
This is an open access article under the CC BY 4.0 license (https://creativecommons.org/licenses/by/4.0/).
Journal of Men's Health 2026 vol.22(3), 29-35 ©2026 The Author(s). Published by MRE Press. www.jomh.org

Submitted: 19 August, 2025 Accepted: 07 January, 2026 Published: 30 March, 2026 DOI:10.22514/jomh.2026.024

OR I G INA L R E S E A R CH

Acute neuromuscular fatigue responses to Russian
current in Paralympic powerlifting athletes
Taísa Pereira Santos1,2, Felipe J. Aidar1,2,3, Márcio Getirana-Mota1,2,3,
Danielle Rabelo Ganzalez4, Pablo Santana Prata1,2, Moazzam Tanveer5,*,
Georgian Badicu6, Luca Paolo Ardigò7,*

1Graduate Program in Movement
Sciences, Federal University of Sergipe,
49100-000 São Cristóvão, SE, Brazil
2Group of Studies and Research of
Performance, Sport, Health and
Paralympic Sports—GPEPS, The Federal
University of Sergipe, 49100-000 São
Cristóvão, SE, Brazil
3Graduate Program of Physiological
Science, Federal University of Sergipe,
49100-000 São Cristóvão, SE, Brazil
4Department of Medicine, Catholic
University of Brasilia, 71966-700 Brasília,
DF, Brazil
5Department of Allied Health Sciences,
Health Services Academy, 44000
Islamabad, Pakistan
6Department of Physical Education and
Special Motricity, Transilvania University
of Brasov, 500068 Brasov, Romania
7Department of Teacher Education, NLA
University College, 0166 Oslo, Norway

*Correspondence
moazzam@hsa.edu.pk
(Moazzam Tanveer);
luca.ardigo@nla.no
(Luca Paolo Ardigò)

Abstract
Background: Paralympic powerlifting (PP) focuses on increasing strength through
specific mechanical adaptations. Neuromuscular activations are known to differ
between conventional and Paralympic athletes, making it essential to investigate
strategies to optimize training and improve performance in the sport. This study
investigates the impact of Russian current associated with traditional training on
dynamic strength indicators (speed and power) in PP athletes after a single session.
Methods: This is a randomized crossover clinical trial, conducted over three weeks,
in which maximum velocity (MV), mean propulsive velocity (MPV), and power
(PO) were analyzed before, during, after, 24 h, and 48 h after the intervention. In
the first week, athletes performed initial and familiarization tests. In the following
weeks, they underwent conventional training (TT) and training preceded by electrical
stimulation (TPE), with protocols reversed between weeks. Results: At 45% of
1RM (maximum repetition), there was a significant reduction in power between the
time points after 24 h (466.40 W) and before (522.69 W) (p = 0.009), with no
differences between the conditions. At 80% of 1RM, MPV differed in series 4
(p = 0.026) and MV in series 1 (p = 0.020) and 4 (p = 0.003). There was no
impact on power. Conclusions: Acute use of electrostimulation did not improve
performance. Clinical Trial Registration: https://ensaiosclinicos.gov.br/rg/RBR-
8ypr4kj, RBR-8ypr4k (Retrospectively registered).
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1. Introduction

Paralympic Powerlifting is a parasport regulated by the In-
ternational Paralympic Committee (IPC), featuring a single
competitive event: the adapted bench press. In this discipline,
athletes with lower limb impairments and/or cerebral palsy
compete in bodyweight categories, aiming to lift themaximum
possible load in a valid movement [1].
Evidence suggests that Paralympic powerlifters generally

exhibit greater strength than conventional powerlifting [1, 2].
Furthermore, neuromuscular activation and velocity profiles
differ from those of non-disabled individuals [3–5]. Conse-
quently, optimizing training methodologies to maximize ath-
letic performance is essential, and numerous studies have ex-
plored alternative training approaches for Paralympic power-
lifters to enhance their performance [6–9].
Neuromuscular electrical stimulation (NMES) has emerged

as a widely utilized and efficacious alternative strength train-
ing method, potentially leading to improvements in muscu-
lar strength, hypertrophy, movement velocity, and muscular

