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Description
Technical Field

[0001] The present invention relates to an ultrasonic
cartilage analyzing device, an ultrasonic cartilage ana-
lyzing method, and a program that provides quantitive
information for analyzing a state of a cartilage.

Background Art

[0002] Conventionally, in order to evaluate a state of
acartilage in an articular (joint) cavity intuitively and quan-
titatively, various systems, which applies an ultrasonic
wave to the cartilage and generates analysis data based
on a reflection echo of the ultrasonic wave, have been
devised.

[0003] Forexample, JP2002-345821A discloses an ul-
trasonic analysis system in which an endoscope provided
with an ultrasonic transceiving body at a tip end thereof
is inserted into a joint, and an echo of a pulse signal
transmitted from the ultrasonic transceiving body is ac-
quired. Then, a wavelet conversion of the echo signal is
carried out, and a cartilage thickness result calculated
by a cartilage surface echo level, a cartilage surface echo
pulse width, and an assumed acoustic velocity is dis-
played.

[0004] However, when the method disclosed in
JP2002-345821A is used as it is for a transcutaneous
measurement, since echo amplitude is influenced by soft
tissues, it is difficult to evaluate an absolute quantity of
the amplitude.

[0005] Kiviranta P et al "Differences in acoustic prop-
erties of intact and degenerated human patellar cartilage
during compression" describes a high resolution material
testing device. Cartilage discs can be placed between a
metal plate and an ultrasound transducer. Reflected ul-
trasonic waves are used to analyse the cartilage discs.

[0006] WO95/10229A1 describes a device for non-in-
vasive quantitative evaluation of musculoskeletal tissue
performed in-vivo. The tissue is placed between two ul-
trasonic transducers. The device relies on multivariate
nonlinear analysis to determine characteristics of the tis-
sue.

[0007] US5603326A describesamethod for producing
an ultrasound image from received ultrasound echo sig-
nals particularly for use in the diagnosis of breast cancer.
The method relies on detecting a variation in amplitude
and/or transit time of signals reflected from healthy and
tumorous tissue.

[0008] US4763661A describes a device that uses ul-
trasonic waves to detect diseased tissue by analysing
the amplitude distribution of a filtered backscattered ul-
trasound signal.

[0009] JP2004-321582A describes an ultrasonic diag-
nostic device. The device aims to minimise errors by gen-
erating improved statistical data.

[0010] Wilson et al: "Development of automated ultra-
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sonic measurements of articular cartilage thickness and
surface morphology" describes a method of measuring
static and dynamic dimensions of articular cartilage. A
pulse-echo ultrasonic system is used to generate short
bursts of sound for analysing the cartilage.

[0011] WOO00/36433A1 describes a process for clinical
examination of arteries to assist non-invasive diagnosis
of arterial abnormalities.

[0012] US6539328B1 describes a device for measure-
ment and treatment of spinal mobility. A head partapplies
a force impulse to a spinal segment and the subsequent
reflected waveform is analysed. The device includes an
inclinometer which determines the angle of incidence of
the head part in contact with the spinal segment.

Disclosure of the Invention

[0013] Therefore, the presentinventionis made in view
of the above situation, and provides an ultrasonic carti-
lage analyzing device, an ultrasonic cartilage analyzing
method, and a program that can provide analysis data
for evaluating accurate cartilaginous properties quanti-
tatively based on spatial feature amounts of a cartilagi-
nous echo.

[0014] According to a first aspect of the present inven-
tion there is provided an ultrasonic cartilage device as
defined in claim 1.

[0015] According to a second aspect of the present
invention there is provided a method of analyzing a car-
tilage as defined in claim 8.

[0016] Accordingtoathird aspectoftheinventionthere
is provided a computer readable program as defined in
claim 9.

[0017] Preferred features of the invention are recited
in the dependent claims.

[0018] With this configuration, the analysis data relat-
ing to the cartilage state of the living body is generated
based on the statistical value(s) of the amplitude values
of the two or more echo signals reflected on the cartilage
surface. By using the statistical value(s) of the amplitude
values of the two or more echo signals for generation of
the analysis data, the analysis data for quantitatively
evaluating an accurate state of the cartilage through a
skin of the living body can be provided.

[0019] The calculator may calculate a variation coeffi-
cient as the statistical value based on the amplitude val-
ues acquired by the acquisition unit.

[0020] Thisconfiguration shows the use of the variation
coefficient as a calculation example of the statistical val-
ue of the amplitude values.

[0021] The acquisition unit may acquire the amplitude
values of the two or more echo signals from the cartilage
surface or a surface substantially parallel with the carti-
lage surface. The calculator may calculate the statistical
value of the amplitude values of the cartilage surface or
the surface substantially parallel with the cartilage sur-
face.

[0022] This configuration shows a calculation example
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of the acquisition of the amplitude values of the echo
signals, and the statistical value of the amplitude values.
[0023] The acquisition unit may acquire the amplitude
value of the echo signal at any time. The calculator may
calculate the statistical value of the amplitude values
along a normal direction of the cartilage surface.

