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Abstract

Purpose: Electromyostimulation is a popular training to increase muscle strength during the last years. The aim of 

this study was to investigate effects of electromyostimulation training on jumping and muscle strength in 

football players. 

Material: Volunteered 23 football players between the ages of 18 to 24 were divided into experimental and control 

groups with simple random sampling. Both groups continued to regular training. Experimental group had 

additional electromyostimulation training for 6-week, 3-time a week, and 20min a day. Pre- and post-training 

squat and countermovement jumps, peak torques of dominant and non-dominant knee extensor and flexor 

muscles were tested. Angular velocities of isokinetic dynamometer were 60, 180, and 300ºs-1. Pre- and post-

test comparisons within the groups were analyzed. 

Results: There were no significant differences between pre- and post-test for isokinetic knee strength parameters 

at all angular velocities of experimental group. However, control group had significant pre- and post-test 

differences in dominant and non-dominant knee extension and flexion peak torque values. 

Conclusions: Electromyostimulation and regular training in-season had no effect on the isokinetic strength parameters. 

On the other hand, the regular training in-season has increased isokinetic strength. Electromyostimulation 

training additional to regular training may have detrimental effects on outcomes of concurrent training in 

football players.
Keywords: electromyostimulation, squat jump, countermovement, jump, isokinetic, strength. 

Introduction1

The electromyostimulation (EMS) through the skin 

cause changes in neuromuscular transmission speed 

during the voluntary contraction [1]. In this method, the 

nerves and muscles are stimulated at various intensities 

and frequencies via electrodes on the skin using electrical 

currents. The effectiveness of EMS is related to the 

intensity of electrical currents applied during training. The 

key factor in the effectiveness of EMS is the maximum 

tolerable application of current intensity to maximize 

muscle tension. EMS is also known as neuromuscular 

electrical stimulation. When it is applied in sufficient, 
it causes a significant increase in maximal voluntary 
contraction ability. Therefore, EMS is used in athletes 

as a part of strength training to increase knee extensor 

strength [2, 3], enhance squat jump (SJ) [2, 4, 5] and 

countermovement jump (CMJ) [5, 6].

The interest in EMS has increased after Kots claimed 

that force gains of up to 40% in elite athletes [7]. It is 

used a training program in short-time with high-frequency 

electrical muscle stimulation. Although there was muscle 

strength development in EMS, the development of muscle 

strength was not more than that of in voluntary exercise 

[8]. Strength development in traditional strength training 

often occurs because of dynamic movements during 

the muscle contraction including the agonist-antagonist 

coordination. It is necessary that EMS has to be performed 

in more repetition at the angles of each muscle movement. 

However, in traditional strength training (e.g; leg press), 
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different muscle groups (gluteal, hamstrings, quadriceps) 

can contract at the same time. The pain that cannot be 

tolerated during the EMS training is the most important 

reason for hindering the strength development.

EMS creates a proprioceptive input in the extremity 

because of the afferent and efferent stimulation [9]. 

If EMS is combined with voluntary contractions, it 

constitutes a statistically significant increase in muscle 
strength in healthy individuals [10]. However, it must be 

run with at least 60% of maximal voluntary contraction 

for the formation of muscular development [11]. The 

replication of this situation via EMS can only be managed 

by increasing the stimulation intensity up to tolerated by 

the muscle.

EMS training produces knee extensor strength 

development [2, 3, 12,] and vertical jump improvement 

[13]. However, Porcari et al. showed that it did not 

enhance knee extensor and flexor strength. The studies 
based on a single joint including knee [2, 3, 12, 13], 

elbow [10], and shoulder [14, 15], and the lower third of 

the sternum [16] support that the EMS training produces 

strength development. On the other hand, detailed studies 

involving strength development based on multi-joint is 

necessary.

The examination of effects of EMS on muscle strength 

will be significant benefits from performance training in 
those who do explosive strength based exercises. It is 

important because EMS constitute a new variation instead 

of traditional dynamic strength training. The purpose of 

this study was to investigate effects of EMS training on 

jumping and muscle strength in football players. 



2019

05

243

Material and Methods

Participants

Twenty-three male football players between the ages 

of 18 to 24 who didn’t have any leg injuries last one year 

volunteered to participate in this study. The participants 

were divided into 2 groups with simple random sampling. 

Ten football players sat off the experimental group (EG) 

(age= 20.2±2.1 year, training age= 98.4±32.4 month, 

body height= 173.6±6.1 cm, body weight= 65.0±5.6 kg). 

