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Abstract
Background: Neuromuscular electrical stimulation (NMES) may improve venous hemodynamics to
decrease the risk of venous thromboembolism. However, whether calf-NMES using textile electrodes
integrated in socks can improve venous hemodynamics without discomfort is unknown.

Aim: The primary aim of this study was to examine whether calf-NMES, using one new textile electrode-
compared to an established gel electrode-setup, could induce signi�cant dose-dependent increases in the
peak venous velocity (PVV) and non-inferior comfort.

Methods: On ten healthy participants, intensity (mA) of calf-NMES (frequency 36 Hz, phase duration
200µs) was increased until a visible plantar �exion (threshold 1), plus an additional six NMES-levels
(threshold II), utilizing two different electrode setups. A new transverse textile electrode (TTE) setup
consisted of two textile electrodes (2 x 2.5 cm) sewn into the back of a sock placed 2 cm apart at the
largest circumference of the calf. The established gel electrodes (3x3cm) were placed on the participants
best motor points and designated the motor point electrode (MPE) setup. PVV was measured in v.
poplitea and v. femoralis at baseline and at threshold I and II using a Doppler ultrasound machine.
Comfort was assessed with a numerical rating scale (NRS, 0-10). Values were expressed as medians and
signi�cance was set to p<0.05.

Results:  In v. poplitea both TTE and MPE induced signi�cant dose-dependent increases in PVV from
baseline to threshold I with 123% and 63% and to threshold II with 319% and 208%, respectively (all
p<0.001). TTE, however, resulted in signi�cantly higher increase of PVV in v. poplitea than MPE. In v.
femoralis both TTE and MPE induced signi�cant dose-dependent increases in PVV from baseline to
threshold I with 47% and 55% and to threshold II with 102% and 107%, respectively (all p<0.001). In v.
femoralis, however, there were no signi�cant differences in PPV between TTE and MPE (p=0.700). MPE
compared to TTE resulted in lower NRS, 1 versus 2, at threshold I (p<0.001), however at threshold II there
was no difference in NRS (p=0.836).

Conclusion: A new reusable TTE produces non-inferior dose-dependent venous hemodynamics compared
to a standard MPE. Further development, however, is needed concerning textile electrode discomfort to
improve patient compliance.

Trial registration: Retrospectively registered with ISRCTN registry. Trial ID: ISRCTN49260430. Date:
11/01/2022.

Introduction
Venous stasis is one of the major causes of venous thromboembolism (VTE). VTE-prevention targeting
venous stasis of the calf include mechanical interventions, such as neuromuscular electrical stimulation
(NMES), which today have limited effect due to poor patient compliance (1). Calf-NMES could potentially
be integrated into socks resulting in better mobility and thereby improved patient compliance. Although
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textile electrodes have demonstrated good function in electrostimulation (2, 3), there is to the best of our
knowledge no prior studies comparing the venous hemodynamic effects of reusable textile electrodes to
traditional NMES-gel electrodes.

In order to address the above issues, we propose the creation of a NMES sock. However, the textile
electrodes in a NMES sock have to produce dose-dependent increases in the peak venous velocity (PVV)
of both v. poplitea and v. femoralis, which have been associated with an e�cient VTE-preventive pro�le
(1, 4). Moreover, the textile electrodes must show non-inferior PVV as compared to ordinary gel electrodes.

A standard motor point electrode (MPE) setup of gel-electrodes has demonstrated reduced discomfort
compared to random electrode placement (5-7). Whether textile electrodes in �xed positions according to
a motor point map (8), i.e. a transverse textile electrode (TTE) setup, demonstrate non-inferior comfort
compared to traditional MPE on the calf has not been investigated.

We hypothesized that TTE would render in non-inferior hemodynamics and comfort compared to MPE.
Thus, the primary aim of this study was to examine whether calf-NMES, using one new TTE- and one
established MPE-setup, both could induce signi�cant dose-dependent increases in the PVV in v. poplitea
and v. femoralis related to the current intensity applied. The secondary aim of this study was to explore
whether TTE could produce non-inferior hemodynamics and discomfort compared to the established
MPE.