[0024] This configuration shows an example of the sta-
tistical value of the amplitude values to calculate.
[0025] The ultrasonic cartilage analyzing device may
further include a transmitter for transmitting a pulse burst
signal to different positions of the living body.

[0026] With this configuration, the pulse burst signal is
used as an example of the ultrasonic signal transmitted
to the living body.

[0027] The ultrasonic cartilage analyzing device may
further include a display unit for displaying the analysis
data generated by the generator.

[0028] This configuration shows a configuration which
can display the analysis data.

[0029] The selecting unit may select the ultrasonic sig-
nal based on time periods, and each time period may be
between a transmission of the ultrasonic signal and re-
ception of the echo signal.

[0030] According to the present invention, quantitive
analysis data which cannot be easily influenced by soft
tissue can be provided using the statistical value(s) of
the amplitude values of the two or more echo signals for
the generation of the analysis data.

Brief Description of the Drawings

[0031] The present disclosure is illustrated by way of
example and not by way of limitation in the figures of the
accompanying drawings, in which the like reference nu-
merals indicate like elements and in which:

Fig. 1 is a block diagram showing a configuration of
an ultrasonic cartilage analyzing device according
to one embodiment of the present invention;

Fig. 2is aview schematically showing an area, where
an oscillator transmits a pulse burst signal, such as
a person’s knee viewed from front;

Fig. 3 is a view showing analysis data in the case of
a normal cartilage;

Fig. 4 is a view showing analysis data in the case of
an initial degenerated cartilage;

Fig. 5 shows graphs of analysis data in which a
change of a variation coefficient CV in a depth direc-
tion is shown;

Fig. 6 shows graphs of analysis data in which the
change of the variation coefficient CV in the depth
direction is shown;

Fig. 7 shows graphs of analysis data in which the
change of the variation coefficient CV in the depth
direction is shown; and

Fig. 8 is a flowchart showing a procedure of process-
ing performed with the ultrasonic cartilage analyzing
device.
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Detailed Description

[0032] Hereinafter, a suitable embodiment of an ultra-
sonic cartilage analyzing device, an ultrasonic cartilage
analyzing method, and a program according to the
present invention is described with reference to the ac-
companying drawings. In this embodiment, although a
cartilage of person’s knee is described as an example of
a sample for the ultrasonic cartilage analyzing device,
the following configuration of this embodiment is also ap-
plicable to other devices for analyzing an internal struc-
ture of the sample from outside the sample, similarly us-
ing an ultrasonic signal.

[0033] Fig. 1is a block diagram showing a configura-
tion of the ultrasonic cartilage analyzing device according
to this embodiment. The ultrasonic cartilage analyzing
device 1 includes a transmission controller 10, an oscil-
lator 11, an echo signal receiver 12, an echo signal an-
alyzer 13, a user interface 14, a display unit 15, and a
memory unit 16. The memory unit 16 is, for example, a
ROM (Read Only Memory) which stores a necessary pro-
gram, data, etc.

[0034] The userinterface 14 sets transmitting param-
eters, such as a transmitting frequency, a pulse width, or
aninput voltage, according to an user’s inputabout trans-
mission, and outputs the parameters to the transmission
controller 10. The userinterface 14 outputs an instruction
for setting or switching a display mode to the display unit
15 according to a user’s input about displaying. Note that
the user interface 14 may be incorporated in the display
unit 15.

[0035] The transmission controller 10 generates a
drive signal for transmitting an ultrasonic signal to the
oscillator 11 (described in detail below) according to the
frequency setting and a transmission timing interval. The
frequency and the transmission timing interval may be
set by a user via the user interface 14, or may be set in
advance. The transmission controller 10 outputs the gen-
erated drive signal to the oscillator 11.

[0036] The oscillator 11 (transmitter) is housed in a
case suitable for being used while contacting an outer
skin of the knee (for example, similar to a case of a handy
scanner). The oscillator 11 transmits the ultrasonic signal
with a predetermined directivity by the drive signal from
the transmission controller 10. Then, the oscillator 11 re-
ceives an echo signal which is a reflection of the trans-
mitted ultrasonic signal from the surface of the knee car-
tilage, converts the echo signal into an electric signal,
and outputs it to the echo signal receiver 12. Note that,
the term "cartilage surface" as used herein refers to a
cross section of the cartilage at a distance (depth) set
from the knee outer skin. The depth may be set by the
user via the user interface 14, or may be set in advance.
[0037] Below, the ultrasonic signal transmitted from
the oscillator 11 refers to a pulse burst signal which is
relatively long in a pulse length. The pulse burst signal
means a pulse signal of a waveform which is formed by
continuously transmitting a carrier wave at the frequency
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setting for a period of a predetermined number of waves
(for example, five waves). Note that, the transmitting ul-
trasonic signal may also be a short pulse signal of a rel-
atively short pulse length according to specifications of
the device or a situation the device is used.

