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Abstract
The aim of this study was to compare short duration 
Neuromuscular Electric Stimulation (NMES) to traditional 
dynamic warm-up to prepare muscles for activity. Thirty 
college age participants (20 male, 10 female) completed 
both a general warm-up, followed by either an NMES 
warm-up or a dynamic warm-up. The participants were then 
asked to perform three trials each of standing long jump, 
20m sprint, and 18.3m (20-yard) shuttle run, in random 
order. Each participant returned one week later and were 
tested using the warm-up procedure that they had not 
performed the week before (repeated measures design). 
Intra-class correlation coefficients for the three dependent 
measures for each intervention ranged from 0.87 to 0.99, 
indicating overall excellent reliability within each measure. 
There was no difference between the warm-up procedures 
for the SLJ, 20m sprint, or 20-yard shuttle run tests. This 
inter-individual variation suggests that short duration NMES 
could be beneficial for some athletes, while some may find 
dynamic warm-up more effective. Based on the outcome 
of this study, athletes and coaches should experiment 
and determine what is best for the individual. Results 
from the research could help to determine NMES’s use in 
strength and conditioning and as a means of performance 
enhancement.
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general intense enough to produce a mild sweat but 
not fatigue the individual [1]. While an extensive search 
for optimal warm-up protocols for aerobic activity did 
not yield any peer-reviewed research on the matter, a 
substantial number of studies have examined optimal 
warm-up protocols for anaerobic activities [2-6].

Among these various anaerobic-based studies, the 
primary recommendations include warm-up activities 
that include ballistic stretching and dynamic exercise, 
both which have been shown to increase performance 
in power, agility, sprint time, and vertical jump height. 
However, variations to these warm-up activities must 
be considered when seeking a means to improve 
performance. An example of an effective variation in a 
dynamic exercise is the treppe (i.e. staircase) method 
that can increase muscle fiber recruitment of the specific 
muscles used for the main activity [7]. An additional 
variation in dynamic warm-up for anaerobic activity is 
to optimize the stretch shortening cycle via isometric 
contractions where the muscle can be stretched up to 
1.3% of its original length. This warm-up variation has 
been shown to help generate maximum power, yet not 
over stretch the muscle [8]. Isometric contractions may 
also encourage Post Tetanic Potentiation (PTP). PTP is 
activated by causing a maximal involuntary contraction 
of the muscle, then removing the stimulus, releasing 
the contraction and performing a concentric movement 
with that muscle. Studies examining the length of 
post-conditioning rest periods have conflicting results. 
However, a range between 3 and 10 minutes appears 
to yield optimal power output [9,10]. Furthermore, the 
influence on PTP appears to be dependent on both the 

Introduction
Warming up for an activity is intended to perform 

two functions: improve the muscles’ dynamics so that 
the athlete is less inclined to injury and prepare the 
athlete for the demands of exercise. A warm-up should 
be specific to the exercise being performed, but in 
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potential adverse effects. The purpose of this study is 
to examine the effects of electro-muscular stimulation 
during warm up on lower body functional performance. 
Based on previous research, it was hypothesized 
that adopting NMES will have similar outcomes to a 
traditional warm-up in terms of functional performance.

Methods

Participants
Thirty NCAA division III athletes (20 male, 10 female) 

volunteered to participate in this study. M ± SD for 
age, height and weight for the male participants were 
19.8 ± 1.5 years, 180.4 ± 9.5 centimeters, 88.0 ± 11.4 
kilograms, respectively, and 19.7 ± 1.1 years, 161.1 ± 
5.8 centimeters, 62.7 ± 7.1 kilograms for the female 
participants. Participants were screened for both 
general health issues (using the PAR-Q questionnaire) 
and lower extremity injuries within the past 6 months 
prior to participation. Those with potential risk for 
injury were excluded from the study. Each participant 
was informed about the benefits and risks inherent in 
this research, and signed an institutionally approved 
informed consent form prior to participating.

Prior to the study, an a-priori power analysis was 
performed using G*Power (version 3.1.9.2; Brunsbüttel, 
Germany) [20]. Using a moderate effect size of 0.6 
[21], an alpha level of .017 (see explanation statistical 
analysis section), and a power of 0.80, the required 
sample size of 30 was calculated for a two-tailed t-test 
with repeated measures.

