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7) ABSTRACT

Systems and methods are provided for diagnosing neuro-
muscular disease in a patient suspected of having a neuro-
muscular disease, Phantoms for use in these systems and
methods are also provided. Methods are further provided for
determining a normalized ultrasound data value for a patient
of interest having a known age, weight, height, and sex.
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SYSTEM AND METHOD FOR
QUANTITATIVE MUSCLE ULTRASOOUND
FOR DIAGNOSIS OF NEUROMUSCULAR
DISEASE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to U.S. Provisional
Patent Application No. 62/016,945, filed Jun. 25, 2014, the
entire contents of which are hereby incorporated by refer-
ence.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH

[0002] N/A

BACKGROUND

[0003] The present disclosure relates to systems and meth-
ods for quantitative ultrasound. More particularly, the pres-
ent disclosure relates to systems and methods for diagnosing
neuromuscular disease in a patient suspected of having a
neuromuscular disease using quantitative muscle ultra-
sound.

[0004] Although ultrasound has been around since the
1950s, in recent years technology has evolved to the point
that portable, relatively inexpensive, high resolution
machines are more widely available, leading to widespread
use in almost all fields of medicine. Ultrasound provides
high resolution imaging of soft tissue, fascial planes, and
neurovascular structures, allowing localization of muscle,
nerve, and adjacent neurovascular or other vital structures.
Use of real-time ultrasound guidance for needle placement
during nerve conduction studies and needle electromyogra-
phy (EMG) can increase accuracy and/or decrease risk in
certain situations. Ultrasound can provide detailed anatomi-
cal and pathophysiological information in nerve and muscle
disease as well as real time information related to muscle
activation and movement patterns of nerve and muscle.
Diagnostic ultrasound has been shown to have a significant
role in the diagnosis of neuromuscular disorders, for
example in identifying the underlying cause of various
mononeuropathies and in screening for neuromuscular dis-
ease. Neuromuscular disorders result in muscle atrophy and
intramuscular fibrosis and fatty infiltration, all of which can
be visualized with ultrasound. Sensitivity and specificity of
muscle ultrasound in the detection of neuromuscular disor-
ders has been shown to be very high in several prospective
studies.

[0005] In the pediatric population, ultrasound is a useful
tool because it is painless, rapid, and does not carry any
radiation risk. Nerve conduction studies and needle EMG
are typically performed under conscious sedation in pediat-
ric patients. This exposes children to the risk of anesthesia
(which is of particular concern in patients with certain
neuromuscular disorders) as well as increasing the cost of
the study more than five fold. The EMG study itself is often
technically difficult, in many cases the child is too sedated to
activate the muscles to allow for motor unit analysis and the
final diagnosis may be indeterminate. Also, sensitivity of
EMG in hypotonic infants and particularly in myopathy in
infants and children has been shown to be quite low.
[0006] In adults, many patients with symptoms of myalgia
or subjective weakness are referred to an EMG lab to rule
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out myopathy or other neuromuscular disease. Though rep-
resenting a patient population that can tolerate the EMG
process better than the pediatric population, the invasive
nature is still a substantial drawback to for the adult popu-
lation.

[0007] Therefore, it would be desirable to have a system
method for analyzing nerves in patients without the use of
needles and processes such as EMG.

SUMMARY

[0008] The present disclosure overcomes the aforemen-
tioned drawbacks by providing systems and methods for
diagnosing neuromuscular disease using quantitative ultra-
sound, methods of determining a normalized ultrasound data
values for a patient of interest, and a phantom for use with
the same. Systems, methods, and phantoms described herein
are suitable for diagnosing neuromuscular disease with
quantitative ultrasound based on individualized, normalized
data values that have been determined by observing a
normalized control group and selected based on one or more
patient variables.

[0009] In accordance with the present disclosure, the
method of diagnosing neuromuscular disease in a patient
suspected of having a neuromuscular disease using a diag-
nostic image processor can include receiving, at the diag-
nostic image processor, a patient data set comprising an
ultrasound image of a muscular region of interest of the
patient, the image comprising a mean signal intensity; a
muscle region identifier of the muscular region of interest of
the patient; a subcutaneous tissue thickness and a muscle
thickness of the muscular region of interest of the patient;
and at least one patient variable selected from the group
consisting of an age of the patient, a weight of the patient,
a height of the patient, and a sex of the patient. The method
can also include determining, using the diagnostic image
processor, a signal variance between the mean signal inten-
sity and a normalized mean signal intensity and a thickness
variance between the subcutaneous tissue thickness and a
normalized subcutaneous tissue thickness, between the
muscle thickness and a normalized muscle thickness, or
between a sum of the muscle thickness and the subcutaneous
tissue thickness and a sum of the normalized muscle thick-
ness and the normalized subcutaneous tissue thickness. The
method can also include categorizing, using the diagnostic
image processor, the muscular region of interest based on the
signal variance, the thickness variance, or a combination
thereof. The normalized mean signal intensity, the normal-
ized subcutaneous tissue thickness, and the normalized
muscle thickness can be selected based on the muscle region
identifier and the at least one patient variable.

