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(57) ABSTRACT

A device for acquiring and collecting physiological signals
is disclosed. In at least one embodiment, the device provides
an at least one sensor having a conductive layer comprising
a conductive fabric of interlaced conductive and non-con-
ductive fibers and a plurality of orifices throughout the
conductive fabric, wherein the plurality of orifices are filled
with a silicone rubber, and wherein the silicone rubber is
attached to the conductive fabric without the use of an

adhesive. An electrical connector is connected to the con-
ductive layer, the electrical connector providing a separable
interface between the conductive layer and an electronic
instrument. The device further provides an electronic instru-
ment for receiving and collecting signals acquired from the
at least one sensor.
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SENSOR FOR ACQUIRING
PHYSIOLOGICAL SIGNALS

RELATED APPLICATIONS

[0001] This is a continuation application and so claims the
benefit pursuant to 35 U.S.C. §120 of a prior filed and
co-pending U.S. non-provisional application Ser. No.
13/988,007 filed on May 16, 2013, which itself is a 35
U.S.C. §371 U.S. national stage entry of international appli-
cation serial number PCT/EP2011/070296, filed on Nov. 16,
2011, which claims priority to both U.S. provisional appli-
cation Ser. No. 61/427,864, filed on Dec. 29, 2010, and EP
application serial number 10191590.8, filed on Nov. 17,
2010. The contents of the aforementioned applications are
incorporated by reference herein.

BACKGROUND

[0002] The present invention relates to sensors for acquir-
ing physiological signals, devices comprising these sensors,
as well as garments comprising these devices.

[0003] Applicant(s) hereby incorporate herein by refer-
ence any and all patents and published patent applications
cited or referred to in this application.

[0004] By way of background, sensors comprising elec-
trodes are used extensively in the assessment of clinical
condition, for example in the monitoring of cardiac condi-
tion. The electrodes are placed in contact with the skin of the
human body and the electrical physiological signals which
result are examined.

[0005] Nevertheless, stability, noise and sensibility of the
signals can be affected by different reasons; motion and long
term acquisition of the signal are two of the most significant.
[0006] One of the physiological signals most affected by
the different types of noise, as electrode contact noise or
movement noise is the Electrocardiogram (ECG) signals.
ECG is a long term analysis and to acquire a good signal it
is crucial that the signal’s parameters are stables.

[0007] As the ECG is a long term analysis, a garment that
include an ECG sensor is essential to monitor this type of
physiological signals in the daily live.

[0008] It is known in the state of the art, garments with
sensors integrated in the textile. The sensor to be integrated
in a garment must be a system minimal invasive, flexible,
conformable to the human body including in movement,
comfortable and resistant to repeated washing,

[0009] The current state of the art in textile sensors
presents different drawbacks: 1) Low adhesion to skin. Each
relative motion between skin and electrode causes altera-
tions in the signal. This limitation is very significant in the
context of use of electrodes during physical activity. ii)
Signal alterations. These are produced by the movement of
the conductive fibers and the presence of wrinkles. iii)
Decrease of the signal quality with time. In some sensors to
ensure the skin contact, liquids such as water or grease can
be used between the contact layer and the skin. In dry
environments it is not possible to remain the skin moisture
level constant and the electric conductivity of the contact
layer decreases.

[0010] The patent application EP1361819, which appli-
cant was Polar Electro, OY., describes a sensor which
comprises a contact layer including conductive fibers, and a
moisture layer for retaining moisture on the top of the
contact layer. The moisture layer retains secretory products
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from the skin, such as moisture and electrolytes. This
enhances the contact between the skin and the contact layer
and increases the electric conductivity of the contact layer,
but the confortable of the garment is minor as the humidity
in the skin and inside the garment is increased.

[0011] The patent application EP2072009 describes a gar-
ment comprising at least one electrocardiogram sensor inte-
grated into the garment comprising an electrode on the
inside of the garment and arranged to contact a user’s skin;
and a resilient compressible filler provided between the
garment and the electrode. The resilient compressible filler
holds the electrode in place when the garment moves. The
resilient compressible filler could be uncomfortable for the
user.

[0012] The patent application US20100234715 describes
a garment for measuring physiological signals. The garment
including an electrode sensor coupled to an inner surface of
a garment to make contact with the skin for detecting
physiological signals; a signal connection line connected to
the electrode sensor, a snap and a measurement unit. The
electrode sensor unit is coupled to a desired portion of a
garment using a coupling adhesive member which is may
have opened frame shape for attaching edges of the elec-
trode sensor to the garment. An anti slipping adhesive tape
(member) may be formed along the border of the electrode
sensor and the coupling adhesive member.

[0013] Thus, from what is known in the art, it is derived
that the development of a sensor and a garment comprising
the sensor which allow recording physiological signals,
especially in movement, with improved adhesion properties
but avoiding adhesive elements which produce skin irrita-
tions and with flexibility properties, is still of great interest.

[0014] Aspects of the present invention fulfill these needs
and provide further related advantages as described in the
following summary.

SUMMARY

[0015] Aspects of the present invention teach certain ben-
efits in construction and use which give rise to the exemplary
advantages described below.

[0016] The present invention solves the problems
described above by providing a device for acquiring and
collecting physiological signals. In at least one embodiment,
the device provides an at least one sensor having a conduc-
tive layer comprising a conductive fabric of interlaced
conductive and non-conductive fibers and a plurality of
orifices throughout the conductive fabric, wherein the plu-
rality of orifices are filled with a silicone rubber, and wherein
the silicone rubber is attached to the conductive fabric
without the use of an adhesive. An electrical connector is
connected to the conductive layer, the electrical connector
providing a separable interface between the conductive layer
and an electronic instrument. The device further provides an
electronic instrument for receiving and collecting signals
acquired from the at least one sensor.