Protocol
For comparison purposes, the general warm-up 

protocol was akin to that of a previous study [5]. 
Specifically, the warm-up included a 2-minute jog, 30 
seconds of side steps, 30 seconds of back pedals, and a 
1-minute jog. The participants were asked to complete 
the general warm-up at a rate of perceived exertion 
of 12 on the Borg scale [22]. Upon completion, the 
participant then rested for 4 minutes.

The protocol used for the dynamic warm-up was 
similar to the one suggested for quadriceps and hip flexors 
[4]. Specifically, the participant was asked to perform 
three movements, for 40 meters each. The warm-up 
movements were performed continuously and included 
forward lunges with forearm to instep, backward lunges, 
and butt kicks. Each participant was timed to ensure 
duration was similar to that of the Neuromuscular 
Electric Stimulation (NMES) warm-up (approximately 210 
seconds). The participant then rested for three minutes 
prior to starting the three functional tests.

For the NMES warm-up, a Compex sport elite muscle 
stimulator (Compex; Vista, CA) was used. Electrodes 
were placed on the participants’ thigh muscles, one 
double pad near the origin of the vastus lateralus and 

training status and the conditioning activity. Specifically, 
the effects of PTP appear to be much greater on athletes 
than on untrained or trained individuals, as well as on 
lower body dynamic and static activities, compared 
to dynamic upper body activities [11]. PTP along with 
high frequency initial pulses have been shown to 
increase muscle performance during one or a series 
of submaximal contractions [12]. This physiological 
outcome mimics the intended effects of an anaerobic 
warm-up.

Neuromuscular Electric Stimulation (NMES) is 
commonly used in rehabilitation settings primarily for 
pain modulation and muscle reeducation [13]. NMES 
has also been shown to be effective to enhance an 
individual’s training regimen when used consistently 
over a period of time [14]. On a theoretical basis, NMES 
can potentially be used as a means for warming-up 
via PTP. It is postulated that one mechanism of PTP is 
through phosphorylation of myosin regulatory light 
chains during tetanic contractions, which renders actin-
myosin more sensitive to calcium released from the 
sarcoplasmic reticulum in subsequent contractions [15]. 
Another theory is through neural mechanisms such as 
reflex potentiation, this is an enhanced muscle response 
to an afferent neural volley. The increase volitional 
force production could be from increased reflex 
transmission between Ia afferents and x-motoneurons 
[16]. Furthermore, the central nervous system may be 
able to optimize the descending reflex contribution 
through repeatedly producing a reflex potentiation to 
result in greater neural drive to the trained muscle [17]. 
Unlike voluntary muscle contractions produced during 
traditional warm-up activities, NMES is not selective in 
the fiber type it stimulates [18], which could result in 
a warm-up that targets the various muscle fiber types 
simultaneously. The effects of NMES and PTP on muscle 
performance have only been examined with upper body 
muscle groups. Specifically, no significant bench press 
performance increases from NMES on PTP were found 
and may have been partially due to large inter-individual 
differences [15].

An extensive search found no empirical studies 
adopting NMES as part of a warm-up protocol for 
improving functional performance (e.g. jumping, 
running). Twitch potential and reflex potentiation 
were examined in both the quadriceps femoris muscle 
[16] as well as the gastrocnemius and soleus muscle 
groups [19]. Albeit both studies employed voluntary 
contractions, the idea of a neural connection to PTP 
in the form of reflex potentiation could hold true for 
involuntary contractions. There have been claims that 
portable muscle stimulators have positive effects on 
potentiation, and companies have incorporated specific 
warm-up programs into their machines, but without 
proper empirical evidence, these claims can result in 
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Statistical analysis
A paired samples two-tailed t-test was used to 

determine whether there were any significant differences 
found between the two independent variables (dynamic 
vs. NMES warm-up) on the three dependent variables 
(SLJ, sprint, shuttle run), separately. A Bonferroni 
correction was used to reduce type 1 errors. Therefore, 
alpha was set to 0.05/3 = 0.017. Confidence intervals 
were calculated for the differences between the means 
between the two independent variables, for all three 
dependent measures (1.00-alpha = 0.983%). Cohen’s d 
was calculated to determine effects size for each t-test 
(Cohen, 1982). Intra-class correlation coefficients were 
calculated for the three trials of each of the dependent 
variables and intervention, separately. All statistical 
analyses were performed using SPSS (version 26; 
Armonk, NY).