[0010] In accordance with the present disclosure, a
method for determining a normalized ultrasound data value
for a patient of interest having a known age, weight, height,
and sex includes receiving an ultrasound imaging data set
comprising an ultrasound data value for each member of a
normalized control group of individuals that do not have a
disease state of interest. The methods further include per-
forming a multiple linear regression on the ultrasound
imaging data set based on an age of the individuals of the
control group and one or more individual variables selected
from the group consisting of a weight of the individuals of
the control group, a height of the individuals of the control
group, and a sex of the individuals of the control group to
produce a multiple linear regression model. The method
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further includes producing, using the multiple linear regres-
sion model, a normalized ultrasound data value based on the
age of the patient of interest and optionally at least one
patient variable including the weight of the patient, the
height of the patient, and the sex of the patient.

[0011] In accordance with the present disclosure, an ultra-
sound imaging phantom can include a gel and a plurality of
grey scale targets within the gel. The gel can include a
calibration surface, a sound velocity ranging from about
1400 m/s to about 1700 m/s, and a sound absorption ranging
from about 0.3 dB/cm/MHz to about 1.0 dB/cm/MHz. The
plurality of grey scale targets can include a first grey scale
target and a second grey scale target. The first grey scale
target can have a mean echo intensity of at least about +18
dB and is located at a first depth from the calibration surface.
The second grey scale target can have a mean echo intensity
equal to the first grey scale target and can be located at a
second depth from the calibration surface. The second depth
can be different than the first depth. The first and second grey
scale targets can each have at least one physical dimension
ranging from about 0.1 mm to about 5.0 mm. The first and
second depths can be from about 0.1 cm to about 10.0 cm.
[0012] In accordance with the present disclosure, an ultra-
sound diagnostic system can include an ultrasound imaging
system; a phantom; and a diagnostic image processor.
[0013] The foregoing and other aspects and advantages of
the disclosure will appear from the following description. In
the description, reference is made to the accompanying
drawings that form a part hereof, and in which there is
shown by way of illustration a preferred aspect of the
disclosure. Such aspect does not necessarily represent the
full scope of the disclosure, however, and reference is made
therefore to the claims and herein for interpreting the scope
of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1A is a schematic of an ultrasound imaging
system, in accordance with the present disclosure.

[0015] FIG. 1B is a flow chart setting forth steps of an
example of a method, in accordance with the present dis-
closure.

[0016] FIG. 1C is a flow chart setting forth steps of an
example of a method in accordance with the present disclo-
sure.

[0017] FIG. 2 is a schematic side view (first side) of a
phantom, in accordance with the present disclosure.

[0018] FIG. 3 is a schematic side view (opposite side of
FIG. 2) of a phantom, in accordance with the present
disclosure.

[0019] FIG. 4 is a schematic top view of a phantom, in
accordance with the present disclosure.

[0020] FIG. 5 is an optical image of a top view of a
phantom, in accordance with the present disclosure.

[0021] FIG. 6 is an optical image of a side view of a
phantom, in accordance with the present disclosure.

DETAILED DESCRIPTION

[0022] The present disclosure is not limited to the particu-
lar embodiments described. It is also to be understood that
the terminology used herein is for the purpose of describing
particular embodiments only, and is not intended to be
limiting. The scope of the present disclosure will be limited

6,0

only by the claims. As used herein, the singular forms “a”,
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an”, and “the” include plural embodiments unless the
context clearly dictates otherwise.

