to transmit the first and second
ultrasound sub-signal, i.e. the low-frequency sub-signal suit-
able for bone assessment and the high-frequency sub-signal
suitable for soft tissue assessment. For example, the broad-
band ultrasound transducer can be a capacitive microma-
chined ultrasound transducer (cMUT). For example, the
ultrasound transducer 1014 can also be a single-element
transducer, or a transducer array.

[0081] As a receiving part, the second ultrasound probe
102 may also have a broadband ultrasound transducer (not
shown) configured to receive the first and second ultrasound
sub-signal (because the first and second ultrasound sub-
signal are in different frequency bands, it is easy to separate
them), or it may have two ultrasound transducers (not
shown) respectively configured to receive the first and
second ultrasound sub-signal.

[0082] In an embodiment, the assessing unit 130 is con-
figured to derive a third parameter based on the second
ultrasound sub-signal, the third parameter indicating a cou-
pling effect caused by soft tissue around the bone. In
addition, the assessing unit 130 is further configured to
derive the first parameter based on the first ultrasound
sub-signal and the derived third parameter, the first param-
eter indicating one or more characteristics of the bone.
[0083] In this way, the coupling effect of the layer of soft
tissue overlying the bone on the bone assessment result is at
least partially compensated.

[0084] In an embodiment, at least one ultrasound probe of
the first ultrasound probe 101 and the second ultrasound
probe 102 further comprises a pressure sensor 1013 for
measuring the pressure applied to the face of the at least one
ultrasound probe. The assessing unit 130 is configured to
derive the first parameter based on the received ultrasound
signal and the measured pressure.

[0085] As shown in FIG. 5¢ and FIG. 5b, a pressure sensor
1013 is present in the first ultrasound probe 101. However,
if the second ultrasound probe 102 comprises the pressure
sensor 1013, the accuracy of the assessment result is
improved as well. If the first ultrasound probe 101 and the
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second ultrasound probe 102 both comprise the pressure
sensor 1013, the accuracy of the assessment result is further
improved.

[0086] As shown in FIG. 5¢ and FIG. 5d, three pressure
sensors 1013 are present in the first ultrasound probe 101.
The distance between any two of the three pressure sensors
is constant. The second ultrasound probe 102 can also
comprise three pressure sensors 1013.

[0087] It will be appreciated that the number of pressure
sensors can be two, four, or any other number which can
fanction in a similar way.

[0088] There are many ways to derive the first parameter,
based on the received ultrasound signal and the measured
pressure. For example, only when the measured pressure is
within a predetermined range, the first parameter is derived
based on the received ultrasound signal. For another
example, a correction factor is computed based on a differ-
ence between the measured pressure and a pre-stored stan-
dard pressure, and then the first parameter is derived based
on the received ultrasound signal and taking the correction
factor into consideration.

[0089] In an embodiment, each of the two ultrasound
transducers 1011, 1012 (in FIG. 5a) or the single ultrasound
transducer 1014 (in FIG. 5b) is movable in a certain range
so as to measure at a plurality of sites on the subject, the
assessing unit 130 is configured to derive the first parameter
at each of the plurality of sites, and the ultrasound device 1
further comprises an averaging unit 197 (in FIG. 2) config-
ured to average the first parameters derived at the plurality
of sites to obtain an averaged first parameter.

[0090] The averaging unit 197 can be realized in many
ways. For example, it can be realized by software. Or it can
be a logic hardware unit e.g. including a digital adder for
adding together the first parameters derived at the plurality
of sites, and a digital divider for dividing the added result by
the number of sites.

[0091] The assessing unit 130 can be realized in many
ways. For example, it can be realized by software. For
another example, it can be a digital logical circuit which
could perform the function of the assessing unit 130.
[0092] According to another embodiment of this inven-
tion, as shown in FIG. 6, a method 6 is proposed for
assessing a bone of a subject in at least two modes com-
prising a first mode and a second mode using the ultrasound
device 1 comprising: at step S1, selecting a mode from the
at least two modes; at step S2, transmitting an ultrasound
signal to the bone using a first ultrasound probe 101; at step
S3, receiving the ultrasound signal from the bone using a
second ultrasound probe 102; and at step S4, deriving a first
parameter indicating one or more characteristics of the bone
based on the selected mode and the ultrasound signal
received by the second ultrasound probe 102 in the first or
second mode.

[0093] Please note that the steps of the methods or units of
the devices shown in the present invention should not be
limited to the steps or units mentioned above. It will be
apparent to those skilled in the art that the various aspects of
the invention claimed may be practiced in other embodi-
ments that depart from these specific details.

[0094] Furthermore, as can be easily understood by those
skilled in the art, several steps in the method claims can be
embodied as one step, and one step in the method claims
incorporating several actions can be separated into several
steps. Also, several units in the apparatus claims can be
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embodied as one unit, and one unit in the apparatus claims
performing several actions can be separated into several
units. Such combining and separating falls within the scope
of this invention. And, the mere fact that certain measures
are recited in mutually different dependent claims does not
indicate that a combination of these measures cannot be used
to advantage.

