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The invention relates to a method for determining deforma-
tion values of muscles, particularly skeletal muscles.
According to the method, an image sequence of ultrasonic
images of the muscle is obtained during a period where the
patient performs a loaded action which causes the muscle to
contract. During this period, the patient is guided to exert a
predetermined force on an exercise device. The actually
exerted force is measured simultaneously with the ultrasonic
image sequence. Deformation values are determined based
on the recorded image sequence. The invention also pro-
vides an apparatus for performing the method.
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ULTRASONOGRAPHIC METHOD FOR
MEASURING MUSCLE DEFORMATION

FIELD OF THE INVENTION

[0001] The invention relates to ultrasonography methods,
particularly to such methods for measuring deformation
properties of muscles of the human body.

BACKGROUND OF THE INVENTION

[0002] Muscle contraction is the activation of tension-
generating sites within muscle fibers. Diseased, injured, or
dysfunctional skeletal muscles may demonstrate abnormal
function such as compromised contractility.

[0003] Treatment responses in muscle diseases may be
evaluated on basis of evaluation of the muscle contractility.
Such treatments may include medical treatments, e.g. medi-
cal treatment of patients with musculoskeletal (including
sport injuries), neuromuscular diseases or physical rehabili-
tation of injured muscles. Therefore, evaluation of skeletal
musculature contractility has important clinical applications.
[0004] Accordingly, there is a need for determining
mechanical properties such as muscle deformation or muscle
strain for the purpose of evaluating contractility of skeletal
muscles. In order to be useful in clinical applications the
method should enable reliable evaluation of muscle perfor-
mance.

[0005] US 2016/0095575 discloses a method for quanti-
tative dynamic evaluation of skeletal muscles functionality
comprising the steps of a) receiving one or more sequences
of two-dimensional or three-dimensional echographic
images of the muscle under investigation b) transforming
such sequence or sequences of images into sequences of
measurements of deformations and/or strain rates in more
spatial locations of the muscle or the muscles to evaluate c)
outputting such sequences of spatial measurements in
numeric and/or graphical format.

[0006] Whereas US 2016/0095575 shows a method for
determining muscle strain a method which is more useful in
clinical applications is needed.

SUMMARY OF THE INVENTION

[0007] It would be advantageous to achieve an improved
method for evaluating muscle performance, particularly for
evaluating the parameters of contractility performance such
as deformation capabilities. In particular, it may be seen as
an object of the present invention to provide a method that
solves the above mentioned problems relating to the reli-
ability of clinical test methods, or other problems, of the
prior art.

[0008] To better address one or more of these concerns, in
a first aspect of the invention a method for determining
deformation values indicative of contractility of a loaded
muscle of a patient, the method comprises

[0009] setting a reference load to be exerted via a
loaded action to be performed by the patient by use of
the loaded muscle,

[0010] obtaining load values exerted by the patient
during a measurement period comprising an action
period in which the patient performs the loaded action,

[0011] based on the reference load and at least some of
the obtained load values, guiding the patient perform-
ing the loaded action to exert the reference load using
the loaded muscle during the action period,
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[0012] obtaining an ultrasonography image sequence of
the muscle at least during the action period,

[0013] selecting an analysis location in at least a part of
the ultrasonography image sequence subsequent to the
measurement period,

[0014] based on at least some of the ultrasonography
images of the image sequence, determining the defor-
mation values indicative of the contractility of the
muscle as average deformation values based on deter-
mined displacements of different locations within the
analysis location.

[0015] Advantageously, by guiding the patient to deliver a
load corresponding to a desired reference force using the
previously delivered load values during the action period the
muscle load can be controlled. In this way the muscle
deformation test can be performed under a desired load. For
example, it may be desired that the load action is performed
at a relatively low load due to the reduced capability of the
injured or weakened muscle.

[0016] Furthermore, the deformation values from different
tests can be compared since the tests are performed under
corresponding load conditions. Accordingly, the patient can
be instructed to perform the same test over time in order to
assess changes in the determined deformation values over
time, e.g. for the purpose of evaluating the effect of a
treatment.

[0017] The obtained load values enables a clinician to
assess the reliability of the determined deformation values,
e.g. by checking if the obtained load values are close enough
to the reference load.

[0018] US 2016/0095575 suggests using constrained kine-
matic machines and comparing determined deformations as
a function of the type of the stress induced by the machine.
Accordingly, US 2016/0095575 suggests a method enabling
assessment of the effect of muscle deformation dependent on
a type of the constrained kinematic motion. Since the
constrained motion can be performed under different loads,
US 2016/0095575 does achieve the advantage of enabling
determination of deformation values for a given load or
comparison of deformation values obtained over time for
reliably evaluating the effect of a treatment.

[0019] The selection of the analysis location may be
performed by selecting an analysis location in an image
from the image sequence, e.g. an analysis location in the
form of a selected area of that image. Thus, the selection of
an analysis location in at least a part of the ultrasonography
image sequence means a part such as an area having
substantially the same location and coverage in each of a
plurality of the images in the image sequence.