Materials And Methods
Subjects

Ten healthy individuals (�ve men and �ve women) were included in the study. All subjects completed a
questionnaire on subject characteristics before entering the study (Table 1), including measurements to
calculate body fat using the US Navy formula (9) and an estimation of their physical activity on a scale
of 1-6 using the Grimby/Frändin activity scale (10). Subjects aged between 18-75 years were eligible for
inclusion. The exclusion criteria were pregnancy, skin ulcers, previous surgery on blood vessels of the
lower limbs, pacemaker, intracardiac de�brillator, advanced heart disease, kidney failure and
neuromuscular or metabolic disease.

Table 1. Subject characteristics (n = 10).
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Variable Median (Range)

Age (years) 27 (24-55)

Height (cm) 174 (164-187)

Weight (kg) 64 (56-110)

BMI (kg/m²) 22 (19 – 32)

Body fat (%) 20 (9 – 30)

Waist circumference (cm) 73 (67-114)

PAS, range 1-6 5 (3 - 6)

M = median, R = Range. BMI = body mass index, PAS = Physical activity scale.

Electrode-Setups

In this study, two different electrode setups for applying NMES to the calf were tested and compared
regarding various outcomes. The electrode setups differed regarding electrode- type, -size and placement.

The �rst electrode setup, designated as the transverse textile electrode (TTE) setup, consisted of two
rectangular textile electrodes (2 x 2.5 cm) transversally woven into the back of a sock (Polyamide/Lycra
blended yarn). The electrodes were placed approximately at the largest circumference of the calf, and
with the electrodes inner edges equally distanced from the midline of the calf approximately 2 cm apart
(Fig. 1). The electrodes were woven into the sock using so called intarsia knitting which allows for
seamless integration of patterns of functional components in a single process. The material of the
electrodes was silver coated polyamide multi�lament yarn, with trade name Shieldex® (produced by
Statex Produktions und Vertriebs GmbH). On the outside of the sock the electrodes medial and lateral
edges were covered with elastic yarn �oats (Polyamide/Lycra). The purpose of the �oats was to hold a
moisture-containing (2ml NaCl 0.9mg/ml) melamine sponge (0.5 x 2 x 2.5cm) in direct contact with each
of the underlying electrodes, in order to increase the local pressure and humidity of the electrode/skin-
interface, and thus uphold an adequate electrical conduction (11).

The second electrode setup utilized commercially available standard adhesive gel electrodes (Compex
Snap, Performance, DJO Global, USA, 5x5cm) manually trimmed to squares sized 3 x 3 cm to reduce the
current intensity needed to induce a muscle response. The standard electrodes were placed on the skin
areas of the calf, one on the medial side and one the lateral side, that required the least NMES current
intensity to trigger a calf muscle response, i.e. the “best” motor points (MP). This electrode setup was
designated the motor point electrode (MPE) setup.

Motor point scan
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The best MPs were found by scanning one half of the calf at a time (medial/lateral), using the NMES
device’s 3Hz sinusoidal wave motor scan program, Chattanooga Physio (DJO Nordic, Malmoe, Sweden).
Prior to the MP scan, the side of the calf about to be scanned was covered by a thin layer of conductive
gel. A reference electrode (Compex Snap, Performance, DJO Global, USA, 5x5 cm) was placed on the
contralateral side from the MP scan over the largest circumference of the calf, on a distance from the
calf’s midline corresponding to 15% of the calf’s largest circumference. The MP scan started at NMES-
level 1 during which time the MP scan pen was used to search through one whole side of the posterior
calf in accordance with the NMES-device instruction. If no motor point was found, the current intensity
was increased by one NMES-level with a subsequent re-scan. This procedure was then repeated until a
visible muscle twitch was detected in the calf, indicating the location of a MP, which was subsequently
marked out on the scanned side (medial or lateral).

NMES-Settings

NMES was applied to the skin via electrodes using a DJO™ Chattanooga Physio NMES device with a
biphasic, symmetric square wave. Based on previous studies on NMES discomfort, frequency was set to
36 Hz, phase duration 200µs, ramp up time 0.5s and ramp down time 0.25s (12). The muscle rest
between each stimulation (OFF-time) was 8s. The duration of stimulation between each ramp up and
ramp down time, referred to as the plateau time, was varied for different tests between 0.5s, 1.5s, 3s and
5s. The order in which the plateau times were tested was randomised. The NMES-level (0-999),
representing a non-linear relationship to the current intensity ranging from 0-120 milliampere (mA), was
gradually increased one NMES-level at a time as described below.