endurance [10–12]. Among NMES modalities, Russian cur-
rent (RC) is classified as a medium-frequency current (with a
carrier frequency of 2500 Hz), modulated by a wave varying
from 10 to 200 Hz. It is extensively employed for excitomotor
purposes due to its ability to reach deeper tissue structures com-
pared to low-frequency currents. RC stimulates motor nerves,
depolarizing membranes and inducing stronger, synchronized
muscle contractions, resulting in muscular strengthening with
minimal discomfort to the user [13, 14].
Although there is still controversy in the literature regarding

the application of Russian current therapy, numerous studies
indicate strength gains both after long periods of disuse and in
trained individuals [11, 12, 15, 16]. Thus, we investigated the
effect of applying Russian electric current in pre-training with
fixed resistance on dynamic strength indicators—speed and
power—in Paralympic weightlifters during a single training
session. We hypothesize that the Russian current will enhance
the speed of movement of the bar and the power of these
individuals.

https://www.jomh.org
http://doi.org/10.22514/jomh.2026.024
https://www.jomh.org/
https://ensaiosclinicos.gov.br/rg/RBR-8ypr4kj
https://ensaiosclinicos.gov.br/rg/RBR-8ypr4kj
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2. Materials and methods

2.1 Study design

This study was designed as a randomized crossover clinical
trial (Fig. 1). The re-search was conducted over a three-week
period (Fig. 2), with participants undergoing measurement of
study variables at pre-intervention, post-intervention, 24 hours
post-intervention, and 48 hours post-intervention time points.
In the first week, participants underwent an initial assessment
where body mass wasf measured and a maximum repetition
(1RM) test was performed. After a 48-hour interval, a fa-
miliarization session was conducted to acquaint participants
with the Russian current stimulation, equipment, and study
procedures. During weeks 2 and 3, participants were subjected
to two intervention protocols: traditional training (TT) and
training preceded by electrostimulation (TPE).

2.2 Sample

The sample consisted of 15 male athletes recruited through
a university extension group at the Federal University of the
Sergipe in July 2024. The characteristics of the participants
are presented in Table 1. Of these, 4 had arthrogryposis, 3 were
sequelae of spinal cord trauma, 3 were amputees, 2 had con-
genital malformations, 2 presented sequelae of poliomyelitis,
and 1 had myelomeningocele.

2.3 Inclusion/exclusion criteria
Inclusion criteria required participants to have at least
18 months of experience, participation in at least one
official Brazilian Paralympic Committee competition,
and a ranking within the top 10 in their respective
weight categories. Exclusion criteria included pain,
intolerance to electrostimulation, injury or need for
medical/physiotherapeutic intervention during the study
period, use of analgesics, tranquilizers, antidepressants, or
any central-acting medication, inability to complete the study,
and/or withdrawal.

2.4 Procedures and instruments
The study was conducted over three weeks. In the first week,
body mass was measured and the 1RM test was applied. After
a 48-hour interval, participants underwent a familiarization
session with Russian current (limited interval of 5 minutes),
followed by randomization to define the order of the disci-
plines. In weeks 2 and 3, the experimental protocols were
applied: traditional training (TT) and training preceded by
electrostimulation (TPE).
Both TT and TPE consisted of five sets of five repetitions

with an isoinertial load corresponding to 80% of 1RM in the
adapted bench press exercise at the maximum possible speed.
The protocol was preceded by five minutes of upper limb cycle
ergometry, specific stretches for the pectorals, triceps and
deltoids, and a specific warm-up consisting of eight repetitions

FIGURE 1. CONSORT diagram. TT: Traditional training; TPE: Training preceded by electrostimulation.
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FIGURE 2. Experimental design. TT: Traditional training; TPE: Training preceded by electrostimulation; 1RM: Maximum
repetition; MPV: mean propulsive velocity; MV: Maximum velocity; PO: Power.

