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Effects of adding post-workout microcurrent in males cross country
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BETTINA KARSTEN3, MAR LARROSA4, JOSE ÁNGE L. GARCÍA-MERINO4,
JACK THIRKELL5, & ENEKO LARUMBE-ZABALA4

1Institute for Lifecourse Development, Centre for Exercise Activity and Rehabilitation, University of Greenwich, London, UK;
2Department of Education, Research and Evaluation Methods, Comillas Pontifical University, Madrid, Spain; 3European
University of Applied Science (EUFH), Rostock, Germany; 4MAS microbiota group, Faculty of Biomedical and Health
Sciences, Universidad Europea de Madrid, Madrid, Spain & 5Department of Biological Sciences, Royal Holloway, University
of London, London, UK

Abstract
Post-exercise microcurrent based treatments have shown to optimise exercise-induced adaptations in athletes. We compared
the effects of endurance training in combination with either, a microcurrent or a sham treatment, on endurance performance.
Additionally, changes in body composition, post-exercise lactate kinetics and perceived delayed onset of muscle soreness
(DOMS) were determined. Eighteen males (32.8 ± 6.3 years) completed an 8-week endurance training programme
involving 5 to 6 workouts per week wearing a microcurrent (MIC, n=9) or a sham (SH, n=9) device for 3-h post-
workout or in the morning during non-training days. Measurements were conducted at pre- and post-intervention.
Compared to baseline, both groups increased (P< 0.01) maximal aerobic speed (MIC, pre = 17.6 ± 1.3 to post=18.3 ±
1.0; SH, pre=17.8 ± 1.5 to post = 18.3 ± 1.3 km.h−1) with no changes in V̇O2peak. No interaction effect per group and
time was observed (P=0.193). Although both groups increased (P< 0.05) trunk lean mass (MIC, pre=23.2 ± 2.7 to
post=24.2 ± 2.0; SH, pre=23.4 ± 1.7 to post=24.3 ± 1.6 kg) only MIC decreased (pre=4.8 ± 1.5 to post=4.5 ± 1.5,
p=0.029) lower body fat. At post-intervention, no main differences between groups were observed for lactate kinetics
over the 5 min recovery period. Only MIC decreased (P<0.05) DOMS at 24-h and 48-h, showing a significant average
lower DOMS score over 72-h after the completion of the exercise-induced muscle soreness protocol. In conclusion, a 3-h
daily application of microcurrent over an 8-week endurance training programme produced no further benefits on
performance in endurance-trained males. Nonetheless, the post-workout microcurrent application promoted more
desirable changes in body composition and attenuated the perception of DOMS over 72-h post-exercise.

Keywords: Endurance performance, body composition, recovery, DOMS, lactate, non-invasive electrical microampere stimulus

Highlights
. Microcurrent is a non-invasive and safe method to introduce small doses (<1 mA) of bioelectricity into the human body.
. Microcurrent treatments can optimise human cellular function (e.g., rate of tissue synthesis, muscle growth and

remodelling, etc).
. Applying microcurrent during the post-workout time in endurance athletes can promote more desired body composition

changes (e.g., maintaining lean mass and decreasing fat mass), and attenuate the level of muscle soreness after performing
an exhaustive exercise.

. Using post-workout microcurrent in endurance athletes produced no additive benefits on performance outcomes.

Introduction

Microcurrent is a non-invasive, safe and feasible elec-
trotherapy involving the application of a series of sub-
sensory electric currents (less than 1 mA), which are

of a similar magnitude to the currents generated
endogenously by the human body. Previous studies
reported the effectiveness of microcurrent to increase
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myogenesis differentiation in animals (Ohno et al.,
2019), activating intracellular signalling pathways
for triggering the mechanistic target of rapamycin
complex 1 (mTORC1) favouring a more efficient
muscle protein synthesis response (Moon, Kwon, &
Lee, 2018; Ohno et al., 2019). Furthermore, com-
pared to sham treatment, acute microcurrent
therapy attenuates markers of muscle damage in
humans after applications lasting 20 min (Curtis,
Fallows, Morris, & McMakin, 2010), 40 min
(Kwon et al., 2017) and 96 h (Lambert, Marcus,
Burgess, & Noakes, 2002) in humans.
Regarding the impact of adding microcurrent to

