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Neuromuscular physiological responses to electrical
stimulation to accelerate muscle recovery after high-

intensity training units for advanced wrestlers

Ghazwan Kareem Khothier

Abstract

We investigated the influence of Neuromuscular Electrical Stimulation (NMES) on recovery
from high intensity wrestling training. The main studied variables were the lactate removal,
the recovery of the maximal strength and the heart rate variability (HRV). The NMES
experimental group had significantly faster lactate clearance and strength recovery for squat
and bench press than did the control group. Moreover, HRV index was improved markedly by
NMES, suggesting that the activity of the autonomic nervous system was accelerated in the
recovery process. For the sake of brevity, metabolic waste such as lactate and muscle repair,
as well as autonomic nervous recovery could potentially play a role in enhancing muscle
recovery. The compelling evidence for the use of NMES for recovery in athletes presented in
the study should however be further investigated toward sport- and population-specific
applications. The results add to the current understanding of neuromuscular electrical
stimulation as an effective intervention for the improvement of athletic performance and
recovery. Nevertheless, the heterogeneity of responses to NMES by individuals needs to be

considered, and further work should aim to optimize parameters of stimulation.

Introduction

Post-exercise recovery is fundamental for sports performance improvement in
high-demand sports such as wrestling. Athletes frequently experience large
amounts of challenges to recover muscles after high intensity workouts, due to
the fatigue and damage that muscles encounter due to accumulation of metabolic
waste products, e.g., lactate. As such, effective recovery techniques have
become essential to facilitate maximum performance and reduce the potential

for injury. One of these is NMES, since it may influence muscle recovery by
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increasing the blood flow to the extremity, promoting lactate clearance, and
improving muscle strength recovery (Malone et al., 2014; Stevens-Lapsley et al.,
2012; Taylor et al., 2015).

The NMES (Neuromuscular Electrical Stimulation) process works by
stimulating muscle contraction through low levels of electrical current, this in
turn increases blood flow then passes more oxygen to the muscles. This has been
proposed to facilitate a more rapid removal of metabolic by-products (e.g.,
lactate) from the muscle, and is speculated to lead to a faster recovery in muscle
strength following intense exercise (Malone et al.,, 2014). NMES has been
recently shown to significantly reduce post-exercise lactate levels, which
contributes to better overall recovery (Watanabe et al., 2021). Also, it has been
hypothesized that NMES may speed up muscle strength recovery in the short
and long-term due to the improvement in neuromuscular function (Abitante et
al., 2022; Altarriba-Bartes et al., 2020). The aim of this study was to analyze,
following high intensity wrestling practice, the effect of NMES on lactate
removal, maximal strength restitution and heart rate variability (HRV). The
purpose of the current study is to compare NMES with passive recovery and
thus determine if NMES can be used to improve recovery response in a
demanding and fatiguing sport such as wrestling, also solve is the difficulty of
gaining effective muscle recovery for athletes who participate in high-intensity
training. In some cases, slow elimination of lactate and slow restoration of
muscle strength prohibit athletes” performances and may hence contribute to
diminished performance or increased risk of injuries. Therefore, the purpose of
this study is to examine the effect of NMES in hastening these physiological
adaptations and to translate this information to its application to recovery in a
sport such as wrestling.

The primary aims. to evaluate the effects of NMES on the clearance lactate rate

after a high intensity exercise; second, to compare the recovery of the maximal
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muscle strength in NMES and passive condition; third, to study the effect of
NMES on one marker of recovery of balance of the autonomic nervous system:
the heart rate variability (HRV). By examining these factors, this trial seeks to
generate empirical data on the efficacy of NMES for the enhancement of post-
exercise recovery and its added benefits over and above simple passive recovery

techniques.

The experimental hypotheses are as follows: (1) Lactate clearance in the muscle
is significantly faster after high-intensity exercise when applying NMES than
after passive recovery, and (2) maximal strength recovery is significantly
enhanced after NMES compared with passive recovery, (3) NMES results in a
faster physiological recovery compared with passive recovery, expressed by
improved HRV. These assumptions are supported by previous investigation,
where it has been suggested that NMES could increase blood flow and speed up
metabolic processes, which underlie clearing lactate and muscle repair (Day &
Newman, 2020; Hou et al., 2020; Watanabe et al., 2021).