TABLE 1. Sample characteristics.
Characteristic Mean ± Standard Deviation
Age (yr) 31.67 ± 8.76
Body Weight (kg) 80.79 ± 22.71
1RM test (bench press) (kg) 135.33 ± 34.47
1RM test/Body Weight 1.72 ± 0.34
1RM: Maximum repetition.

at 50% and three repetitions at 70% of the estimated 1RM. In
the TPE condition, after warm-up and before training (5× 5 at
80% of 1RM), participants received neuromuscular electrical
stimulation using Russian current, applied with the Neurodyn
2.0 device (Ibramed, Amparo, SP, Brazil), at 2500 Hz mod-
ulated at 50 Hz, for 10 minutes. The protocol used cycles of
3 s “on”, 1 s of “rise”, 1 s of “decay” and 15 s “off”, with
intensity adjusted above motor limits and below pain limits.
The stimulus was applied using insulated cables connected to
self-adhesive electrodes positioned over themuscle belly of the
pectoralis major, anterior deltoid and triceps brachii.
Body mass was measured using a digital electronic platform

scale, model Mic Welcair (Michetti, São Paulo, SP, Brazil),
allowing weighing in a seated position.
The training load was determined using the 1RM test in the

bench press exercise. Each participant performed the test with
a load that they felt they could lift only once, with the weight
being progressively adjusted until the individual maximum
load was delivered. In case of failure to perform the exercise,
the load was reduced by between 2.4% and 2.5% of the value
used. The protocol was limited to a maximum of five attempts,
with rest intervals of 3 to 5 minutes between them [7].
Measurements of maximum velocity (MV), mean propul-

sive velocity (MPV) and power (PO) were obtained using a
Speed4Lift linear position transducer (Vitruve, Madrid, Spain)
[17], fixed vertically on the left side of the bench press bar
using a Velcro strap. The analysis of these sessions was

performed at pre-intervention, post-intervention, 24 hours and
48 hours after the training session, using a load corresponding
to 45% of 1RM and during an intervention of five sets of five
repetitions with 80% of 1RM.

2.5 Statistics

Descriptive statistics were calculated, presenting mean (x̄) ±
standard deviation (SD). The Shapiro-Wilk test was employed
to assess the normality of variable distributions, given the
sample size. To evaluate mean propulsive velocity, maximum
velocity, and power across series, a two-way repeated mea-
sures ANOVA (analysis of variance) was conducted. In in-
stances where sphericity was violated, the Greenhouse-Geisser
correction procedure was applied. When significant main
effects were observed, Bonferroni post hoc analyses were
performed to identify specific differences.

Effect sizes were quantified using partial eta squared (η2)
values, interpreted as follows: small effect (≤0.05), medium
effect (0.05 to 0.25), large effect (0.25 to 0.50), and very large
effect (>0.50). All statistical analyses were executed using
the Statistical Package for Social Sciences (SPSS) version
22.0 (IBM, Armonk, NY, USA). The threshold for statistical
significance was set at p < 0.05.
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3. Results

At 45% of 1RM, no statistically significant differences were
observed in mean propulsive velocity or maximum velocity
between traditional training and training preceded by electros-
timulation conditions, nor across time points.
Regarding power output, a significant difference (p = 0.009)

was detected when comparing the 24-hour post-intervention
(466.40 W) to pre-intervention (522.69 W) measurements in
the TT condition, with a large effect size, as presented in
Table 2. This represents a 10.77% decrease in power output 24
hours post-intervention compared to baseline. No significant
differences were found between TT and TPE conditions for
any of the measured variables.
At 80% of 1RM (Table 3), significant differences were

observed in kinematic variables between traditional training
and training preceded by electrostimulation conditions. Mean
Propulsive Velocity showed a significant difference in set 4
(p = 0.026), with a medium effect size. Maximum Velocity
exhibited significant differences in set 1 (p = 0.020; TT = 0.49
m/s vs. TPE = 0.40 m/s) and set 4 (p = 0.003; TT = 0.49 m/s vs.
TPE = 0.41 m/s), both with large effect sizes. No significant
differences were observed in power output between time points
or conditions.