exercise in humans, Noites et al. (2015), observed
significant reduction of visceral and subcutaneous
abdominal fat during or after the completion of a
30 min endurance exercise protocol with respect to
performing the exercise alone More recently,
Naclerio et al. (2019) reported promising effects of
combining microcurrent with resistance training (3-
h per day for 8 weeks) to maximise muscular archi-
tectural changes and attenuate the perception of
muscle soreness in eighteen young recreationally
trained males.
To the best of the authors’ knowledge no research

has assessed the effect of using regular microcurrent
interventions on training-induced outcomes and
adaptations in endurance athletes. The aim of this
investigation, therefore, was to analyse the effects of
a daily microcurrent treatment using a complex
pulsed waveform with a fundamental frequency of
1.0309 kHz along with a variety of current intensities
between 50 and 400 μA, onperformance and adaptive
responses in a group of cross-country trained athletes.
Given the potential benefits of microcurrent to

optimise cellular energy production (Poltawski &
Watson, 2009) and muscular function (Hiroshige
et al., 2018), the primary outcome measure was
focused on assessing the change in endurance per-
formance. Additionally, considering the effects of
microcurrent treatments on lipolysis, enhancing the
exercise induced adipose tissue decrease (Noites
et al., 2015), promoting muscle mass accretion
(Naclerio et al., 2019), hastening recovery and redu-
cing markers of muscle damage (Udani, Singh,
Singh, & Sandoval, 2009), secondary outcome
measures included changes in body composition,
post-exercise lactate concentration and the percep-
tion of muscular soreness. We hypothesised that
combining microcurrent with endurance training
induces additional performance benefits when com-
pared to the training intervention alone (sham
group). Furthermore, the use of microcurrent will
help to maintain a more favourable body compo-
sition, optimise lactate removal and attenuate the
delayed onset of muscle soreness (DOMS).

Methods

Participants

Twenty two well-trained (6 - 10 h per week) male
cross country athletes (18–45 years), who compete
at national level and who were free from anaemia,
musculoskeletal limitations, injury, metabolic con-
ditions and/or diseases and who declared not taking
any medication or potentially performance enhan-
cing nutritional supplements 8 weeks prior to the
start of the study were recruited.
The study was approved by the institutional Uni-

versity Research Ethics Committee and all pro-
cedures were followed in accordance with the
declaration of Helsinki. Prior to signing written
informed consent, participants were informed
about the nature and risks of the study. The project
was registered as a clinical trial at the U.S. National
Institutes of Health. www.clinicaltrials.gov
(NCT03477747).
To determine the appropriate sample size, an

interim analysis was performed once 12 participants
(n=6 per group) completed the study. For the most
relevant performance outcome [changes in maximal
aerobic speed (MAS)], effect sizes were calculated
using analysis of variance (ANOVA). Data were
adjusted for their respective baseline levels. The
interim analysis revealed a large effect size of
f=0.88. With a confidence level of 0.05 and power
of 80%, it was determined that 18 participants
(n=9 per group) were required to achieve statistical
significance for the difference between groups. As
summarised in Figure 1, there were 22 participants
initially recruited. Of these, 18 participants com-
pleted all aspects of the study.
Presented as mean ± standard deviation the final

composition of the groups was as follows: MIC
(n=9): age: 33.2 ± 7.6 yrs; height: 175.4 ± 5.9 cm;
BM: 67.7 ± 6.6 kg; V̇O2peak: 61.2 ±
5.1 ml.kg−1.min−1; MAS 17.6 ± 1.2 km.h−1. SH
(n=9): age: 32.2 ± 8.1 yrs; height: 172.8 ± 4.4 cm;
BM: 67.2 ± 5.9 kg; V̇O2peak: 60.8 ±
7.0 ml.kg−1.min−1; MAS 17.8 ± 1.4 km.h−1.

Experimental design

The study utilised a two-parallel group randomised
controlled trial design. Following the initial assess-
ment, and after being matched by body mass (BM)
and peak oxygen consumption (V̇O2peak), partici-
pants were randomly allocated into a Microcurrent
(MIC; n=9) or a Sham (SH; n=9) group. Measures
of body composition, performance, post-exercise
lactate concentration and DOMS were assessed
before and after an 8-week intervention period.