[0017] Other features and advantages of aspects of the
present invention will become apparent from the following
more detailed description, taken in conjunction with the
accompanying drawings, which illustrate, by way of
example, the principles of aspects of the invention.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The accompanying drawings illustrate aspects of
the present invention. In such drawings:

[0019] FIG. 1A illustrates an exemplary orifice pattern in
an exemplary electrode, in accordance with at least one
embodiment;

[0020] FIG. 1B illustrates an exemplary groove pattern in
the electrode, in accordance with at least one embodiment;
[0021] FIG. 10 illustrates an exemplary orifice pattern in
the electrode with a silicone rubber pattern on the surface of
the electrode, in accordance with at least one embodiment;
[0022] FIG. 1D illustrates a front view of a conductive
fabric with the orifices filled with silicone rubber, in accor-
dance with at least one embodiment;

[0023] FIG. 2 illustrates an exploited perspective view of
an embodiment of a sensor, in accordance with at least one
embodiment;

[0024] FIG. 3A illustrates a cross-section of an embodi-
ment of a sensor, in accordance with at least one embodi-
ment;

[0025] FIG. 3B illustrates a cross-section of an embodi-
ment of a sensor, in accordance with at least one embodi-
ment;

[0026] FIG. 4 illustrates an elevation view of the garment,
in accordance with at least one embodiment;

[0027] FIG. 5 illustrates a cross-section elevation view of
a connection between an embodiment of a sensor and an
electronic instrument, in accordance with at least one
embodiment;

[0028] FIG. 6 shows the Amplitude RS (A(v)) in resting
(A), stand (B), stand/sit (C), bend (D), arms (E), walk (F),
and all the activities, resting, stand stand/sit, bend arms and
walk (G) for Zephyr™ HxM strap (1), Polar TEAM? strap
(II), Numetrex® Cardio-Shirt (III) and the shirt of the
invention (IV), in accordance with at least one embodiment;
[0029] FIG. 7 shows RMS/Amplitude RS in resting (A),
stand (B), stand/sit (C), bend (D), arms (F), walk (F), and all
the activities, resting, stand stand/sit, bend arms and walk
(G) for Zephyr™ HxM strap (I), Polar TEAM? strap (II),
Numetrex® Cardio-Shirt (IIT) and the shirt of the invention
(IV), in accordance with at least one embodiment;

[0030] FIG. 8 shows the percentage of good QRS complex
in resting and daily activity for Zephyr strap (1), Polar strap
(1I), Numetrex shirt (IIT) and the shirt of the invention (IV),
in accordance with at least one embodiment;

[0031] FIG. 9 shows the autocorrelation value for
Zephyr™ HxM strap (I), Polar TEAM? strap (II), Nume-
trex® Cardio-Shirt (IIT) and the shirt of the invention (IV),
in walking (F), arms (E), stand (B), bend (D), stand/sit (C)
and resting (A), in accordance with at least one embodiment;
[0032] FIG. 10 shows the Amplitude RS (A(v)) in mid-
speed (H), fast-speed (I), torso-move (J), racket (K), jump
(L), and all the activities, mid-speed, fast-speed, torso move,
racket and jump (M) for Zephyr™ HxM strap (1), Polar
TEAM? strap (II), Numetrex® Cardio-Shirt (111) and the
shirt of the invention (IV), in accordance with at least one
embodiment;

[0033] FIG. 11 shows RMS/Amplitude RS in mid-speed
(H), fast-speed (1), torso-move (J), racket (K), jump (L), and
all the activities, mid-speed, fast-speed, torso move, racket
and jump (M) for Zephyr strap (I), Polar strap (I1), Numetrex
shirt (I1T) and the shirt of the invention (IV), in accordance
with at least one embodiment;
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[0034] FIG. 12 shows the percentage of good QRS com-
plex in strong physical activity for Zephyr strap (I), Polar
strap (IT), Numetrex shirt (TIT) and the shirt of the invention
(IV), in accordance with at least one embodiment;

[0035] FIG. 13 shows the autocorrelation value Zephyr™
HxM strap (I), Polar TEAM? strap (I1), Numetrex® Cardio-
Shirt (T1T) and the shirt of the invention (TV) in mid-speed
(H), fast-speed (1), torso-move (J), racket (K) and jump (L),
in accordance with at least one embodiment; and

[0036] FIG. 14 shows RMS/Amplitude RS in mid-speed
(H), fast-speed (1), torso-move (J), racket (K), jump (L), and
all the activities, mid-speed, fast-speed, torso move, racket
and jump (M) for the shirt of the invention (IV), black
column and the shirt of the invention without silicone rubber
(V), white column, in accordance with at least one embodi-
ment.

[0037] The above described drawing figures illustrate
aspects of the invention in at least one of its exemplary
embodiments, which are further defined in detail in the
following description. Features, elements, and aspects of the
invention that are referenced by the same numerals in
different figures represent the same, equivalent, or similar
features, elements, or aspects, in accordance with one or
more embodiments.

DETAILED DESCRIPTION

[0038] A target of the present invention is the monitoring
of the user in physical activity on a continuous and non-
invasive mode, without adding any restrictions. Thus, the
sensor 1 of the present invention allows measuring the
electrical physiological signals during physical activity.
[0039] As mentioned above, a first aspect of the invention
relates to a sensor 1 to be placed in contact with the skin 12
of an user for acquiring physiological signals which com-
prises: a) a conductive layer 2 comprising at least conductive
fibers to be placed in contact with the skin 12 for receiving
physiological signals; b) an electrical connector 5 connected
to the conductive layer; characterized in that the conductive
layer comprises a plurality of orifices 6 filled with an
silicone rubber throughout the conductive area.

[0040] The term “sensor” as used herein, refers to a
component that receives physiological signals and trans-
forms them into electrical signals.

[0041] The term “electrode” as used herein, refers to the
area of the conductive layer that is in contact with the skin
and wherein the physiological signal is received.

[0042] The term “track” as used herein, refers to the area
of the conductive layer where the electrical connector is
located. The track transmitters the physiological signal from
the electrode area to the electrical connector.

[0043] The term “electrical connector” as used herein,
refers to an electromechanical device which provides a
separable interface between two electronic subsystems, sen-
sor and electronic instrument, without an unacceptable effect
on signal integrity.

[0044] The term “anti-slip material” as used herein, refers
to a material with a material/skin friction coefficient of al
least 0.5. In a preferred embodiment, the anti-slip material is
silicone rubber.

[0045] The term “hot melt adhesive™ as used herein, refers
to a thermoplastic, non-structural adhesive that flows when
heated and hardens and strengthens as it cools.

[0046] The term “screen printing”, as commonly known in
the art, refers to a process made using a stencil in which
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image or design is print on a very fine mesh screen and the
printable material is squeegeed onto the printing surface
through the area of the screen that is not covered by the
stencil.

[0047] Traditionally the process was called screen printing
or silkscreen printing because silk was used in the process.
Thus, “silk printing”, “screen printing” and “silk screen
printing” are synonymous among them.