[0038] Fig. 2 is a schematic diagram showing a state
in which an area to which the oscillator 11 transmits the
pulse burst signal is set to a person’s knee. Fig. 2 is a
front view of the knee which is bent. The area A to which
the oscillator 11 transmits the pulse burst signal (herein-
after, referred to as an "attention area") is a two-dimen-
sional area of about 1 to 2 cm (i.e., about 1 cm x 1 cm
square to about 2 cm x 2 cm square), and is set at a
location where a patella 100 shown by a dashed dotted
line in Fig. 2 is avoided.

[0039] The attention area A may be a location where
the patella 100 is excluded, and, therefore, it may be a
portion shown by a solid line in Fig. 2, or may be a portion
shown by a dashed line. The oscillator 11 of this embod-
iment transmits a pulse burst signal to two or more loca-
tions within the attention area A substantially perpendic-
ularly to the attention area A, and receives the echo sig-
nals. That is, since the attention area A is substantially
parallel with the cartilage surface, the oscillator 11 trans-
mits and receives two or more signals two-dimensionally
on a surface parallel with the cartilage surface. Below,
as shown in Fig. 2, a length direction of the leg is set as
x-axis direction and a width direction as y-axis direction.
Note that the oscillator 11 is configured to scan through-
out the attention area A. The scanning may be mechan-
ical scanning or electronic scanning.

[0040] Thetransmission controller 10 and the oscillator
11 can transmit the pulse burst signal at two or more
different transmitting frequencies. For example, the
transmission controller 10 and the oscillator 11 can trans-
mit the pulse burst signal at a specific frequency within
a predetermined frequency band, such as about 10MH
to 24MHz. Here, a reception period is set longer than a
period from a timing at which the pulse burst signal is
transmitted to the person’s knee to a timing at which the
oscillator 11 receives the reflection signal of the pulse
burst signal which reached to the predetermined depth.
The frequency of the pulse burst signal may be set in
advance as a frequency suitable for acquiring echo data
(described later) suitable for an evaluation of person’s
cartilage or analysis data for the cartilage, using the re-
sults obtained from experiments. Alternatively, the fre-
quency may be set as a frequency which is adjusted by
the user via the user interface 14 after acquiring analysis
data of an echo pattern due to the pulse burst signals at
two or more frequencies.

[0041] The echo signal receiver 12 creates data from
the echo signal at a predetermined sampling timing to
form the echo data where individual echo data sampled
along the depth direction (normal direction) from the knee
surface is allocated sequentially. The echo signal receiv-
er 12 forms the echo data at two or more locations within
the attention area A where the pulse burst signal is trans-
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mitted. That s, the echo data corresponding to one pulse
burst signal (hereinafter, referred to as "echo data of
1PING") is comprised of a group of the individual echo
data allocated sequentially at a predetermined interval
along the depth direction, and the two or more echo data
are formed corresponding to the attention area A along
the cartilage surface. The echo signal receiver 12 outputs
the formed echo data to the echo signal analyzer 13.
[0042] The echo signal analyzer 13 is comprised of a
microcomputer, for example, which executes a program
16a stored in the memory unit 16 to generate the analysis
data for cartilage using the echo data inputted from the
echo signal receiver 12. The echo signal analyzer 13
includes a memory module 131 and an analysis data
generating module 132.

[0043] The memorymodule 131 has acapacity for stor-
ing the two or more echo data for the predetermined
number of PINGs to sequentially store the echo data for
every PING inputted from the echo signal receiver 12.
Under the present circumstances, when new echo data
is inputted in a case where the echo data is stored to the
limit of the storage capacity, processing which writes new
echo data over the echo data of the oldest PING is per-
formed. Thereby, the echo data for the newest predeter-
mined PINGs are stored in the memory module 131.
[0044] The analysis data generating module 132 ac-
quires the echo data from the memory module 131 at
any time, and generates the analysis datafor the cartilage
at the predetermined depth. The generated analysis data
is displayed on the display unit 15 where properties of
the cartilage are evaluated.

[0045] Below, the analysis data generated by the anal-
ysis data generating module 132 is described.

[0046] The analysis data generating module 132 ac-
quires an amplitude value of the echo signal at the pre-
determined depth from each echo data within the atten-
tion area A, and generates a distribution map of the am-
plitude values along the cartilage surface. Next, the anal-
ysis data generating module 132 calculates an average
value and a standard deviation of the amplitude values
of the attention area A from the acquired amplitude val-
ues, respectively, and, further calculates a variation co-
efficient CV (statistical value). The variation coefficient
CV is calculated based on the standard deviation/aver-
agevalue. The analysis data generating module 132 gen-
erates the distribution map of the generated amplitude
values, and the analysis data containing the calculated
variation coefficient CV.

[0047] Fig. 3is a view showing the analysis data in the
case of a normal cartilage. On the other hand, Fig. 4 is
a view showing the analysis data in the case of being a
cartilage where early denaturation started (hereinafter,
referred to as an "initial degenerated cartilage"). The in-
itial degenerated cartilage refers to an articular cartilage
where the surface collagen density is reduced. Figs. 3
and 4 show the distribution map of the amplitude values
of the echo signalsreflected on the cartilage surface with-
in the attention area A shown in Fig. 2, and the calculated
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variation coefficient CV of the attention area A, respec-
tively. The right-hand sides of Figs. 3 and 4 show that it
becomes white as the amplitude value becomes larger
and it becomes black as the amplitude value becomes
smaller.