4. Discussion

The objective of this study was to evaluate the acute effects
of pre-exercise Russian current electrostimulation on veloc-
ity and power output parameters in Paralympic powerlifters
following a single resistance training session. The results
revealed significant findings across different load intensities.
At 45% of maximum repetition, a statistically significant dif-
ference in power output was observed when comparing the
24-hour post-intervention to pre-intervention measurements

in the traditional training condition. At 80% of 1RM, mean
propulsive velocity exhibited a significant difference between
conditions in the fourth set, while maximum velocity showed
significant differences between conditions in both the first and
fourth sets. The findings of the present study reinforce that
the acute application of Russian current may increase neuro-
muscular fatigue, particularly under higher load conditions.
The reduced bar velocity observed in the TPE condition at
80% 1RM suggests that electrical stimulation prior to training
may induce non-physiological recruitment patterns, as NMES
does not follow the orderly, size-dependent motor unit acti-
vation typical of voluntary contractions [18, 19]. Moreover,
motor point stimulation may generate antidromic activation
and disrupt afferent signaling [20], potentially compromising
the efficiency of force production during subsequent voluntary
efforts. Given that movement velocity is highly sensitive to
acute neuromuscular fatigue [21], the decreases observed in the
TPE condition align with mechanisms indicative of increased
neural and mechanical stress rather than improved readiness
for high-intensity performance.

This interpretation is further supported by evidence showing
that Paralympic powerlifters exhibit distinct neuromuscular
characteristics, including lower absolute bar velocities and
unique fatigue responses [4, 5]. Although the initial hy-
pothesis suggested that Russian current might enhance mo-
tor unit recruitment and potentiate bar velocity, the lack of
improvements—and the inferior performance in key sets—
are consistent with findings that NMES may increase the
neuromuscular cost of the task without translating into en-
hanced mechanical output. Considering that velocity loss is a
reliable indicator of neuromuscular fatigue [22], the pattern ob-
served in the present study suggests that acute Russian current
stimulation may exacerbate fatigue accumulation, particularly
in high-load bench press efforts characteristic of Paralympic

TABLE 2. Mean Propulsive Velocity (MPV), Maximum Velocity (MV), Power (PO) at 45% of 1RM (Mean ± SD; 95%
CI) at different times with traditional training and with training preceded by electrostimulation in Paralympic

powerlifting.
MPV (m/s) MV (m/s) PO (W)

Before Traditionala 0.89 ± 0.17 (0.80–0.99) 1.26 ± 0.19 (1.15–1.37) 522.69 ± 140.98 (444.62–600.76)
Before Electrostimulationb 0.89 ± 0.19 (0.78–1.00) 1.26 ± 0.25 (1.12–1.39) 516.22 ± 154.51 (430.65–601.79)
After Traditionalc 0.94 ± 0.18 (0.84–1.04) 1.34 ± 0.25 (1.20–1.47) 536.60 ± 190.09 (431.33–641.87)
After Electrostimulationd 0.88 ± 0.19 (0.78–0.99) 1.20 ± 0.20 (1.09–1.31) 515.89 ± 159.89 (427.34–604.43)
24 h Traditionale 0.85 ± 0.11 (0.79–0.91) 1.19 ± 0.13 (1.12–1.26) 466.40 ± 114.34a (403.08–529.72)
24 h Electrostimulationf 0.83 ± 0.12 (0.77–0.90) 1.18 ± 0.13 (1.11–1.25) 491.60 ± 136.62 (415.94–567.25)
48 h Traditionalg 0.87 ± 0.11 (0.81–0.93) 1.19 ± 0.12 (1.12–1.26) 487.20 ± 119.31 (421.13–553.27)
48 h Electrostimulationh 0.87 ± 0.18 (0.77–0.97) 1.19 ± 0.19 (1.08–1.29) 506.71 ± 148.66 (424.39–589.03)
p p = 0.233 p = 0.089 p = 0.009*,a

F 6.991*
ηp2 0.333*
p≤ 0.05 (ANOVA twoway and Post Hoc Bonferroni). ηp2 =partial eta square (small effect≤0.05, medium effect 0.05
to 0.25, high effect 0.25 to 0.50, and very high effect (>0.50). *Intraclass. Superscript letters (“a–h”) identify specific
time points and are used to facilitate pairwise comparisons. Bold text was used to indicate where the statistical
difference was observed.
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TABLE 3. Mean Propulsive Velocity (MPV), Maximum Velocity (MV), Power (PO) at 80% of 1RM (Mean ± SD; 95%
CI) at different times with traditional training and with training preceded by electrostimulation in Paralympic

powerlifting.
MPV (m/s) MV (m/s) PO (W)