[0048] In an embodiment of the first aspect of the inven-
tion, the conductive layer 2 is made of conductive material,
selected from conductive fabric.

[0049] In another embodiment of the first aspect of the
invention, it is provided a sensor 1 adapted to be integrated
in a garment 7 so as to be placed in contact with skin 12 of
a user during the use of the garment 7, wherein said sensor
1 comprises a conductive layer 2 to be placed in contact with
the skin 12 for receiving physiological signals comprising at
least: an electrode 3; a track 4; and an electrical connector
5 connected with the track 4; wherein the electrode 3 of the
conductive layer 2 comprises a plurality of orifices 6 or
grooves 11 in a predefined pattern filled with an anti-slip
material. Preferably the electrode 3 of the conductive layer
2 comprises a plurality of orifices.

[0050] According to an embodiment of the invention the
electrode 3 and the track 4 are made of the same or different
material. In a preferred embodiment of the first aspect of the
invention the electrode 3 and track 4 independently from
each other is a conductive fabric comprising conductive
fibers and non conductive fibers.

[0051] 1In a preferred embodiment of the first aspect of the
invention, the electrode 3 and the track 4 refer to a conduc-
tive fabric made of conductive fibers.

[0052] In other preferred embodiment of the first aspect of
the invention, the electrode 3 and track 4 refer to a conduc-
tive fabric made of conductive fibers and non conductive
fibers.

[0053] Preferably, the conductive fibers are made of silver
coated nylon (such as Xstatic® yarns from Laird Sauquoit
Industries) and the non conductive fibers are made of nylon.
[0054] Non limiting examples of conductive fibers are
fiber made of silver, copper, nickel, stainless steel, gold, non
conductive fibers coated with a conductive material or
mixtures thereof. Non limiting examples of coating conduc-
tive materials are silver, cooper, nickel, stainless stell, gold
and silicone rubber loaded with carbon or silver powder.
[0055] Non limiting examples of non conductive fibers are
wool, silk, cotton, flax, jute, acrylic fiber, polyamide poly-
ester, nylon and/or with elastic yarns (such as LYCRA®
branded spandex from Invista™ S.a.r.l).

[0056] The conductive layer with conductive and non
conductive fibers are not only more flexible than the con-
ductive layer formed from metal fibers only, but also tend to
be lighter and more resistant to oxidation. Because the fibers
can be knit tightly, the electrical conductivity of the fabric
can be maintained despite a partial loss of the conductive
coating on particular threads, whereas in metal fiber con-
ductive fabrics, the fabric may lose operability after a break
in one of the fibers, particularly if the fibers are spaced far
apart. The amount of metal in the fabric is a compromise
between the demand to increase the conductivity and the
necessity to improve the touch sensation of the cloth.
[0057] As a result of the interlacing of fibers, the fabric
shows a plurality of orifices 6 among fibers. According to an
embodiment of the invention, the electrode is drilled or
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grooved in order to make additional orifices 6 or grooves 11
or to make larger the orifices 6 of the electrode in a
predefined pattern.

[0058] The plurality of orifices 6 or grooves 11 present
different pattern as circular, sinusoidal pattern, straight lines
pattern, hexagon pattern and other different geometric
shapes pattern, or a combination thereof. The plurality of
orifices 6 form a matrix random or organized.

[0059] The presence of such orifices 6 or grooves 11 in the
conductive layer results in an improvement of the elasticity
of the layer. By filling the conductive layer orifices 6 or
grooves 11 with the silicone rubber it is reached an improve-
ment in the adherence of the sensor to the skin and at the
same time it is improved the signal measured, because the
noise of the signal is reduced.

[0060] The silicone rubber before the process of cured is
in a liquid state. When the silicone is in the liquid state is
printing in the fabric. This means that the union silicone-
fabric is an union without an adhesive. The electrically
conductive layer described in the invention is integrated into
the fabric. The silicone in the liquid state when is printing in
the fabric is capable to penetrate in the orifices of the fabric,
anchoring with the structure of the conductive layer.
[0061] When the orifices 6 or grooves 11 are filled, the
silicone rubber present a flat or relief profile. In a preferred
embodiment the silicone rubber shows a relief profile.
[0062] In a preferred embodiment the silicone rubber is a
silicone rubber with molecular weight comprised between
400 g/mol and 600 g/mol.

[0063] As described above the sensor 1 of the invention is
to be placed in contact with the skin 12. In a preferred
embodiment the proportion of conductive layer 2 to be in
contact with the skin is comprised between 50% and 80% of
the conductive layer and the proportion of the silicone
rubber to be in contact with the skin 12 is comprised
between 20% and 50% in respect to the total conductive
layer 2. In a most preferred embodiment the proportion of
conductive layer 2 to be in contact with the skin 12 is
comprised between 60% and 70% of the conductive layer 2
and the proportion of the silicone rubber to be in contact
with the skin 12 is comprised between 30% and 40% in
respect to the total conductive layer 2.

[0064] In a preferred embodiment the track 4 and the
electric connector 5 are covered with an insulating material
8.

[0065] In sensor on contact with the skin of the user the
electrode/skin resistance is one of the elements to determine
the noise of the signals. In a preferred embodiment the
resistance of the electrode 3 is comprised between 1Q and
10Q. In a more preferred embodiment the resistance of the
track 4 is comprised between 1Q and 50 k€.

[0066] A second aspect of the present invention is a device
comprising at least one sensor 1 of the invention and an
electronic instrument 14 for receiving and collecting and/or
storing and/or processing, and/or transmitting data from said
Sensor.

[0067] Using the sensor of the invention, the physiological
signals detected can be at least one of the following data:
cardiac pulse, respiratory frequency, electrodermal response
(EDR), measures electrical skin conductivity, electrocardi-
ography (ECG), electromyography (EMG). These signals
refer to electrical signals produced in the body. Preferably
the data are ECG data.
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[0068] A third aspect of the present invention is a garment
7 which integrates the device of the invention.

[0069] In an embodiment of the third aspect, the garment
7 is designed for applying a pressure equal or higher than 2
KPa. In another embodiment the garment 7 comprises two
layers, an inner and an outer layer 13, and the outer layer 13
compresses the sensor to the body with at least 2 KPa. In a
most preferred embodiment the outer layer 13 comprises a
system to regulate the pressure.