[0023] Specific structures, devices, and methods relating
to improved ultrasound treatment efficiency and operation
are disclosed. It should be apparent to those skilled in the art
that many additional modifications beside those already
described are possible without departing from the inventive
concepts. In interpreting this disclosure, all terms should be
interpreted in the broadest possible manner consistent with
the context. Variations of the term “comprising” should be
interpreted as referring to elements, components, or steps in
a non-exclusive manner, so the referenced elements, com-
ponents, or steps may be combined with other elements,
components, or steps that are not expressly referenced.
Embodiments referenced as “comprising” certain elements
are also contemplated as “consisting essentially of” and
“consisting of” those elements. In places where ranges of
values are given, this disclosure explicitly contemplates
other combinations of the lower and upper limits of those
ranges that are not explicitly recited. For example, recitation
of a value ranging from 1 to 10 or from 2 to 9 also
contemplates a value ranging from 1 to 9 or from 2 to 10.
Ranges identified as being “ranging from” two values are
inclusive of the end-point values. For example, recitation of
a value ranging from 1 to 10 includes the values 1 and 10.
[0024] This disclosure provides ultrasound diagnostic sys-
tems. The ultrasound diagnostic systems may include one or
more of the following: an ultrasound imaging system; a
phanton; and a diagnostic image processor.

[0025] Referring particularly to FIG. 1A, an example of an
ultrasound imaging system 100 includes a transducer array
102 that includes a plurality of separately driven transducer
elements 104. In some configurations, the transducer array
102 may include a linear array transducer.

[0026] When energized by a transmitter 106, each trans-
ducer element 104 produces a burst of ultrasonic energy. The
ultrasonic energy reflected back to the transducer array 102
from the object or subject under study is converted to an
electrical signal by each transducer element 104 and applied
separately to a receiver 108 through a set of switches 110.
The transmitter 106, receiver 108, and switches 110 are
operated under the control of a digital controller 112 respon-
sive to commands input by a user. A complete scan is
performed by acquiring a series of echo signals in which the
switches 110 are set to their transmit position, thereby
directing the transmitter 106 to be turned on momentarily to
energize each transducer element 104. The switches 110 are
then set to their receive position and the subsequent echo
signals produced by each transducer element 104 are mea-
sured and applied to the receiver 108. The separate echo
signals from each transducer element 104 are combined in
the receiver 108 to produce a single echo signal that is
employed to produce a line in an image, for example, on a
display system 114.

[0027] The present disclosure recognizes that quantitative
ultrasound imaging using a system such as described with
respect to FIG. 1A offers the ability to track changes in
muscular composition non-invasively. This disclosure pro-
vides systems and methods for diagnosing neuromuscular
disease in a patient suspected of having a neuromuscular
disease. The methods may include one or more of the
following: receiving a patient data set; determining a signal
variance and a thickness variance; and categorizing the
muscular region of interest.
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[0028] In particular, referring to FIG. 1B, a flow chart is
provided setting forth examples of steps of a method that
may be performed in accordance with the present disclosure
for performing quantitative ultrasound imaging and tracking
such information over time to make informed clinical deci-
sions. Specifically, at process block 120, an ultrasound
system, such as described with respect to FIG. 1A, is used
to acquire quantitative ultrasound data forming a patient data
set. In certain configurations, the patient data set may
include ultrasound images of a muscular region of interest of
the patient and/or a muscle region identifier of the muscular
region of interest of the patient.

[0029] The ultrasound image of a muscular region of
interest of the patient may include a mean signal intensity.
In certain configurations, the mean signal intensity may be
determined using the histogram method, such as the method
described in U.S. Patent Application Pub. No. 2008/0119718
and U.S. Pat. No. 7,995,825, each of which is incorporated
herein in its entirety by reference. In certain configurations,
the mean signal intensity may be determined using software.
In certain configurations, the mean signal intensity may be
determined using two, three, four, five, six, seven, eight,
nine, ten, or more individual ultrasound images.

[0030] The muscle region identifier may be used to iden-
tify the muscle or the sub-region of a muscle that is the
subject of the ultrasound image. The muscle region identifier
can take a variety of forms and can be used to identify the
muscle or sub-region of the muscle. For example, the muscle
region identifier can be a word, such as the name of the
muscle or sub-region of the muscle, a numerical value that
corresponds to the name of the muscle or sub-region of the
muscle, or the like.

[0031] At process block 122, the acquired ultrasound data
may be processed. For example, the data may be processed
to determine a subcutaneous thickness of the muscular
region of interest of the patient and/or determine a muscle
thickness of the muscular region of interest of the patient
and/or evaluate one or more patient variables.