2 F. Naclerio et al.
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Both groups performed a similar endurance training
programme throughout the study.

Measurements

Before and after an 8-week intervention period,
measurements of endurance performance, body
composition, blood lactate and DOMS were deter-
mined. The participants were instructed to refrain
from any vigorous activity and avoid caffeine inges-
tion for at least 48-h. All tests were performed at
the same time of the day for the same participant.

Performance. A progressive to volitional exhaustion
running test (PGT) was used to determine
V̇O2peak and MAS. After a general warm-up, start-
ing at 10 km·h−1, running speed was increased by
0.3 km·h−1 every 30-sec until volitional exhaustion.
Gas exchange data were collected continuously
using an automated breath-by-breath system (Ulti-
maTM Series, MGC Diagnostic Corporation,
St. Paul, Minnesota, USA Vmax 29C), which
was calibrated according to the manufacturer’s
instructions. The volume calibration was per-
formed at different flow rates with a 3-L cali-
bration syringe ensuring an error of <3%. The

Figure 1. Flow diagram of participants throughout the course of the study.
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calibration of gas analysers was performed auto-
matically using reference values of environmental
gases and cylinders (16% O2, 4% CO2). Addition-
ally, heart rate (HR) was continuously monitored
using a Polar Sporttester (Polar Electro, Jyväskylä,
Finland).V̇O2peak was recorded as the highest V̇O2

value obtained for any continuous 30-sec period.
MAS was associated with the last completed 30-
sec stage before exhaustion (Esteve-Lanao,
Foster, Seiler, & Lucia, 2007).

Body composition. BM, whole body fat mass, whole
body lean mass, total trunk fat mass, estimated visc-
eral fat mass, and fat and lean mass for upper and
lower limbs (right and left) were measured using
dual-energy X-ray absorptiometry (General Electric
Healthcare, Madison, WI). These measurements
were performed under standardised conditions, in
the morning and in a fasted state.

Blood lactate. Whole capillary 0.2 μl capillary blood
samples were collected from a fingertip site immedi-
ately at <30-sec, 3-min and 5-min after the com-
pletion of the PGT. After completing the last stage
of the PGT the participants were instructed to
reduce the treadmill speed, to walk for about 30-
sec and then to remain in a seated position until the
completion of the final blood sample collection (∼
5-min). A Lactate Scout 4 (Lactate Scout; EKF, Bar-
leben, Germany) portable analyser was used for
determining all lactate measurements. The analyser
was cleaned and operated in accordance with the
manufacturer’s instructions.

DOMS. Muscle soreness in anterior and posterior
thigh (lower limb) was evaluated pre- and post- the
8-week intervention protocol at 24-h, 48-h and 72-
h after performing a single bout of the Exercise
Induced Muscle Soreness Protocol (EIMS). The
EIMS involved 10 sets of 10 repetitions with 1-min
rests between the sets of the parallel squat exercise
(100 squats) with a 20 kg load bar using a Smith
machine (Life Fitness, OSSM RT, Hungary) with a
no counterweight mechanism.
Participants were instructed to perform the des-

cending controlled phase until reaching a parallel
position (posterior tight parallel to the floor) and to
complete the ascending concentric phase with a
maximal possible movement velocity. At three
assessed time points (24-h, 48-h and 72-h, post-
EIMS), the participants performed a standardized
warm-up involving five slow squat movements
without external overload followed by a short walk
and slow jog. Thereafter, participants assisted by
the same researcher were asked to evaluate lower

extremity muscle soreness on a visual analogue
scale (VAS) ranging from no pain at all (0 mm) to
worst possible pain (100 mm) as described elsewhere
(Bijur, Silver, & Gallagher, 2001).

