
INTRODUCTION 

The transcutaneous electrical nerve stimulation
(TENS) technique allows electrical stimulation of
nerves and muscles and is frequently used for recov-
ery, pain control, sports and fitness. By applying low-
frequency currents, electrotherapeutic effects such
as analgesic, neuromuscular stimulation, vasodilator,
biotrophic and regulation of the neurovegetative sys-
tem (SNV) can be obtained.
The electrostimulation effect is obtained by modulat-
ing the current, varying parameters such as frequen-
cy, amplitude and duration, to reduce accommoda-
tion to the stimulus because accommodation to the
stimulus can decrease the sensory perception of the
stimulus. Thus, the current with an inhibitory effect has
a frequency of 100 Hz, and the current with a frequen-
cy of 50 Hz acts dynamically, determining the support
of muscle tone, the elimination of edema, the reduc-
tion of pain and the increase of muscle tone [1, 2].
Transcutaneous electrical nerve stimulation (TENS)
systems are mainly used in medical recovery therapy
for pain control [3–6], and some researchers recom-
mend using TENS following thoracic surgery [7].
There are concerns about integrating wearable elec-
trodes into textiles through conductive yarns [8],

embroideries [9–11], pads with integrated TENS [12]
electrodes [10] for the knee or smart gloves for pain
relief in the hand and forearm in cases of carpal tun-
nel syndrome [13], diabetic neuropathy [14], nerve
stimulation for persons with fibromyalgia [15] or reha-
bilitation in cases of wrist stiffness secondary to dis-
tal radioulnar fracture [16].
Some researchers have described the use of tran-
scutaneous electrostimulation electrodes based on a
conductive surface made by fabric immersion on
commercial carbon-based dispersions (AquaCyl
AQ0301 based on multiwalled carbon nanotubes
(MWCNTs)) [17], electrodes embroidered with con-
ductive wires (X-Silver and X-Static) for electrostimu-
lation in the knee area [18, 19] or nanostructured
electrodes based on Ti and Cu [20].

EXPERIMENTAL PART

Development of the prototypes used textile elec-
trodes obtained by coating the fabrics with conduc-
tive pastes based on nickel, which was previously
hydrophilized using RF plasma oxygen technology
using an RF generator in MHz (Ni1) and kHz (Ni2).
Table 1 shows the images obtained by electron
microscopy (magnitude 60x):
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Sistem de recuperare pe bază de actuatori textili

Această lucrare prezintă un sistem de recuperare medicală bazat pe stimuli electrici transmişi prin electrozi textili pe
bază de microparticule de cupru. Electrozii textili sunt conectați la un dispozitiv electronic capabil să genereze stimulare
electrică transcutanată nervoasă (TENS) utilizând curenți electrici de frecvență joasă (curenţi diadinamici şi
interferenţiali având frecvenţa între 0 şi 100 Hz). Pentru evaluarea sistemului, intensitatea curentului, frecvența și
tensiunea de alimentare au fost măsurate cu ajutorul unor multimetre (Agilent Technologies U3606A și multimetru digital
portabil), iar semnalul a fost analizat. În funcție de intensitatea programului de electrostimulare transcutanată, obținută
prin variaţia parametrilor electrici, precum tensiunea electrică (U, mV), intensitatea curentului (I, mA) și frecvența (f, Hz),
este posibil ca pacientul să simtă ciupituri sau vibrații.
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– P1 (raw fabric);
– Electrode P2 based on conductive paste with Ni

microparticles deposited on textile P1 (treated in
RF plasma O2 using an RF generator in MHz);

– Electrode P3 based on conductive paste with Ni
microparticles deposited on fabric P1 (treated in
RF plasma O2 using an RF generator in kHz);

– Classic electrode (P4) based on electrode gel. 
The textile electrodes P2–P3, having a surface
resistance of 103–105 Ω, were used to develop pro-
totypes M1–M2 by integrating electrodes P2 and P3
into knitted sleeves.
Textile electrodes connected to the transcutaneous
electrostimulation (TENS) device (figure 1, c and d)
using low-frequency (0–100 Hz) (diadynamic or inter-
ference) currents were used for testing. Using low-

frequency currents can obtain electrotherapeutic
effects such as analgesic, neuromuscular stimula-
tion, vasodilator, biotrophic and neurovegetative sys-
tem (SNV) regulation. 
The electrostimulation effect is obtained by modulat-
ing the current, varying parameters such as frequen-
cy, amplitude and duration, to reduce accommoda-
tion to the stimulus because accommodation to the
stimulus can decrease the sensory perception of the
stimulus. Thus, the current with an inhibitory effect
has a frequency of 100 Hz, and the current with a fre-
quency of 50 Hz acts dynamically, determining the
support of muscle tone, the elimination of edema, the
reduction of pain and the increase of muscle tone. 
Depending on the intensity of the transcutaneous
electrostimulation program, which is obtained by
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ANALySIS OF THE SURFACE TOPOgRAPHy OF TEXTILE ELECTRODES By DIgITAL ELECTRON
MICROSCOPy (SAMPLES P1, P2, P3, P4)

