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Abstract— Objective. Wearable devices have created
new opportunities in healthcare and sport sciences by
unobtrusively monitoring physiological signals. Textile
polymer-based electrodes proved to be effective in detect-
ing electrophysiological potentials but suffer mechani-
cal fragility and low stretch resistance. The goal of this
research is to develop and validate in dynamic conditions
cost-effective and easily manufacturable electrodes charac-
terized by adequate robustness and signal quality. Methods.
We here propose an optimized screen printing technique
for the fabrication of PEDOT:PSS-based textile electrodes
directly into finished stretchable garments for surface elec-
tromyography (sEMG) applications. A sensorised stretch-
able leg sleeve was developed, targeting five muscles of
interest in rehabilitation and sport science. An experimental
validation was performed to assess the accuracy of signal
detection during dynamic exercises, including sit-to-stand,
leg extension, calf raise, walking, and cycling. Results. The
electrodes can resist up to 500 stretch cycles. Tests on
five subjects revealed excellent contact impedance, and
cross-correlation between sEMG envelopes simultaneously
detected from the leg muscles by the textile and Ag/AgCl
electrodes was generally greater than 0.9, which proves
that it is possible to obtain good quality signals with
performance comparable with disposable electrodes. Con-
clusions. An effective technique to embed polymer-based
electrodes in stretchable smart garments was presented,
revealing good performance for dynamic sEMG detections.
Significance. The achieved results pave the way to the
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integration of unobtrusive electrodes, obtained by screen
printing of conductive polymers, into technical fabrics for
rehabilitation and sport monitoring, and in general where
the detection of sEMG in dynamic conditions is necessary.

Index Terms— Dynamic surface EMG, PEDOT:PSS,
screen-printing, stretchable textile electrodes.

I. INTRODUCTION

THE integration of unperceivable sensors and biopotential
electrodes into fabrics for the development of easy-to-

use, smart garments represents an important goal of wearable
electronics. In particular, unobtrusive sensing using soft and
conformable textile electrodes is the basis for the development
of wearable devices to be applied in healthcare (e.g. for diag-
nosis [1], rehabilitation [2], prosthetics [3] , [4] and muscle
activity monitoring [5]) and sport sciences [6], particularly
for professional athletes. From this perspective, the most rel-
evant targeted biopotentials are electrocardiogram (ECG) [7]
and surface electromyogram (sEMG) [8]. Approaches ranging
from conductive yarns (which can be sewed, embroidered,
weaved or knitted onto fabrics [9]–[12] ) to natural fibers
functionalised with conductive inks [13], have been suc-
cessfully explored. Recently, poly-3,4-ethylenedioxythiophene
doped with poly(styrene sulfonate) (PEDOT:PSS) has gained
significant attention in the field of textile electronics. Textile
electrodes based on the conductive polymer PEDOT:PSS have
been extensively studied and employed as an alternative to
commercial disposable pre-gelled electrodes, particularly for
sEMG [14], [15] and ECG [16] monitoring. With respect to the
material properties and fabrication advantages, PEDOT:PSS-
based textile electrodes are more effective and convenient
than conventional gelled Ag/AgCl electrodes, especially in
terms of comfort and unobtrusiveness, because they can be
easily and seamlessly integrated into standard fabrics such as
cotton [17], [18] and silk [19].

Despite their possible integration into finished garments,
polymer-based screen-printed electrodes have intrinsic fragility
to mechanical stretch [20], preventing their widespread use for
biopotential monitoring. Therefore, previous studies have only
used non-stretchable fabrics as substrates for the production of
this type of electrode, with excellent results [15], [21], [22].
However, this leads to imposing workarounds to prevent exces-
sive stretch and consequent damage. Consequently, the appli-
cation of this technology for the development of smart
garments can be hampered by further complexity.
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In this work, we address this limitation by proposing a
method to embed PEDOT:PSS-based electrodes for sEMG into
stretchable garments using a simple screen-printing technique.
With a unique printing setup, five pairs of electrodes were
fabricated on the interior side of a stretchable polyester
commercial leg sleeve. The electrodes were positioned to
detect the electrical activity of the vastus medialis (VM),
vastus lateralis (VL), gastrocnemius medialis (GM) and tibialis
anterior (TA). Monitoring of these muscles is required in
several applications, ranging from rehabilitation to sport sci-
ence. An additional pair of electrodes positioned on the rectus
femoralis (RF) was fabricated for skin–electrode impedance
measurements. The electrodes were validated in ecologic con-
ditions during physical exercise, which is different than other
works conducted under static or relatively static conditions
[5], [23], [24]. This evaluation is the most critical test bench
for electrodes that adhere to the skin because of the conforma-
tion to the body provided by the stretchable fabric, i.e. without
the aid of adhesive conductive materials. The experimental
validation proposed in this study was specifically designed to
demonstrate the effectiveness of this approach in conditions
suitable for sport and rehabilitation and to identify the limits
of the proposed technology.