[0070] Preferably, the inner layer has low elasticity and the
outer layer 13 has high elasticity. The inner layer is com-
prised of a blend of synthetic fiber and spandex, wherein the
synthetic fiber comprises 85% to 90% by weight of the
composite elastic material and most preferably 87% to 89%,
and wherein the spandex comprises 10% to 15% by weight
of the composite elastic material, and most preferably 11%
to 13%. The outer layer 13 is comprised of a blend of
synthetic fiber and spandex, wherein the synthetic fiber
comprises 92% to 97% by weight of the composite elastic
material and most preferably 94% to 96%, and wherein the
spandex comprises 3% to 8% by weight of the composite
elastic material, and most preferably 4% to 6%. The outer
layer 13 compresses the sensor to the skin, and the stability
and fixation of the sensor 1 are improved.

[0071] In an embodiment of the third aspect, the track 4 of
the conductive layer 2 of the sensor 1 is placed between the
inner and the outer layer 13 of the garment, and the electrode
3 is over the inner layer of the garment, the electrode 3 being
able to be in contact with the skin 12 of the user of the
garment 7.

[0072] The sensor 1 can be prepared by a process com-
prising the steps of:

a) die cutting a conductive layer of conductive fabric;

b) adding a hot melt adhesive on one surface of the con-
ductive layer;

c) screen printing with an anti-slip silicone rubber on the
orifices 6 or grooves 11 of the electrode 3, at a temperature
comprise between 10-30° C.; and

d) curing the silicone, preferably for up two minutes at a
temperature comprised between 130-190° C.

[0073] The process can further comprise the step of screen
printing with an silicone rubber loaded with an conductive
material to form the track 4.

[0074] A particular embodiment of the invention orifices 6
pattern of the electrode 3 is illustrated in FIG. 1A. FIG. 1B
shows a preferred grooves pattern 11 of the electrode 3. FIG.
1C illustrates an electrode 3 with the orifices 6 filled with
silicone rubber, wherein the electrode 3 shows the silicone
rubber in a predefined pattern on their surface in a relief
profile. Therefore, the silicone rubber anchorages with the
fabric of the electrode, through the filling of the orifices.
[0075] FIG. 2 shows an exploited perspective view of a
sensor 1 wherein the conductive layer 2 comprises the
electrode 3 and track 4. As mentioned above, the electrode
3 present circular orifices 6 filled with silicone rubber. The
electrical connector 5 is in contact with the track 4 of the
conductive layer 2 and the track 4 can be covered with an
insulating material 8. The electrical connector 5 comprises a
first and second portion, wherein the first portion comprise
a female-type clip portion 9 and the connector second
portion may comprise a male-type stud portion 10, which
portions mate with each other.

[0076] Alternatively, the connector first portion may com-
prise a male-type stud portion and the connector second
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portion may comprise a female-type clip portion, which
portions mate with each other. Typically, when the sensor 1
is integrated in a garment 7, male a female portions of the
electrical connector are placed on the opposite face of the
garment each other. Thus, the male or female portion which
is placed in the inner face, which will be in contact with the
skin 12 of the user, is covered with an insulating material 8,
which also covers the track 4 of the conductive layer 2.
[0077] FIG. 3A illustrates a cross-section of the sensor 1
of the invention. The cross-section of the sensor 1 shows the
electrode area 3 and the circular orifices 6 filled with silicone
rubber. The track 4 is made of the same material than the
electrode 3. The track and the electrode are made of con-
ductive fabric. The sensor of the invention is in contact with
the skin 12.

[0078] FIG. 3B illustrates a cross-section of an embodi-
ment of a sensor 1 according to the present invention. In this
embodiment the electrode is made of conductive fabric and
the track 4 is made of silicone rubber loaded with a con-
ductive material.

[0079] FIG. 4 illustrates an elevation view of the garment
7 with two sensor 1 placed near the chest area. The outer
layer 13 of the garment 7 presses the sensor with at least 2
KPa.

[0080] FIG. 5 illustrates a cross-section elevation view of
a connection between an embodiment of a sensor 1 accord-
ing to the present invention and an electronic instrument 14.
The sensor 1 is connected to the electronical connector 5
using a female-type clip portion 9 and a male-type stud
portion 10.

[0081] Throughout the description and claims the word
“comprise” and variations of the word, are not intended to
exclude other technical features, additives, components, or
steps. Additional objects, advantages and features of the
invention will become apparent to those skilled in the art
upon examination of the description or may be learned by
practice of the invention. The following examples and
drawings are provided by way of illustration, and they are
not intended to be limiting of the present invention. Refer-
ence signs related to drawings and placed in parentheses in
a claim, are solely for attempting to increase the intelligi-
bility of the claim, and shall not be construed as limiting the
scope of the claim. Furthermore, the present invention
covers all possible combinations of particular and preferred
embodiments described herein.

Comparative Example Between a Garment with the Sensor
of the Invention and Other Garments with Fabric Sensor
Technology

[0082] Zephyr™ HxM (made by Zephyr Technology Cor-
poration) (I), Polar TEAM? (made by Polar Electro, OY))
(1I), Numetrex® Cardio-Shirt (made by Textronics, Inc.)
(111) and the shirt of the invention (IV), wherein the track and
the electrode are made of conductive fabric and the electrode
area has the orifices filled with silicone rubber, were tried.
The Numetrex® Cardio-Shirt is a shirt with textile elec-
trodes knitted into the fabric. The Zephyr™HxM strap and
Polar TEAM? strap are straps with textile electrodes. The
Zephyr™ HxM strap includes an electrode and a resilient
compressible filler provided between the garment and the
electrode such that, in use, the electrode is held substantially
in place against the skin when the garment moves relative to
the user’s skin. The Polar TEAM? strap includes a contact
layer including conductive fibres, and a moisture layer for
retaining moisture on top of the contact layer.
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[0083] The test protocol in which performed activities
were divided in different levels of physical exigency: rest-
ing, daily activity and strong physical activity.

[0084] The subject was monitored with a device compat-
ible with all the straps and shirts tested.

[0085] The exercises of the protocol were defined as
following:

Resting (A): the subject remained lay down in a table for 30
seconds.

Daily activity is defined by:

Stand (B): the subject stood on his feet still for 20 seconds
without moving.

Sit down/stand up (C): the subject sat down and stood up of
a chair 4 times, remaining 3 seconds in each state.

Bend down (D): the subject bent down 3 times, always in the
same way (without flexing his knees).