[0048] Since in the case of the normal cartilage the
collagen density of the surface which constitutes the car-
tilage is large and uniform, the amplitude value of the
normal cartilage surface is substantially uniform (see Fig.
3). On the other hand, in the case of the initial degener-
ated cartilage, since the non-uniformity of the surface
collagen density increases in the process of collagen de-
composition and the variation in acoustic reflectance be-
comes larger, the variation in the amplitude value also
becomes larger (see Fig. 4). For this reason, the analysis
data generating module 132 calculates the variation co-
efficient CV which the variation in this amplitude value
reflects. The variation in the amplitude value becomes
smaller as the variation coefficient CV becomes smaller.
That is, when the cartilage is normal, the variation in the
amplitude value becomes larger as the variation coeffi-
cient CV becomes larger. That is, it is in a state where
the denaturation of the cartilage has been progressed.
Therefore, as shown in Figs. 3 and 4, the variation coef-
ficient CV of the normal cartilage becomes smaller than
the variation coefficient CV of the degenerated cartilage.
Thus, the evaluation of the cartilage properties is possible
by using the variation coefficient CV reflecting the varia-
tion in the amplitude value of two or more locations on
the cartilage surface at the predetermined depth, without
using an absolute level of the amplitude value.

[0049] Note that the analysis data generating module
132 may generate analysis data indicative of a change
of the variation coefficient CV in the depth direction. Figs.
5, 6, and 7 are graphs of the analysis data indicative of
the change of the variation coefficient CV in the depth
direction. In Figs. 5, 6, and 7, the change of the variation
coefficient CV with respect to the depth, and the ampli-
tude value of the echo signal are shown in the upper
graph and the lower graph, respectively, where a time
period until the echo signal is received (i.e., depth) is
taken as the horizontal axis, respectively. Fig. 5 shows
the case of the normal cartilage, and Figs. 6 and 7 show
the cases of the initial degenerated cartilage in this order.
[0050] Compared with Fig. 5, the variation coefficient
CV is high at the cartilage surface as denaturation
progresses in Figs. 6 and 7 (about 1.1 microseconds).
In this temporal change of the variation coefficient CV,
by focusing on the change of the variation coefficient CV
from the cartilage surface to the inside thereof, it be-
comes possible to evaluate the properties of the cartilage
surface. In addition, a threshold of the variation coeffi-
cient CV shown by the dotted line in each drawing is set
(for example, about 20%), and it also becomes possible
to evaluate the properties of the cartilage surface based
onthe existence of an area where the variation coefficient
CV is less than the threshold (an dotted ellipse portion
in the drawing). If there is an area where the coefficient
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is less than the threshold (see Fig. 5), the cartilage of the
attention area A is a normal cartilage, and if there is no
area where the coefficient is less than the threshold (see
Fig. 7), it is estimated that the cartilage of the attention
area A is an initial degenerated cartilage.

[0051] Alternatively, the analysis data generating mod-
ule 132 may generate analysis data where the variation
in the amplitude value within the attention area A is con-
verted into a histogram. Alternatively, the analysis data
generating module 132 may generate the analysis data
where the distribution map of the amplitude values at two
or more positions in the depth direction is applied a two-
dimensional Fourier transformation. In this case, it be-
comes possible to evaluate the cartilage properties by
evaluating the concavo-convex cycle or discontinuity in
the pattern after the conversion.

[0052] Next, anoperation ofthe ultrasonic cartilage an-
alyzing device 1 is described. Fig. 8 is a flowchart show-
ing a procedure 800 of processing executed with the ul-
trasonic cartilage analyzing device 1.

[0053] The transmission controller 10 of the ultrasonic
cartilage analyzing device 1 generates the drive signal,
and causes the oscillator 11 to transmit the pulse burst
signal to the attention area A (S1). Next, the echo signal
receiver 12 forms the echo data according to the trans-
mitted pulse burst signal (S2), and the echo signal ana-
lyzer 13 acquires the amplitude value of the echo signal
within the attention area A based on the echo data (S3).
[0054] The echo signal analyzer 13 calculates the av-
erage value and the standard deviation of the amplitude
values within the attention area A based on the acquired
amplitude value (S4), and then calculates the variation
coefficient CV based on the average value and the stand-
ard deviation (S5). Then, the echo signal analyzer 13
generates the analysis data shown in Figs. 3 and 4 based
on the acquired amplitude value and the calculated var-
iation coefficient CV (S6). The echo signal analyzer 13
outputs the generated analysis data to the display unit
15, and the display unit 15 then displays the result (S7).
Based on the result displayed on the display unit 15, the
evaluation of the properties of the cartilage within the
attention area A is performed.