Control of training and diet. All the participants com-
mitted to follow the 8-week training programme
using a polarised intensity distribution model
(Esteve-Lanao et al., 2007). The polarised training
included three intensity speed-based zones deli-
neated according to the localisation of the second
ventilatory threshold (VT2). The polarised distri-
bution model involves significant proportions of
both high- and low-intensity training and only a
small proportion of moderate-intensity training.
The intensity zones were calculated as zone 1, low
intensity: ≤75% of VT2, 72% of HRmax, zone 2,
moderate intensity: between 76% and 95% of VT2,
73% to 82% HRmax, and zone 3, high intensity:
between 96% and 120% of VT2, 83% to 97%
HRmax. All the participants started the intervention
at the beginning of their training season, and they
were consistently supervised by the same coach.
They trained 5–6 sessions per week with a distri-
bution of 75%–80% in zone 1, ∼5% in zone 2, and
15%–20% in zone 3. The associated HR, determined
during the testing procedures, was used to quantify
the intensity performed within each training zone.
The training volume was quantified through the
total distance covered in each workout. The volume
and the performed intensity were recorded on a
daily base using a personalised training diary. Adjust-
ment in training intensity during the 8-week inter-
vention period were determined through the heart
rate response. All the participants trained during
the afternoon (12:00–18:00).
A 3-day diet record was analysed using the Diet-

plan 7 software (Forestfield Software Ltd,
Horsham, UK). The average relative amount in
g.kg−1.BM−1 of proteins, carbohydrates and fat
were as follows: MIC 1.75 ± 0.3, 3.65 ± 1.4, 1.40 ±
0.4; SH 1.85 ± 0.4; 3.5 ± 1.0, 1.40 ± 0.4. The rela-
tive daily energy intake was 34.7 ± 10.5
kcal.kg−1.BM−1 and 34.7 ± 8.3 kcal.kg−1.BM−1 for
MIC and SH respectively. No between groups sig-
nificant differences in the macronutrient intake or
energy consumption were observed. To avoid poten-
tial confounding effects, the participants were
instructed to maintain their normal diet throughout
the intervention and to report any minimal change
in food composition, serving size, or compliance
with the reported meals including breakfast, lunch,
post-workout food intake and dinner. If any change
in their feeding patterns were reported or identified
(i.e. becoming vegetarian, restricting calories,

4 F. Naclerio et al.



taking nutritional supplements, etc.) participants’
data would have been excluded from the analysis.

Intervention. After completing the initial evaluation
and in accordance with the randomisation, each par-
ticipant received a microcurrent or sham device.
Both devices were identical in appearance, i.e. size
[45 mm (width) × 15 mm (depth) × 105 mm
(length)], colour and weight (∼64 g)]. All partici-
pants were instructed to place the device on the
dominant lower leg, at about the midpoint between
the knee and ankle for 3-h immediately after the
completion of each training session or in the
morning during non-training days. The Arc4Sports
(ARC Microtech Ltd, East Sussex, UK) is a
rechargeable battery-operated commercially avail-
able device that sends a pulsating stream of electrons
in a relatively low concentration throughout the body
(between 2 and 11 pulses per bunch). Set by the
manufacturer, the device delivers ubiquitous electri-
cal currents to the human body by output channels
utilising a complex pulsed waveform with a funda-
mental frequency of 1.0309 kHz, which is given in
bursts of varying length and separation. The intensity
of the current varies between 50 and 400 μA in a ratio
of 2:1 (on:off), using two blocks involving two con-
secutive cycles of 5 min:2.5 and 10 min:5 min, for a
duration of 45 min each cycle (3 h in total). The
effect of the microcurrent is to induce a flow of elec-
trons into the tissue.
Since the current transmitted from the microcur-

rent device is insufficient to stimulate sensory nerve
fibres, the stimulus was imperceptible and conse-
quently neither participants nor researchers were
able to identify participants’ group allocation. One
independent researcher, who was not in contact
with participants, decoded the devices after complet-
ing the analysis of the data. Potential adverse events
and compliance with the treatments were evaluated
continuously with an individual follow up of the
participants.
The researchers controlled compliance with all

aspects of the study (e.g. workout configuration,
diet patterns, post-workout and non-training days
device use) using instant phone texts and checking
in with participants during regular weekly interviews.
Only participants who completed all training sessions
and who self-declared 100% compliance using their
assigned device, with no meaningful changes in
their eating and recovery patterns were considered
for analysis.