NMES Threshold I & II

When testing the two electrode setups, outcomes were registered at two distinct current intensities,
designated threshold I and threshold II. For every test performed, the current intensity was slowly
increased one NMES-level at a time until a visible plantar �exion was induced. The current intensity
needed to induce this plantar �exion was de�ned as threshold I. Visible plantar �exion was chosen as a
point for outcome measure because, 1) it can be dichotomised; either you can see a plantar �exion, or
you cannot, and 2) it will likely increase PVV (13). The same examiner determined for all participants
when a visible plantar �exion was induced by the NMES, thus avoiding any examiner bias. Threshold II
was de�ned as the current intensity corresponding to threshold I plus an additional six NMES-levels
increase on the NMES-device. For example, if plantar �exion was induced at NMES-level 20 (threshold I),
threshold II would correspond to NMES-level 26 (= 20 + 6). Note that since different subjects required
different current intensities to produce a plantar �exion, threshold I and threshold II could represent
different current intensities for different subjects.

Hemodynamic measurements

Using a Philips CX50 (2013) Doppler ultrasound machine (Philips Medical Systems, Andover, MA, USA),
the widest accessible part of v. poplitea and v. femoralis was located and visualised in a longitudinal
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section plane before beginning the hemodynamic measurements. For the two electrode setups (TTE &
MPE), PVV was measured in v. poplitea and v. femoralis at baseline (i.e. electrodes attached but no NMES
applied), at threshold I, and at threshold II. For each subject in the study, all hemodynamic measurements
were performed on v. poplitea and v. femoralis respectively, by one and the same ultrasonographist. PVV
was registered by the ultrasonographist using the ultrasound machines measuring tool. For each
different electrode setup, PVV was always measured during three consecutive stimulations, enabling the
collection of an average PVV value for the statistical analysis, thus reducing the effect of potential
measuring errors. After analysing the re�ll time of the veins, an eight second OFF-time was decided to be
used between plateau times for the veins to be adequately re�lled with blood before the next upcoming
muscle contraction and PVV measurement. To quantify the potential bene�t of NMES versus the resting
state, for each subject and setting, the percentual increase in PVV at threshold I and threshold II, as
compared to PVV at baseline, was calculated. The formula used to calculate the percentual increase was
(Percentual increase) = (((PVV with stimulation) – (PVV at baseline)) / (PVV at baseline)) x 100.

Discomfort

For each stepwise increase in NMES-level when testing the two electrode setups, subjects were asked to
�ll in a form to rate their discomfort on a numerical rating scale (NRS) 0-10, where 0 was described to the
subject as no discomfort and 10 as the worst imaginable discomfort or pain (14).

Statistical analysis

The sample size was determined prior to the start of the experiment based on a pilot study with the
signi�cance level set at p<.05 and power at 80% regarding the primary outcome, hemodynamics,
measured with the PVV in v. poplitea. Based on the calculations, ten subjects were needed to �nd a
signi�cant increase in PVV with an increase of the current intensity from threshold I to II. We set the �nal
sample size to ten subjects.

The data was analyzed using SPSS version 27 (IBM Corp. Released 2016. IBM SPSS Statistics for
Windows, Armonk, NY: IBM Corp.) in cooperation with a statistician. The four tested plateau times did not
demonstrate any statistically signi�cant difference regarding PVV or NRS, regardless of the electrode
setup or threshold. For this reason, the outcome values for PVV and NRS used in the �nal statistical
analysis were based on all values, for all subjects, obtained during the four different plateau times. Based
on the relatively small number of subjects and the Shapiro-Wilk indicating non normal distribution, the
non-parametric Wilcoxon signed rank test was chosen to determine if there were any statistically
signi�cant differences between medians regarding current intensity, PVV or NRS for the two electrode
setups. The data included some outliers, which were handled both by using a rank-based statistics test
and by adjusting the values of the outliers to the lowest/highest value within 1.5 times the interquartile
range from the �rst respectively third quartile for the inferential statistics (15). Analysis of correlations
between subject characteristics and collected data was performed using Spearman’s ρ. Data is presented
with median, min-max range and when comparisons were made, p-value. The signi�cance level for all
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analyses was set to p<0.05. For the remainder of the text, “statistically signi�cant” will be shortened as
“signi�cant”.