Arm movement (E): the subject moved his arms in different
directions (straight, horizontal and vertical) 3 times each.

Walk (F): The subject walked at a approximate speed of 3
knv/h for 20 seconds.

Strong Physical Activity (H) is Defined by

[0086] Moderate-speed Running (I): the subject ran at a
speed of 6 km/h during 20 seconds.

Fast-speed Running (J): the subject sped up his pace until he
reached 10 km/h, then he stayed running at this speed during
15 seconds.

Strong arm movement (racket move) (K): the subject moved
his arm strongly simulating hitting a ball with a racket (with
both arms), doing this movement 5 times.

Torso turning (L): keeping the feet in the same position, the
subject turned his torso in both directions, 5 times each.
Jumping (M): the subject jumped high, he will run two or
three meters and then he will jumped again. He repeated this
movement 5 times.

[0087] Strong physical activity, were more physical
demanding than the daily activity. It is also important to
underline that the subject sweated during these exercises, so
all of the results were in these conditions.

[0088] All the exercises done in the resting and daily
activities were with the strap or shift put directly onto the
subject (no sweat) and all the strong physical activity was
done with the strap or shirt worn by the subject when he was
already sweat.

[0089] When the different electrocardiographic signals
were obtained with each shirt or strap were performed a sort
of measures over these signals to evaluate the different
technologies.

[0090] The measures performed on the signals were (for
each exercise of each activity):

Visual Measures

[0091] This measure is a direct recognition, just by watch-
ing the signal, of the quality of the signal acquired in terms
of morphology and beats detected. This visual recognition is
also used to identify what beats (QRS complexes) are
recognizable as beats and which of them are too noisy to be
recognized by a cardiologist. A total of 250 beats were
analyzed for resting and Daily Activity and for Strong
Physical Activity. A total of 500 beats were analyzed.
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Measures Over the Signal

[0092] These measures were made on the signal registered
in each exercise of each activity session. These measures
involve manual and automatic analysis of the recorded

signals.
[0093] Autocorrelation:
[0094] The signal was segmented each 3 seconds with an

overlap of 2 seconds between blocks and the autocorrelation
was done of each block. This measure follows the next
formula:

N-1
Relm) = (UN =) > 2%,
n=0

where x is a signal of N samples. Then it’s normalized
regarding to the value of R_ (0). Then we obtain the
autocorrelation maximum that it’s not theone in R, ... (0),
because it’s sure that we have a maximum in this point
because the signal is compared with itself without shift.
[0095] This index give us a measure of how much does the
signal resemble to a shifted itself (starting from the premise
that a heartbeat and the next one are very similar). In this
way, values close to 1 show that the signal is very similar to
a shifted copy of itself, so it’s clean of noise, while low
values closet o zero show that the signal is corrupted by
noise.

[0096] T-P Segment RMS:

[0097] The RMS (Root Mean Square) of the T-P segment
was calculated in between heartbeats (aprox. 20 segments).
This measure was done for each exercise and, averaged, give
an estimate of the noise in the signal, particularly in Resting
state, because the T-P segment is isoelectric.

[0098] These measures were done manually (to select the
beginning and end of each segment). In those signals where
the T wave was not present (Zephyr™ HxM and Polar
TEAM? straps and Numetrex® Cardio-Shirt in Resting and
Daily Activity), the segment is defined between two con-
secutive heartbeats. This value has to be as low as possible
but has to be contextualized with the QRS amplitude (see the
point RMS/AmplitudeRS).

[0099] Maximum T-P Segment:

[0100] It measures the maximum peak of noise of the
different T-P segments. This value was useful to see if high
peaks of noise contaminate our signal.

[0101] Maximum Amplitudes:

[0102] The amplitudes of the QRS peaks was measured (R
peaks and S peaks, to get RS amplitude) for the beats of each
exercise. There was not a preferred value but higher values
tend to be better to low ones (low ones are more prone to

noise).
[0103] RMS/AmplitudeRS:
[0104] This factor was calculated with the measures

explained in the previous points. This index gives us and
accurate idea of the noise of the system in the different
exercises. It’s normalized regarding to the RS Amplitude
because each shirt/strap captures a different amount of
signals, different amplitudes, so RMS in the T-P segment has
to be contextualized to each sensor strap or shirt. For this
value, the lower the better.

[0105] Of all the index and values obtained, the most
important ones are RMS/AmplitudeRS and Autocorrelation
because both of them are very good indicators of the noise
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that contaminate the signals and how recognizable are the
heartbeats in the registered signals.

[0106] The results were presented divided in three sec-
tions: results for Resting and Daily Activity, results for
Strong Physical Activity.

[0107] Resting and Daily Activity

[0108] FIG. 6 shows the amplitude RS (A(v)) in resting
(A), stand (B), stand/sit (C), bend (D), arms (E), walk (F),
and all the activities, resting, stand stand/sit, bend arms and
walk (G) for Zephyr™ HxM strap (1), Polar TEAM? strap
(1I), Numetrex® Cardio-Shirt (III) and the shirt of the
invention (IV). The amplitude RS gives an idea of how much
signal does our system capture, so a high amplitude RS is
better. FIG. 6 shows that the shirt of the invention captures
better signal than the other systems, it works better in dry
conditions (this activity session doesn’t involves sweating).
[0109] FIG. 7 shows RMS/Amplitude RS in resting (A),
stand (B), stand/sit (C), bend (D), arms (E), walk (F), and
resting and daily activity (resting, stand stand/sit, bend arms
and walk) (G) for Zephyr™ HxM strap (1), Polar TEAM?
strap (II), Numetrex® Cardio-Shirt (III) and the shirt of the
invention (IV). This data is important because the noise is
contextualized regarding to the AmplitudeRS, and it’s a
good measure of the SNR (Signal-to-Noise Ratio) of the
system. The value calculated here is Noise-to-Signal, so the
lower this value is the better. The shirt of the invention (IV)
show the lowest value.

[0110] FIG. 8 shows the percentage good QRS complex in
resting and daily activity for Zephyr™ HxM strap (1), Polar
TEAM? strap (I1), Numetrex® Cardio-Shirt (I11) and the
shirt of the invention (IV). FIG. 8 determines how many
beats are recognizable as QRS at first sight. A total of 250
beats were analyzed for each system, and the results here are
the total of the Resting and Daily Activity Session (not
divided into exercises). The higher the percentage is the
better. The highest value it is the value of the shirt of the
invention (IV).