II. MATERIALS AND METHODS

A. Leg Sleeve Fabrication

PEDOT:PSS is almost an ideal material for wearable
biopotentials monitoring applications because of its relatively
high conductivity (both ionic and electronic [25]) and its
use in textile-compliant fabrication processes such as ink-
jet printing [26], spray coating [27], electrospinning [28],
dip coating [29], and particularly, sponge stencil and screen
printing [30], [31].

However, when used in conjunction with screen-printing
processes, the material is mechanically limited under stretch-
ing [20]. To overcome this limitation, the typical fabrication
procedure to print on non-stretchable substrates [15] was
modified. The chosen polymer-based ink formulation con-
sisted of a blend of ethylene glycol, PEDOT:PSS CleviosTM
PH 1000 (Heraeus Holding GmbH, Hanau, Germany) and
3-GlycidylOxyPropyltrimethoxySilane (GOPS) [32] with
25%, 74% and 1% weight, respectively. The solution was
mixed using a magnetic stirrer and then sonicated for 20 min
to improve its homogeneity and remove undesired clusters
that can have developed during the process. The ink was then
cured for approximately 50 min at 70 ◦C to obtain an adequate
density for screen printing.

The target commercial leg sleeves for the production of the
smart garment were made of 100% polyester, a stretchable and
highly breathable fabric commonly used for the fabrication of
fitness clothes. To obtain optimal penetration of the ink into the
fabric and guarantee the availability of sufficient material on
the stretched fibers, we applied 40% of the radial pre-stretch
(with respect to a circular electrode with a diameter of 24 mm)
to the printing area on the leg sleeve. Pre-stretch mimics the
stretching condition when the garment is worn, potentially
guaranteeing the retainment of electrode conductivity during

use. After screen printing, the garment was dried at 70 ◦C
for 30 min. This process can be repeated multiple times,
adding more layers of conductive ink, to achieve enhanced
conductivity and resistance to stretch. In this work, we tested
up to three layers of ink for the production of our samples. For
screen printing, a polyester screen with 43T mesh delimited
by a wax stencil was used, and a rubber squeegee was used
to transfer the ink through the mesh to the fabric.

The connection to the recording instrument was obtained
using a two-thread stainless steel conductive yarn that was
sewn to the final part of the textile electrode and terminated
from the opposite side with a medical-grade stainless steel
snap button (Spes Medica Srl, Genoa, Italy).

B. Validation Protocol

Five healthy male volunteers (34 to 40 years old) par-
ticipated in this study. They had no history of neurological
or musculoskeletal impairment and diseases. The study was
conducted in accordance with the Declaration of Helsinki
and the informed consent was obtained from all participants
after receiving detailed explanation of the study procedures.
Measurement sessions were performed in Cagliari (Italy) in
a gym with professional equipment, under the supervision of
expert trainers.

The validation of textile electrodes was based on the
comparison between EMG signals simultaneously detected,
from the same muscle, by off-the-shelf Ag/AgCl and textile
electrodes. This approach is based on the hypothesis that
the two pairs of electrodes detect the same physiological
signal, hence any differences between the recorded signals
may be attributed to the characteristics of the recording system.
Since the acquisitions were simultaneous, the two pairs of
electrodes were placed over different muscle regions. The
electrode characteristics and positioning were devised to limit
the differences between EMG signal envelopes detected by the
two types of electrodes [33]. Participants were asked to shave
their right leg the day before the measurement session. Before
starting the measurement, the textile sleeve was positioned
on the right leg, and the location of the textile electrodes
(corresponding to TA, GM, VL and VM) was marked on the
skin with a felt tip pen through the fabric. The sleeve was then
removed, and the marked regions were gently scrubbed with
NuPrep skin preparation paste (Weaver and Co., Aurora, CO,
USA). For comparative purposes, a pair of disposable solid-
hydrogel Ag/AgCl CDES000024 electrodes (Spes Medica Srl,
Genoa, Italy) was positioned close to the marked areas on
the skin corresponding to the textile electrodes. For all of
the muscles, except the GM, the textile and commercial
electrode pairs were aligned on the longitudinal axis of the
muscle. Because of the GM morphology, the two pairs of
electrodes were placed beside each other, with each pair being
aligned longitudinally with the muscle fibres. The commercial
electrodes had the same geometry of the textile electrodes, i.e.
circular shape with 24 mm diameter, spaced 10 mm to one
another. The polyester sleeve embedding the textile electrodes
was repositioned and slightly adjusted over the limb to avoid
overlap between the two electrode types, which can result in
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Fig. 1. (a) Front and back of the leg sleeve worn by a participant during the experimental protocol and before the application of the adhesive tape to
block perspiration. (b) Textile electrodes are marked in red, whereas disposable commercial electrodes are marked in yellow. Experimental protocol
used to test the developed technology.