[0020] It is known to determine deformation values of
muscles based on measured changes in muscle thickness.
Compared to such methods the present method determines
deformation values based on measured displacements of
uniquely identifiable locations within a selected analysis
location. Accordingly, the deformation values can be more
accurate and are associated with a particular region in the
muscle.

[0021] According to an embodiment, the analysis location
is a single analysis location selected in at least a part of an
image of the ultrasonography image sequence.

[0022] Advantageously, only a single analysis location is
selected at a region within a muscle from where the defor-
mation values are desired. Thus, the deformation values can
be obtained so that they directly relate to the selected region.
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A small location, i.e. a small area, may be selected to obtain
deformation values from a corresponding small region of the
muscle. The analysis location may be selected as an area on
an image, e.g. by drawing or otherwise selecting the desired
area in an image of the image sequence.

[0023] According to an embodiment, each of the defor-
mation values is associated with a specific zone in the
analysis location which comprises at least one of the differ-
ent locations.

[0024] Advantageously, the deformation values or the
average deformation values are directly associated with the
determined displacements of the different identifiable loca-
tions. Thus, the deformation values can be used for assessing
the contractility of a narrowly defined zone, region or area
of the muscle, in contrast to deformation values which
characterizes the contractility of a non-specific area of a
muscle.

[0025] According to an embodiment, the displacements
are obtained based on tracking each of the different locations
from image to image in the image sequence.

[0026] According to an embodiment, the different loca-
tions are different unique speckle patterns.

[0027] According to an embodiment, the image sequence
is obtained at a rate greater than 100 images per second. For
example, a framerate of 140 images per second may be used.
[0028] Advantageously, the high frame rate improves
tracking and tracking accuracy of the different locations
from image to image and thereby accuracy of the determined
deformation values.

[0029] According to an embodiment, the method further
comprises determining the deformation values associated
with a deformation-direction, such as a predefined deforma-
tion-direction.

[0030] The deformation-direction may be a predefined or
user defined direction along which displacements of loca-
tions, e.g. speckle patterns, are determined. Advantageously,
the deformation values have a well-defined direction which
is a direction of displacements of the different locations.
Since the deformation values are obtained directly on basis
of displacement of specific regions in the muscle, the
displacement direction, or a projection thereof along a
defined direction, is directly correlated with the deformation
direction or is identical with the deformation direction.
Advantageously, since the deformation direction is known
or can be determined, the deformation values can be deter-
mined for a particular direction.

[0031] Furthermore, the deformation values can be deter-
mined for two or more deformation-directions. The defor-
mation values for the one or more deformation-directions
can be are determined based on a direction of displacements
of at least one of the locations. That is, when the direction
of displacements are known, the deformation values along
other directions can be obtained, e.g. based on projection of
the determined displacements along a direction of interest.
[0032] According to an embodiment the setting of the
reference load to be exerted comprises setting the reference
load to a percentage of a measured maximum load exerted
via the loaded action previously performed by the patient.
[0033] Advantageously, by providing a function for set-
ting the reference to a percentage of the maximum load, the
deformation test can be performed at different load levels for
achieving a better characterization of the contractility.
[0034] According to an embodiment, the maximum load
can be obtained according to a method where, prior to
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setting the reference load, peak load values exerted by the
patient are obtained during a peak load action period in
which the patient exerts a maximum load while performing
the loaded action, and where the measured maximum load
are determined from the obtained peak load values. For
example, the measured maximum load can be obtained as an
average of the obtained peak load values. Accordingly, by
providing a function for obtaining and e.g. storing the peak
load values and determining the maximum load it becomes
possible to evaluate the contractility at well-defined load
levels below the maximum load.

[0035] For example, the function for obtaining the maxi-
mum load may be arranged to instruct the patient to exert the
maximum load during two or more peak load action periods,
where a subsequent action period is separated from the
previous one by a relaxation period. After the load values
from the loaded actions have been obtained, the maximum
load can be determined from one or more of the peak load
action periods.

[0036] According to an embodiment the guiding of the
patient comprises displaying the reference load and a history
of at least some of the load values obtained during the action
period. The presentation of the reference together with the
measured loads, e.g. on a display, may advantageously
provide a visual feedback enabling the patient to adjust the
exerted load towards the reference load.

[0037] Due to the functionality of the first aspect enabling
determination of deformation values dependent on a refer-
ence load, an embodiment of the invention is particularly
suited for determining deformation values of skeletal
muscles.

[0038] According to an embodiment the loaded action is
performed by exerting a load on an exercise machine
capable of measuring the exerted load. The measurement of
the load may be performed by known methods, e.g. by use
of a potentiometer coupled with a spring loaded measure-
ment system.

[0039] According to an embodiment the measurement
period is initiated by a user activated trigger function.
Advantageously, the functionality may include a function
for starting the measurement period and possibly for ending
the measurement period. Accordingly, by use of a trigger
function the obtained load values and the ultrasonography
image sequence can be synchronized in time. Furthermore,
by defining the length of the measurement period by both
initiating and ending the measurement period by the trigger
function, the length of the measurement period can be
determined in advance.