Results
Intra-class correlation coefficients for the three 

dependent measures for each intervention ranged 
from 0.87 to 0.99, indicating overall excellent reliability 
within each measure [24]. Of the 30 participants, 17 
performed better in the Standing Long Jump (SLJ) with 
the dynamic warm-up, whereas 13 performed better 
after NMES. The differences between the SLJ between 
interventions (dynamic vs. NMES) were minimal and no 
significant differences were found, t(29) = 0.36, p = 0.72. 
Furthermore, the standard deviations between the two 
interventions were similar, indicating consistency in 
warm-up type (Table 1). The effect size calculated (0.01) 
showed trivial effects [21], suggesting factors other 
than warm-up type caused the differences between the 
interventions.

Repeated measures t-test found no significant 
difference in the averages for the 20 meter sprint times 
between dynamic and NMES warm-up groups, t(29) = 

vastus medialus. A small pad was also placed near the 
insertion of the vastus lateralus and vastus lateralus 
muscles (Figure 1). The electrostimulation machine 
was set to an intensity such that the participant noted 
a strong stimulation that was not painful. The preset 
“potentiation” (warm-up) program from the machine 
was used and took 207 seconds to complete. This 
program has 10 frequency spikes of 2, 10, 15, 20, 25, 
35, 45, 55, 65, 75 Hertz during the tetanus phase, each 
lasting 7 seconds and an in between phase of 1 Hertz. 
The participant then rested for three minutes prior to 
starting the three functional tests.

The three functional tests [23] were used to compare 
between the two warm-up protocols. The functional 
tests involved the Standing Long Jump (SLJ), 20 meter 
sprint, and 18.3 meter (20-yard) shuttle run. SLJ was 
performed by having the participant stand with their 
toes behind a line and asking them to jump as far as they 
can. The distance from the toe line to the heel closest to 
the toe line was measured. For the 20 meter sprint, a “3, 
2, 1, go” command was used. On “go” time was started, 
and participants started their sprint, running through 
the 20 meter mark.

The shuttle run was measured by placing a piece 
of tape on the floor, two more pieces of tape were 
measured out at 5 yards in either direction from the 
center tape. The participant was asked to start by 
straddling the centerline with their hand on the line. 
At the command of the examiner, the participant ran 
to the line of their choosing, then back through the 
centerline to the other line (10 yards away), then back 
through the centerline. Time was stopped the when the 
participant ran back through the centerline. All times for 
the sprint and shuttle run were measured to the nearest 
0.1 second. Each functional test was performed three 
times with a 1-minute rest between trials, and 2-minute 
rest was given between each functional test.

Figure 1: Electrode pad placement and participant position (according to manufacturer instructions).
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[1], as well as attribute to similar outcomes found in this 
study between the NMES and dynamic warm-up group.

The effect size for the three functional performance 
measures was trivial. In this study, although the 
standard deviations were small, the mean differences 
between the groups were minimal. While both averages 
and standard deviations between NMES and dynamic 
warm-up were found to be nearly identical, there 
were inter-individual differences found. A number of 
the participants consistently performed better while 
using NMES while others had better performances with 
traditional dynamic warm-up. There seems to be no 
connection between the sport played and the outcome 
of the results, inter-individual differences could be due 
to muscle fiber make up and how the individual responds 
to the NMES.

Although NMES does not seem to have a more 
advantageous effect of warming-up muscles than 
traditional dynamic warm-ups, some athletes could still 
benefit from utilizing NMES before activity. In the SLJ 
measure, 13 of the 30 participants performed better 
with NMES warm-up than with dynamic, sprint was 
even with half the participants performing better with 
NMES. Finally, 17 participants performed better with 
NMES during the shuttle run trial. These differences may 
suggest that for some individuals, NMES could be more 
beneficial, while some may find dynamic warm-up to be 
more beneficial.