Results
Current intensities for calf-NMES

The current intensity required to reach threshold I, was signi�cantly lower when using MPE, 16mA (7.5-
24mA), as compared to TTE, 26mA (20-44.5mA) (p=0.005). To reach threshold II, the MPE setup also
required a signi�cantly lower current intensity, 21mA (17 – 27.5 mA), compared to the TTE setup, 29.5mA
(24 – 46mA) (p=0.005) (Fig. 2).

Hemodynamics of calf NMES

Hemodynamics in v. poplitea

The baseline PVV in v. poplitea was, median (range), 14.3 cm/s (9.8-24.0 cm/s). There was a signi�cant
increase of PVV with 123% (30 – 500%) from baseline to threshold I, when using TTE (p<0.001). MPE
also exhibited a signi�cant increase of PVV with 63 % ((-1) – 352 %) from baseline (p<0.001). The TTE
setup resulted in a signi�cantly higher percentual increase of PVV in v. poplitea than the MPE setup
(p=0.005) (Fig. 3).

Increasing the current intensity to threshold II resulted in a signi�cant increase of PVV from baseline of
319% (59 – 766%), when using TTE (p<0.001). When increasing the current intensity to threshold II using
MPE, a signi�cant increase of PVV with 208 % (12 – 561 %) from baseline was observed (p<0.001). The
increase of PVV from baseline was signi�cantly greater at threshold II as compared to threshold I, for
both the TTE and the MPE setups (p<0.001) (Fig 1A). At threshold II the TTE setup resulted in a
signi�cantly higher percentual increase of PVV in v. poplitea, as compared to baseline, than the MPE
setup (p=0.026) (Fig. 3).

Hemodynamics in v. femoralis

The baseline PVV in v. femoralis was 14.2 cm/s (10.4-21.0 cm/s). There was a statistically signi�cant
increase of PVV with 47% ((-4) – 447%) from baseline to threshold I when using TTE (p<0.001). When
using MPE there was also a signi�cant increase of PVV in v. femoralis with 55% ((-12) – 168%) from
baseline to threshold I (p<0.001). The percentual increase of PVV in v. femoralis when comparing the TTE
and MPE setups did not differ signi�cantly (p=0.635) (Fig 4).

Increasing the current intensity to threshold II resulted in a signi�cant increase of PVV with 102% ((-8) –
491%) from baseline, when using TTE (p<0.001). Also, when using MPE at threshold II a signi�cant
increase of PVV with 107% (0 – 409 %) from baseline was observed. The increase of PVV from baseline
was signi�cantly greater at threshold II compared to threshold I, both when using TTE and MPE (p<0.001)
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(Fig 1B). At threshold II there was no signi�cant difference in increase of PVV between TTE and MPE
(p=0.700) (Fig. 4).

Discomfort of calf NMES

Using MPE resulted in a statistically signi�cantly lower NRS, 1 (0 – 3), compared to the use of TTE, NRS 2
(0 – 7), at threshold I (p<0.001). At threshold II, the two electrode setups did not demonstrate any
signi�cant difference in NRS (p=0.836). However, at threshold II, subjects reported signi�cantly higher
NRS with both types of electrode setups compared to threshold I (p<0.001) (Fig. 5).

Associations of subject characteristics with outcome

Female sex was signi�cantly associated with a higher current intensity (mA) required to produce a plantar
�exion, both with TTE and MPE (p=0.005, p=0.001). Female gender was also associated with a higher
body fat percentage (p=0.014). None of the parameter’s age, gender, BMI, body fat percentage or waist
circumference was signi�cantly correlated with NRS or the percentual increase of PVV in v. poplitea or v.
femoralis.

Discussion
The main �nding of this study was that the PVV in both v. poplitea and v. femoralis exhibited a dose-
response relationship with the increased current intensity of calf NMES using either TTE or MPE. The TTE
setup demonstrated superior hemodynamics compared to the MPE setup in v. poplitea at the lowest
current intensity that could induce a plantar �exion (threshold I). The MPE setup, however, required a
lower current intensity and resulted in less discomfort to elicit a plantar �exion of the ankle. Aside from
differences in electrode setups, a higher current intensity was needed for female participants to perform a
plantar �exion of the ankle.