[0040] According to an embodiment the method further
comprises selecting an analysis location in at least a part of
the ultrasonography image sequence subsequent to the mea-
surement period, where the determination of the deforma-
tion values is based on the selected analysis location in a
plurality of the ultrasonography images in the ultrasonog-
raphy image sequence.

[0041] According to an embodiment each of deformation
values are determined on basis of at least two of the
ultrasonography images in the ultrasonography image
sequence, where each of the at least two ultrasonography
images have been obtained at different time points during the
action period.

[0042] According to an embodiment the method further
comprises obtaining an EMG signal indicative of the myo-
electric activity of the muscle at least during the action



US 2020/0000433 A1

period. Advantageously, since the EMG signal should cor-
relate in time with the load values, the EMG signal can be
used, in addition to the obtained load values, to verify the
obtained deformation values. For example, according to an
embodiment, the functionality may include displaying the
deformation values and the EMG signal at least for the
action period, where the displaying is performed subsequent
to the measurement period. Additionally or alternatively, the
functionality may include displaying the deformation values
and the force values at least for the action period, where the
displaying is performed subsequent to the measurement
period.
[0043] According to an embodiment, the process of
obtaining the load values and the ultrasonography image
sequence may be synchronized in time. Additionally, the
EMG signal may be obtained so that the EMG signal is also
synchronized in time at least with the ultrasonography image
sequence. In this way, the deformation values determined
from the ultrasonography image sequence can be displayed
in time synchronization with the load values and/or the
EMG signal in order to enable a direct comparison for
verification of the deformation values.
[0044] A second aspect of the invention relates to a
processing device arranged for obtaining an ultrasonography
image sequence for determining deformation values indica-
tive of contractility of a loaded muscle of a patient, the
device comprises

[0045] a guiding function arranged to receive,

[0046] a reference load to be exerted via a loaded
action to be performed by the patient by use of the
loaded muscle,

[0047] load values exerted by the patient during a
measurement period comprising an action period in
which the patient performs the loaded action, where
the guiding function is further arranged to guide the
patient performing the loaded action to exert the
reference load using the loaded muscle based on the
reference load and at least some of the obtained load
values, and

[0048] an analyzing function arranged to receive the
ultrasonography image sequence of the muscle, where
the ultrasonography image sequence is obtained at least
for the action period, and arranged to determine the
deformation values indicative of the contractility of the
muscle based on at least some of the ultrasonography
images of the image sequence.

[0049] The processing device may be configured so that
the guiding function of the processing device is active in
data acquisition period where load data and ultrasound video
data are obtained. The analyzing function may comprise a
video recording function for receiving and storing the ultra-
sonography image sequence during the data acquisition
period and a processing function for processing the image
sequence for determination of the deformation values during
an analyzing period subsequent to the data acquisition
period. It is understood that the processing device could
consist of a single device or two or more separate units, e.g.
a unit for the guiding function and the video recording
function and another unit for the processing function.
[0050] A third aspect of the invention relates to an ultra-
sonic video recording and processing system arranged for
obtaining an ultrasonography image sequence for determin-
ing deformation values indicative of contractility of a loaded
muscle of a patient, where the system comprises
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[0051] the processing device according to the second
aspect, and
[0052] an ultrasound scanner arranged for obtaining the
ultrasonography image sequence.

[0053] Accordingly, one or more of functions of various
embodiments may be comprised by ultrasonic video record-
ing and processing system, e.g. a system dedicated for
obtaining and determining deformation values of a loaded
muscle such as skeletal muscles.
[0054] A further aspect of the invention relates to com-
puter program product directly loadable into an internal
memory of a digital computer where the computer program
product comprises software code portions for performing the
steps of the method according to the first aspect when the
computer program product is run on the computer.
[0055] In general the various aspects of the invention may
be combined and coupled in any way possible within the
scope of the invention. These and other aspects, features
and/or advantages of the invention will be apparent from and
elucidated with reference to the embodiments described
hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0056] Embodiments of the invention will be described,
by way of example only, with reference to the drawings, in
which

[0057] FIG. 1 shows a processing device configured to
determine deformation values of a loaded muscle,

[0058] FIG. 2 illustrates the reference load, the obtained
load values, the determined deformation values and the
EMG signal for illustration of the principle of an embodi-
ment of the invention,

[0059] FIG. 3 illustrates an example of a user interface of
the processing device for displaying results from the scan-
ning procedure,

[0060] FIG. 4 shows an example of load values deter-
mined for different load percentages and correlation between
strain and muscle load,

[0061] FIGS. 5A-B illustrate methods for determining the
deformation values from tracked displacements of identifi-
able locations or local identifiers, and

[0062] FIG. 6 shows another example of experimentally
obtained mean strain values for different load percentages.