undesired short circuits. The leg sleeve with the positioning of
both the textile and Ag/AgCl electrodes is shown in Figure 1a.

Before starting the measurements, a few droplets (<1 ml)
of saline solution were added to the external side of the
polyester of the textile electrodes to improve ionic exchange at
the electrode–skin interface, increase the active surface of the
electrode by filling the recessed parts of its rough surface [7]
and reduce the electrical impedance at the electrode–skin
interface. The concentration of the saline solution was chosen
to emulate sweat (0.1% to 0.4% NaCl [34]). Then, the back of
the electrodes was covered with an impermeable and adhesive
pad to prevent the region from quickly drying out because of
the high breathability of the polyester.

The experimental protocol was designed to quantify the
functional performance of textile electrodes in different
experimental conditions and evaluate the stability of the
electrode–skin contact over time, as schematically depicted in
Figure 1b. Participants were asked to perform eleven series of
three sit-to-stand movements, including a heel-rise in the stand
phase, sitting for two seconds before each sit-to-stand (they
started sat down, stood up, performed a calf-rise movement
and then sat down again). The series started two min after the
saline solution application to enable the stabilisation of the
electrode–skin interface, and were performed every two min
for the first 16 min (t0 = 0, t1 = 2 min, t2 = 4 min, . . .
t8 = 16 min), and then after 30 and 60 min (t9 and t10,
respectively) from t0. The electrode–skin impedance between
the textile electrodes on RF was measured at t0, t5, t8, t9 and
t10. After the sit-to-stand session, participants performed four
physical exercises aimed at dynamically assessing the signal
quality during dynamic tasks that are usually performed for
lower limbs in rehabilitation, fitness or for neuromuscular
assessments. Specifically, participants performed gait (walk-
ing at the preferred velocity along a 20 m path), cycling
(pedaling on a cycloergometer for 1 min with a cadence of

approximately 30 rpm), isometric leg extension (three con-
tractions of four seconds with a knee angle of 120◦, with
180◦ the full extension) and dynamic leg extension (ten
extensions from 90◦ to full extension at approximately 90◦/s).
The electrode–skin impedance was measured again after the
dynamic assessment of the textile electrodes (approximately
60 min from the beginning of the experimental session).

C. Instrumentation for Conductivity,
Impedance and sEMG Measures

Prior to the experimental tests on the subjects, the elec-
trodes’ material was characterised with bench tests to identify
the best fabrication settings for this study. The electrode
resistance was measured with a 34411A Digital Multimeter
(Keysight Technologies, Santa Rosa, CA, USA). Both the
stretched and unstretched electrodes were contacted using
a custom printed circuit board with spring contacts (inter-
contact distance: 10 mm) pressed onto the fabric with
a fixed load (100 g) to ensure reliable and reproducible
measurements.

