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MEDICAL DEVICE WITH ROTATIONAL
FLEXIBLE ELECTRODES

TECHNICAL FIELD

[0001] The present disclosure relates to a portable wear-
able medical device with two electrode connection points for
simultaneous corporal attachment of two electrodes for
biosignal collection, in particular for electrocardiogram,
ECG or EKG, monitoring.

BACKGROUND

[0002] Document WO2014107018A1 discloses a patch-
type electrode for measuring bio signals with a main body
detachable structure and a plurality of electrode portions
provided on periphery portions of a fabric layer with a
plurality of snap buttons formed at the end of signal lines
connecting with said electrodes.

[0003] The adhesive layer of WO2014107018A1 is adhe-
sively attached to the human body such that body move-
ment, in particular movement stretching or shrinking the
area between the electrodes, makes its use uncomfortable
because the adhesive layer is limited by its elasticity capa-
bilities (and of the signal lines).

[0004] Document U.S. Pat. No. 6,327,487B1 discloses an
electrode assembly for ECG monitoring. A bioelectric inter-
face includes an adhesive sheet in functional combination
with a support sheet. The electrodes are affixed to the
support sheet in a manner such that their relative positions
with respect to one another are essentially fixed.

[0005] The adhesive and support sheets of U.S. Pat. No.
6,327,487B1 are adhesively attached to the human body
such that body movement, in particular movement stretching
or shrinking the area between the electrodes, makes its use
uncomfortable because the sheets are limited by their elas-
ticity capabilities.

[0006] Document CN104352237A discloses an electrocar-
diogram detection device comprising a plug board and a
junction box from which one or more lead electrodes are
connected. Each electrode has a flat wire and a body suitable
to be fixed on the back of a patient for a long time without
adverse impact on the patient.

[0007] The device of CN104352237A is left dangling
from the patient skin, thus making its use uncomfortable,
especially during walking or running, because the lead
electrode swings on its wire part about the fixed part to the
patient skin.

[0008] These facts are disclosed in order to illustrate the
technical problem addressed by the present disclosure.

GENERAL DESCRIPTION

[0009] Itis disclosed a medical device comprising a main
body and two electrodes, wherein each electrode comprises
a base which has an adhesive surface for adhering and
electrically contacting to a medical subject and one of said
electrodes comprises an arm which projects from the base,

[0010] the arm being attached, at one end, to said base
and, at the other end, to an electrode attachment of the
main body,

[0011] wherein said arm is rotatable about the respec-
tive electrode attachment of the main body such that the
distance between the two electrode bases is variable.

[0012] In an embodiment, each of both electrodes com-
prises an arm which projects from the respective base, each
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said arm being attached, at one end, to the respective base
and, at the other end, to a respective electrode attachment of
the main body, wherein each said arm is rotatable about the
respective electrode attachment of the main body such that
the distance between the two electrode bases is variable.
[0013] In an embodiment, the arm is rotatably attached
about the respective base, or the arm is rotatably attached
about the respective electrode attachment, or the arm is both
rotatably attached about the respective base and about the
respective electrode attachment.
[0014] In an embodiment, said arm is flexible.
[0015] In an embodiment, the arm is rotatably attached
about the respective base and flexibly attached to the respec-
tive electrode attachment, or

[0016] the arm is flexibly attached to the respective base

and rotatably attached about the respective electrode
attachment.