[0032] The subcutaneous thickness is a value that corre-
sponds to the thickness of the subcutaneous tissue that is
adjacent to and in contact with the muscle that contains the
muscular region of interest. The subcutaneous thickness can
be measured by a method known to those having ordinary
skill in the art. For example, the subcutaneous thickness can
be measured by caliper, ultrasound imaging, magnetic reso-
nance imaging, or the like. For improved reproducibility, the
subcutaneous thickness may be measured by a technique
that produces results that are comparable with the technique
used to measure the subcutaneous thicknesses that are used
to determine a normalized subcutaneous thickness.

[0033] The muscle thickness is a value that corresponds to
the thickness of the muscle that contains the muscular region
of interest. The muscle thickness can be measured by a
method known to those having ordinary skill in the art. For
example, the muscle thickness can be measured by caliper,
ultrasound imaging, magnetic resonance imaging, or the
like. For improved reproducibility, the muscle thickness may
be measured by a technique that produces results that are
comparable with the technique used to measure the muscle
thicknesses that are used to determine a normalized muscle
thickness.

[0034] The one or more patient variables are used to
determine which normalized values may be used for deter-
mining a signal and thickness variance, as described below.
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The one or more patient variables include, but are not
limited to, age, height, weight, and sex. In some configura-
tions, the one or more patient variables include age and one
or more of height, weight, and sex.

[0035] Incertain configurations, determining a signal vari-
ance may include determining a variance between the mean
signal intensity and a normalized mean signal intensity. The
signal variance may be determined by a method known to a
person having ordinary skill in the art. For example, the
signal variance can be determined by calculating the differ-
ence between the mean signal intensity and the normalized
mean signal intensity.

[0036] In certain configurations, determining a thickness
variance may include determining a variance between the
subcutaneous tissue thickness and a normalized subcutane-
ous tissue thickness, between the muscle thickness and a
normalized muscle thickness, or between a sum of the
muscle thickness and the subcutaneous tissue thickness and
a sum of the normalized muscle thickness and the normal-
ized subcutaneous tissue thickness. The thickness variance
may be determined by a method known to a person having
ordinary skill in the art. For example. the thickness variance
can be determined by calculating the difference between the
subcutaneous tissue thickness and a normalized subcutane-
ous tissue thickness, between the muscle thickness and the
normalized muscle thickness, or between a sum of the
muscle thickness and the subcutaneous tissue thickness and
a sum of the normalized muscle thickness and the normal-
ized subcutaneous tissue thickness.

[0037] At process block 124, the muscular region of
interest is categorized. Categorizing the muscular region of
interest is a step that converts the data into a more infor-
mative form for consumption by a medical professional.
Rather than reporting a numerical value of questionable use
to a medical professional, the methods described herein can
categorize the muscular region of interest based on one or
more of the numerical outputs described herein. In certain
configurations, categorizing the muscular region of interest
may include categorizing the muscular region of interest
based on the signal variance, the thickness variance, or a
combination thereof

[0038] Categorizing the muscular region of interest may
include establishing one or more cut-off points. A cut-off
point may be a point that denotes a shift between categories.
For example, a first category and a second category may be
divided at a cut-off point with the first category residing
below the cut-off point and the second category residing
above the cut-off point. If a data value is above the cut-off
point, then the muscular region of interest is categorized in
the second category. If a data value is below the cut-off
point, then the muscular region of interest is categorized in
the first category. A cut-off point can be included in either the
category residing above or below the cut-off point. In some
configurations, the one or more cut-off points establish
categories of diagnostic relevance. In certain configurations,
the cut-off point for a data value may be *2 standard
deviations from the normalized data value. However, a
person of ordinary skill in the art will recognize that the
cut-off point can be adjusted as desired based, for example,
on desired or desired numbers of categories. Categorizing
the muscular region of interest can include categorizing into
categories such as normal, abnormal, borderline abnormal,
and the like.



US 2017/0196541 Al

[0039] At process block 126, a report may be generated.
For example, the report may include the categorized mus-
cular region of interest.

[0040] The normalized mean signal intensity, the normal-
ized subcutaneous tissue thickness, or the normalized
muscle thickness may be calculated or selected based on the
muscle region identifier and at least one patient variable. For
example, a quadriceps muscle for a 10 year old male may
have a different normalized mean signal intensity, normal-
ized subcutaneous tissue thickness, or normalized muscle
thickness than a quadriceps muscle for a 70 year old female.
[0041] Referring to FIG. 1C, the above-described infor-
mation may be used to determine a normalized ultrasound
data value for a patient of interest having a known age,
weight, height, and sex. As will be described in greater
detail, one example of one method may include receiving an
ultrasound imaging data set at process block 130, perform-
ing a multiple linear regression on the ultrasound imaging
data set to produce a multiple linear regression model at
process block 132, and producing a report at process block
134, using the multiple linear regression model. The report
may include a normalized ultrasound data value based on
one or more patient variables.