Magnitudine 60x

P1 P2 P3 P4

Table 1

Fig. 1. Electrodes used for the transcutaneous electroneuro-stimulation recovery system (the
surface view that comes into direct contact with the skin): a – M1 prototype based on Ni1-based
textile electrodes; b – M2 prototype based on Ni2 textile electrodes; c – prototype M1 based on

textile electrodes (front view); d – testing the M1 prototype

c                                                                              d 

a                                                                              b 



varying the electrical parameters, such as electrical
voltage (U, mV), current intensity (I, mA) and fre-
quency (f, Hz), it is possible that the patient feels a
slight vibration.
The functionality of the prototypes is based on tran-
scutaneous electrostimulation consisting of generat-
ing electrical impulses similar to those produced in
the body, which are transmitted to nerves or muscle
fibres through electrodes. 
The study aims to investigate the data from transcu-
taneous electrostimulation devices (e.g., voltage,
current intensity and frequency) produced during
electrostimulation activity and passing the textile
electrode barriers. The study's results consist of
investigating the output data from the transcutaneous
electrostimulation devices (voltage, current intensity
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and frequency) produced during the electrostimula-
tion activity and passing the textile electrode barriers.
To evaluate the prototypes, the current intensity, fre-
quency and supply voltage were measured using
multimeters (Agilent Technologies U3606A (figure 2)
and PC-Link digital multimeter (figures 3, 4 and 5).
Figures 3, 4 and 5 present the waveforms for current
intensity, voltage and frequency transmitted through
the TENS device using surface electrode textiles.
The Oy axis represents the amplitude of the signal
and time on the Ox axis.
Figure 6 shows the digital signals (245 samples of
frequency in Hz, intensity in mA and voltage in mV)
as multiple series.
Figure 7 shows the power spectral density for the
spectra of the acquired digital signals (245 samples:

Fig. 2. Determination of the variation of the electric current in the conductive textile electrodes and of the frequency

Fig. 4. Current intensity measurement using PC-Link graphical view software of the acquired digital signal for electric
intensity (I, μA)

Fig. 3. Frequency measurement using PC-Link graphical view of the acquired digital signal for frequency (f, Hz)



f(t), I(t), U(t)). The spectrum of a signal X(t) (for exam-
ple, f(t), I(t) or U(t)) represents all the components in
the frequency domain and is defined by the Fourier
transform of that signal:

X(f) = F{x(t)} = ∫
+

x(t)  e–j 2pf t dt (1)
–

The power spectral density (Sx(f) [W/Hz]) of the sig-
nal X(t) represents the power distribution of the com-
ponents in the frequency domain:

|F{XT(t)} |2
Sx(f) = limT→

                (2)
T
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where XT(t) is the restriction of the random signal X(t)

to the interval [T/2, T/2].

RESULTS AND DISCUSSION

In the test performed using the textile electrodes
attached to the arm/forearm areas, the electrical
stimuli transmitted by the conductive textile elec-
trodes did not generate pain in contact with the skin. 
Electrical impulses transmitted to the tissue via textile
electrodes affect neurotransmission in neural circuits,
synapses, and muscle groups. The effect of electros-
timulation is evident after repeating the procedures.

Fig. 5. Measurement of electrical voltage using software PC-Link graphical view of the acquired digital signal
for electrical voltage (U, mV)

Fig. 6. Digital signals represented as multiple series

Fig. 7. Power spectral density Sx(f), where x  {f, I, U}) of the acquired digital signals f, I and U xp radians/sample
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Overall, it can be appreciated that electrodes made
of textile materials remove the disadvantages known
in the case of using gel, such as:
1. small amounts of gel may remain stuck to the skin;
2. drying the gel on the electrode makes its use prac-

tically impossible.
Testing the prototypes of a knitted sleeve with inte-
grated textile electrodes and a TENS highlighted that
transcutaneous electroneurostimulation can be gen-
erated using surface electrodes based on textile
materials.

CONCLUSIONS

In conclusion, by analysing prototypes M1–M2, the
following can be concluded:
• Textile materials covered with conductive pastes

based on a polymer matrix and metal microparti-
cles (Ni) can be used in systems based on actuators
as electrodes to transmit low-frequency currents

(0–100 Hz) for transcutaneous electro stimulation
at the skin level;

• Comparatively analysing the classic (wet) elec-
trodes based on conductive gel and the textile
(dry) electrodes, it can be appreciated that the
electrodes made of textile materials remove the
disadvantages known in the case of using gel;

• Experimental models M1 and M2 (with a surface

resistance of 103 Ω) allow better transmission of
electric current and are recommended for use as
surface electrodes for transcutaneous electrostim-
ulation systems.

ACKNOWLEDGEMENTS  

The research presented in this paper was prepared in the
INCDTP laboratories. Funds support this work from MCID,
National Project “Electroconductive composite textile mate-
rials based on 3D polymer matrices for sensor systems
monitoring and attenuating electromagnetic waves (3D
ELECTROTEX)”, grant Agreement PN 19 17 01 01.