The other 13 players sat off the control group (CG) (age= 

21.9±0.3 year, training age= 84.9±22.7 month, body 

height= 177.2±5.4 cm, body weight= 69.9±7.1 kg). Both 

groups were supposed to perform regular training but EG 

also perform EMS. The players were free to discontinue 

the study at any time. They signed in their statements of 

informed consent after the procedures and probable risks 

had been explained to them. Osmangazi University Ethical 

Advisory Committee approved the study (2010/214) 

prior to the commencement of testing. The players were 

randomly participated into the test protocols. 

Procedures

EG performed EMS in addition to regular training at 

the frequency of 100 Hz, the current width of 400 μs. A 
stimulator device (Compex 3 Professional, Medicompex 

SA, Switzerland) was used with self-adhesive electrodes 

placed on dominant leg (D) and non-dominant leg (ND). 

The electrodes were placed on motor points of quadriceps 

muscles (vastus medialis, vastus lateralis, rectus femoris). 

The current intensity in this frequency was increased until 

it initiated the muscle contraction. CG performed regular 

training. The EMS training was performed 30min a day, 

3 days a week that lasted in 6 weeks. Each participant 

was familiarized with training and testing procedures 

within one week before the training and testing. After 

the familiarization, each participant participated in one 

test a day that lasted about 30 min. After anthropometric 

measurements, SJ and CMJ were tested by the digital 

wireless device (Freejump, Rome, Italy). The device fixed 
on athlete’s lumbar area. The peak torques to be exhibited 

on the muscles of D and ND knee joints were determined 

by using isokinetic testing device (Humac Norm Testing 

& Rehabilitation System, Stoughton, USA). The peak 

torques were tested with three different angular velocities 

(60, 180, and 300o.s-1). Pre- and post-training differences 

depending on these two types of training on jump and 

muscle strength were investigated. The average of the 

two measurements in anthropometric measurements 

were evaluated for descriptive statistics. The best test 

performance obtained from two trials that were performed 

in jump tests were evaluated for statistical analyses. The 

isokinetic tests were performed 5 times for each knee joint 

at 3 different angular velocities. The highest torque values 

of these 5 trials were evaluated for statistical analyses.

Training Design
Regular Training: All participants took part in the 

study played in an official league match in each week. 
They performed regular training, which was followed by 

a resting day after the match in the official season. Players 
were performed speed, strength, endurance training on 

the first day and third training day of the regular weekly 
training. The training week was followed by technical and 

tactic-specific football training for 60 min on the second 
and fourth day. Speed training [2 x (4 x 40 m)] was 

performed with 3-4 min among reps and 4-6 min between 

sets. Strength training involved the maintenance training. 

It was consisted of 7 exercises (half squat, bench press, 

lat pull down, leg extension, leg curl, shoulder press, 

and calf raise). Each exercise was 90% intensity, 3 x 3 

reps with 3-5 min among the sets and. There were 4-6 

min recoveries after each exercise. Endurance training 

involved the extensive tempo (135-140 beat.min-1). It 

was consisted of 10 x 200 m with the recovery until the 

heart rate decreases 120 beat.min-1 among repetitions. All 

players performed soccer-specific basic techniques and 
shooting training lasting in 40 min before every match 

day. This was the last training on the fifth day of weekly 
training. 

Electromyostimulation Training: EMS training was 

conducted on the knee extensor muscles 3 days a week (18 

sessions) for 6 weeks. EG participated in EMS training 

in addition to the regular training sessions. EMS training 

was on the first, third and fifth training days before the 
match after the resting day for six weeks. Each session 

lasted in 20 min. Five min cycling on a bicycle ergometer 

and 5 min free dynamic stretching were used for warm-

up. Five min EMS application was conducted on the 

quadriceps muscles of D and ND (vastus medialis, vastus 

lateralis, rectus femoris) as 35 isometric contractions. 

EMS was conducted with a stimulator generating biphasic 

symmetrical square wave signal (Compex 3 Professional, 

Medicompex SA, Switzerland) at the frequency of 100 

Hz. The stimulator has the current width of 400 μs as 
previously recommended [4, 8]. The work cycle of the 

stimulator was adjusted to 1.5s increased current and 0.5s 

decreased current. Contraction time was 10s and resting 

period was 3s. Every athlete sat on a chair and while their 

knees were in 90° flexion position. Chronaxie value was 
determined on an individual basis, and the current level 

was adjusted to their maximum tolerability. The motor 

points of the muscles were determined by using the motor 

point pen. Three positive electrodes (5 x 5cm) were placed 

as close as possible to the motor points of vastus medialis, 

vastus lateralis and rectus femoris muscles. Three negative 

electrodes (5 x 10 cm, 5 x 5 cm) were positioned as close 

as possible to the head of the thigh (femoral triangle). 

The goniometer was used to standardize the knee and hip 

angle.