[0055] As described above, in this embodiment, the
ultrasonic cartilage analyzing device 1 generates the
analysis data for cartilage indicative of the variation co-
efficient CV (fluctuation) of the amplitude value of the
echo signal within the attention area A. Thereby, infor-
mation for evaluating the existence of the degenerated
cartilage can be provided to a user visually, quantitatively
and clearly, without detecting the absolute level of the
amplitude value.

[0056] Note that, in the above embodiment, the echo
signal receiver 12 forms the echo data based on all the
echo signals received by the oscillator 11, it may form
the echo data only based on a part of the echo signal
received by the oscillator 11.

[0057] The cartilage surface is irregular. Therefore,
evenifthe oscillator 11 transmits the signal perpendicular
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to the attention area A which is substantially parallel with
the cartilage surface, itis difficult for the transmitted signal
to actually enter into the cartilage surface perpendicular-
ly.

[0058] For this reason, the oscillator 11 determines
whether the incident angle of the signal on the cartilage
surface is below a predetermined permissible incident
angle based on two or more echo signals which are re-
ceived by scanning the attention area A. The incident
angle on the cartilage surface can be calculated based
on a time period until the signal transmitted from the os-
cillator 11 arrives at the cartilage surface. For example,
by comparing between the time periods until the oscillator
11 receives the echo signals at three locations, which
are close to each other, within the attention area A (arrival
times), the echo signal receiver 12 can determine wheth-
er the incident angle on the cartilage surface is substan-
tially perpendicular.

[0059] Thepermissibleincidentangle canbe setbased
on an angle range which falls under an allowable sensi-
tivity, in terms of reception directional characteristics of
the oscillator 11. For example, when the allowable sen-
sitivity of the oscillator 11 is less than -6 [dB], the permis-
sible incident angle will be set as 5 degrees if the angle
characteristic is =5 degrees at -6 [dB]. The permissible
incident angle is not limited to this, but may be changed
suitably.

[0060] By the above, since the echo data can be
formed only from a reliable echo signal, the properties of
a cartilage can be evaluated with more sufficient accu-
racy.

[0061] In the foregoing specification, specific embodi-
ments of the presentinvention have been described. Ac-
cordingly, the specification and figures are to be regarded
in an illustrative rather than a restrictive sense, and all
such modifications are intended to be included within the
scope of present invention. The benefits, advantages,
solutions to problems, and any element(s) that may
cause any benefit, advantage, or solution to occur or be-
come more pronounced are not to be construed as a
critical, required, or essential features or elements of any
or all the claims. The invention is defined solely by the
appended claims including any amendments made dur-
ing the pendency of this application and all equivalents
of those claims as issued.

[0062] Moreover in this document, relational terms
such as first and second, top and bottom, and the like
may be used solely to distinguish one entity or action
from another entity or action without necessarily requiring
orimplying any actual such relationship or order between
such entities or actions. The terms "comprises," "com-
prising," "has," "having," "includes," "including," "con-
tains," "containing" or any other variation thereof, are in-
tended to cover a non-exclusive inclusion, such that a
process, method, article, or apparatus that comprises,
has, includes, contains a list of elements does not include
only those elements but may include other elements not
expressly listed or inherent to such process, method, ar-
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ticle, or apparatus. An element proceeded by
"comprises ...a,""has ...a," "includes ...a," "contains ...a"
does not, without more constraints, preclude the exist-
ence of additional identical elements in the process,
method, article, or apparatus that comprises, has, in-
cludes, contains the element. The terms "a" and "an" are
defined as one or more unless explicitly stated otherwise
herein. The terms "substantially," "essentially," "approx-
imately," "about" or any other version thereof, are defined
as being close to as understood by one of ordinary skill
in the art, and in one non-limiting embodiment the term
is defined to be within 10%, in another embodiment within
5%, in another embodiment within 1% and in another
embodiment within 0.5%. The term "coupled" as used
herein is defined as connected, although not necessarily
directly and not necessarily mechanically. A device or
structure thatis "configured" in a certain way is configured
in at least that way, but may also be configured in ways
that are not listed.

Claims

1. An ultrasonic cartilage analyzing device (1) for gen-
erating analysis data relating to a state of a cartilage
of a living body based on two or more echo signals
that are reflections of two or more ultrasonic signals
transmitted from outside the living body to different
positions inside the living body, the device compris-

ing:

a selecting unit (12) configured to select ultra-
sonic signals of which an incident angle on the
cartilage surface is substantially perpendicular,
from the two or more transmitted ultrasonic sig-
nals;

an acquisition unit (13) configured to acquire
amplitude values of two or more echo signals
reflected on the surface of the cartilage corre-
sponding to the ultrasonic signals selected by
the selecting unit (12);

a calculator (13) configured to calculate a sta-
tistical value of the amplitude values acquired
by the acquisition unit; and

agenerator (13) configured to generate the anal-
ysis data relating to the state of the cartilage
based on the statistical value calculated by the
calculator.

2. Theultrasonic cartilage analyzing device (1) of Claim
1, wherein the calculator (13) is configured to calcu-
late a variation coefficient as the statistical value
based on the amplitude values acquired by the ac-
quisition unit (13).