DETAILED DESCRIPTION OF EMBODIMENT

[0063] FIG. 1 shows a processing device 100 configured
to obtain an ultrasonography image sequence and determin-
ing deformation values indicative of contractility of a loaded
muscle of a patient based on the image sequence. The
deformation values may be in the form of strain values or
other related mechanical property values of the muscle.
[0064] The processing device 100 may be an electronic
device comprising electronic circuits, digital processors or a
combination thereof arranged for carrying out the functions
of the image processing device 100. A computer program
arranged for performing at least some functions of the
processing device 100 may be directly loadable into an
internal memory of the processing device 100 or may be
stored in an internal memory of the processing device 100.
[0065] The processing device 100 is arranged to receive
load values from an exercise machine 101. The exercise
machine 101 measures the load exerted by a patient on a
load receiving input 102.
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[0066] For example, as illustrated, the exercise machine
101 may be arranged to load muscles of an arm of a patient
when the patient performs a loaded activity facilitated by the
exercise machine 101, e.g. a movement of a string loaded
input handle 102. The load values may be in the form of
force, torque, power, pressure or other equivalent values
relating to the force delivered by the patient on the exercise
machine. The exercise machine is arranged to enable the
patient to load the machine with different loads, e.g. loads
from a zero load up to the maximal load that the patient is
able to produce. The exercise machine has load sensor, e.g.
a force sensor or other measurement unit, arranged to
measure the applied load and arranged to make the mea-
surements available for the processing device 100.

[0067] The loaded activity performed by the user loads the
muscle under investigation and thereby causes muscle con-
traction.

[0068] The processing device 100 is arranged to receive
and process ultrasonography image sequences from an ultra-
sound scanner 110. The ultrasound scanner 110 is used for
obtaining the image sequences of the muscle used under
investigation.

[0069] The ultrasound scanner 110 comprises a probe, e.g.
a hand held scanner probe. Examples of the probe comprise
linear probes such as a 11L-D probe, convex probes and
other array or non-array probes. The ultrasound scanner 110
further comprises electric circuits for driving and receiving
electronic signals from the scanner probe. The electric
circuits of the ultrasound scanner may be comprised by the
processing device 100 or may be comprised by the scanner
110 or other external device.

[0070] The processing device 100 may further be arranged
to receive EMG (Electromyography) signals from an EMG
sensor 120. The EMG sensor is used for measuring the
myoelectric activity produced by the muscle under investi-
gation.

[0071] The processing device 100 comprises a guiding
function 131 arranged to obtain a reference load to be
exerted via the loaded action performed by the patient. The
reference load may be determined by the processing device
100. For example, the reference load may be determined on
basis of a peak load value previously exerted by the patient
in connection with a peak load test, the reference load may
be received as a signal via an input of the image processing
device 100 or the reference load may be entered via a user
interface of the image processing device 100.

[0072] The guiding function 131 is configured to guide the
patient to exert the reference load using the loaded muscle
when he performs the loaded action.

[0073] The processing device 100 further comprises an
analyzing function 132 arranged to receive and process
ultrasonography image sequences from the ultrasound scan-
ner 110.

[0074] The processing device 100 is particularly config-
ured to determine contractility of skeletal muscles such as a
muscles of the thighbone, rotator cuff muscles or other. In
order to obtain useful image sequences, the ultrasonic scan-
ner 110 is configured to obtain the image sequences at a
relevant tissue depth, e.g. depths within a range from 2 to 8
cm. The scanner probe may be operated a frequency within
a range from 7-18 MHz. Preferably, the scanner probe is a
linear scanner probe.

[0075] An aspect of the invention relates to an ultrasonic
video recording and processing system which in addition to
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the processing device 100 comprises the ultrasound scanner
110, e.g. the electric circuit for driving and receiving elec-
tronic signals from the scanner probe, possibly other electric
circuits for driving and processing signals from the exercise
machine 101 and/or the EMG sensor 120.

[0076] FIG. 2 together with FIG. 1, illustrates the principle
of an embodiment of the invention. The coordinate systems
show the load (F), the deformation (S) and EMG amplitude
(EMG) as a function of time (t).

[0077] The reference load 201 is set in order to guide the
patient to deliver a load close to the reference load. For
example, the reference load 201 may be displayed together
with the actually delivered load values 202 received from
the exercise machine 101. Alternatively, the reference load
201 may be used to generate a guiding sound informing the
patient if the delivered load is within an acceptable range,
too high or too low.

[0078] Accordingly, the guiding of the patient to exert the
reference load may be based on the reference load 201 and
at least some of the obtained load values 202. For example,
the received load values may low-pass filtered, e.g. on basis
of a fixed number of load values received most recently, in
order to guide the patient based on the most recently and
smoothed values of the delivered load.

[0079] The measurement period 209 defines a period
wherein the processing device 100 stores or samples the
received load values 202, the ultrasonography image
sequence and optionally the EMG values 221. The action
period 208 is a sub-period of the measurement period 209
and defines the period where the patient performs the loaded
action.

[0080] The start of the measurement period 209 at t1 may
be initiated by a user activated trigger function. The user
activated trigger function may be an external trigger device
which upon activation sends a trigger signal to the process-
ing device 100, or the user activated trigger function may be
embodied by a user interface, e.g. a start button, of the
processing device 100.