S1 Traditionala 0.33 ± 0.09 (0.28–0.38) 0.49 ± 0.14 (0.41–0.57) 325.77 ± 95.06 (273.12–378.41)
S1 Electrostimulationb 0.29 ± 0.08 (0.24–0.33) 0.40 ± 0.10a (0.35–0.46) 297.10 ± 102.93 (240.10–354.10)
S2 Traditionalc 0.34 ± 0.12 (0.27–0.40) 0.48 ± 0.16 (0.40–0.57) 325.23 ± 114.77 (261.67–388.79)
S2 Electrostimulationd 0.31 ± 0.10 (0.25–0.36) 0.42 ± 0.13 (0.35–0.49) 314.13 ± 112.83 (251.65–376.62)
S3 Traditionale 0.30 ± 0.08 (0.26–0.35) 0.44 ± 0.10 (0.38–0.50) 303.20 ± 102.48 (246.45–359.95)
S3 Electrostimulationf 0.31 ± 0.12 (0.24–0.37) 0.44 ± 0.16 (0.35–0.53) 313.58 ± 131.72 (240.64–386.53)
S4 Traditionalg 0.33 ± 0.09 (0.28–0.38) 0.49 ± 0.12 (0.43–0.56) 339.18 ± 132.99 (239.01–361.19)
S4 Electrostimulationh 0.29 ± 0.10g (0.23–0.34) 0.41 ± 0.13g (0.34–0.48) 300.10 ± 110.32 (239.01–361.19)
S5 Traditionali 0.29 ± 0.13 (0.22–0.36) 0.45 ± 0.16 (0.36–0.54) 279.43 ± 127.98 (208.56–350.31)
S5 Electrostimulationj 0.31 ± 0.09 (0.26–0.36) 0.44 ± 0.13 (0.37–0.52) 322.90 ± 127.77 (252.14–393.66)
p p = 0.026#,g p = 0.020#,a, p = 0.003#,g p = 0.087
F 1.826# 6.434#

ηp2 0.115# 0.315#

p≤ 0.05 (ANOVA twoway and Post Hoc Bonferroni). ηp2 =partial eta square (small effect≤0.05, medium effect 0.05
to 0.25, high effect 0.25 to 0.50, and very high effect (>0.50). #Interclass. Superscript letters (“a–j”) identify specific
time points and are used to facilitate pairwise comparisons. Bold text was used to indicate where the statistical
difference was observed.

powerlifting.
According to French, Kraemer and Cooke [18], the re-

cruitment of motor units induced by electrostimulation differs
from that of voluntary contraction. During electrostimulation,
both slow-twitch and fast-twitch fibers are recruited simul-
taneously, whereas voluntary contraction follows an orderly
recruitment pattern, with slow-twitch fibers initially activated.
Given this information, our findings present intriguing ques-

tions. When comparing the 45% 1RM load, a significant
difference in power output was observed only in the traditional
training condition, contrary to our expectations that electros-
timulation would enable athletes to generate greater power
under the same load. Mocaluso and De Vito [23], defines
muscle power as the product of force and velocity. Based on
this concept, electrostimulation’s primary advantage should be
the simultaneous activation of both type I and type II muscle
fibers, theoretically resulting in higher power outputs at the
sameworkload compared to traditional training. However, this
phenomenon was not observed in our study.
Sale [19] described the recruitment of motor units in or-

der of increasing size and effort, with smaller units being
activated before larger ones, which is essential for efficient
activation. Considering that we used loads below 50% of
1RM, and according to French, Kraemer and Cooke [18],
electrical stimulation could promote synchronous activation
of motor units, theoretically the power should be increased
compared to conventional training. However, the findings of
Nakagawa et al. [21] suggest that electrical stimulation at
the motor point may not adequately activate the IA sensory
nerves (primary afferents), which would result in antidromic
activation (where the impulses do not follow the natural route
and return to the cell body). This may alter the pattern of force

and power production, not enhancing the expected effects of
electrical stimulation. Although it was not possible to test these
hypotheses in our study, this theory may explain the absence
of the expected results, given that electrostimulation should
activate all motor units at lower loads, while traditional training
follows the progressive activation of motor units.