The �nding that the PVV in both v. poplitea and v. femoralis exhibited signi�cant median increases of 50-
100% from baseline to threshold I conform with results from earlier studies on NMES (4, 16). However, to
the best of our knowledge this is the �rst study demonstrating improved venous hemodynamic effects of
reusable textile electrodes. Moreover, the observation that these venous �ows could be enhanced an
additional 2-3-times, both with MPE and TTE, by increasing the current intensity of the NMES by a mean
of 1.5-6.5 mA, suggests a dose-dependent response between the applied current intensity and the PVV
produced.

The �nding of a dose-dependent relationship between the current intensity of applied NMES (36Hz) and
increased venous return is supported by the literature, but novel when it comes to textile electrodes as
well as assessments of blood �ow in v. poplitea and v. femoralis in the same individual. An earlier study
strengthens our �nding by demonstrating a relationship between the current intensity applied via NMES
(frequencies: 1, 3 and 5Hz) and increased venous velocity in v. femoralis (17). Moreover, another study
corroborates our observations in v. poplitea by demonstrating that different subjects, who used NMES
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with various current intensities (frequency: 36 Hz) exhibited PVV that on a group level were dose-
dependent to the electrical current (18).

The presumable explanation to the observed dose-dependence between current intensity and increased
PVV lies in the earlier knowledge that there is a linear relationship between the current intensity and
muscle torque production (19). Thus, a higher current intensity will cause more muscle �bers to contract
(20), which in turn increases the squeezing of the calf veins, �lled with approximately 100-150 ml blood
(21), subsequently inducing enhanced PVV (17). An additional explanation to the observed increase in
PVV may be that higher current intensities induces an activation of the sympathetic nervous system
causing a “�ght and �ight” response with contraction of the blood vessel circumference causing
increased blood �ow velocity (22).

A dose-dependent increase in venous blood �ow velocity using calf-NMES, and especially the new textile
electrodes, is important for the prevention of deep vein thrombosis (DVT) and venous thromboembolism
by reducing the stasis (1, 4). The minimum hemodynamic effect of NMES to prevent development of DVT
is unknown. Studies on hemodynamics during voluntary activation of the muscle pump may however
provide comparable data, which demonstrate at least a twofold increase in PVV (13, 23, 24). Thus, our
observed 2-3-fold increases in PVV in v. poplitea and v. femoralis may re�ect clinically relevant
enhancements of venous velocity for preventing DVT.

The second most important �nding of this study was the identi�cation that the TTE setup produced a
better hemodynamic response in v. poplitea compared to the MPE setup. This observation was
astonishing and necessitates replication but may have implications when deciding which electrodes to
use and how to place electrodes to produce an optimal venous return in order to prevent DVT. The
mechanism behind this observed hemodynamic effect could have several explanations.

The most reasonable explanation to the enhanced hemodynamic response seen with TTE setup is the
related �nding that the TTE setup required a higher current intensity to produce a plantar �exion of the
ankle as compared to the MPE setup. The degree of plantar �exion could, however, be determined to not
be different between the two electrode setups since the same examiner examined the plantar �exion with
both electrode setups. The higher electrical current with TTE setup may however also induce indirect,
local effects on blood vessels via the nervous system (25). Thus, it has been demonstrated that electrical
stimulation causes sympathetic nerve �ber activation, which may locally constrict v. poplitea with
subsequent increase in blood �ow velocity (22).

The conception that higher electrical current may induce a local nervous system mediated constriction of
v. poplitea is supported by another observation. The �nding that TTE setup produced a better
hemodynamic response in v. poplitea, but not in v. femoralis, as compared to the MPE setup suggests
that the higher electrical current rather induced local changes, such as constriction of v. poplitea. Such a
conclusion would also be in line with the idea that higher electrical current at a certain level cannot
produce more blood �ow via muscle contraction, but rather via local sympathetic activation (22). This
hypothesis, however, requires further research.
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Another explanation to the elevated hemodynamic response observed with the TTE setup as compared to
the MPE setup may be that the differences in PVV are dependent on the placement of the electrodes on
the muscle bulk and subsequent degree of muscle activation. The TTE setup was con�gured with
electrodes transversely, approximately at the thickest portions of both the lateral and medial
gastrocnemius muscles, suggesting a good muscle contraction to activate venous return (26). The MPE
setup, on the other hand, depended on the subject’s best motor points to trigger a plantar �exion of the
ankle. Thus, the MPE setup often resulted in a longitudinal placement of electrodes, which may suggest a
less bene�cial muscle stimulation to compress the veins of the calf. The explanation that the two
electrode setups elicit differential muscle-vein pump effects does however not clarify why the PVV with
the TTE setup compared with the MPE setup was better only in v. poplitea and not in v. femoralis. Further
studies should explore how different electrode placements on the calf may optimize the effect of the
muscle-vein pump and whether these effects are related to direct dose-dependent muscular contraction or
related to indirect activation of the nervous system.