3. Theultrasonic cartilage analyzing device (1) of Claim
1 or 2, wherein the acquisition unit (13) is configured
to acquire the amplitude values of the two or more
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echo signals from the cartilage surface or a surface
substantially parallel with the cartilage surface, and
wherein the calculator (13) is configured to calculate
the statistical value of the amplitude values of the
cartilage surface or the surface substantially parallel
with the cartilage surface.

The ultrasonic cartilage analyzing device (1) of Claim
1 or 2, wherein the acquisition unit (13) is configured
to acquire the amplitude value of the echo signal at
any time, and

wherein the calculator (13) is configured to calculate
the statistical value of the amplitude values along a
normal direction of the cartilage surface.

The ultrasonic cartilage analyzing device (1) of any
one of Claims 1 to 4, further comprising a transmitter
(11) for transmitting a pulse burst signal to different
positions of the living body.

The ultrasonic cartilage analyzing device (1) of any
one of Claims 1 to 5, further comprising a display
unit (15) for displaying the analysis data generated
by the generator (13).

The ultrasonic cartilage analyzing device of any of
the preceding claims, wherein the selecting unit (12)
selects the ultrasonic signal based on time periods,
each time period being between a transmission of
the ultrasonic signal and a reception of the echo sig-
nal.

A method (800) of analyzing a cartilage of a living
body using ultrasonic signals, the method generating
analysis data relating to a state of the cartilage based
on two or more echo signals that are reflections of
two or more ultrasonic signals transmitted from out-
side the living body to different positions inside the
living body, the method comprising:

selecting (s2) ultrasonic signals of which an in-
cident angle on the cartilage surface is substan-
tially perpendicular, from the two or more trans-
mitted ultrasonic signals;

acquiring (s3) amplitude values of two or more
echo signals reflected on the surface of the car-
tilage corresponding to the selected ultrasonic
signals;

calculating (s4) a statistical value of the acquired
amplitude values; and

generating (s6) the analysis data relating to the
state of the cartilage based on the calculated
statistical value.

A computer readable program (800) for causing a
computer (1) to analyze a cartilage of a living body
using ultrasonic signals, the program causing a com-
puter to generate analysis data relating to a state of
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the cartilage based on two or more echo signals that
are reflections of two or more ultrasonic signals
transmitted from outside the living body to different
positions inside the living body, comprising:

causing a computer (1) to select (s2) ultrasonic
signals of which an incident angle on the carti-
lage surface is substantially perpendicular, from
the two or more transmitted ultrasonic signals;
causinga computer (1) to acquire (s3) amplitude
values of two or more echo signals reflected on
the surface of the cartilage corresponding to the
selected ultrasonic signals;

causing a computer (1) to calculate (s4) a sta-
tistical value of the acquired amplitude values;
and

causingacomputer (1) to generate (s6) the anal-
ysis data relating to the state of the cartilage
based on the calculated statistical value.

Patentanspriiche

1.

2,

Ultraschallknorpeluntersuchungsgerat (1) zum Ge-
nerieren von Untersuchungsdaten, die sich auf ei-
nen Zustand eines Knorpels eines lebenden Korpers
beziehen, basierend auf zwei oder mehreren Echo-
signalen, die Reflektionen zweier oder mehrerer Ul-
traschallsignale sind, die von auf3erhalb des leben-
den Kdrpers zu verschiedenen Positionen innerhalb
des lebenden Kérpers Ubertragen wurden, das Ge-
rat umfassend:

eine Auswahleinheit (12), die eingerichtet ist,
um Ultraschallsignale, bei welchen ein Einfall-
winkel auf der Knorpeloberflache im Wesentli-
chen senkrecht ist, aus den zwei oder mehr
Ubertragenen Ultraschallsignalen auszuwah-
len;

eine Erfassungseinheit (13), die eingerichtet ist,
um Amplitudenwerte zweier oder mehrerer
Echosignale, die auf der Oberflache des Knor-
pels reflektiert wurden, entsprechend den von
der Auswahleinheit (12) ausgewahlten Ultra-
schallsignalen zu erfassen;

ein Rechner (13), der eingerichtet ist, um einen
statistischen Wert der Amplitudenwerte zu be-
rechnen, die von der Erfassungseinheit erfasst
wurden; und

einen Generator (13), der eingerichtet ist, um
die Untersuchungsdaten, die sich auf den Zu-
stand des Knorpels beziehen, basierend auf
dem statistischen Wert, der von dem Rechner
berechnet wurde, zu generieren.

Ultraschallknorpeluntersuchungsgerat (1) nach An-
spruch 1, wobei der Rechner (13) eingerichtet ist,
um einen Variationskoeffizienten als den statisti-
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schen Wert basierend auf den Amplitudenwerten,
die von der Erfassungseinheit erfasstwurden, zu be-
rechnen.

Ultraschallknorpeluntersuchungsgeréat (1) nach An-
spruch 1 oder 2, wobei die Erfassungseinheit (13)
eingerichtet ist, um die Amplitudenwerte der zwei
oder mehreren Echosignale von der Knorpeloberfla-
che oder einer im Wesentlichen zur Knorpeloberfla-
che parallelen Oberflache zu erfassen, und

wobei der Rechner (13) eingerichtet ist, um den sta-
tistischen Wert der Amplitudenwerte der Krtorpelo-
berflache oder derim Wesentlichen zu Knorpelober-
flache parallelen Oberflache zu berechnen.