The skin–electrode contact impedance was measured on
the RF at 30 Hz with an Agilent 4284 precision LCR meter
(Agilent Technologies Inc., Santa Clara, CA, USA). This mea-
surement was performed for each participant only once at the
beginning of the experimental session, for the gelled Ag/AgCl
electrodes, because of the stability of their skin–electrode
contact impedance.

sEMG signals were detected with the DuePro modular
sEMG amplifier (OT Bioelettronica, Torino, Italy) and sam-
pled at 2048 Hz (bandwidth 10–500 Hz), with 16-bit reso-
lution. Each module amplifies by 200 and transmits through
a Bluetooth link two bipolar sEMG channels. In this study,
we used four modules, each of them simultaneously col-
lects the signals from two pairs of textile and Ag/AgCl
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electrodes applied over the same muscle. DuePro adopts a
potential reference system based on the work of Dobrev
and colleagues [35], which allows avoiding the use of a
physical reference electrode. Two armbands, one fastened
in the proximal part of the thigh, close to the upper edge
of the sleeve, and another one placed on the ankle, just below
the sleeve, were used to hold the four modules (Figure 1a).
Signals were displayed and recorded via OTBiolab software
(OT Bioelettronica, Torino, Italy). Each couple of both textile
and commercial electrodes were connected to a channel of the
DuePro using a custom cable with snap button caps, as can
be noticed in figure 1A.

D. Data Analysis

sEMG signals were analysed using MATLAB R2016b (The
MathWorks Inc., Natick, MA, USA). Before analysis, sEMG
signals were digitally band-pass filtered (20–500 Hz, 4th order
bidirectional Butterworth filter). For each sit-to-stand series,
the time intervals corresponding to the 2-s rest period between
consecutive sit-to-stand motions were identified based on the
sEMG signals detected by commercial Ag/AgCl electrodes
with an amplitude threshold set at 2 standard deviations of
the noise. Noise was estimated for each muscle and electrode
type by computing the root mean square (RMS) amplitude
of sEMG signals detected during the first 2-s rest period.
Signal envelopes were obtained by rectifying and low-pass
filtering (2nd order bidirectional Butterworth filter, cutoff
frequency: 9Hz [36]) the sEMG signals. Although adaptive
filtering has been proposed to improve the quality of envelope
estimation [37], in this study we used a classic low-pass filter
because we wanted to focus on the differences between the
two types of electrodes, and the use of a standard technique
ensured that those differences depend on the raw signals
features and not on filter parameters. The obtained envelopes
were then segmented into three portions corresponding to the
three sit-to-stand repetitions using the rest intervals previously
identified. For each muscle, the normalized Pearson’s cross-
correlation coefficients between the three sEMG envelopes
detected by the textile and Ag/AgCl electrodes were then
calculated and averaged to quantify the differences between
the recorded signals. The same approach based on the cross-
correlation between sEMG envelopes was used to compare
sEMG signals acquired with textile and commercial electrodes
during gait, cycling, isometric leg extension and dynamic leg
extension.

Noise amplitudes were compared using a two-way repeated
measures ANOVA (between factor: electrode type). The noise
detected by the electrodes at rest over different muscles was
considered as independent variables, resulting in 20 obser-
vations (4 muscles, 5 participants) at each time point
(t0 – t10). A one-way ANOVA with repeated measures was
used to study the effect of the time on the cross-correlation
between sEMG envelopes simultaneously detected by the two
electrode types. The comparison of the sEMG detected by the
two electrode types during the four exercises was performed
using a two-way ANOVA (variable: cross-correlation between
sEMG envelopes). Post-hoc comparisons (Bonferroni’s test)

Fig. 2. Surface conductivity (% w.r.t. unstretched condition) of three
couples of electrodes developed on a pristine 100% polyester fabric (the
same used for the development of the leg sleeve), with 1 layer, 2 layers
and 3 layers of conductive PEDOT:PSS-based ink, tested after 100 and
500 cycles.

were performed when the ANOVA was significant. The thresh-
old for statistical significance was set at p < 0.05 for all
comparisons.

III. RESULTS

The conductivity of the polyester substrate chosen for
the tests, functionalised with the envisioned approach, was
assessed on fresh electrodes, after 100 and 500 stretch cycles
(Figure 2). The measurements, repeated on pairs of electrodes
with one, two or three layers of conductive ink, revealed
that three layers yielded the best conductivity. The electri-
cal conductance of the functionalised substrates showed a
maximum value of 73 ± 11 mS/cm (3 layers, unstretched)
and a minimum value of 1.4 ± 0.4 mS/cm (one layer after
500 stretch cycles).

Although the stretching cycles determined a reduction in
conductivity for all the tested electrodes (with 1, 2 and 3 ink
layers), electrodes with 3-ink layers performed the best and
were therefore chosen for the fabrication of the leg sleeve for
the experimental protocol.