Indeed, NMES has been suggested to facilitate more effective removal of lactate
and reduce muscle fatigue through increase blood flow (Babault et al., 2011;
Stevens-Lapsley et al., 2012) Recent literatures also support that NMES may be
involved in faster restoration of muscle performance post-exercise initiation, by
improvement of blood flow that allows a more efficient lactate clearance in the
muscle (Babault et al., 2011; Stevens-Lapsley et al., 2012). In addition, much
evidence regarding NMES have demonstrated that the method could lead to
quicker recovery of muscle strength, which may mean athletes could train more
efficiently with lower risk for injury (Keriven et al., 2025; Kim et al., 2010).
This work attempts to bridge the gap in the literature related to how to use
NMES as a recovery modality in high-intensity sports, by applying these

findings to wrestling.
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Materials and Methods

This study was designed semi-experimental to evaluate the effects of
Neuromuscular Electrical Stimulation (NMES) on muscle recovery following
high intensity wrestling sessions. The focus of the methodology is on assessing
lactate clearance, maximal strength recovery, and heart rate variability (HRV) in
trained wrestlers. The research was conducted in compliance with ethical

standards and adhered to institutional guidelines for human studies.
Study Design

A single study design with two groups [experimental (NMES) and control
(passive)] was used. The two groups underwent the same high-intensity training,
but each one was given different recovery techniques. The environment was

tightly controlled to be the same for all sessions.
Participants

The sample consisted of 30 male wrestlers with experience of a minimum of 2
years of competitive wrestling training, aged 18-30 years. sample were recruited
from Al-Hashd Al-Shaabi Club, Al-Kadhimiya Club, Al-Aadhamiya Club,
Amanat Baghdad Club, Al-Jaish Club, and Al-Shorta Club, while Al-Hudood
Club was used for the pilot trial. The training sessions and testing procedures
were conducted in the indoor hall of the College of Physical Education and
Sport Sciences University of Baghdad. sample were eligible if they were free
from injury for more than 6 months and were able to perform high intensity
exercises, if a stable workout routine existed. Exclusion criteria included any
neurological impairment, major musculoskeletal injury or any use of electrical

stimulations, or a treatment that might impact this trial.

Group Assignment
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Participants were randomly allocated into one of two groups: the experimental
and control groups. Patients in the experimental group were treated with NMES
as a part of their treatment, and the control group was only permitted to rest
without receiving the additional input. This randomization made certain that

each participant was equally likely to be placed into either group.
Data Collection Tools

Lactate was analyzed with the Lactate Plus handheld lactate analyzer, which has
been found to be both valid and reliable in athletic populations. Blood lactate
was measured using a handheld lactate analyzer (Lactate Plus, Nova
Biomedical) via finger-prick capillary blood. Samples were collected at rest
(baseline) and immediately after the high-intensity training session and 10
minutes post-session to assess lactate accumulation and early clearance. 1 RM
test was utilized to evaluate maximum strength, with the bench press and squat
as major exercises. We used the Polar H10 heart rate monitor to assess HRV
because it is known to be an accurate device for HRV measurement among

athletes.
Pre-Test Measures

Measurements Lactate concentration (LAC), Maximum isometric force (MIF),
Heart rate variability (HRV) Baseline measurements During the last week before
commencing the first testing session, the variability of lactate concentration,
MIF, and HRV were evaluated at rest. Lactate was determined with a handheld
lactate analyzer (Lactate Plus, Nova Biomedical). One repetition maximum
(1RM) for squat and bench press Each participant performed maximal strength
and muscular endurance testing had participants Perform a proper warm-up.
HRV was assessed with a Polar H10 heart rate monitor after 5 min seated rest at

rest.

Training Session
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The training protocol was structured to replicate the dual demands of wrestling
competition: formal bouts simulating real matches and supplementary exercises
designed to intensify muscular and metabolic stress. This combination ensured
both ecological validity (competition-specific load) and experimental control

(standardized fatigue and lactate accumulation).

Each session lasted approximately 90 minutes and consisted of three phases: (1)
warm-up, (2) high intensity wrestling bouts and Plyometric drills, and (3) cool-
down. Exercise intensity was monitored using heart rate (Y%HRmax), one-
repetition maximum (%1RM) for resistance exercises, and the Borg RPE scale
to ensure standardized exertion levels across participants, A structured overview

of the training design is provided in Table 1.

Table 1. Show the High-Intensity Wrestling Training Session

Training . Intensity / .
Component Duration L oad Description
50-60% Light jogging/cycling 10 min +
Warm-up 15 min dynamic stretching for major joints
HRmax .
and muscle groups 5 min
90-100% Live 3-min bouts under UWW official
Wrestling bouts 20 min rules, matched by weight/skill, 1-min
HRmax
rest between bouts
Technical drills 20 min 70-80% Takedowns, clinch work, escapes,
HRmax reversals; 3-min rounds with 30 s rest
Maximal . -
L . Box jumps, medicine ball throws to
Plyometric drills 10 min efflo7rt§§)PE simulate explosive wrestling actions
Remstar_me training 10min | 75-85% 1RM Squats, deadlifts, overhead_presses; 3
(circuit) sets x 10-12 reps, 1-min rest
. 40-50% Light jogging/walking (5-10 min) +
Cool-down 15 min HRmax static stretching
Training Frequency: 3 sessions per week
Total Duration: 4 weeks (12 sessions)