[0081] The end of the measurement pericd at t4 may be
determined via the same trigger function, e.g. a stop button
of the processing device 100, e.g. by a timer function which
stops the measurement after a predetermined period of time
after the start of the measurement period 209. Accordingly,
by means of the start and stop functions of the trigger
function the length of the measurement period can be
adapted to the load activity. Furthermore, repeated contrac-
tility tests of a given patient can be performed with equal
lengths of the measurement period 209.

[0082] The reference load 201 may be obtained as a
percentage of a measured maximum load 204 exerted via the
loaded action previously performed by the patient. FIG. 2
principally illustrates a maximum load curve 204 which has
been obtained at an earlier time. The maximum load values
204 may have been obtained in the same way as the load
values 202 by use of the exercise machine 101 and the
processing device 100, but instead of guiding the patient to
deliver the reference load 201 the patient is instructed to
deliver the highest possible load. For example, the process-
ing device 100 may initiate and end one or more measure-
ment periods separated by relaxation periods in which the
patient is instructed to exert a maximum force.

[0083] Accordingly, the processing device 100 may be
configured to obtain peak load values exerted by the patient
during a peak load action period, or two or more peak load
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action periods, in which the patient exerts a maximum load
while performing the loaded action, and to determine the
measured maximum load 204 from the obtained peak load
values. The peak load action period may correspond to the
action period 208 and, therefore, the measurement period
209 may be used for receiving and storing the peak load
values. The processing device 100 may be provided with a
peak force function which may comprise a trigger function
which starts storing load values from the exercise machine
101 and which may disable the guiding function 131.

[0084] During at least the action period 208, e.g. during a
period which starts before the start of the action period 208
at time t2 and which ends after the end of the action period
208 at time t3, the ultrasonography image sequences are
received and stored by the processing device 100.

[0085] Similarly, during at least the action period 208 or
during the entire measurement period 209 the processing
device 100 (e.g. the EMG function 133), in an embodiment,
receives and stores the EMG signal 221.

[0086] The processing device 100 is arranged to display
one or more of the received load signals 202, the determined
deformation values 211 and the EMG signal 221.

[0087] After completion of the measurement period 209,
the processing device 100 determines deformation values of
the loaded muscle by processing of the ultrasonography
image sequence. Thus, processing of the stored ultrasonog-
raphy image sequence for determination of deformation
values can be performed at any time after the end of the
measurement period 209.

[0088] The deformation values are determined on basis of
at least two of the ultrasonography images of the image
sequence obtained at different time points during the action
period.

[0089] Deformation values may be determined by known
methods. For example, the speckle pattern which inherently
is present in the received ultrasonography image sequence
can be used to determine contractions or elongations in the
muscle by analyzing speckle patterns in the sequence of
ultrasonography images obtained at different time points.
The speckle pattern is created by interference of the scat-
tered reflections from structures and cells of muscle and
creates a random spatial speckle pattern. Accordingly, any
location of the imaged muscle has a unique speckle pattern
which can be tracked over image frames of the image
sequence. Accordingly, the deformation for a given area or
volume of the muscle can be determined by determining
changes in a distance between uniquely identified local
speckle patterns in an image from image frame to image
frame.

[0090] By use of image analysis, other uniquely identified
local markers in the image frames of the ultrasonography
image sequence can be traced from frame to frame in order
to determine changes in distance between such markers.

[0091] Accordingly, by determining changes in distances
between particular local identifiers in the ultrasonography
image sequence between consecutive image frames the
deformation values or other relates mechanical property
values (e.g. strain values) indicative of the contractility of
the muscle can be determined. It is not necessary to use all
received and stored images, e.g. if the frame rate is high.
Therefore, the deformation values are determined based on
at least some of the ultrasonography image frames of the
image sequence.
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[0092] FIG. 2 shows that the determined deformation
values 211 may be displayed together with the EMG signal
221 or the force values 202 or both. The values and signals
may be displayed at least for the action period 208, possibly
for the entire measurement period 209. Since the deforma-
tion values 211 are determined subsequent to the measure-
ment period 209, the presentation of the values and signals
on a display may be performed subsequent to the measure-
ment period.

[0093] The processing device 100 receives and stores the
load values 202, the ultrasonography image sequence and
the optional EMG signal 221 in a synchronized way, i.e. so
that the stores values are synchronized in time. Accordingly,
a value of the deformation curve 211 at a given point in time
can be directly compared with a value of the load curve 202
and/or the EMG signal 221.

[0094] The presentation of the deformation curve 211
together with load curve and/or the EMG signal 221 enables
a clinician or other user of the processing device 100 to
assess the validity of the determined strain curve 211, e.g. by
assessing if the strain values 211 start increasing at the same
time as the force values 202 and/or the values of the EMG
signal 221.

[0095] The deformation curve 211 can be used to assess
the contractility of the muscle under investigation. For
example, deformation values below expected values for a
given level of the load values 202 indicates low contractility.
A low contractility could indicate low responsivity to a
medical treatment or could indicate that that an injured
muscle has not jet rehabilitated sufficiently.