Figure 3a reports the comparison between the RMS of
the noise detected by the textile and Ag/AgCl electrodes.
Statistical analysis revealed a significant effect of the electrode
type on the noise values (p < 0.05), with textile electrodes
being affected by a higher noise level and variability between
measures. The time from the electrode application did not
significantly influence the noise level detected by either elec-
trode type (p = 0.13), and no time–electrode interaction was
observed (p = 0.45).

The module of the electrode–skin impedance at 30 Hz,
which was measured immediately after the electrode place-
ment, largely depended on the subject; it ranged from 3 to
20 k� for textile electrodes and from 5 to 50 k� for the
Ag/AgCl electrodes. The 60-min time course of the textile
electrode–skin impedance showed different behaviours in dif-
ferent subjects. After 60 min, the impedance modules ranged
between 3.4 and 34 k� (from −9% to +115% with respect
to the initial value at t0) (Figure 3b).
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Fig. 3. (a) RMS values of the noise for the different tested electrodes and (b) analysis of the electrode–skin contact impedance, measured between
the pair of textile electrodes applied on the RF, during the whole protocol.

Fig. 4. Cross-correlation between sEMG envelopes simultaneously
detected from the leg muscles by the textile and Ag/AgCl electrodes
during sit-to-stand and heel-rise tasks.

The cross-correlation between the sEMG envelopes
obtained by the two electrode types during the sit-to-stand
and heel-rise tasks was always greater than 0.90 (Figure 4).
The one-way ANOVA with repeated measures did not show
a significant effect of time on the cross-correlation during the
time span of one hour (p = 0.11), although an increase in
the experimental data dispersion is evident for the recording
corresponding to 60 min.

Figure 5a shows the cross-correlation values between the
sEMG envelopes detected by the textile and Ag/AgCl elec-
trodes for different muscles during the four exercises. Sta-
tistical analysis showed a significant effect of the specific
exercise and the different muscles on the cross-correlation

values, as well as significant muscle–exercise interaction. Post-
hoc analysis showed that lower cross-correlation values were
obtained during gait in VM. Figure 5b depicts two examples
of EMG signals leading to low and high between-envelope
normalized Pearson’s cross-correlations during gait: 0.78 for
VM and 0.98 for TA. The low normalized Pearson’s cross-
correlation observed for VM is likely due to the occurrence
of movement artifacts that strongly affect the envelope shape
of the signal detected by textile electrodes.

IV. DISCUSSION

In this work, we presented the development and testing of
textile electrodes in dynamic conditions obtained by screen
printing of PEDOT:PSS-based conductive ink on 100% poly-
ester, a stretchable fabric commonly used for technical sport
garments. Specific considerations of the methods for the
creation of the proposed electrodes require more extensive
discussion. The size of the electrode was first chosen to
be comparable to the available disposable gelled Ag/AgCl
electrodes used for sEMG measurements. Regardless of the
material, the electrode size influences the electrical perfor-
mance of the electrode, primarily because of the reduction
of the electrode–skin contact impedance with size [7]. From
this perspective, our electrodes were medium sized, with an
approximate active area of approximately 4.5 cm2 [38], and
the obtained skin-contact impedance parameters are acceptable
for the application. Therefore, adopting a larger area is not
recommended, because it determines the reduction of the
spatial selectivity of the recordings. Conversely, a previous
work suggests avoiding PEDOT:PSS-based textile electrodes
with smaller sizes, because the low-quality electrode–skin
contact can lead to signal distortions [15]. Contrarily, even
smaller electrodes could be chosen if the specific recording
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Fig. 5. (a) Cross-correlation between sEMG envelopes simultaneously detected by textile and Ag/AgCl electrodes from VL, VM, GM and TA during
gait, isometric leg extension, dynamic leg extension and cycling. (b) Raw sEMG signals detected by Ag/AgCl and textile electrodes during three gait
cycles from VM and TA. Envelopes with similar shapes were detected from TA by the two electrode types. The signal recorded by textile electrodes
from VM is corrupted by movement artifacts affecting the envelope shape. The cross-correlation value between signals envelopes is reported for
both muscles.

task requires it. The versatility of the employed fabrica-
tion technology allows for easy adaption of the size of the
electrode.