Regarding the data analysis, only the traditional training
group exhibited significant power output differences between
pre-intervention and 24-hour post-intervention measurements,
indicating impaired rapid force production capacity in the
athletes. The literature describes movement velocity-based
training control as the gold standard for non-invasive analysis
[21]. However, our research group has been debating the
application of this method for strength training, particularly in
Paralympic Powerlifting (PP) [5]. Our studies have shown that
velocity does not consistently yield unanimous results for this
group in dynamic conditions. In a more recent study, Filho
et al. [9] did not identify significant power differences for
traditional training, but did observe differences in thermal vari-
ables. In our results, despite mean propulsive velocity showing
different absolute values between pre-intervention (0.89 m/s)
and 24-hour post-intervention (0.85m/s) in traditional training,
these differences were not statistically significant. However,
power out-put values demonstrated significance (522.69 W
versus 466.40 W), exhibiting the expected behavior of ca-
pacity loss following a training session. Contrary to ex-
pectations, this significant difference was observed in power
output rather than MPV, despite MPV being considered more
reliable for neuromuscular assessments according to Sanchez-
Medina, Perez [22]. Analysis of raw data indicates that training
preceded by electrostimulation shows a slight performance
decrease when comparing pre-intervention (0.89 m/s) to post-
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intervention (0.88 m/s) measurements, suggesting a greater
tendency towards fatigue with this training method compared
to traditional training.
These findings suggest that the application of electrostim-

ulation prior to resistance training did not confer any acute
performance benefits in terms of velocity or power out-put
compared to traditional training alone. The observed decrease
in power output 24 hours post-intervention in the TT condition
may be indicative of residual fatigue or delayed onset muscle
soreness (DOMS) following the training session.
Another intriguing finding is that, due to the simultaneous

contraction induced by electrostimulation, we anticipated su-
perior bench press velocity responses in the electrostimula-
tion preceded training condition compared to the traditional
training condition, either across all sets or at least in the
initial sets. However, when analyzing the 80% 1RM load,
significant differences in mean propulsive velocity between
conditions were observed only in set 4, and in maximum
velocity only in sets 1 and 4. In both instances, the TT
condition exhibited superior velocity responses. As previously
mentioned, the inter-set velocity behavior did not align with
our expectations across conditions. The mean values for TT
were higher than those for TPE, and even within the TT
condition, the velocity differences were minimal, even in raw
data. We posit that MPV may not be sufficiently sensitive
for this training modality. The majority of studies reporting
optimal results with movement velocity are characteristic of
hypertrophy or endurance-oriented training [24–28]. In Para-
lympic Powerlifting, certain factors are known to be specific,
such as lower velocities compared to non-disabled athletes
[29], and non-significant levels of oxidative stress for this
training profile [30].
These findings indicate that the application of electrostimu-

lation prior to resistance training may have a detrimental effect
on velocity parameters, particularly in later sets of the exercise.
The absence of significant differences in power output suggests
that the observed velocity decrements did not translate into
meaningful changes in overall power production.
Despite the relevance of the results obtained, this study

has some limitations. This study employed electrostimulation
before traditional training, and perhaps this cumulative stimu-
lation generated greater fatigue, resulting in more pronounced
results for traditional training. If we had analyzed the isolated
effect of electrostimulation, we might have observed different
responses. Other relevant limitations concern the acute nature
of the assessment, performed in a single training session, and
the limited number of participants in the participants [15];
however, this small participant size is justified by the fact that
they are elite athletes in the sport at the national level.
The integration of electrical stimulation into training may

increase neuromuscular fatigue and should be approached with
caution, especially during competitive periods. For a better
understanding of the observed phenomena, further studies are
needed, ad-dressing these issues more comprehensively.

5. Conclusions

Acute Russian current stimulation failed to elicit any
performance enhancing effect in Paralympic powerlifters and,

instead, promoted responses indicative of heightened
neuromuscular fatigue, particularly under high-load
conditions. These findings challenge the assumption
that pre-activation with electrical stimulation can acutely
potentiate strength-related tasks in this population. From
a practical standpoint, coaches and practitioners should
consider that Russian current may transiently impair, rather
than facilitate, the mechanical output required in maximal
or near-maximal bench press efforts. Future investigations
should evaluate alternative stimulation strategies and
determine whether chronic adaptation differs from the acute
responses documented here.
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