[0111] FIG. 9 shows the autocorrelation value for
Zephyr™ HxM strap (1), Polar TEAM? strap (II), Nume-
trex® Cardio-Shirt (11T) and the shirt of the invention (IV) in
walking (F), arms (E), stand (B), bend (D), stand/sit (C) and
resting (A). This information is also important because it is
a good indicator of the quality, reproducibility and the
similitude between the heartbeats. The closer this value is to
1, the better. The shirt of the invention show the closest
value to 1.

[0112] Strong Physical Activity

[0113] FIG. 10 shows the Amplitude RS (A(v)) in mid-
speed (H), fast-speed (1), torso-move (I), racket (K), jump
(L), and all the activities, (mid-speed, fast-speed, torso
move, racket and jump) (M) Zephyr™ HxM strap (1), Polar
TEAM? strap (II), Numetrex® Cardio-Shirt (111) and the
shirt of the invention (IV). In Strong Physical Activity, due
to the sweat, the amplitude of the signal is more similar
between technologies, because the sweat helps the conduc-
tion of the electric potentials to the electrode and decreases
the impedance of the skin-electrode interface.

[0114] FIG. 11 shows RMS/Amplitude RS in mid-speed
(H), fast-speed (1), torso-move (J), racket (K), jump (L), and
all the activities, mid-speed, fast-speed, torso move, racket
and jump (M) for Zephyr™ HxM strap (I), Polar TEAM?
strap (II), Numetrex® Cardio-Shirt (III) and the shirt of the
invention (IV). Again, we can see here that the shirt of the
invention has the best results.
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[0115] FIG. 12 shows the percentage good QRS complex
in strong physical activity for Zephyr™ HxM strap (1), Polar
TEAM? strap (II), Numetrex® Cardio-Shirt (I11) and the
shirt of the invention (IV). The shirt of the invention shows
the best results.

[0116] FIG. 13 shows the autocorrelation value for
Zephyr™ HxM strap (), Polar TEAM? strap (II), Nume-
trex® Cardio-Shirt (IIT) and the shirt of the invention (IV) in
mid-speed (H), fast-speed (1), torso-move (J), racket (K) and
Jump (L). The shirt of the invention shows the best result.
[0117] In conclusion the shirt of the invention seems
superior when we are in a situation of dry interface skin-
electrode (no sweating), giving a much better signal and
more stable than the other systems. In a Strong Physical
situations, all the systems work better in terms of signal
capture thanks to the sweat, but the shirt of the invention is
the one that give a more signal recognizable morphology
and stable signal and gives the best result in all of the
situations and activities.

Comparative Example Between a Garment with the Sensor
of the Invention and the Garments with the Sensor of the
Invention where the Orifices of the Electrode Area were not
Filled with Silicone Rubber.

[0118] The shirt of the invention (IV), wherein the track
and the electrode are made of conductive fabric and the
electrode area has the orifices filled with silicone rubber, and
the shirt of the invention without silicone rubber (V) were
tried.

[0119] The protocol followed was the same described
above. Significant differences were obtained in strong physi-
cal activity.

[0120] FIG. 14 shows RMS/Amplitude RS in mid-speed
(H), fast-speed (1), torso-move (J), racket (K), jump (L), and
all the activities, mid-speed, fast-speed, torso move, racket
and jump (M) for the shirt of the invention (IV) and the shirt
of the invention without silicone rubber. The shirt of the
invention has the best results, this means less noise and
better signal with silicone than without it. The results
showed the better adherence to the skin.

[0121] Aspects of the present specification may also be
described as follows:

[0122] 1. A device comprising: an at least one sensor for
acquiring physiological signals, the at least one sensor
comprising: a conductive layer comprising a conductive
fabric of interlaced conductive and non-conductive fibers
and a plurality of orifices throughout the conductive fabric,
wherein the plurality of orifices are filled with a silicone
rubber, and wherein the silicone rubber is attached to the
conductive fabric without the use of an adhesive; and an
electrical connector connected to the conductive layer, the
electrical connector providing a separable interface between
the conductive layer and an electronic instrument; and an
electronic instrument for receiving and collecting signals
acquired from the at least one sensor.

[0123] 2. The device according to embodiment 1, wherein
the conductive layer of the at least one sensor comprises at
least an electrode and a track, the electrical connector being
connected to the track.

[0124] 3. The device according to embodiments 1-2,
wherein the track of the at least one sensor is covered with
an insulating material.

[0125] 4. The device according to embodiments 1-3,
wherein the conductive fibers of the at least one sensor
comprise 1) fibers including silver, copper, nickel, stainless
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steel, gold, silicone rubber loaded with carbon or silver
powder; 2) non-conductive fibers coated with a conductive
material; or 3) a mixture thereof.

[0126] 5. The device according to embodiments 1-4,
wherein the non-conductive fibers of the at least one sensor
comprise fibers including wool, silk, cotton, flax, jute,
acrylic, polyamide polyester, nylon, or elastic yarn.

[0127] 6. The device according to embodiments 1-5,
wherein the conductive fibers of the at least one sensor
comprise fibers made of silver coated nylon and the non-
conductive fibers are made of nylon.

[0128] 7. The device according to embodiments 1-6,
wherein the silicone rubber of the at least one sensor is a
silicone rubber with molecular weight comprised between
400 g/mol and 600 g/mol.

[0129] 8. The device according to embodiments 1-7,
wherein the proportion of the conductive layer of the at least
one sensor designed to be in contact with a skin surface
comprises between 50% and 80% of the conductive layer
and the proportion of the silicone rubber designed to be in
contact with the skin surface comprises between 20% and
50% of the conductive layer.

[0130] 9. The device according to embodiments 1-8,
wherein the electronic instrument further stores and/or pro-
cesses and/or transmits data received and collected from the
at least one sensor.

[0131] 10. The device according to embodiments 1-9,
wherein the at least one sensor is coupled to the garment so
as to be placed in contact with skin of a user during the use
of the garment.

[0132] 11. The device according to embodiments 1-10,
wherein a portion of the garment which is coupled to the
sensor is designed for applying a pressure equal or higher
than 2 kPa.

[0133] 12. The device according to embodiments 1-11,
wherein the garment comprises two layers comprising an
inner and an outer layer, and the outer layer is able to
compress the sensor to a body of the user with a pressure of
at least 2 kPa.