Similar to other polymer-based textile electrodes, our elec-
trodes require a small amount of liquid electrolyte to optimise
the ionic transfer between the skin and electrode, which can
be obtained by adding saline, using the electrodes in intense
exercises or inducing perspiration [13], [39] and keeping it in
the electrode proximity with other materials applied on the
back of the electrode [40]. Compared with these approaches,
the one adopted in this work is closer to Soroudi et al. [39],
in which a simple polypropylene tape (Müroll GmbH, Fras-
tanz, Austria) was applied to the back of a silver-plated knitted
fabric (Shieldex P130, Statex, Germany) to act as a humidity
barrier. This solution is simpler and more effective than the
approaches based on the application of foam-based reservoirs
or rigid anti-perspirating materials, allowing anything to be
sewn to the fabric (because polyurethane or polypropylene
can be easily laminated on the back of the electrodes for
industrial production). Nevertheless, further research is needed
to improve this aspect without additional materials on the
external part of the garment.

The adoption of multiple layers of conductive ink to
improve the electrical properties of a substrate is widely known
in the development of organic electronic devices [41], [42];

however, it was not observed in the literature of textile elec-
trodes. Remarkably, the procedure of adding multiple layers of
ink improved the robustness of the electrodes to mechanical
stress (e.g. stretch) without significant complications in the
production process. Resistance to stretch and bending of the
textile electrodes is a critical aspect, even though it is seldom
discussed in literature. Because of the fabrication process and
materials, this problem is often encountered in the electrodes
obtained from printing conductive ink onto the fabric surface
rather than those created using conductive threads [43].

Despite abundant literature on smart textiles [44], systematic
studies on the validation of textile electrodes for sEMG in
dynamic conditions are very limited. An interesting attempt
was made by Colyer et al. [45]: the study participants were
asked to perform activities, such as running, cycling, walk-
ing and squatting, in a natural environment while wearing
sensorised skin-tight shorts to limit relative shifts between
the skin and electrodes. Although their technology showed
rather good performance, the electrodes (consisting of silver
coated yarns) were neither intrinsically stretchable nor easily
manufacturable.

The results of our study showed an excellent similarity
between the performance of the proposed textile electrodes
and disposable gelled Ag/AgCl electrodes, as demonstrated
by the analysis of the cross-correlation of the simultaneously
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acquired signals. Dynamic tests revealed the main influence
of the kind of physical exercise and target muscle on the
capability of textile electrodes to detect a good quality sEMG
signal. Specifically, during gait, large thigh muscles, such
as the VM, revealed a reduced level of accuracy of the
textile electrodes, probably because of the larger soft-tissue
artefacts acting as a low-pass filter on the source signals
(Figure 5b). Remarkably, the same electrodes showed good
performance before and after gait, suggesting that the problem
was due to the specific movement and not a failure of the
electrodes themselves. This information could be relevant
for the selection of smart garments for the monitoring of
those large muscles in gait analysis. Moreover, although an
increase of the skin/electrode impedance is clearly observed,
the proposed textile electrodes showed very good stability over
time along with the ability to reliably monitor the muscle
activity during the whole experimental session (1 hour). For
two participants (#3 and #5), the increase in the electrode–skin
impedance 60 min after the electrode application was quite
relevant (80% and 115%, Figure 3b). Although the impedance
nearly doubled after 60 min of continuous activity for these
two participants, their absolute values did not exceed 33 and
11 k�, respectively, which is a reasonably good value for
sEMG signal detection.

Despite the limited number of participants, the consistency
of the results suggests the usability of our proposed approach
to obtain high quality signals during 1-h monitoring of dif-
ferent leg muscles. Nevertheless, because only young male
subjects were considered, the generalisation of the results to
other subject populations must be done cautiously.

V. CONCLUSION

In this work, a novel approach to obtain PEDOT:PSS-based
screen-printed electrodes on stretchable polyester technical
fabrics was presented. The textile electrodes are able to resist
normal use and large number of stretch cycles, although further
studies are needed to assess also their resistance to washing
cycles. The performance evaluation of polymer-based textile
electrodes for sEMG in dynamic exercises is fundamental
for assessing the actual usability of this technology in real
settings, where electrodes must be embedded in stretchable
fabrics and must be able to record biopotentials with adequate
accuracy. Thus, a rigorous approach to electrode testing was
pursued, and the obtained results show that the proposed tech-
nology is effective in monitoring sEMG signals from multiple
muscles in the lower limb during different motor tasks, with
performance comparable with those of conventional disposable
gelled Ag/AgCl electrodes. These observations pave the way
for the future development of functionalised garments for sport
performance assessment or rehabilitation, as the developed
technology can reach the objective of a totally unobtrusive
and comfortable monitoring of muscle activity.
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