[0096] FIG. 3 shows an example of a user interface 300 of
the processing device 100 for displaying results from the
scanning procedure. The user interface shows the deter-
mined deformation values 211. In this example, the defor-
mation values are determined for different locations of the
muscle so that three different deformation curves are shown.
FIG. 3 also shows a trigger signal 303 for starting ending the
measurement period 209.

[0097] The user interface 300 also shows a video presenter
301 arranged for displaying the received ultrasonography
image sequence. The image in the video presenter 301
shows a cross section of the muscle. In practice the video
presenter 301 shows the received ultrasonography image
sequence or a part of it, e.g. a shortened image sequence, in
order to show the location and direction of muscle contrac-
tions.

[0098] The video presenter 301 may be used for selecting
an analysis location 302 in the ultrasonography image
sequence. The selection of the analysis location 302 may be
performed manually or the selection may be assisted by a
selection function of the processing device 100 or performed
automatically based on image analysis.

[0099] The selected analysis location 302 determines the
location (e.g. location of an area, point, a line or other shape)
in the ultrasonography image sequence obtained during the
measurement period 209 from which the determination of
the deformation values should be based. The user interface
300 may be configured to select one or more analysis
locations 302 for determination of corresponding one or
more deformation curves 211.

[0100] As an example, the deformation values determined
for the selected analysis location 302 could be determined as
an average of deformation values obtained at different
locations within the analysis location 302, as deformation
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values obtained at a location within the analysis location 302
having, e.g. in average, the smallest or greatest deformation
values. The distance between the local identifiers, e.g.
unique speckle patterns, in the ultrasonography image
sequence could correspond to a dimension, e.g. a length, of
the selected analysis location 302, a fraction of the dimen-
sion, or a distance corresponding to a minimum distance
between arbitrarily selected unique local identifiers within
the selected analysis location 302 or in the vicinity of the
selected analysis location 302 (e.g. if the location 302 is
selected as a point).

[0101] Thus, by tracking identifiable locations such as
unique speckle patterns, within a selected analysis location
302 in an image of the image sequence from image to image,
the deformation values 211 can be determined from tracked
displacements of at least one identifiable location, preferably
two or more different identifiable locations. By use of two or
more identifiable locations, average deformations, i.e. aver-
age deformation values as a function of time, can be
obtained.

[0102] FIGS. 5A-B illustrate methods for determining the
deformation values 211 from tracked displacements of iden-
tifiable locations 501, i.e. local identifiers, in a selected
analysis location 302, from images with different recording
times t1, t2, t3, in the image sequence.

[0103] FIG. 5A shows a first uniquely identifiable location
501a. The uniquely identifiable location 501a, e.g. a unique
speckle pattern or other traceable image pattern, is identified
attime t1, e.g. in the same image as the analysis location 302
is identified. The location 501a is tracked in successive
images recorded at times t1-t3. The locations 501 may be
identified and traced by automatic image analysis methods.
The positions x01, x11, x21 of the locations 501a relative to
a stationary reference location, alternatively coordinates
x01, x11, x21 along the displacement direction 502, is
determined, e.g. from a determined center of the locations
501. It is understood that the locations 501 has a two-
dimensional extension in the image plane of the images, e.g.
extensions in the range from 1 mm to 30 mm.

[0104] Displacements of the locations 501 as a function of
time can be determined from the positions x01, x11, x21
obtained at different times t1-13, e.g. as a displacement
Ax1(12)=x11-x01 and Ax1(t3)=x21-x01 and so forth. The
deformation values 211 may be identical with the displace-
ments Ax1 or they may be determined as a relative displace-
ment, e.g. as a strain value, on basis of the positions x01,
x11, x21. For example, relative displacements could be
obtained as ratio of Ax1(t) and L, where [ may be a
predetermined length, a dimension of the analysis location
302, or other.

[0105] Similarly, based on a second uniquely identifiable
location 5015, positions x02, x12, x22, corresponding dis-
placements Ax2(12)=x12-x02 and Ax2(t3)=x22-x02 and
deformation values 211 can be determined.

[0106] When two or more uniquely identifiable locations
501a, 501b are used for determining deformation values
211, the deformation values 211 can be determined as
average deformation values 211 based on displacements
Ax1, Ax2. For example, the average of the displacements
Ax1, Ax2 can be determined as average displacement as a
function of time, and/or an average deformation 211 as a
function of time can be determined from displacements
Ax1(t), Ax2(1).
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[0107] FIG. 5B shows an alternative method for determin-
ing deformation values 211 on basis of at least two locations
502a, 5025, e.g. on basis of one or more distances X1, X2
between corresponding one or more pairs of locations 5024,
5025 at different recording times t1, t2 of the images in the
image sequence. The displacements such as Ax1(12)=X1
(t2)-X1(t1) can be determined from a single pair of loca-
tions 502a, 5025 for successive points in time. Advanta-
geously, two or more displacements, e.g. Ax2(t2)=X2(12)-
X2(t1) and Ax1(t2), is determined from corresponding two
or more pairs of locations 502a, 5026 and 502¢, 502d as
illustrated. Deformation values 211 can be determined as
Ax/Ax0 where Ax0 may be an initial distance between a pair
of locations 502a, 502b. Average deformation values 211
can be determined based on at least four different locations
502a, 5025, e.g. by averaging deformation values 211 deter-
mined from two or more pairs of locations 502a-d.