Ultraschallknorpeluntersuchungsgeréat (1) nach An-
spruch 1 oder 2, wobei die Erfassungseinheit (13)
eingerichtet ist, um die Amplitudenwerte des Echo-
signals zu jeder Zeit zu erfassen, und

wobei der Rechner (13) eingerichtet ist, um den sta-
tistischen Wert der Amplitudenwerte entlang einer
Normalenrichtung der Knorpeloberflache zu berech-
nen.

Ultraschallknorpeluntersuchungsgerat (1) nach ei-
nem der Anspriiche 1 bis 4, ferner umfassend einen
Sender (11) zum Ubertragen eines Burstsignals an
verschiedene Positionen des lebenden Korpers.

Ultraschallknorpeluntersuchungsgeréat (1) nach ei-
nem der Anspriiche 1 bis 5, ferner umfassend eine
Anzeigeeinheit (15) zum Anzeigen der Untersu-
chungsdaten, die von dem Generator (13) generiert
wurden.

Ultraschallknorpeluntersuchungsgerat (1) nach ei-
nem der vorherigen Anspriiche, wobei die Auswah-
leinheit (12) die Ultraschallsignale basierend auf
Zeitspannen auswahlt, wobei jede Zeitspanne zwi-
schen einer Ubertragung des Ultraschallsignals und
einem Empfangen des Echosignals ist.

Verfahren (800) zum Untersuchen eines Knorpels
eines lebenden Korpers unter Verwendung von Ul-
traschallsignalen, wobei das Verfahren Untersu-
chungsdaten, die sich auf einen Zustand des Knor-
pels beziehen, basierend auf zwei oder mehreren
Echosignalen, die Reflektionen zweier oder mehre-
rer Ultraschallsignale sind, die von auerhalb des
lebenden Koérpers zu verschiedenen Positionen in-
nerhalb des lebenden Kérpers Ubertragen wurden,
generiert, das Verfahren umfassend:

Auswahlen (s2) von Ultraschallsignalen, bei
welchen ein Einfallwinkel auf der Knorpelober-
flache im Wesentlichen senkrecht ist, aus den
zwei oder mehreren Ubertragenen Ultraschall-
signalen;
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Erfassen (s3) von Amplitudenwerten zweier
oder mehrerer Echosignale, die auf der Ober-
flache des Knorpels reflektiert wurden, entspre-
chend den ausgewahlten Ultraschallsignalen;
Berechnen (s4) eines statistischen Werts derer-
fassten Amplitudenwerte; und

Generieren (s6) der Untersuchungsdaten, die
sich auf den Zustand des Knorpels beziehen,
basierend auf dem berechneten statistischen
Wert.

Computerlesbares Programm (800) zum Veranlas-
sen eines Computers (1) einen Knorpel eines leben-
den Korpers unter Verwendung von Ultraschallsig-
nalen zu untersuchen, wobei das Programm einen
Computer veranlasst, Untersuchungsdaten, die sich
auf einen Zustand des Knorpels beziehen, basie-
rend auf zwei oder mehreren Echosignalen, die Re-
flektionen zweier oder mehrerer Ultraschallsignale
sind, die von aufierhalb des lebenden Korpers zu
verschiedenen Positionen innerhalb des lebenden
Kdérpers Ubertragen wurden, zu generieren, umfas-
send:

einen Computer (1) veranlassen, Ultraschallsi-
gnale, bei welchen ein Einfallwinkel auf der
Knorpeloberflache im Wesentlichen senkrecht
ist, aus den zwei oder mehreren Ulbertragenen
Ultraschallsignalen auszuwahlen (s2);

einen Computer (1) veranlassen, Amplituden-
werte zweier oder mehrerer Echosignale, die
auf der Oberflache des Knorpels reflektiert wur-
den, entsprechend den ausgewahlten Ultra-
schallsignalen zu erfassen (s3);

einen Computer (1) veranlassen, einen statisti-
schen Wert der erfassten Amplitudenwerte zu
berechnen (s4); und

einen Computer (1) veranlassen, die Untersu-
chungsdaten, die sich auf den Zustand des
Knorpels beziehen, basierend auf dem berech-
neten statistischen Wert zu generieren (s6).