[0042] The ultrasound data value and normalized ultra-
sound data value may be related to particular muscles or
particular sub-regions of muscles. In other words, an ultra-
sound data value and normalized ultrasound data value for
a quadriceps muscle may be different than an ultrasound data
value and normalized ultrasound data value for a biceps
muscle. It should be apparent to a person having ordinary
skill in the art that this method affords the inclusion of a
muscle region of interest as one of the regression variables,
but the method described in detail herein is related to a
single muscle or sub-region of a muscle. In other words, the
methods described herein can be performed on a muscle-
by-muscle or sub-region-by-sub-region basis, or can be
combined into a larger method that deals with more than one
muscle or sub-region of muscle at the same time.

[0043] In certain configurations, the ultrasound imaging
data set may include an ultrasound data value for each
member of a normalized control group of healthy individu-
als or individuals that do not have a disease state of interest.
The ultrasound data value and the ultrasound imaging data
set may be created using the histogram method. In certain
configurations, the ultrasound data value may include a
mean echo intensity, a subcutaneous tissue thickness, a
muscle thickness, or a combination thereof. In certain con-
figurations, performing a multiple linear regression on the
ultrasound imaging data set may include a regression
method known to those having ordinary skill in the art. In
certain configurations, the multiple linear regression may be
based on an age of the individuals of the control group, a
weight of the individuals of the control group, a height of the
individuals of the control group, and a sex of the individuals
of the control group. Performing the multiple linear regres-
sion produces a multiple linear regression model.

[0044] In certain configurations, producing a normalized
ultrasound data value may include producing, using the
multiple linear regression model, a normalized ultrasound
data value based on one or more patient variables. In some
configurations, producing a normalized ultrasound data
value may include producing, using the multiple linear
regression model, a normalized ultrasound data value based
on an age of the patient and at least one patient variable
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including a weight of the patient, a height of the patient, and
a sex of the patient. In certain configurations, producing a
normalized ultrasound data value may comprise inputting
one or more patient variables into the multiple linear regres-
sion model.

[0045] A normalized control group of healthy individuals
or individuals that do not have a disease state of interest is
a group that is representative of one or more of the patient
variables as described herein. In certain configurations, a
normalized control group of healthy individuals or individu-
als that do not have a disease state of interest comprises at
least five individuals for each age year for ages 18 and
below, at least 20 individuals for each decade for ages above
18, or a combination thereof. In certain configurations, the
methods and systems described herein are suitable for
persons aged 0 to 100, persons ages 0 to 18, persons aged 19
to 100, or a subset or combination thereof.

[0046] This disclosure also provides ultrasound imaging
phantoms. Referring to FIGS. 2-4, a phantom 200 may
include a gel 202 and a plurality of grey scale targets 204
within the gel 202. In certain configurations, the gel 202 may
include a material with material properties that are similar to
healthy muscle tissue. In certain configurations, the gel 202
may include a tissue-mimicking hydrogel. In certain con-
figurations, the gel 202 may include a Zerdine® tissue-
mimicking hydrogel (available commercially from CIRS,
Inc., Norfolk, Va.). In certain configurations, the get 202
may include a calibration surface 206, which in some
aspects is a top surface 206. The calibration or top surface
206 is the surface from which an ultrasound calibration may
be performed. The calibration or top surface 206 is the
surface from which the depths of the plurality of grey scale
targets 204 are defined. In certain configurations, the gel 202
may include a sound velocity ranging from about 1400 m/s
to about 1700 mys, including but not limited to, a sound
velocity ranging from about 1450 m/s to 1650 nv/s, from
about 1500 m/s to about 1600 m/s, or from about 1525 m/s
to about 1575 m/s. In some configurations, the gel 202 may
include a sound velocity of about 1540 m/s. In certain
configurations, the gel 202 may include a sound absorption
ranging from about 0.3 dB/cmyMHz to about 1.0 dB/cr/
MHz, including but not limited to, a sound absorption
ranging from about 0.35 dB/ecm/MHz to about 0.8 dB/cm/
MHz, from about 0.4 dB/cm/MHz to about 0.6 dB/cm/MHz,
or from about 0.45 dB/em/MHz to about 0.55 dB/cm/MHz.
In some configurations, the get 202 may include a sound
absorption of about 0.5 dB/cm/MHz.