[0134] 13. The device according to embodiments 1-12,
wherein the outer layer comprises a system to regulate the
pressure.

[0135] 14. A process for the preparation of an at least one
sensor as defined in embodiments 1-13, the process com-
prising the steps of: a) die cutting the conductive fabric; b)
adding a liquid silicone in a manner that the liquid silicone
penetrates and fills the plurality of orifices present in the
conductive fabric; and ¢) curing the liquid silicone to form
the silicone rubber; wherein steps a) and b) can be carried
out in any order.

[0136] 15. The device according to embodiments 1-13,
wherein the plurality of orifices of the at least one sensor
form an organized pattern.

[0137] 16. The device according to embodiments 1-13 and
15, wherein the organized pattern is a circular pattern,
sinusoidal pattern, straight line pattern, hexagon pattern,
another pattern of geometric shapes, or a combination
thereof.

[0138] 17. The device according to embodiments 1-13 and
15-16, wherein the silicone rubber of the at least one sensor
is located only in the plurality of orifices.

[0139] 18. The device according to embodiments 1-13 and
15-17, wherein the at least one sensor is configured for
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detecting cardiac pulse, respiratory frequency, electrodermal
response, electrical skin conductivity, electrocardiography,
and/or electromyography.

[0140] In closing, regarding the exemplary embodiments
of the present invention as shown and described herein, it
will be appreciated that sensors and associated devices are
disclosed and configured for acquiring physiological signals.
Because the principles of the invention may be practiced in
a number of configurations beyond those shown and
described, it is to be understood that the invention is not in
any way limited by the exemplary embodiments, but is
generally directed to sensors and associated devices and is
able to take numerous forms to do so without departing from
the spirit and scope of the invention. It will also be appre-
ciated by those skilled in the art that the present invention is
not limited to the particular geometries and materials of
construction disclosed, but may instead entail other func-
tionally comparable structures or materials, now known or
later developed, without departing from the spirit and scope
of the invention.

[0141] Certain embodiments of the present invention are
described herein, including the best mode known to the
inventor(s) for carrying out the invention. Of course, varia-
tions on these described embodiments will become apparent
to those of ordinary skill in the art upon reading the
foregoing description. The inventor(s) expect skilled arti-
sans to employ such variations as appropriate, and the
inventor(s) intend for the present invention to be practiced
otherwise than specifically described herein. Accordingly,
this invention includes all modifications and equivalents of
the subject matter recited in the claims appended hereto as
permitted by applicable law. Moreover, any combination of
the above-described embodiments in all possible variations
thereof is encompassed by the invention unless otherwise
indicated herein or otherwise clearly contradicted by con-
text.

[0142] Groupings of alternative embodiments, elements,
or steps of the present invention are not to be construed as
limitations. Each group member may be referred to and
claimed individually or in any combination with other group
members disclosed herein. It is anticipated that one or more
members of a group may be included in, or deleted from, a
group for reasons of convenience and/or patentability. When
any such inclusion or deletion occurs, the specification is
deemed to contain the group as modified thus fulfilling the
written description of all Markush groups used in the
appended claims.

[0143] Unless otherwise indicated, all numbers expressing
a characteristic, item, quantity, parameter, property, term,
and so forth used in the present specification and claims are
to be understood as being modified in all instances by the
term “about.” As used herein, the term “about” means that
the characteristic, item, quantity, parameter, property, or
term so qualified encompasses a range of plus or minus ten
percent above and below the value of the stated character-
istic, item, quantity, parameter, property, or term. Accord-
ingly, unless indicated to the contrary, the numerical param-
eters set forth in the specification and attached claims are
approximations that may vary. At the very least, and not as
an attempt to limit the application of the doctrine of equiva-
lents to the scope of the claims, each numerical indication
should at least be construed in light of the number of
reported significant digits and by applying ordinary round-
ing techniques. Notwithstanding that the numerical ranges
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and values setting forth the broad scope of the invention are
approximations, the numerical ranges and values set forth in
the specific examples are reported as precisely as possible.
Any numerical range or value, however, inherently contains
certain errors necessarily resulting from the standard devia-
tion found in their respective testing measurements. Reci-
tation of numerical ranges of values herein is merely
intended to serve as a shorthand method of referring indi-
vidually to each separate numerical value falling within the
range. Unless otherwise indicated herein, each individual
value of a numerical range is incorporated into the present
specification as if it were individually recited herein.

[0144] Use of the terms “may” or “can” in reference to an
embodiment or aspect of an embodiment also carries with it
the alternative meaning of “may not” or “cannot.”” As such,
if the present specification discloses that an embodiment or
an aspect of an embodiment may be or can be included as
part of the inventive subject matter, then the negative
limitation or exclusionary proviso is also explicitly meant,
meaning that an embodiment or an aspect of an embodiment
may not be or cannot be included as part of the inventive
subject matter. In a similar manner, use of the term “option-
ally” in reference to an embodiment or aspect of an embodi-
ment means that such embodiment or aspect of the embodi-
ment may be included as part of the inventive subject matter
or may not be included as part of the inventive subject
matter. Whether such a negative limitation or exclusionary
proviso applies will be based on whether the negative
limitation or exclusionary proviso is recited in the claimed
subject matter.

[0145] The terms “a,” “an,” “the” and similar references
used in the context of describing the present invention
(especially in the context of the following claims) are to be
construed to cover both the singular and the plural, unless
otherwise indicated herein or clearly contradicted by con-
text. Further, ordinal indicators—such as “first,” “second,”
“third,” etc.—for identified elements are used to distinguish
between the elements, and do not indicate or imply a
required or limited number of such elements, and do not
indicate a particular position or order of such elements
unless otherwise specifically stated. All methods described
herein can be performed in any suitable order unless other-
wise indicated herein or otherwise clearly contradicted by
context. The use of any and all examples, or exemplary
language (e.g., “such as”) provided herein is intended
merely to better illuminate the present invention and does
not pose a limitation on the scope of the invention otherwise
claimed. No language in the present specification should be
construed as indicating any non-claimed element essential to
the practice of the invention.