Revendications

Dispositif d’analyse de cartilage a ultrasons (1) pour
générer des données d’analyse relatives al'étatd’un
cartilage d’un corps vivant sur la base de deux ou
plus de deux signaux d’écho qui sont des réflexions
de deux ou plus de deux signaux ultrasonores trans-
mis depuis I'extérieur du corps vivant a différentes
positions a lintérieur du corps vivant, le dispositif
comprenant :

une unité de sélection (12) configurée pour sé-
lectionner des signaux ultrasonores dont un an-
gle d’incidence sur la surface de cartilage est
sensiblement perpendiculaire, par rapport aux
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deux ou plus de deux signaux ultrasonores
transmis ;

une unité d’acquisition (13) configurée pour ac-
quérir des valeurs d’amplitude de deux ou plus
de deux signaux d’écho réfléchis sur la surface
du cartilage correspondant aux signaux ultraso-
nores sélectionnés par I'unité de sélection (12) ;
un calculateur (13) configuré pour calculer une
valeur statistique des valeurs d’amplitude acqui-
ses par l'unité d’acquisition ; et

un générateur (13) configuré pour générer les
données d’analyse relatives a I'état du cartilage
sur la base de la valeur statistique calculée par
le calculateur.

Dispositif d’analyse de cartilage a ultrasons (1) selon
la revendication 1, dans lequel le calculateur (13) est
configuré pour calculer un coefficient de variation en
tant que valeur statistique sur la base des valeurs
d’amplitude acquises par l'unité d’acquisition (13).

Dispositif d’analyse de cartilage a ultrasons (1) selon
la revendication 1 ou 2, dans lequel 'unité d’acqui-
sition (13) est configurée pour acquérir les valeurs
d’amplitude des deux ou plus de deux signaux
d’écho provenant de la surface de cartilage ou d’'une
surface sensiblement paralléle a la surface de car-
tilage, et

dans lequel le calculateur (13) est configuré pour
calculer la valeur statistique des valeurs d’amplitude
de la surface de cartilage ou de la surface sensible-
ment paralléle a la surface de cartilage.

Dispositif d’analyse de cartilage a ultrasons (1) selon
la revendication 1 ou 2, dans lequel 'unité d’acqui-
sition (13) est configurée pour acquérir la valeur
d’amplitude du signal d’écho a tout moment, et
dans lequel le calculateur (13) est configuré pour
calculer la valeur statistique des valeurs d’amplitude
le long d’une direction normale de la surface de car-
tilage.

Dispositif d’analyse de cartilage a ultrasons (1) selon
'une quelconque des revendications 1 a 4, compre-
nant en outre un émetteur (11) pour transmettre un
signal en rafale pulsé a différentes positions du corps
vivant.

Dispositif d’analyse de cartilage a ultrasons (1) selon
'une quelconque des revendications 1 a 5, compre-
nant en outre une unité d’affichage (15) pour afficher
les données d’analyse générées par le générateur
(13).

Dispositif d’analyse de cartilage a ultrasons selon
'une quelconque des revendications précédentes,
dans lequel I'unité de sélection (12) sélectionne le
signal ultrasonore sur la base de périodes de temps,
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chaque période de temps étant comprise entre une
transmission du signal ultrasonore et une réception
du signal d’écho.

Procédé (800) d’analyse d’'un cartilage d’'un corps
vivant utilisant des signaux ultrasonores, le procédé
générant des données d’analyse relatives a un état
du cartilage sur la base de deux ou plus de deux
signaux d’écho qui sont des réflexions de deux ou
plus de deux signaux ultrasonores transmis depuis
I'extérieur du corps vivant a différentes positions a
I'intérieur du corps vivant, le procédé comprenant
les étapes consistant a :

sélectionner (s2) des signaux ultrasonores dont
un angle d’incidence sur la surface de cartilage
est sensiblement perpendiculaire, par rapport
aux deux ou plus de deux signaux ultrasonores
transmis ;

acqueérir (s3) des valeurs d’amplitude de deux
ou plus de deux signaux d’écho réfléchis sur la
surface du cartilage correspondant aux signaux
ultrasonores sélectionnés ;

calculer (s4) une valeur statistique des valeurs
d’amplitude acquises ; et

générer (s6) les données d’analyse relatives a
I’état du cartilage sur la base de la valeur statis-
tique calculée.

Programme lisible par ordinateur (800) pour amener
un ordinateur (1) a analyser un cartilage d'un corps
vivant en utilisant des signaux ultrasonores, le pro-
gramme amenant un ordinateur a générer des don-
nées d’analyse relatives a un état du cartilage sur la
base de deux ou plus de deux signaux d’écho qui
sont des réflexions de deux ou plus de deux signaux
ultrasonores transmis depuis I'extérieur du corps vi-
vant a différentes positions a I'intérieur du corps vi-
vant, comprenant les étapes consistant a :

amenerun ordinateur (1) a sélectionner (s2) des
signaux ultrasonores dont un angle d’incidence
sur la surface de cartilage est sensiblement per-
pendiculaire, par rapport aux deux ou plus de
deux signaux ultrasonores transmis ;

amener un ordinateur (1) a acquérir (s3) des va-
leurs d’amplitude de deux ou plus de deux si-
gnaux d’écho réfléchis sur la surface du cartila-
ge correspondant aux signaux ultrasonores
sélectionnés ;

amener un ordinateur (1) a calculer (s4) une va-
leur statistique des valeurs d’amplitude
acquises ; et

amener un ordinateur (1) a générer (s6) les don-
nées d’analyse relatives a I'état du cartilage sur
la base de la valeur statistique calculée.
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