Anthropometric Measurements 

Each participant was kindly asked not to drink much 

water the night before the anthropometrical measurements 

were taken. The measurements were taken on an empty 

stomach as described by Lohman et al. [17]. The body 

height of each participant was measured with ±0.1 mm 

sensitivity through stadiometer (Holtain, UK). It was 

taken as cm in a way that the participants were barefoot, 

heels together, their feet opened to each other at an angle 

of 60o. The body weight evenly distributed on both feet. 

Arms and palms on both sides were united to the body. 
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The body was united to the vertical table of stadiometer 

in anatomical stand position. Eyes were focused over in 

the inspiration phase, the head in the frontal plane. Table 

of head top were placed as close as possible to the vertex 

point. Body weight was taken with 0.1 kg sensitivity in 

kg. The participant was only with his shorts and barefoot 

in anatomical position on the laboratory bascule (Seca, 

Vogel & Halke, Hamburg). His eyes were focused over. 

His weight evenly was distributed on both sides of his 

feet. 

Jump Tests
A jumping measuring system (Freejump, Sensorize, 

Rome, Italy) with light machinery having computer 

software was connected to the belly through wireless waist 

belt. It was capable of measuring the jumping height of 

the participants in SJ and CMJ tests was used. After each 

jump, the participants had a rest for 5min. Participants 

performed two trials for each jump test and the better 

jump heights in the trials were evaluated statistically. 

The participants performed SJ in the position of knees 

flexed until they felt a comfortable starting position, semi-
squatting position. The position normally occurs at a knee 

angle of about 85º [18] and they maintained their posture 

at least two to three seconds. This prevented the pre-

stretching of muscles from any preliminary downward 

movement before jump. CMJ was performed in an upright 

standing position, hands kept on the hips following a 

preliminary downward movement by flexing the knee. 
The movement was approximately to the same knee angle 

as the starting position in SJ. 

Isokinetic Strength Tests
The peak torques in concentric/concentric knee 

extension and flexion of D and ND were tested by isokinetic 
dynamometer (Humac Norm Testing & Rehabilitation 

System, USA). The angular velocities of 60o.s-1, 180o.s-

1, and 300o.s-1 were used. Isokinetic dynamometer was 

calibrated at the beginning of each test day as specified 
by CSMI [19]. Each athlete freely warmed up before 

the test. The attachments of the dynamometer were set 

according to the anatomical structure of each participant. 

The mobility of the knee joint was positioned at 0-90o 

for knee extension and flexion test. The participant 
was placed on a two-position seat of the dynamometer 

as specified by CSMI [19]. The axis rotation of the 
dynamometer’s arm was adjusted to the level of lateral 

femoral epicondyle. The pad was placed to the proximal 

of lateral malleolus, which was fixed on the attachments 
of the lower leg. The preventive belts from movements 

of the body and quadriceps were tightened. The reference 

way is that three fingers can be inserted between the body 
and the quadriceps. During the test, each participant held 

the handles on each side of the seat of the dynamometer. 

Athletes were asked to perform maximal 5 times knee 

extension and flexion with 60 s rest intervals in the three 
angular velocities as recommended Davies et al. [20]. 

The highest torque values at each angular velocity were 

considered as the peak torque values. In order to adapt 

to angular velocity of each test and avoid form probable 

injuries, three training repetitions were done. The test 

was started after 30 s resting period. Each participant 

was encouraged verbally (push/pull) during the test with 

regard to the number of the repetitions left.

Statistical Analysis

SPSS 22 (SPSS Inc., Chicago, IL, USA) was used for 

the statistical analysis of the data. Wilcoxon t test was 

used to determine pre- and post-test differences within 

the group. Probability level for statistical significance was 
set at p0.05. Differences in means/standard deviation 

(Sd), defined effect size Cohen’s d, was calculated for 

groups between pre- and post-tests. Thresholds for small, 

medium, and large effects were 0.20, 0.50, and 0.80, 

respectively [21]. 

Results

Results for the jumps and isokinetic knee strength 

parameters for EG and CG are presented in Table 1 and 

2. No significant differences in pre-test results for all
parameters could be found between groups. 

As shown in Table 1, there are no statistically 

significant pre- and post-test differences in SJ and CMJ. 
Table 2 described that there were no statistically 

significant differences between pre- and post-test at all 
angular velocities of EG (p>0.05). However, at 60os-1,

statistically significant differences were founded between 
D leg pre- and post-tests of CG in EPT, FPT, and EFR 

(d= 0.86, 1.42, and 0.85; p<0.01, <0.05, and <0.05, 

respectively), ND leg EPT and FPT (d= 1.61 and 1.88; 

p<0.01). CG had statistically significant pre- and post-
test differences at 180os-1 for D leg EPT and FTP (d= 1.65 

and 2.22, p<0.01, respectively), ND leg EPT and FTP 

(d= 1.92, and 195; p<0.01). CG also had statistically 

significant pre- and post-test differences at 300os-1 for D 

leg EPT, FTP and EFR (d= 1.32, 2.12, and 0.67; p<0.01, 

respectively), ND leg EPT and FPT (d= 1.62 and 1,85; 

p<0.01).