[0017] In an embodiment, the arm is rotatable about the
respective electrode attachment of the main body such that
the distance between the two electrode bases is variable by
breathing of the subject.
[0018] In an embodiment, said arm is an electrically
insulating flexible tab which comprises an electrically con-
ductive cable for connecting between the electrode base and
the electrode attachment of the main body, the tab and cable
being arranged such that the cable is electrically insulated
from contact with the subject body.
[0019] In an embodiment, said arm comprises a conduc-
tive core mounted between two flat non-conductive materi-
als.
[0020] In an embodiment, the conductive core is made of
a flat laminar metallic wire, a twisted multi-filament wire or
a micro-coaxial, core and shield separated by an insulator,
cable.
[0021] In an embodiment, the flat non-conductive mate-
rials are made of polymer, fabric, cellulose or combinations
thereof.
[0022] In an embodiment, the rotatable attachment of the
arm comprises a clamp rotatable about a round electrical
terminal.
[0023] In an embodiment, the arm is comprised of a first
arm section and a second arm section, and the two arm
sections are rotatably articulated between themselves.
[0024] In an embodiment, the electrode attachments to the
main body of the device are located in a surface of said
device along a rectilinear line of said surface that comprises
the projection of the device centre of mass projected per-
pendicularly to said surface.
[0025] Inan embodiment, the electrode attachments to the
main body of the device are located in a surface of said
device at the middle of the device height.
[0026] Inanembodiment, the electrode attachments to the
main body of the device are located in a surface of said
device symmetrically from a bisecting plane of said device.
[0027] In any of the above mentioned configurations, the
disclosed device is able to take advantage of the rotational
coupling for reducing signal noise. It is preferably used a
natural flexibility of the embodiment material (e.g. polymer)
to add tolerance to movement incorporated by the rotational
contact (one or two, depending on the configuration). This
results into a joint noise reduction characteristic in the
disclosed device and simplifies its manufacturing process
and price. This flexibility is particularly important when the
electrode arms are either rotatably attached about the respec-
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tive base or are rotatably attached about the respective
electrode attachment, i.e. not both rotatably attached about
the respective base and also about the respective electrode
attachment.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] The following figures provide preferred embodi-
ments for illustrating the description and should not be seen
as limiting the scope of invention.

[0029] FIG. 1: Schematic representation of an embodi-
ment of the overall design and its attachment to the human
body for biosignal collection.

[0030] FIG. 2: Schematic representation of an embodi-
ment with “rotational” electrodes.

[0031] FIG. 3: Schematic representation of an embodi-
ment with “rotational” electrodes comprising a base and an
arm which is rotatably attached about the respective base.
The rotation feature is illustrated.

[0032] FIG. 4: Schematic representation of an embodi-
ment with “rotational” electrodes comprising a base and an
arm which is rotatably attached about an electrode attach-
ment arm.

[0033] FIG. 5: Schematic representation of an embodi-
ment with “rotational” electrodes comprising a base and an
arm which is both rotatably attached about the respective
base and about an electrode attachment to the main body of
the device. The rotational feature is illustrated.

[0034] FIG. 6: Schematic representation of an embodi-
ment with “rotational” electrodes wherein the electrode arms
are placed such that the electrode attachment to the main
body is placed upwards in reference to the electrode base
where the rotational articulation is placed. The rotational
feature is illustrated when horizontal stretching forces are
applied.

[0035] FIG. 7: Schematic representation of an embodi-
ment with “rotational” electrodes comprising a base and an
arm, wherein the electrode arm is an insulating tab com-
prising a conductive core.

[0036] FIG. 8: Center of mass of the device and possible
“anchor” positions for the attachment arm are presented at
the top of the figure. Below, a schematic representation of an
embodiment with “rotational” electrodes comprising a base
and an arm, wherein the electrode attachments to the main
body of the device are located in one of the “anchor” points
of the device (14 vertical, ¥ horizontal).

[0037] FIG. 9: Schematic representation of an embodi-
ment with “rotational” electrodes comprising a base and an
arm, wherein the electrode attachments to the main body of
the device are located at the middle of the device height and
in the middle of half of the device length, wherein the device
height is measured in respect of the vertical of its placement
adhering to a medical subject. This configuration allows to
cover less horizontal length of the body surface that may be
useful in some usage situations.

[0038] FIG. 10: Schematic representation of a different
form-factor (non-rectangular) embodiment with one “rota-
tional” electrode and one fixed electrode with corresponding
illustration of the rotational effect.

[0039] FIG. 11: Results of ECG tracings obtained in a test
of three versions of the disclosed device with electrodes
connection in the upper part of the device (FIG. 2, 3). The
first column shows collected ECG, the second column
features a zoom of the same signal, and in the third column
a spectral analysis is presented. The images in the first row
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depict the test with the disclosed device with non-rotational
(“fixed”) electrodes, the second line depicts disclosed device
with “rotational” electrodes and the third line represents the
disclosed device in an inverted “rotational” electrodes con-
figuration.

[0040] FIG. 12: Results of ECG tracings obtained in a test
of two versions of the disclosed device with electrodes
connections according to FIG. 8 with different attachment
arms: ore stiff and another flexible. The first column shows
collected ECG, the second column featured a zoom of the
same signal; the third column presents a spectral analysis.
The first line of images shows results with the configuration
with stiff attachment arm, and the second line shows con-
figuration with flexible attachment arm.