Statistical analysis. A descriptive analysis was per-
formed and subsequently the Shapiro-Francia test
was applied to assess normality. Sample

characteristics at baseline were compared between
groups using an independent-means Student’s t-
test. All pre- and post- intervention data were sum-
marised and reported as mean ± standard deviation
unless stated otherwise.
A 2-way [2 (groups: MIC vs. SH) × 2 (moments:

pre- vs. post-intervention)] ANOVA was conducted
to assess the effect of the intervention on perform-
ance and body composition. As DOMS and blood
lactate concentrations were respectively assessed at
three-time points (24-h, 48-h and 72-h) after the
completion of the EIMS and at <30-sec, 3 and
5 min after the completion of the PGT, a 3-way [2
(groups: MIC vs. SH) × 3 (times: pre, post 24-h or
30-sec; post-48-h or 3-min and post 72-h or 5-min)
or 1 (average value calculated from the three col-
lected lactate or DOMS measures) × 2 moments
(pre- vs. post-intervention)] ANOVA was used for
examining these two dependent variables.
Differences over time were compared using Bon-

ferroni-adjusted pairwise comparisons when appro-
priate. Eta Square (η2) and Cohen’s d standardized
effect sizes of the adjusted differences between inter-
vention groups were calculated from ANOVA F
tests, and compared to common benchmarks (small
η2=0.01, d=0.2; moderate η2= 0.06 d=0.5; and
large η2 = 0.14, d = 0.8) (Cohen, 1988).
All statistics were performed using the Statistical

Package for the Social Sciences (SPSS for
Windows, version 20.0; SPSS, Inc., Chicago, IL,
USA). Significance level was set to P< 0.05.

Results

No between groups differences in any of the perform-
ance and body composition variables were observed
at baseline. Pre- and post- values of main time and
group effects, as well as interactions between treat-
ments and time, are provided in Table I.
Both groups similarly increased MAS with no sig-

nificant difference between groups. Although a sig-
nificant time effect was observed for V̇O2peak, no
significant differences between pre and post values
were observed in either group.
Main group per moment interaction effect was

determined for BM (P=0.033, η2=0.25). Similarly,
a close to significant interaction (group × moment)
with large effect sizes were observed for whole body
fat mass (p=0.091, η2=0.16) and total lower body
limb fat mass (p=0.059, η2=0.19). At post-interven-
tion, BM increased significantly in the SH group
(P=0.031) but not in the MIC group, which
however showed a non-significant (P=0.056,
d=0.69) decrease in whole-body fat. Both groups
showed no changes in total trunk fat (including
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visceral fat component) along with significant
increases in trunk lean mass (MIC, P=0.012, SH,
P=0.027) but only the MIC group significantly
decreased lower body limb fat (P=0.029).

Blood lactate

A close to significant main interaction (moment x
time x group) effect [F(2, 16) = 3.11, P=0.058,
η2=0.13] was observed. However, no main effects
were determined for the average lacticaemia. At
pre-intervention, no significant differences were
observed between groups (P>0.05) for the three ana-
lysed time points (<30-sec, 3-min and 5-min post-
PGT) or the average lacticaemia. At post-interven-
tion, the SH group showed a very similar response
as observed at pre-intervention. However, compared
to pre-intervention, only the MIC group produced a
different response, achieving a non-significant higher
lactate concentration at <30-sec (P=0.087,
ES=0.61). Furthermore, only the MIC group
achieved significantly (P=0.043) lower lactate con-
centrations at 3-min post-PGT. Nonetheless, no
differences between groups were determined on the
average lacticaemia calculated over the post-exercise
5 min recovery period (Figure 2).

DOMS

A main interaction (moment x time x group) effect
was observed between the three measured time

points [F(2,16) = 3.78, P=0.033 η2=0.18] and for
the three-value averaged DOMS score [F(1,16) =
30.13, P=0.001 η2=0.08]. At pre-intervention, no
significant differences were observed between
groups (p>0.05) for either the three post-EIMS
time points (24, 48 and 72-h) or the average score.
Compared to pre-intervention, only MIC signifi-
cantly reduced DOMS at 24-h post-EIMS
(P=0.001) at 48-h (P=0.010) and 72-h (P=0.001)
post-EIMS. These values were also significantly
lower than those measured in SH at 24-h
(P=0.014), 48-h (P=0.038) and for the average
score (P=0.019). Moreover, SH significantly
increased DOMS at 24-h (P=0.040) with no differ-
ences to pre-intervention values at 48-h and 72-h
after the completion of EIMS (Figure 3).