Recovery Protocol

Following the training session, participants were randomly assigned to one of
two recovery conditions. The experimental group received Neuromuscular
Electrical Stimulation (NMES), while the control group engaged in passive

recovery. The NMES was applied immediately after the training session and
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lasted for 20 minutes. The parameters for NMES were set as follows: frequency
of 50 Hz, pulse width of 200 us, and an intensity level sufficient to cause a
strong but tolerable muscle contraction. The NMES electrodes were placed on
the quadriceps and hamstrings of the participants. The control group, on the
other hand, rested quietly in a seated position for 20 minutes, without any
further intervention, and We chose passive recovery because it is the most
common method used in studies as a basis for comparison with modern
techniques.

Post-Test Measures

After the recovery phase, the same measurements that were taken before the
session were repeated. Lactate levels were again measured using the portable
lactate analyzer. Maximal strength was assessed through the 1RM test on the
squat and bench press exercises. HRV was recorded using the Polar H10 heart
rate  monitor under resting conditions for 5 minutes. These post-test
measurements were used to assess the changes in lactate clearance, strength
recovery, and autonomic nervous system recovery (via HRV).

Statistical Analysis

Data collected from pre- and post-test measures were analyzed using SPSS
(ver.26). Descriptive statistics (mean, standard deviation, and skewness) were
used to summarize baseline characteristics and test results. Paired t-tests were
conducted to compare changes in lactate levels, maximal strength, and HRV
within each group. Independent t-tests were used to compare the outcomes
between the experimental and control groups. The significance level was set at p

< 0.05 for all statistical tests.

Results
The results of this study are based on the analysis of lactate clearance, maximal
strength recovery, and heart rate variability (HRV) measurements taken from

both the experimental group (NMES) and the control group (passive recovery)
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following a high intensity wrestling session. The following sections describe the
statistical findings of each of the key outcomes, with a focus on the comparative
analysis between the two groups.

Lactate clearance data for the NMES and control protocols are presented in
Table 2. Lactate was measured at three times before the exercise (pre-exercise),
immediately after the exercise (post-exercise), and 10 min after recovery (post-
recovery). The average and SD of data are presented for each time point. The
findings show that the NMES group had a significantly shorter lactate clearing
time post-recovery than the control group, and a correlated lower lactate
concentration after recovery. Statistically, groups differed significantly (p <

0.05) post-recovery.

Table 2. Lactate Clearance and Recovery Efficiency in NMES and Control Groups Post-
High-Intensity Wrestling Session

Group Pre-Exercise Post-Exercise Post-Recovery (10 minutes) | (p-value)
(Mean £ SD) (Mean + SD) (Mean £ SD)
Experimental 0.0+0.0 126+ 2.3 41+15 0.01*
Control 0.0+0.0 13.4+2.1 89+20 N/A*

*: significant at p<0.05
* N/A: value indicates that no p-value is required for the control group since it is only being
compared to the experimental group

Table 3 presented the outcomes in maximal strength recovery (1-repetition
maximum (1RM) tests of squat and bench press exercises). Means and standard
deviation (SD) for each test are displayed pre and post recovery in NMES and
control conditions. The NMES group showed significant increases in squat (p <
0.01) and bench press (p < 0.05) than a control group from pre-training levels,
which may mean that NMES recovers maximal strength better than passive
recovery does.

Table 3. Maximal Strength Recovery in Squat and Bench Press After NMES

Intervention and Passive Recovery

Bench Press
Post-

Bench Press
Pre-Exercise

Group Squat Pre-

Exercise

Squat Post-
Recovery

(p-value)
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(Mean+ | (Mean = SD) | (Mean = SD) Recovery
SD) (Mean + SD)
Experimental 1253 + 133.1+125 | 975%£8.2 102.6 + 8.5 0.03* (Squat)
11.8 0.04* (Bench
Press)
Control 124.6 + 127.2+119 | 98.2+9.3 99.9+9.6 N/A*
12.1

*: significant at p<0.05
A: value signifies that no statistical significance comparison is necessary within the /* N
control group, as it is only compared to the experimental group

Heart rate variability (HRV) data collected to evaluate the recovery of
autonomic nervous activity is presented in Table 4. The HRV (mean and
standard deviation (SD)) was obtained before and after recovery for NMES and
CON. The HRV leap value in the NMES group was higher compared with pre-
recovery (p < 0.05) suggesting of a faster recovery of the autonomic nervous
system.

Table 4. Heart Rate Variability (HRV) Recovery After High-Intensity Wrestling in
NMES and Control Groups

Group HRV Pre-Exercise (Mean + HRV Post-Recovery (Mean + (p-value)
SD) SD)
Experimental 504+7.1 56.8 + 6.4 0.02*
Control 49.6 + 6.8 48.4 £ 6.2 N/A*

*: significant at p<0.05
A: value signifies that no statistical significance comparison is necessary within the control /* N
group, as it is only compared to the experimental group.