[0047] In certain configurations, the plurality of grey scale
targets 204 may include two or more grey scale targets 204
with properties that are suitable for calibrating an ultrasound
imaging system as described herein to perform the methods
as described herein. In certain configurations, each of the
plurality of grey scale targets 204 is located at a depth below
the calibration surface 206 and positioned beneath a location
on the calibration surface 206. In preferred configurations,
the phantom 200 includes one grey scale target beneath a
given location, such that an ultrasound measurement above
a given target can be identified as pertaining to said target.
[0048] The plurality of grey scale targets 204 may include
sets of targets, wherein each of the targets within a set of
targets produces about the same mean echo intensity, in
certain configurations, a set of targets may include two,
three, four, five, six, seven, eight, nine, ten, or more targets,
each producing about the same mean echo intensity. Each
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member of a set of targets may be located at a different depth
than the other members of the set of targets. This feature can
be useful for depth-specific calibration.

[0049] The grey values of the targets should encompass
the full grey scale range of normalized mean echo intensities
as described herein. In addition, the grey values of the
targets should encompass the pathologically increased echo
intensities relating to non-normal muscle tissue, such as
diseased muscle tissue.

[0050] In order to achieve higher echo intensities, a grey
scale target that is larger than those typically used may be
employed. In certain configurations, one or more of the
plurality of grey scale targets 204 may include at least one
physical dimension ranging from about 0.1 mm to about 5.0
mm, in some configurations, one or more of the plurality of
grey scale targets 204 may include at least one physical
dimension ranging from about 0.5 mm to about 2.0 mm,
including but not limited to at least one physical dimension
ranging from about 0.75 mm to about 1.5 mm, or from about
0.9 mm to about 1.25 mm. In certain configurations, one or
more of the plurality of grey scale targets 204 may include
a mean echo intensity of at least about +18 dB.

[0051] In certain configurations, each of the plurality of
grey scale targets 204 is located at a depth from the
calibration or top surface 206 of the gel 202 ranging from
about 0.1 cm to about 10.0 cm. In certain configurations,
each of the plurality of grey scale targets 204 is located at a
depth from the calibration or top surface 206 of the gel 202
ranging from about 0.5 ¢m to about 6.0 cm.

[0052] As shown in FIGS. 2-4, the plurality of grey scale
targets 204 may include the following: a set of three -9 dB
targets, one at a first depth, one at a second depth, and one
at a third depth; a set of three -3 dB targets, one at a first
depth, one at a second depth, and one at a third depth; a set
of three +3 dB targets., one at a first depth, one at a second
depth, and one at a third depth; a set of three +9 dB targets,
one at a first depth, one at a second depth, and one at a third
depth; a set of three +15 dB targets, one at a first depth, one
at a second depth, and one at a third depth; and a set of three
+21 dB targets, one at a first depth, one at a second depth,
and one at a third depth. The particular depths and spatial
configuration shown in FIGS. 2-4 can be altered in numer-
ous ways as would be apparent to a person having ordinary
skill in the art.

[0053] 1In one particular configuration, the phantom 200
may be a durable, easily transportable, phantom 200 with a
series of cylindrical greyscale targets 204 on calibrated
backscatter contrast levels ranging from -9 dB to +21 dB
with respect to the background. The phantom 200 contains
three rows of targets 204 at different depths (1, 3 and 5 cm)
to allow users to make depth-dependent corrections of the
contrast level. The phantom 200 may be constructed of
CIRS, Inc.’s, Zerdine® tissue-mimicking hydrogel and is
housed in a rugged ABS plastic for increased durability.
FIGS. 5-6 show optical images of one example of a phantom
200 according to the present disclosure. In certain configu-
rations, the phantom 200 may be easily transportable,
durable, and environmentally stable.

[0054] Thus, system hardware and methods are provided
such that: variability in echointensities from one system to
the next is controlled, which has been the limiting factor
with prior efforts. The above-described hardware can keep
all the settings unchanged from one exam to another.
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[0055] The present disclosure has been described in terms
of one or more preferred aspects, and it should be appreci-
ated that many equivalents, alternatives, variations, and
modifications, aside from those expressly stated, are pos-
sible and within the scope of the disclosure.