[0041] FIG. 13: Results of ECG tracings obtained in a test
of two versions of the disclosed device with electrodes
connections according to FIG. 8. The first column shows
collected ECG, the second column features a zoom of the
same signal; the third column presents a spectral analysis.
The first line of images shows the results of the configuration
with “fixed” electrodes, and the second line shows configu-
ration with “rotational” electrodes. Both configurations used
flexible attachment arms.

DETAILED DESCRIPTION

[0042] It is disclosed a wearable ambulatory biosignal
monitoring device capable of using a combination of rota-
tional and flexible attachment arms that minimize signal
noise induced by movement, largely improving the signal-
to-noise ratio of the resulting acquired signal. A specific
profiling device family (with multiple combinations of the
disclosed features) for acquiring ECG signal of 1-lead with
only two electrodes, without requiring a third reference
electrode, was developed to demonstrate the disclosure. The
disclosure, also as depicted in the attached drawings,
includes using the electrodes as the device support, being
placed at the thorax region as an example of the disclosure
applied to a specific biomedical device shown in FIG. 1. In
this Figure, a device or main body 1 is connected to two
electrodes 2 that are attached to the subject. The disclosed
device can be also adapted to collect other biosignals such
as Electromyography (EMG), Skin Conductance Level
(SCL), etc.

[0043] The disclosure uses rotational connectors leading
to a reduction of the noise induced by mechanical tractions
that electrode can be subjected. This noise is caused par-
ticularly by the stretching motion of the body, for example
by breathing movements, and the effects of gravity on the
device when the user is in movement (e.g. walking, running,
etc.). In this way, the rotational joint in each one of the
“arms” connecting the electrodes allows a slight articulatory
rotation of the electrodes when, for example, the user inhales
and exhales. This is an improvement over other devices that,
for example, stress the skin because they cannot follow the
breathing movement, or transmit the vibrations of running
motions and inertia of the device directly to the skin-
electrode contact, thus causing signal noise that degrades the
quality of the targeted signal.

[0044] FIG. 2 shows a schematic representation of an
embodiment with “rotational” electrodes 2 (body and attach-
ment) coupled to a device main body 1.

[0045] FIG. 3 shows a schematic representation of an
embodiment with “rotational” electrodes comprising a base
(21) for adhering and contacting to the subject body and an
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arm (22) which is attached to said base and rotatably
attached about a respective arm attachment (23) to the main
body of the device. The rotation feature is illustrated when
horizontal stretching is applied (3). There is a small amount
of torsion at the arm 22 which can be accommodated by
having the arm and/or the base made of a flexible material.
[0046] FIG. 4 shows a schematic representation of an
alternative embodiment with “rotational” electrodes com-
prising a base (21) for adhering and contacting to the subject
body and an arm (22) which is rotatably attached about the
respective base (24) and is also attached to the main body of
the device. The rotation feature is illustrated when horizontal
stretching is applied (3). There is a small amount of torsion
at the arm 22 which can be accommodated by having the
arm and/or the base made of a flexible material.

[0047] FIG. 5 shows a schematic representation of an
embodiment with “rotational” electrodes comprising a base
(21) for adhering and contacting to the subject body and an
arm (22) which is both rotatably attached about the respec-
tive base (24) and about an electrode attachment (23) to the
main body of the device. The rotation feature is illustrated
when horizontal stretching is applied (3).

[0048] The fact that the rotational joints are displaced
gives greater stability to the electrode because they are not
submitted to any pressure during stretching and other move-
ments such as breathing. This effect is reflected in an ECG
tracings with a more defined and stable baseline and lower
high-frequency interference, as it will be seen ahead.
[0049] The main feature of this disclosed design is the fact
that it has a rotational connection between the device and the
electrode. This means that the electrode centroid and the
electrode connection centroid in the device are not the same,
enabling to create an articulation of rotational nature
between the device and the electrode materialized as an
attachment arm. This results in a direct improvement in the
ECG waveform quality, making it more immune to motion
noise, improving largely the signal-to-noise ratio of the
collected waveform, in particular the baseline along the
signal. This design prevents, for example, the noise effects
of skin stretching during chest respiration movements. Fur-
thermore, other movements of the device and electrodes as
result of subject activities such as walking, running, etc. are
also attenuated by the rotational effect of the disclosure.
[0050] The results of several tests performed with different
versions of the disclosed device are presented in FIG. 11. Tt
shows ECG tracings obtained in a test of three versions of
the disclosed device with electrodes attachment arms in the
upper part of the device, as described in the previous section.
Baseline oscillations and some high-frequency noise are
clearly more present in the first “fixed” configuration than in
the other two versions.