[0108] Since the deformation values 211 are determined
directly from displacements of the locations 501, the defor-
mation-direction associated with the deformation values 211
can be determined based on a direction 514 of the displace-
ments of the locations 501. The direction 514 can be
projected onto directions of interest such as perpendicular
directions 512, 513, e.g. directions 512, 513 from which the
deformations 211 are determined.

[0109] The method may further comprise selecting the
directions 512, 513 from at least two different directions, e.g.
perpendicular directions in the plane of an image or an
arbitrarily defined direction in the image. Since different
displacement directions may be of interest for different
purposes, a particular direction such the direction 512 or a
perpendicular direction may be selected in order to obtain
deformation values 211 associated with the selected direc-
tion. Thus, the one or more of the directions of interest 512,
513 may be predefined such as user defined. Similarly, the
method may comprise determining the deformation values
211 for one or more directions, e.g. predefined directions,
such as deformation values along a main displacement
direction 512 along which displacement mainly takes place
and an associated perpendicular direction 513.

[0110] Thus, the deformation values 211 associated with
one or more deformation-directions can be determined based
on displacements Ax determined along one of the directions
of interest 512, 513, 514, or by projection of main displace-
ment values along a main direction 514 onto one or more
directions of interest 512, 513. Clearly, the direction of
interest can be the main direction of displacement 514.
[0111] Since the deformation values 211 are determined
directly from displacements Ax of locations 501 within the
analysis location 302 a single selected analysis location is
sufficient. The analysis location 302 may be selected in a
part of the ultrasonography image so that the image con-
tained in the analysis location 302 does not comprise bound-
aries of the muscle, or at least so that the locations 501 does
not comprise muscle boundaries, like skin and bone bound-
aries.

[0112] Alternatively, the image contained in the analysis
location 302 may comprise muscle boundaries. This could
be used as an identifier for subsequent ultrasound scanning
procedures, e.g. to monitor an effect of a treatment over
time, so that the deformation values 211 can be determined
for the same muscle location.

[0113] Since the tracking of the identifiable locations 501
is based on tracking of fine structures of the muscle or
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tracking of speckle patterns a sufficient high frame rate of
the image sequence is required. That is, since the tracking is
not based on image content containing easily identifiable
structures like boundaries of the muscle, a relative high
frame rate is required. Thus, the image sequence may be
obtained at a rate greater than 100 images per second, e.g.
within a range from 120 to 180 such as 140 images per
second.

[0114] Advantageously, since the image does not comprise
parts which may be influenced by pressures on the skin, e.g.
pressures originating from the scanner probe, more reliable
results can be obtained.

[0115] FIG. 4 shows an example of strain values deter-
mined for different load percentages. The graph shows an
expected increase of the strain as the load is increased from
40% to 80% of the maximum load. At 100% load, the strain
valued would be expected to be even higher. The illustrated
reduction in the strain at 100% load is incorrect and is due
to variations in the force delivered by the patient during the
measurement period. This also indicates the necessity of
performing the muscle deformation test at loads below the
maximum load.

[0116] FIG. 6 shows another example of experimentally
obtained mean strain values S for different load percentages
(from 40% to 80% of a maximum 100% load). FIG. 6
largely corresponds with FIG. 4 for the interval from
40-80%, but has been obtained based on other experiments.
The mean strain values which correspond with deformation
values 211 are obtained for the normal supraspinatus muscle
of ten subjects subjected to increasing isometric loads from
40% to 80% relative to a maximum load of 100% obtained
for each subject. The upper graph shows an almost linear
relationship between load and deformation which shows that
the method is reliable and capable of determining strain
values over a large range of loads. The lower graph shows
that the experimentally obtained measurements from the ten
subjects are highly correlated.

[0117] Although the present invention has been described
in connection with the specified embodiments, it should not
be construed as being in any way limited to the presented
examples. The scope of the present invention is to be
interpreted in the light of the accompanying claim set. In the
context of the claims, the terms “comprising” or “com-
prises” do not exclude other possible elements or steps.
Also, the mentioning of references such as “a” or “an” etc.
should not be construed as excluding a plurality. The use of
reference signs in the claims with respect to elements
indicated in the figures shall also not be construed as limiting
the scope of the invention. Furthermore, individual features
mentioned in different claims, may possibly be advanta-
geously combined, and the mentioning of these features in
different claims does not exclude that a combination of
features is not possible and advantageous.