We claim:

1. An ultrasound diagnostic system comprising an ultra-
sound imaging system, an ultrasound imaging phantom, and
a diagnostic image processot,

the ultrasound imaging system configured to acquire an

ultrasound image of a muscular region of interest of a
patient and transmit the ultrasound image to the diag-
nostic image processor, the image comprising a mean
signal intensity;

the diagnostic image processor configured to:

receive a patient data set comprising:

the ultrasound image of the region of interest of the
patient;

a muscle region identifier of the muscular region of
interest of the patient;

a subcutaneous tissue thickness and a muscle thick-
ness of the muscular region of interest of the
patient; and

at least one patient variable selected from the group
consisting of an age of the patient, a weight of the
patient, a height of the patient, and a sex of the
patient;

determine a signal variance between the mean signal
intensity and a normalized mean signal intensity and
athickness variance between the subcutaneous tissue
thickness and a normalized subcutaneous tissue
thickness, between the muscle thickness and a nor-
malized muscle thickness, or between a sum of the
muscle thickness and the subcutaneous tissue thick-
ness and a sum of the normalized muscle thickness
and the normalized subcutaneous tissue thickness;

categorize the muscular region of interest based on the
signal variance, the thickness variance, or a combi-
nation thereof, wherein the normalized mean signal
intensity, the normalized subcutaneous tissue thick-
ness, and the normalized muscle thickness are
selected based on the muscle region identifier and the
one or more patient variables;

the ultrasound phantom comprising:

a gel having a calibration surface; and

a plurality of grey scale targets within the gel,

wherein a first grey scale target has a first mean echo
intensity and is located at a first depth from the
calibration surface, and

wherein a second grey scale target has a second mean
echo intensity equal to the first mean echo intensity
and is located at a second depth from the calibration
surface, wherein the second depth is different than
the first depth.

2. The system of claim 1, wherein the muscle region
identifier is a word or a number representing the muscular
region of interest.

3. The system of claim 1, wherein the subcutaneous tissue
thickness or the muscle thickness of the muscular region of
interest of the patient is measured by the ultrasound imaging
system.

4. The system of claim 1, wherein the at least one patient
variable is at least two patient variables.
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5. The system of claim 4, wherein the at least two patient
variables include the age of the patient and the weight of the
patient, the height of the patient, or the sex of the patient.

6. The system of claim 1, wherein the at least one patient
variable is at least four patient variables including the age of
the patient, the weight of the patient, the height of the
patient, and the sex of the patient.

7. The system of claim 1, wherein the normalized mean
signal intensity, the normalized subcutaneous thickness, or
the normalized muscle thickness is calculated based on the
muscle region identifier and the at least one patient variable.

8. The system of claim 1, wherein the normalized mean
signal intensity, the normalized subcutaneous thickness, or
the normalized muscle thickness is calculated using a mul-
tiple linear regression model generated from data collected
from a normalized control group of individuals that do not
have the disease state of healthy individuals.

9. The system of claim 1, wherein the diagnostic image
processor is configured to categorize the muscular region of
interest into at least a normal category and an abnormal
category.

10. The system of claim 1, wherein the gel as a sound
velocity ranging from about 1400 m/s to about 1700 m/s.

11. The system of claim 1, wherein the gel has a sound
absorption ranging from about 0.3 dB/cm/MHz to about 1.0
dB/cm/MHz.

12. The system of claim 1, wherein the first mean echo
intensity is at least about +18 dB.

13. The system of claim 1, wherein the first and second
grey scale targets each have at least one physical dimension
ranging from about 0.1 mm to about 5.0 mm.

14. The system of claim 1, wherein the first and second
depth are from about 0.1 cm to about 10.0 cm.

10. A method of diagnosing neuromuscular disease in a
patient suspected of having a neuromuscular disease using a
diagnostic image processor, the method comprising:

receiving, at the diagnostic image processor, a patient:

data set: comprising:

an ultrasound image of a muscular region of interest of
the patient, the image comprising a mean signal
intensity;

a muscle region identifier of the muscular region of
interest of the patient;

a subcutaneous tissue thickness and a muscle thickness
of the muscular region of interest of the patient; and

at least one patient variable selected from the group
consisting of an age of the patient, a weight of the
patient, a height of the patient, and a sex of the
patient;

determining, using the diagnostic image processor, a

signal variance between the mean signal intensity and
a normalized mean signal intensity and a thickness
variance between the subcutaneous tissue thickness and
a normalized subcutaneous tissue thickness, between
the muscle thickness and a normalized muscle thick-
ness, or between a sum of the muscle thickness and the
subcutaneous tissue thickness and a sum of the nor-
malized muscle thickness and the normalized subcuta-
neous tissue thickness; and

categorizing, using the diagnostic image processor, the

muscular region of interest based on the signal vari-
ance, the thickness variance, or a combination thereof,
wherein the normalized mean signal intensity, the nor-
malized subcutaneous tissue thickness, and the normal-
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ized muscle thickness are selected based on the muscle
region identifier and the at least one patient variable.