[0051] The second feature of the disclosure is the flex-
ibility of its articulation arm which also helps in the col-
lected biosignal quality. If the articulation is stiff it will pass
all the motion forces to the electrode contact, inserting high
noise levels into the collected signal. A flexible arm results
in a “motion dumping” effect that is added to a smoother
rotational movement contributing to a higher quality result-
ing waveform. FIG. 12 shows in the first line of images an
example of a rotational electrode design with a stiff arm
attachment between the device and the electrodes base and
in the second line an example of the same device with a
rotational connection with flexible arm attachment between
the device and the electrodes. The “stiff” attachment device
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presents larger baseline oscillations (low frequency) and
high frequency noise component than the second “flexible”
one, demonstrating clearly the effect of a flexible arm.
[0052] The third feature of the present disclosure is the
articulation attachment variants that benefit from the disclo-
sure. All the variants that include one or two rotational
connections (as state above) between the device and the
electrodes are included in this design concept. For example:
the electrodes attachment in the device can be at any place
of the main body; between the electrode and the device it can
exist or not an extension made of all kind of material,
preferably if they have flexibility characteristics as shown
above; the electrode properties as for example size, shape
and type (drv or wet) can be of any kind because motion
noise is always a major problem in signal collection systems.
The present disclosure minimizes this type of noise, result-
ing in a better signal-to-noise ratio of the collected signal.
FIGS. 3, 4, 5, 6, 8, 9 and 10 illustrate several possible
configurations of this third feature of the disclosure.
[0053] Different position of the electrodes, such as
inverted “rotational” electrodes or attachment arms, such as
more or less flexible, larger or smaller or articulated are also
possible to obtain the desired effect. A test was also per-
formed with the configuration shown in the FIG. 6, wherein
the rotational electrode attachments arms are inverted facing
upwards in reference to the electrode base where the rota-
tional articulation is placed. The rotational effect when
horizontal stretching is applied is illustrated. As referred
before, the results are also better than the non-rotational
version of the device (FIG. 11).

[0054] Electrode attachment arms may have different type
of connection between the electrodes and the device, option-
ally having a rotational at one or the two ends. Furthermore,
these attachment arms are composed of an insulator tab that
embeds a conductive core, as depicted in FIG. 7. The
insulator tab may be made of polymer, fabric, cellulose or
other insulator material or even combinations thereof, that
covers the conductive core, for example, in a “sandwich”
configuration. This conductive core can be a flat laminar
metallic wire, a twisted multi-filament wire or a micro-
coaxial, core and shield separated by an insulator, cable.
Other configurations of this electrode component may be
assembled to reach the same features herein disclosed.
[0055] FIG. 8 shows the center of mass of the device 41
and possible “anchor” positions for the attachment arm 42,
43 and a configuration with two rotational ends of the
electrode attachment arm connected to “anchor” 43 (%4
vertical, %4 horizontal). These options may dump better the
device oscillation making it smaller by achieving a better
mass distribution among the supporting contacts.

[0056] FIG. 9 shows an example of the third feature of the
disclosure where one rotational attachment arm is attached
to the device in a vertical alignment. This configuration
allows covering less horizontal length of the body surface
that may be useful in some usage situations.