[0095] It should be noted that the above-mentioned
embodiments illustrate rather than limit the invention and
that those skilled in the art would be able to design alter-
native embodiments without departing from the scope of the
appended claims. In the claims, any reference signs placed
between parentheses shall not be construed as limiting the
claim. The word “comprising” does not exclude the presence
of elements or steps not listed in a claim or in the descrip-
tion. The word “a” or “an” preceding an element does not
exclude the presence of a plurality of such elements. In the
system claims enumerating several units, several of these
units can be embodied by one and the same item of software
and/or hardware. The use of the words first, second and
third, et cetera, does not indicate any ordering. These words
are to be interpreted as names.

1. An ultrasound device for assessing a bone of a subject
in at least two modes comprising a first mode and a second
mode, comprising:

a selecting unit configured to select a mode from the at

least two modes;

a first ultrasound probe having a first face to be brought
into contact with skin of the subject and configured to
transmit an ultrasound signal to the bone;

a second ultrasound probe having a second face to be
brought into contact with skin of the subject and
configured to receive the ultrasound signal from the
bone;

an assessing unit configured to derive a first parameter
indicating one or more characteristics of the bone based
on the selected mode and the ultrasound signal received
by the second ultrasound probe in the first mode or in
the second mode; and

a coupler for coupling the first ultrasound probe and the
second ultrasound probe), the coupler being configured
to be switched to a first configuration in the first mode
and to a second configuration in the second mode:

wherein the first face and the second face are oriented in
substantially a same direction in the first configuration,
and in substantially an opposite direction in the second
configuration.

2. The ultrasound device according to claim 1, wherein

the at least two modes comprise a third mode;

the first ultrasound probe is further configured to receive
an echo signal of the ultrasound signal from the bone in
the third mode; and

the assessing unit is further configured to derive a second
parameter indicating one or more other characteristics
of the bone based on the selected mode and the echo
signal received by the first ultrasound unit in the third
mode.

3. The ultrasound device according to claim 1, wherein
the coupler comprises two arms, an intersection angle of the
two arms are adjustable, and the first ultrasound probe and
the second ultrasound probe are respectively rotatably
coupled to ends of the two arms remote from the an axis.

4. The ultrasound device according to claim 1, wherein
the coupler comprises two non-retractable portions and a
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retractable portion arranged therebetween, which is retract-
able to different lengths, as required, into the two non-
retractable portions, an angle between any of the two non-
retractable portions and the retractable portion is adjustable,
and the first ultrasound probe and the second ultrasound
probe are respectively rotatably coupled to the two non-
retractable portions.
5. The ultrasound device according to claim 1, wherein
the ultrasound signal comprises a first ultrasound sub-signal
in a first frequency band and/or a second ultrasound sub-
signal in a second frequency band, and the second frequency
band is higher than the first frequency band.
6. The ultrasound device according to claim 5, wherein
the first ultrasound probe comprises two ultrasound trans-
ducers respectively configured to transmit the first and
second ultrasound sub-signal.
7. The ultrasound device according to claim 5, wherein
the first ultrasound unit comprises an ultrasound transducer
configured to transmit the first and second ultrasound sub-
signal.
8. The ultrasound device according to claim 5, wherein
the first frequency band is [0.5 MHz, 2 MHz|, and the
second frequency band is [4 MHz, 6 MHz].
9. The ultrasound device according to claim 5, wherein
the assessing unit is configured to
derive a third parameter based on the second ultrasound
sub-signal, the third parameter indicating a coupling
effect caused by soft tissue around the bone; and

derive the first parameter based on the first ultrasound
sub-signal and the derived third parameter, the first
parameter indicating one or more characteristics of the
bone.

10. The ultrasound device according to claim 1, wherein

at least one ultrasound probe of the first ultrasound probe

and the second ultrasound probe further comprises at
least one pressure sensor for measuring the pressure
applied to the face of the at least one ultrasound probe;
and

the assessing unit is configured to derive the first param-

eter based on the received ultrasound signal and the
measured pressure.

11. The ultrasound device according to claim 10, wherein
the at least one pressure sensor comprises three pressure
sensors, the distance between any two of the three pressure
sensors being constant.

12. The ultrasound device according to claim 6, wherein
each of the two ultrasound transducers is movable in a
certain range so as to measure at a plurality of sites on the
subject, the assessing unit is configured to derive the first
parameter at each of the plurality of sites, and the ultrasound
device further comprises an averaging unit configured to
average the first parameters derived at the plurality of sites
to obtain an averaged first parameter.

13. The ultrasound device according to claim 7, wherein
the ultrasound transducer is movable in a certain range so as
to measure at a plurality of sites on the subject, the assessing
unit is configured to derive the first parameter at each of the
plurality of sites, and the ultrasound device further com-
prises an averaging unit configured to average the first
parameters derived at the plurality of sites to obtain an
averaged first parameter.

14. The ultrasound device according to claim 1, wherein
the assessing unit is configured to derive the first parameter
based on the selected mode, on the ultrasound signal
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received by the second ultrasound probe, and on a received
fourth parameter indicating a distance between the first
ultrasound probe and the second ultrasound probe.

15. A method of assessing a bone of a subject in at least
two modes comprising a first mode and a second mode using
an ultrasound device according to claim 1, comprising:

selecting a mode from the at least two modes;

transmitting an ultrasound signal to the bone using a first
ultrasound probe;

receiving the ultrasound signal from the bone using a

second ultrasound probe; and

deriving a first parameter indicating one or more charac-

teristics of the bone based on the selected mode and the
ultrasound signal received by the second ultrasound
probe in the first or second mode.
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