16. The method of claim 15, wherein the muscle region
identifier is a word or a number representing the muscular
region of interest.

17. The method of claim 15, wherein the at least one
patient variable is at least two patient variables.

18. The method of claim 17, wherein the at least two
patient variable include the age of the patient and the weight
of the patient, the height of the patient, or the sex of the
patient.

19. The method of claim 15, wherein the at least one
patient variable is at least four patient variables, the at least
four patient variables including the age of the patient, the
weight of the patient, the height of the patient, and the sex
of the patient

20. The method of claim 15, wherein the first and second
grey scale targets each have at least one physical dimension
ranging from about 0.1 mm to about 5.0 mm.

21. The method of claim 15, wherein the normalized mean
signal intensity, the normalized subcutaneous thickness, or
the normalized muscle thickness is calculated using a mul-
tiple linear regression model generated from data collected
from a normalized control group of individuals that do not
have the disease state of healthy individuals.

9. The method of claim 15, wherein categorizing the
muscular region of interest includes categorizing the mus-
cular region of interest into at least a normal category and an
abnormal category.

23. A method for determining a normalized ultrasound
data value for a patient of interest having a known age,
weight, height, and sex, the method comprising:

receiving an ultrasound imaging data set comprising an
ultrasound data value for each member of a normalized
control group of individuals that do not have a disease
state of interest;

performing a multiple linear regression on the ultrasound
imaging data set based on an age of the individuals of
the control group and one or more individual variables
selected from the group consisting of a weight of the
individuals of the control group, a height of the indi-
viduals of the control group, and a sex of the individu-
als of the control group to produce a multiple linear
regression model; and

producing, using the multiple linear regression model, a
normalized ultrasound data value based on the age of
the patient of interest and optionally at least one patient
variable including the weight of the patient, the height
of the patient, and the sex of the patient.

24. An ultrasound imaging phantom comprising:

a gel having a calibration surface, the gel comprising a
sound velocity ranging from about 1.400 m/s to about
1.700 m/s and a sound absorption ranging from about
0.3 dB/cm/MHz to about 1.0 dB/cm/MHz; and

a plurality of grey scale targets within the gel,

wherein a first grey scale target has a mean echo intensity
of at least about +18 dB and is located at a first depth
from the calibration surface,

wherein a second grey scale target has a mean echo
intensity equal to the first grey scale target and is
located at a second depth from the calibration surface,
wherein the second depth is different than the first
depth,
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wherein the first and second grey scale targets each have
at least one physical dimension ranging from about 0.1
mm to about 5.0 mm, and

wherein the first and second depths are from about 0.1 cm
to about 10.0 cm.

® 0% % % %

Jul. 13,2017



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

#RI&ZBAA
4PN
IPCH %5
CPCH %5
£ %X
HhEREESE

BEG®)

ATEENRBENREMNGERA T L HELIBER

US20170196541A1 NI (»&E)B

US15/320471 RiEH

BAERZHESHRETS

BRETSNEFHEFTNHR

BRESLNEZHENRR

BOON ANDREA J

BOON, ANDREA J.

A61B8/08 A61B8/14 A61B8/00

patsnap

2017-07-13

2015-06-24

A61B8/5215 A61B8/08 A61B8/4281 A61B8/587 A61B8/14 A61B8/461 A61B8/58

62/016945 2014-06-25 US

Espacenet USPTO

100

RETATUOMMNESEHLNARRENEE NS PRRENREM

FE ERHTATRERENERNM G Z, ERHTATHERRE
HER  HE, FENMINBNEBRENLD —(LEFREENS %, *‘Qﬁl

;
/
/
/
- /
N
\\
110
RECEIVER

& TRANSMITTER

[fﬁ2

114\

DIGITAL

DISPLAY

CONTROLLER

SYSTEM

s


https://share-analytics.zhihuiya.com/view/a474b5f2-aee5-4512-85c8-a39d920ebd75
https://worldwide.espacenet.com/patent/search/family/054938774/publication/US2017196541A1?q=US2017196541A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220170196541%22.PGNR.&OS=DN/20170196541&RS=DN/20170196541