[0057] FIG. 10 presents an example of a non-rectangular
device with a fixed and a rotational electrode configuration,
showing that the features disclosed in the present disclosure
are not limited by the device form-factor and may also be
used on only one of two (or possibly more) electrodes.
Optionally, the second (fixed connection) electrode may also
rotate about its attachment to the main device body.
[0058] A set of tests with different configurations were
performed on a subject with device positioned as depicted in
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FIG. 1, in a sitting position, with a constant inhale and
exhale movement. For each of these tests, high quality ECG
(500 Hz sampling frequency, no filter) epochs of 720 sec-
onds were collected and power spectrum estimation was
computed using a Fast Fourier Transform (FFT) to quantify
the frequency spectrum.
[0059] As can be seen by the results shown in FIGS. 11,
12 and 13, the rotational electrodes stabilize the baseline of
the ECG trace, removing the oscillatory motion caused by
breathing. The spectrum (FFT) demonstrates the same: only
in the “fixed” electrodes exists a high peak at low frequen-
cies (=0.2 Hz) due to the movement. In all rotational
electrodes configuration during the movement of inhaling
and exhaling some high frequency noise is present but
highly reduced in amplitude when compared with non-
rotational (“fixed”) configurations, as confirmed in the ECG
segments in the middle column of the corresponding figures.
As the waveform is not modified with the rotation noise
providing good electrical contact that can be achieved by
stainless steal, gold-platted metal or any other good con-
ducting robust material, it is possible to conclude that the
noise caused by the rotation of the electrodes does not
significantly affect the ECG trace.
[0060] Stiff and flexible attachment arms also present
differences, being the flexible feature of the disclosed device
a characteristic that improves signal-to-noise ratio as shown
in FIG. 12.
[0061] Interms of comfort, the participant stated that with
the rotational and flexible configurations do not feel the skin
stretching he felt with the non-rotational configurations.
This confirms, qualitatively, a better comfort factor of the
disclosed device devices than others.
[0062] The disclosure should not be seen in any way
restricted to the embodiments described and a person with
ordinary skill in the art will foresee many possibilities to
modifications thereof.
[0063] The above described embodiments are combinable.
[0064] The following claims further set out particular
embodiments of the disclosure.
1. A medical device for a medical subject, comprising:
a main body and two electrodes,
wherein each electrode comprises a base having an adhe-
sive surface for adhering and electrically contacting to
the medical subject and wherein one of said electrodes
comprises an arm which projects from the base,

wherein the arm is attached, at one end, to the respective
electrode base and, at the other end, to an electrode
attachment of the main body,

wherein said arm is rotatable about the electrode attach-

ment of the main body such that the distance between
the two electrode bases is variable.

2. The medical device according to claim 1, wherein each
of the two electrodes comprises an arm which projects from
the respective base, each said arm being attached, at one end,
to the respective base and, at the other end, to a respective
electrode attachment of the main body, wherein each said
arm is rotatable about the respective electrode attachment of
the main body such that the distance between the two
electrode bases is variable.

3. The medical device according to claim 1, wherein the
arm is attached rotatably (i) about the respective base or (i)
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about the respective electrode attachment, or (iii) both about
the respective base and about the respective electrode attach-
ment.

4. The medical device according to claim 1, wherein said
arm is flexible.

5. The medical device according to claim 1, wherein the
arm is either (i) rotatably attached about the respective base
and flexibly attached to the respective electrode attachment,
or (ii) flexibly attached to the respective base and rotatably
attached about the respective electrode attachment.

6. The medical device according to claim 1, wherein the
arm is rotatable about the respective electrode attachment of
the main body such that the distance between the two
electrode bases can be varied by the thorax breathing motion
of the subject.

7. The medical device according to claim 1, wherein said
arm comprises an electrically insulating flexible tab which
comprises an electrically conductive cable for connecting
between the electrode base and the electrode attachment of
the main body, wherein the tab and cable are arranged such
that the cable is electrically insulated from contact with the
subject body.

8. The medical device according to claim 1, wherein said
arm comprises a conductive core mounted between two flat
non-conductive materials.

9. The medical device according to claim 8, the conduc-
tive core is made of a flat laminar metallic wire, a twisted
multi-filament wire or a micro-coaxial, core and shield
separated by an insulator, cable.

10. The medical device according to claim 8, wherein the
flat non-conductive materials are made of polymer, fabric,
cellulose or combinations thereof.

11. The medical device according to claim 1, wherein the
rotatable attachment of the arm comprises a clamp rotatable
about a round electrical terminal.

12. The medical device according to claim 1, wherein the
arm is comprised of a first arm section and a second arm
section, and wherein the two arm sections are rotatably
articulated between themselves.

13. The medical device according to claim 1, wherein the
electrode attachments to the main body of the device are
located in a surface of said device along a rectilinear line of
said surface that comprises the projection of the device
centre of mass projected perpendicularly to said surface.

14. The medical device according to claim 1, wherein the
electrode attachments to the main body of the device are
located in a surface of said device at the middle of the device

height.

15. The medical device according to claim 1, wherein the
electrode attachments to the main body of the device are
located in a surface of said device symmetrically from a
bisecting plane of said device.

16. The medical device according to claim 9, wherein the
flat non-conductive materials are made of polymer, fabric,
cellulose or combinations thereof.
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