Discussion

Results of the present study suggest that applying a
microcurrent with an intensity varying between 50–
400 μA and with a fundamental frequency of ∼1
kHz, for 3 h after workouts or during the morning
of non-training days, produces no additive benefits
on endurance performance. Nonetheless, it is worth
noting that using microcurrent promotes more
desired body composition changes for endurance
athletes by maintaining BM and decreasing lower
limb fat, along with a trend toward decreasing
whole body fat. Furthermore, including microcur-
rent during the post-workout time reduced DOMS

Figure 2. Estimated means and 95% confidence intervals of blood lactate concentration determined before and after the 8-weeks interven-
tion period at pre- vs. post-intervention, classified by group, each post-PGT time point and the calculated average score resulted from the
three collected measures. No significant differences (all P>0.05) were observed from pre- to post-intervention in both treatments. MIC =
microcurrent group; SH= sham group; PGT= progressive to volitional exhaustion running test.
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over 72-h after performing an exhaustive lower body
exercise.
Based on the observed results we have to reject our

hypothesis that supports the additive effect of micro-
current to maximise performance outcomes in male
endurance athletes. Conversely, for optimising
body composition and attenuating DOMS our
hypothesis can be accepted with regards to the ben-
eficial effects of adding microcurrent to endurance
training.
The food analysis showed similar macronutrient

and energy intake for both groups. Regardless of
the group, the daily protein consumption for all par-
ticipants was between 1.4 and 2.1 g.kg−1.BM−1.
These figures are within the accepted daily protein
range to support training adaptations in endurance
athletes and to compensate for the relatively low
carbohydrate intake <5 g.kg−1.BM−1 observed for
the two groups (Thomas, Erdman, & Burke, 2016).
Consequently, within the context of the present
study, no limitations due to sub-optimal nutrition
should have affected the observed results.
Both groups showed significant increases in the

MAS values with no statistically significant changes
on V̇O2peak (Table I). As may be expected for well-
trained endurance athletes, changes in the capacity
to sustain the absolute speed will ultimately dictate
the level of performance regardless of changes in
V̇O2peak (Billat, Flechet, Petit, Muriaux, & Koralsz-
tein, 1999; González-Mohíno et al., 2016). This
observed outcome could be related to an increased
anaerobic capacity which, due to a more efficient
lactate turnover during the last part of the PGT,

allowed athletes to tolerate a higher amount of
protons and consequently improve their work
capacity (Billat, Renoux, Pinoteau, Petit, & Koralsz-
tein, 1994; Faina et al., 1997). In this regard, it seems
that compared to SH, the 8-week microcurrent treat-
ment did not maximise such adaptations. Nonethe-
less, given the reduced DOMS perception, it could
be possible that the instructions not to modify the
training load (e.g. intensity, volume or frequency)
which was equalised between groups, prevented par-
ticipants in the MIC group to take advantage of a
more efficient recovery and consequently to under-
take a higher-quality training programme, as this
scenario would have likely resulted in better perform-
ance outcomes compared to SH.
Although mainly determined by the lean com-

ponent, the observed increase of BM in the SH
group could be interpreted as a non-desirable
change associated with higher caloric expenditure
that potentially impairs endurance performance in
runners (Saunders, Pyne, Telford, & Hawley,
2004). As all participants maintained their eating
patterns, considering the daily estimated caloric
intake (∼35 kcal.kg−1.BM−1 representing ∼44
kcal.kg−1.whole body lean mass−1) was relatively
low for endurance athletes (Loucks, Kiens, &
Wright, 2011), it is unlikely the observed BM
increase could be a consequence of an overeating be-
haviour but mainly due to a training-induced adap-
tation. It is also notorious that in contrast to the
SH group which showed no changes in fat mass, par-
ticipants using microcurrent compensated the
increase of lean mass by reducing the fat component