Discussion

The results of the current study highlight the beneficial effect of NMES on
muscle relaxation following high intensity wrestling training. Specifically, the
NMES group demonstrated a greater lactate removal, better recovery of
maximal strength, and higher heart rate variability (HRV) when compared with
control. These findings are supported by several other investigations about the
effects of NMES on sports recovery (Paradis-Deschénes et al., 2020; Taylor et
al., 2015).

10
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Lactate clearance was more rapid in the NMES group, which constitutes an
important finding of the current investigation. This is in accordance with
previous work showing that NMES accelerates lactate elimination from muscle
by enhancing blood flow and metabolic clearance (Maffiuletti et al., 2018).
Given that la accumulation is a common product produced during anaerobic
physical exercises, its quicker removal helps attenuation of muscles fatigue and
pains that also assist in athletes’ faster recovery process (Bistolfi et al., 2018).
Group NMES had a higher lactate clearance (5.0 £ 1.8 9.5 + 2.5 mmol/L)
compared to group Control (Paradis-Deschénes et al., 2020).

Regarding strength recovery, it was noted that the NMES group demonstrated
significant greater improvements in 1RM for both squat and the bench press
compared with the control group. These results are supported by other studies
that also show an increase in muscle strength with the use of NMES since it
stimulates muscle fibers and in favor the passage of blood to muscle in fatigue,
which contributes to the compensation and recovery of muscle tissue and protein
synthesis (Eriksson et al., 1981; Kim et al., 2010; Maffiuletti et al., 2018). These
mean improvements of 6.2% (squat) and 5.4% (bench press) for NMES are in
line with previous works that also studied comparable recovery responses
following NMES treatments (Azevedo et al., 2016; Wakahara & Shiraogawa,
2019).

Higher HRV responses of NMES group imply a more SA regulation recovery.
HRV is a representative marker of parasympathetic activity and reflects
recovery and stress adaptation abilities, and a greater HRV is a sign of recovery,
good stress adaptability (Keriven et al., 2025). The increase in HRV (from 50.4
+ 7.1 ms to 56.8 £ 6.4 ms) in the NMES group suggests that suchS electrical
stimulation could help maintain the equilibrium in the autonomic cardiovascular
balance after intense physical effort. This is consistent with other studies which
have found NMES to effectively elevate HRV after exercise (Jajtner et al., 2015;
Paradis-Deschénes et al., 2020).

11
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Even though the results are promising, one should remember that the effects of
NMES can be related to variables such as muscle size, training status, and
previous experience with electrical stimulation (Abitante et al., 2022). For
example, there may be other post-recovery effects induced by NMES in athletes
with a different physical state or with another level of muscle adaptation to this
kind of excitation. In addition, given that this work clearly confirmed the
effective of NMES, the level (including dose, intensity, duration, and frequency)
of NMES for motor training could affect the findings. This was highlighted in
previous works that the adjustment of these parameters is crucial for the clinical
responses to be at an optimal level (Malone et al., 2012; Paillard, 2008).
Additional studies are necessary to verify the long-term effects of NMES on
muscle function (as in athletes who perform regular high-intensity workouts
over the long term). Moreover, the synergistic effects with other recovery
policies as active recovery or cryotherapy - for the most effective multi-modal
recovery protocol - must be investigated in future studies (Maffiuletti et al.,
2011).

Conclusion

The results of this study have shown that NMES can dramatically improve
muscle recovery after intensive wrestling activity. The findings suggest that
NMES accelerates lactate removal, promotes better restoration of maximal
strength, and enhances the recovery of autonomic system, one of which is
represented by the improvement of heart rate variability (HRV). These findings
suggest that NMES may be useful recovery modality for athletes with high
intensity training involvement. The faster rate of post-recovery in terms of
lactate clearance in the NMES group versus control group would indicate the
benefit of electrical stimulation in promoting circulation and subsequently the
removal of metabolic end products. Additionally, the change in squat and bench

press maximal strength was greater in NMES group, indicating that the electrical

12
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stimulation is a treatment procedure that reduces muscle fatigue and accelerates
recovery of muscles after severe exercise. In addition, the NMES group showed
a significant increment in HRV (a marker of the extent of recovery of the
parasympathetic nervous system) which is fundamental for recovery and
adaptation to stress. These results add to the increasing evidence in favor of
NMES on promoting athletes’ recovery. However, additional studies are
required to establish appropriate NMES parameters such as intensity, duration,
and frequency in order to optimize its beneficial effects in various populations
and sport activities. In addition, follow up studies are warranted to examine the
chronic influence of NMES on athletic performance and the synergistic effect of

combining it with other recovery techniques.
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