[0146] When used in the claims, whether as filed or added
per amendment, the open-ended transitional term “compris-
ing” (along with equivalent open-ended transitional phrases
thereof such as “including,” “containing” and “having”)
encompasses all the expressly recited elements, limitations,
steps and/or features alone or in combination with un-recited
subject matter; the named elements, limitations and/or fea-
tures are essential, but other unnamed elements, limitations
and/or features may be added and still form a construct
within the scope of the claim. Specific embodiments dis-
closed herein may be further limited in the claims using the
closed-ended transitional phrases “consisting of” or “con-
sisting essentially of” in lieu of or as an amendment for
“comprising.” When used in the claims, whether as filed or
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added per amendment, the closed-ended transitional phrase
“consisting of” excludes any element, limitation, step, or
feature not expressly recited in the claims. The closed-ended
transitional phrase “consisting essentially of” limits the
scope of a claim to the expressly recited elements, limita-
tions, steps and/or features and any other elements, limita-
tions, steps and/or features that do not materially affect the
basic and novel characteristic(s) of the claimed subject
matter. Thus, the meaning of the open-ended transitional
phrase “comprising” is being defined as encompassing all
the specifically recited elements, limitations, steps and/or
features as well as any optional, additional unspecified ones.
The meaning of the closed-ended transitional phrase “con-
sisting of”” is being defined as only including those elements,
limitations, steps and/or features specifically recited in the
claim, whereas the meaning of the closed-ended transitional
phrase “consisting essentially of” is being defined as only
including those elements, limitations, steps and/or features
specifically recited in the claim and those elements, limita-
tions, steps and/or features that do not materially affect the
basic and novel characteristic(s) of the claimed subject
matter. Therefore, the open-ended transitional phrase “com-
prising” (along with equivalent open-ended transitional
phrases thereof) includes within its meaning, as a limiting
case, claimed subject matter specified by the closed-ended
transitional phrases “consisting of” or “consisting essen-
tially of.” As such, embodiments described herein or so
claimed with the phrase “comprising” are expressly or
inherently unambiguously described, enabled and supported
herein for the phrases “consisting essentially of” and “con-
sisting of.”

[0147] All patents, patent publications, and other publica-
tions referenced and identified in the present specification
are individually and expressly incorporated herein by refer-
ence in their entirety for the purpose of describing and
disclosing, for example, the compositions and methodolo-
gies described in such publications that might be used in
connection with the present invention. These publications
are provided solely for their disclosure prior to the filing date
of the present application. Nothing in this regard should be
construed as an admission that the inventors are not entitled
to antedate such disclosure by virtue of prior invention or for
any other reason. All statements as to the date or represen-
tation as to the contents of these documents is based on the
information available to the applicants and does not consti-
tute any admission as to the correctness of the dates or
contents of these documents.

[0148] While aspects of the invention have been described
with reference to at least one exemplary embodiment, it is to
be clearly understood by those skilled in the art that the
invention is not limited thereto. Rather, the scope of the
invention is to be interpreted only in conjunction with the
appended claims and it is made clear, here, that the inventor
(s) believe that the claimed subject matter is the invention.

What is claimed is:
1. A device comprising:

an at least one sensor for acquiring physiological signals,
the at least one sensor comprising:

a conductive layer comprising a conductive fabric of
interlaced conductive and non-conductive fibers and
a plurality of orifices throughout the conductive
fabric, wherein the plurality of orifices are filled with
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a silicone rubber, and wherein the silicone rubber is
attached to the conductive fabric without the use of
an adhesive; and

an electrical connector connected to the conductive
layer, the electrical connector providing a separable
interface between the conductive layer and an elec-
tronic instrument; and

an electronic instrument for receiving and collecting

signals acquired from the at least one sensor.

2. The device of claim 1, wherein the conductive layer of
the at least one sensor comprises at least an electrode and a
track, the electrical connector being connected to the track.

3. The device of claim 2, wherein the track of the at least
one sensor is covered with an insulating material.

4. The device of claim 1, wherein the conductive fibers of
the at least one sensor comprise 1) fibers including silver,
copper, nickel, stainless steel, gold, silicone rubber loaded
with carbon or silver powder; 2) non-conductive fibers
coated with a conductive material; or 3) a mixture thereof.

5. The device of claim 1, wherein the non-conductive
fibers of the at least one sensor comprise fibers including
wool, silk, cotton, flax, jute, acrylic, polyamide polyester,
nylon, or elastic yarn.

6. The device of claim 1, wherein the conductive fibers of
the at least one sensor comprise fibers made of silver coated
nylon and the non-conductive fibers are made of nylon.

7. The device of claim 1, wherein the silicone rubber of
the at least one sensor is a silicone rubber with molecular
weight comprised between 400 g/mol and 600 g/mol.

8. The device of claim 1, wherein the proportion of the
conductive layer of the at least one sensor designed to be in
contact with a skin surface comprises between 50% and 80%
of the conductive layer and the proportion of the silicone
rubber designed to be in contact with the skin surface
comprises between 20% and 50% of the conductive layer.

9. The device of claim 1, wherein the electronic instru-
ment further stores and/or processes and/or transmits data
received and collected from the at least one sensor.
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10. A garment comprising the device as defined in claim
1, wherein the at least one sensor is coupled to the garment
s0 as to be placed in contact with skin of a user during the
use of the garment.

11. The garment of claim 10, wherein a portion of the
garment which is coupled to the sensor is designed for
applying a pressure equal or higher than 2 kPa.

12. The garment of claim 10, wherein the garment com-
prises two layers comprising an inner and an outer layer, and
the outer layer is able to compress the sensor to a body of the
user with a pressure of at least 2 kPa.

13. The garment of claim 12, wherein the outer layer
comprises a system to regulate the pressure.

14. A process for the preparation of an at least one sensor
as defined in claim 1, the process comprising the steps of:

a) die cutting the conductive fabric;

b) adding a liquid silicone in a manner that the liquid

silicone penetrates and fills the plurality of orifices
present in the conductive fabric; and

¢) curing the liquid silicone to form the silicone rubber;
wherein steps a) and b) can be carried out in any order.

15. The device of claim 1, wherein the plurality of orifices
of the at least one sensor form an organized pattern.

16. The device of claim 15, wherein the organized pattern
is a circular pattern, sinusoidal pattern, straight line pattern,
hexagon pattern, another pattern of geometric shapes, or a
combination thereof.

17. The device of claim 1, wherein the silicone rubber of
the at least one sensor is located only in the plurality of
orifices.

18. The device of claim 1, wherein the at least one sensor
is configured for detecting cardiac pulse, respiratory fre-
quency, electrodermal response, electrical skin conductivity,
electrocardiography, and/or electromyography.

I S T T
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