Another aspect to consider when deciding the optimal placement of electrodes is the discomfort of the
patients. The observation that the MPE setup exhibited less discomfort at threshold I as compared to the
TTE setup suggests a better compliance with treatment when electrodes are placed on motor points,
which is in line with earlier studies (6). The �nding of no difference in discomfort between the MPE and
TTE setup at threshold II, on the other hand, suggests that discomfort always should be evaluated
together with the hemodynamic effect to optimize patient outcome. To �nd an optimal placement of
electrodes and a tolerable, yet hemodynamically effective, level of electrical current is the million-dollar
question, which from the results of this study seem to be a very individual matter. The great variations in
PVV observed, both at baseline and with calf-NMES, are suggestive of vast individual variations.
Variations of PVV are, however, known from earlier studies (27).

This study also investigated the subject characteristics in relation to the outcome variables. The
observation that females required higher current to obtain a plantar �exion of the ankle suggests that
differences in subcutaneous fat composition may impede the �ow of the electrical current, as has been
suggested before (28). The differences between genders seen in electrical current required did, however
not cause dissimilarities in discomfort or in hemodynamics, suggesting that both sexes may bene�t
equally from calf-NMES.

Another aspect that might be of importance to the patient is the potential cost-reduction of reusable
electrodes could provide. Textile electrodes that are integrated in a sock could make the electrode
placement easier, even for new users, and the reusability of the textile will signi�cantly reduce the
operational costs (i.e. costs of the electrodes).

A possible limitation of the study is the relatively low number of participants, which hinders conclusions
especially on associations between subject characteristics and outcome. This study focused the
hemodynamic analyses on PVV, while omitting other hemodynamic variables, the main reason being that
PVV has been considered the main factor related to the outcome of DVT (29). The strengths of the study
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include the fact that hemodynamic assessments were performed in both v. poplitea and v. femoralis with
two types of electrode setups and investigated the factor of perceived discomfort.

Conclusion
Neuromuscular electrical stimulation of the calf increases peak venous velocity in a dose-dependent and
clinically relevant manner in both v. poplitea and v. femoralis using both a transverse-textile- and a motor
point electrode setup. Motor point electrode setup decreases the need for electrical current and reduces
discomfort. Transverse-textile electrode setup, however, seems to enhance peak venous velocity in v.
poplitea to a higher extent, and with yet not fully explored mechanisms, as compared to motor point
electrode setup. A new reusable transverse-textile electrode is non-inferior regarding venous
hemodynamics compared to standard single-use adhesive electrodes. There is, however, a need of further
development in reducing the discomfort of textile electrodes in order to improve patient compliance. 
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Figure 1

Textile electrodes. Sock with integrated textile electrodes used for the transverse textile electrode setup.
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Figure 2

Current intensity. Current intensity (mA) needed to reach threshold I displayed for both electrode setups.
** indicates p<0.001

Figure 3

Hemodynamics in v. poplitea. Percentual increase of PVV from baseline to NMES threshold I and II with
two electrode setups (TTE and MPE). The overlaying line connecting two boxplots indicates a difference,
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where * indicates a difference with p<0.05 and ** indicates a difference with p<0.001. PVV = Peak venous
velocity. TTE = transverse textile electrode setup. MPE = motor point electrode setup.

Figure 4

Hemodynamics in v. femoralis. Percentual increase of PVV from baseline to NMES threshold I and II with
two electrode setups (TTE and MPE). The overlaying line connecting two boxplots indicates a difference,
where * indicates a difference with p<0.05 and ** indicates a difference with p<0.001. Circles represents
outliers. PVV = Peak venous velocity. TTE = transverse textile electrode setup. MPE = motor point
electrode setup.
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Figure 5

Numerical rating scale for the two electrode setups. Numerical rating scale (NRS) score for both electrode
setups at both thresholds. ** indicates p<0.001. Circles represents outliers. TTE = transverse textile
electrode setup. MPE = motor point electrode setup.