REFERENCES

[1] Neurology Treatment Techniques, Available at: www.physio-pedia.com/Neurology_Treatment_Techniques
[Accessed on August 1st, 2022]

[2] Electrical Stimulation – Its role in upper limb recovery poststroke, Available at: www.physio-pedia.com/
Electrical_Stimulation_-_Its_role_in_upper_limb_recovery_post-stroke [Accessed on July 12, 2022]

[3] Vance, C.g., Dailey, D.L., Rakel, B.A., Sluka, K.A., Using TENS for pain control: the state of the evidence, In: Pain
Management, 2014, 4, 3, 197–209

[4] Hurlow, A., Bennett, M.I., Robb, K.A., Johnson, M.I., Simpson, K.H., Oxberry, S.g., Transcutaneous electric nerve
stimulation (TENS) for cancer pain in adults, In: Cochrane Database of Systematic Reviews, 2012, 3

[5] Sawant, A., Dadurka, K., Overend, T., Kremenchutzky, M., Systematic review of efficacy of TENS for management
of central pain in people with multiple sclerosis, In: Multiple Sclerosis and Related Disorders, 2015, 4, 3, 219–227

[6] Meyler, W.J., De Jongste, M.J., Rolf, C.A., Clinical evaluation of pain treatment with electrostimulation: a study on
TENS in patients with different pain syndromes, In: The Clinical Journal of Pain, 1994, 1, 10, 22–27

[7] Erdogan, M., Erdogan, A., Erbil, N., Karakaya, H.K., Demircan, A., Prospective, randomized, placebo-controlled
study of the effect of TENS on postthoracotomy pain and pulmonary function, In: World Journal of Surgery, 2005,
12, 29, 1563–1570

[8] Erdem, D., yesilpinar, S., Senol, y., Karadibak, D., Akkan, T., Design of TENS electrodes using conductive yarn, In:
International Journal of Clothing Science and Technology, 2016

[9] Berk, g.g., Design of a wearable pain management system with embroidered TENS electrodes, In: International
Journal of Clothing Science and Technology, 2018

[10] Akgün, D.E., Şenol, y., yeşilpinar, S., Design of a TENS knee pad with integrated textile electrodes, In: Industria
Textila, 2021, 3, 72, 268–273, http://doi.org/10.35530/IT.072.03.1700

[11] Chan, J., Torah, R., E-Textile Haptic Feedback Gloves for Virtual and Augmented Reality Applications, In:
Engineering Proceedings, 2022, 1, 15, 1

[12] Euler, L., guo, L., Persson, N.K., A review of textile-based electrodes developed for electrostimulation, In: Textile
Research Journal, 2022, 7–8, 92, 1300–1320

[13] Iftikhar, F., Anis, S., Asad, U.B., Riaz, S., Rafiq, M., Naeem, S., Development of wearable system for carpal tunnel
syndrome, In: Research Journal of Textile and Apparel, 2022

[14] D'Souza, R.S., Barman, R., Joseph, A., Abd-Elsayed, A., Evidence-based treatment of painful diabetic neuropathy:
a systematic review, In: Current Pain and Headache Reports, 2022, 1–12

[15] Jamison, R.N., Curran, S., Wan, L., Ross, E.L., gilligan, C.J., Edwards, R.R., Higher Pain Sensitivity Predicts
Efficacy of a Wearable Transcutaneous Electrical Nerve Stimulation Device for Persons With Fibromyalgia: A
Randomized Double-Blind Sham-Controlled Trial, In: Neuromodulation: Technology at the Neural Interface, 2022

[16] Inglese, A., Santandrea, S., Postarthrolysis rehabilitation in a patient with wrist stiffness secondary to distal radio-
ulnar fracture: A case report, In: Physiotherapy Theory and Practice, 2022, 1–15

[17] Skrzetuska, E., Michalak, D., Krucińska, I., Design and analysis of electrodes for electrostimulation (TENS) using
the technique of film printing and embroidery in textiles, In: Sensors, 21, 14, 2021, 4789

[18] Erdem, D., yesilpınar, S., Senol, y., Design of a TENS knee pad with integrated textile electrodes, In: 7th
International Technical Textiles Congress, Izmir, Turkey, 2018, 237–245



402industria textila 2023, vol. 74, no. 4˘

[19] Berk, g.g., Design of a wearable pain management system with embroidered TENS electrodes, In: International
Journal of Clothing Science and Technology, 2018

[20] Lopes, C., Veloso, H., Hayes, M., Cullinan, M., Vaz, F., Nanostructured (Ti, Cu) N dry electrodes for advanced
control of the neuromuscular activity, In: IEEE Sensors Journal, 2023

Authors:

RALUCA MARIA AILENI, DOINA TOMA, CRISTINA STROE, TEODOR SÂRBU 

National Research & Development Institute for Textiles and Leather,

Lucretiu Patrascanu 16, 030508 Bucharest, Romania

Corresponding author:

RALUCA MARIA AILENI

e-mail: raluca.aileni@incdtp.ro