Figure 3. Estimated means and 95% confidence intervals of the delayed muscle soreness measured from the visual analogue (VAS) scale at
pre- vs. post-intervention, classified by group, each post-EIMS time point and the calculated average score resulted from the three collected
measures. ∗p<0.05; ∗∗p<0.01 from pre- to post- intervention. MIC=microcurrent group; SH= sham group; EIMS =Exercise Induced
Muscle Soreness Protocol.
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with no changes in total BM. Indeed, only MIC sig-
nificantly decreased lower body fat and showed a
close to statistically significant reduction (P=0.056,
d=0.69) in whole-body fat. In this regard, it seems
that adding microcurrent to the endurance pro-
gramme promoted better body composition
changes by optimising fat reduction and by support-
ing lean mass accretion. These observed changes
have previously been associated with more efficient
recovery, reduced overload related injuries and
better training outcomes in long-distance athletes
(Doering, Reaburn, Phillips, & Jenkins, 2016).
The significant decrease of lower body fat observed

in MIC is, furthermore, worth noting. As all partici-
pants wore the device placed on the dominant lower
leg, we cannot disregard a potential local lipolytic
effect of microcurrent to maximise fat mobilisation.
Even though the manufacturer highlighted that the
used microcurrent technology transmits a ubiquitous
electrical current, the observed results suggest a
stronger local lipolytic effect. Indeed, regional elec-
trolipolysis stimulation using microcurrent trans-
mitted by transcutaneous electrodes placed in the
abdominal region enhanced local lipolysis, accentu-
ates the reduction of subcutaneous abdominal fat in
females exposed to a 30-min endurance exercise pro-
tocol (Noites et al., 2015).Moreover, it has been pro-
posed that microcurrent extends lipolysis by a further
stimulation of β-adrenergic receptors which in turn
produce higher levels of cAMP (Lee et al., 2010).
Therefore a greater lipolysis activation through the
protein kinase-mediated phosphorylation of
hormone-sensitive lipase is produced (Ahmadian,
Wang, & Sul, 2010).
Despite the lower lactate concentration measured

in MIC at 3-min post-PG, the lack of differences
observed at both 5 min and the average values calcu-
lated over the entire recovery period (Figure 2) pre-
cludes any conclusion on the potential benefits of
microcurrent to enhance lactate kinetics during and
after fatiguing exercises performed with a high meta-
bolic glycolytic component.
On the other hand, similarly with previous studies

(Curtis et al., 2010; Lambert et al., 2002; Naclerio
et al., 2019), the application of the microcurrent
reduced the perception of DOMS after performing
a severe exercise bout (Figure 3). In our study, the
regular post-exercise application of microcurrent
could have optimised the capacity of the muscles to
attenuate the induced muscular disruption by the
maintenance of a more favourable intracellular
Ca2+ homeostasis, after the completion of the
EIMS protocol (Naclerio et al., 2019). Indeed, it
has been proposed that microcurrent can optimise
recovery andmuscle remodelling after exercise by sti-
mulating of the muscle protein synthesis and satellite

cell proliferation (Fujiya et al., 2015; Hiroshige et al.,
2018). Furthermore, given the association between
the severity of DOMS with a loss of range of
motion, which affects the correct exercise technique
(Allen, Mattacola, & Perrin, 1999), the reduced
level of DOMS inMIC could express a more efficient
capacity of the muscles to recover from an exhaustive
exercise session. This could be of relevance in sports
where athletes are required to undertake frequent
training or competitions with a high level of physical
and technical performance (Owens, Twist, Cobley,
Howatson, & Close, 2018).
Our study is not without limitations: The interven-

tion period lasted only 8 weeks and although it is an
acceptable time to produce measurable changes in
athletic performance andbody composition, it is poss-
ible that results between groups could have showed
different patterns of response if the intervention had
lasted longer (e.g. >3 months). Furthermore, as only
endurance trained males were assessed, further
studies involving females are warranted.
From a practical perspective our results do not

support the use of microcurrent as a potential ergo-
genic method for improving performance in endur-
ance athletes. Nonetheless, coaches can consider
microcurrent as an alternative non-invasive method
to reduce the level of muscle soreness after exhaus-
tive exercise sessions in well endurance-trained
athletes.

Conclusions

Although no significant differences in performance
outcomes were observed after 8 weeks of endurance
training, compared to a sham group, a 3-h daily
application of microcurrent promotedmore desirable
changes in body composition. Moreover, the regular
application of a post-workout microcurrent treat-
ment attenuated the perception of DOMS in endur-
ance trained men.
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