The outcome in this study is similar to a previous study 
that found no differences in bench press performance 
between NMES and PTP elicited by submaximal loads 
[15] although PTP was not measured in the current 
study. These similar outcomes can be attributed to the 
non-differentiation of muscle fiber type stimulation 
that NMES has been shown to illicit [18]. Both studies 
utilized active muscle contractions as a control, which 
follows the Henneman size principal [8,28]. Conversely, 
both NMES trials recruited motor units randomly. These 
similarities in the independent variables suggest that 
both methods of motor recruitment patterns appear 
to equally prepare the muscles for maximal voluntary 
contraction but in a different manner.

Limitations to this research include the use of only 
one NMES unit with a set protocol, it is feasible to 
assume that someone may respond differently with 
other parameters. Another limitation could be the order 
effect of the dependent variables, it could be beneficial 

0.88, p = 0.39. Both the mean and standard deviations 
between the groups was nearly identical. An equal 
number of participants (n = 15) performed better after 
the dynamic warm-up as NMES. Cohen’s d for this 
measure was calculated to be 0.18, indicating a small 
effect size.

Both average and standard deviation shuttle run 
times between the dynamic and NMES warm-ups were 
near identical. However, 13 participants performed 
better after dynamic warm-up whereas 17 performed 
better after NMES. Repeated measures t-test found 
no significant differences found no significance, p (29) 
= 0.97, p = 0.34, and effect size was found to be trivial 
(0.04).

Discussion and Conclusions
The objective of this study was to determine if 

warming-up utilizing NMES had any benefits to lower 
body anaerobic performance over warming-up with 
traditional dynamic exercises. Overall, the results of this 
study show that there was no difference in functional 
performance between the two warm-up methods. 
Dynamic warm-up was chosen because it is known to 
reduce the chance of injury in athletes [25] as well as 
being an established means to prepare the body for 
physical activity and optimize athletic performance when 
compared to static stretching alone [3,6]. Benefits to 
performance are recognized at a variety of performance 
benchmarks including: Vertical jump, power, agility, and 
even greater electromyographic activity during maximal 
voluntary contraction [2].

The utilization of NMES on the quadriceps muscles 
has been demonstrated to elicit a cardiovascular 
response, even though the contractions were not 
voluntary [26]. NMES also benefits performance 
by not affecting stretch shortening cycle negatively 
because the muscles are contracting isometrically and 
not elongating. The negative effects to the stretch 
shortening cycle from NMES would be minimal because 
the muscle only stretches to 3% of its resting length [27]. 
NMES could also work at a neurologic level since PAP is 
thought to occur in the level of the spinal cord as well as 
the muscle, this is through increased synaptic efficiency 
[8], as well as the muscular level by making actin and 
myosin more responsive to Ca+. Although PTP was not 
measured in this research, it is importance to discuss. 
These factors could have benefits to performance by 
providing what has been shown to be an ideal warm-up 

Table 1: M ± SD of Standing Long Jump (centimeters), 20 meter Sprint (seconds), 18.3 meter (20 yard) Shuttle Run (seconds); 
CI = Confidence Interval; Effect size measured using Cohens d.

Dynamic Stim CI Effect Size

SLJ 195.6 ± 35.9 197.2 ± 36.6 (-5.00, 7.34) 0.04

Sprint 3.6 ± 0.3 3.5 ± 0.4 (-0.14, 0.12) 0.18

Shuttle 5.5 ± 0.5 5.4 ± 0.6 (-1.00, 0.25) 0.15
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to randomize the order of tests. Further research could 
assess the effects of long-term use of this modality to 
determine if the effects on warm-up are similar to the 
effects on power production over long-term use.

This study’s outcome suggests that NMES can provide 
an adequate means to prepare the body for activity. 
NMESs effects on warm-up have been shown to provide 
greater twitch force in the knee extensor muscles, not 
negatively affect the stretch shortening cycle before 
ballistic movements, increase blood flow, and have 
neurologic and muscular advantages. However, the 
inter-individual results between participants suggest 
that while NMES seems effective for some, it may not 
be as effective as dynamic warm-up for others; future 
studies could examine this difference.
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