1-23. (canceled)

24. A method for determining strain values indicative of
contractility of a loaded muscle of a patient, the method
comprises

setting a reference load to be exerted via a loaded action

to be performed by the patient by use of the loaded
muscle,

obtaining load values exerted by the patient during a

measurement period comprising an action period in
which the patient performs the loaded action,
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based on the reference load and at least some of the
obtained load values, guiding the patient performing
the loaded action to exert the reference load using the
loaded muscle during the action period,

obtaining an ultrasonography image sequence of the

muscle at least during the action period,

selecting an analysis location (302) in at least a part of the

ultrasonography image sequence subsequent to the
measurement period,

based on at least some of the ultrasonography images of

the image sequence, determining the strain values (211)
indicative of the contractility of the muscle based on
determined displacements (Ax1(t2), Ax1(12))) of at
least one identifiable location (501) within the analysis
location (302), where the displacements (Ax1(t2), Ax1
(t2)) are obtained based on tracking the at least one
identifiable location (501) from image to image in the
image sequence.

25. A method according to claim 24, where the analysis
location (302) is a single analysis location selected in at least
a part of an image of the ultrasonography image sequence.

26. A method according to claim 24, where each of the
deformation values (211) are associated with a specific zone
in the analysis location 302 which comprises at least one of
the different locations (501).

27. A method according to claim 24, where the displace-
ments are obtained based on tracking each of the different
locations (501) from image to image in the image sequence.

28. A method according to claim 24, where the different
locations (501) are different unique speckle patterns.

29. A method according to claim 24, where the image
sequence is obtained at a rate greater than 100 images per
second.

30. A method according to claim 24, further comprising
determining the deformation values (211) associated with a
predefined deformation-direction (512, 513, 514).

31. A method according to claim 30, comprising deter-
mining the deformation values (211) for two or more pre-
defined deformation-directions (512, 513, 514).

32. A method according to claim 30, where the deforma-
tion values (211) for the one or more predefined deforma-
tion-directions (512, 513, 514) are determined based on a
direction (514) of displacements of at least one of the
locations (501).

33. A method according to claim 24, where setting the
reference load to be exerted comprises setting the reference
load to a percentage of a measured maximum load exerted
via the loaded action previously performed by the patient.

34. A method according to claim 33, further comprising

prior to setting the reference load, obtaining peak load

values exerted by the patient during a peak load action
period in which the patient exerts a maximum load
while performing the loaded action,

determining the measured maximum load from the

obtained peak load values.

35. A method according to claim 24, where guiding the
patient comprises displaying the reference load and a history
of at least some of the load values obtained during the action
period.

36. A method according to claim 24, where the muscle is
a skeletal muscle.

37. A method according to claim 24, where the loaded
action is performed by exerting a load on an exercise
machine capable of measuring the exerted load.
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38. A method according to claim 24, where the measure-
ment period is initiated by a user activated trigger function.

39. A method according to claim 24, where the method
further comprises selecting an analysis location in at least a
part of the ultrasonography image sequence subsequent to
the measurement period, and where the determination of the
deformation values is based on the selected analysis location
in a plurality of the ultrasonography images in the ultra-
sonography image sequence.

40. A method according to claim 24, where each of
deformation values are determined on basis of at least two
of the ultrasonography images in the ultrasonography image
sequence, where each of the at least two ultrasonography
images have been obtained at different time points during the
action period.

41. A method according to claim 24, where the method
further comprises obtaining an EMG signal indicative of the
myoelectric activity of the muscle at least during the action
period.

42. A method according to claim 41, where the method
comprises displaying the deformation values and the EMG
signal at least for the action period, where the displaying is
performed subsequent to the measurement period.

43. A method according to claim 24, where the method
comprises displaying the deformation values and the force
values at least for the action period, where the displaying is
performed subsequent to the measurement period.

44. A method according to claim 24, where the process of
obtaining the load values and the ultrasonography image
sequence are synchronized in time.

45. A processing device arranged for obtaining an ultra-
sonography image sequence for determining strain values
indicative of contractility of a loaded muscle of a patient, the
device comprises
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a guiding function arranged to receive,

a reference load to be exerted via a loaded action to be
performed by the patient by use of the loaded
muscle,

load values exerted by the patient during a measure-
ment period comprising an action period in which
the patient performs the loaded action, where the
guiding function is further arranged to guide the
patient performing the loaded action to exert the
reference load using the loaded muscle based on the
reference load and at least some of the obtained load
values, and

an analyzing function arranged to receive the ultrasonog-

raphy image sequence of the muscle, where the ultra-

sonography image sequence is obtained at least for the
action period, and arranged to determine the strain
values (211) indicative of the contractility of the muscle
based on at least some of the ultrasonography images of
the image sequence and based on determined displace-
ments (Ax1(12), Ax1(12)) of at least one identifiable

location (501) within an analysis location (302)

selected in at least a part of an image of the ultrasonog-

raphy image sequence, where the displacements (Ax1

(t2), Ax1(t2)) are obtained based on tracking the at least

one identifiable location (501) from image to image in

the image sequence.

46. An ultrasonic video recording and processing system
arranged for obtaining an ultrasonography image sequence
for determining deformation values indicative of contractil-
ity of a loaded muscle of a patient, the system comprises

the ultrasonic image processing device according to claim

45, and

an ultrasound scanner arranged for obtaining the ultra-

sonography image sequence.

I S I
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