Table 1. Pre- and post-test results for SJ and CMJ for EG (n=10) and CG (n=13). Data are reported as mean±SD.

Jump Group Pre-test Post-test d

SJ (cm)
EG 31.9±2.9 31.8±2.7 0.04

CG 36.3±6.1 37.3±6.1 0.16

CMJ (cm)
EG 34.8±2.7 35.2±2.6 0.15

CG 39.1±6.4 39.9±6.5 0.12
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Discussion

In this study, no statistically significant pre- and post 
training differences in SJ and CMJ for both groups were 

found. However, the increase trends of SJ and CMJ in 

CG group and also CMJ in EG were observed. In terms 

of CMJ-SJ
dif

, the increase trend in the EG and decrease 

trend in the CG were observed. Gregory and Bickel [22] 

explained that motor unit excitation in low strength levels 

provided fast motor unit activation with new stresses 

by EMS. Malatesta et al. [23] found that jumping in 

volleyball players were improved after 4 weeks by a 

weekly 36min short-term training. Maffiuletti et al. [2], 

Brocherie et al. [3], Malatesta et al. [23], Maffiuletti, et 
al. [24] indicated that EMS training could improve the 

jumping performance. They also indicated that 40-50Hz 

frequencies could provide jumping acquisition. Deley et 

al. [25] reported that EMS to quadriceps muscles were 

combined with jumping and sprint provides a better 

force development. In this study, EMS in addition to the 

regular training had no statistically significant pre- and 
post-training differences in SJ, CMJ. However, when 

examining the averages, the increase trend was observed 

in CMJ (34.8±2.7cm vs. 35.2±2.6cm). Although Malatesta 

et al. [23] found an increase in SJ and CMJ after 4-week 

Table 2. Pre- and post-test results for isokinetic knee strength parameters at different angular velocities for EG (n=10) 

and CG (n=13). Data are reported as mean±SD.

Angular velocity Leg Knee Parameters Group Pre-test Post-test d

60o.s-1

D

EPT (Nm)
EG 207±43  224±73 0.28

CG 213±44      263±69** 0.86

FPT (Nm)
EG 148±32 164±54    0.36

CG 141±24   197±50* 1.42

EFR
EG 0.73±0.14 0.74±0.10 0.08

CG 0.67±0.09   0.76±0.12* 0.85

ND

EPT (Nm)
EG 198±41 199±60 0.02

CG 191±40      275±62** 1.61

FPT (Nm)
EG 138±29 137±36 0.03

CG 132±18     199±47** 1.88

EFR
EG 0.71±0.10 0.70±0.12 0.09

CG 0.72±0.15 0.73±0.09 0.08

180o.s-1

D

EPT (Nm)
EG 134±25 145±43 0.31

CG 140±25     195±40** 1.65

FPT (Nm)
EG 112±22 121±25 0.38

CG 108±17     165±32** 2.22

EFR
EG 0.85±0.15 0.87±0.14 0.14

CG 0.78±0.14 0.86±0.12 0.61

ND

EPT (Nm)
EG 135±32 147±45 0.30

CG 128±25     192±40** 1.92

FPT (Nm)
EG 109±23 117±27 0.32

CG 106±11     158±36** 1.95

EFR
EG 0.82±0.11 0.80±0.13 0.17

CG 0.85±0.16 0.83±0.12 0.14

300o.s-1

D

EPT (Nm)
EG 102±20 105±28 0.12

CG 108±23     145±32** 1.32

FPT (Nm)
EG  90±14   91±20 0.06

CG  86±13     131±27** 2.12

EFR
EG 0.89±0.12 0.88±0.10 0.09

CG 0.81±0.14     0.91±0.16** 0.67

ND

EPT (Nm)
EG 101±20 108±36 0.24

CG  98±16     138±31** 1.62

FPT (Nm)
EG  85±12   92±20 0.42

CG  86±15     123±24** 1.85

EFR
EG 0.84±0.90 0.89±0.12 0.47

CG 0.90±0.20 0.91±0.12 0.06

Notes: *p<0.05; **p<0.01; D: Dominant; ND: Non-dominant; EPT: Extension Peak Torque; FPT: Flexion Peak Torque; 

EFR: Extension/Flexion Ratio.
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EMS training, they didn’t find any increases after 10-
days of EMS training. Jubeau et al. [26] explained their 

result appeared after EMS as the early (increasing muscle 

activation and EMG activity) and late adaptation (an 

increase in the amplitude of the spinal reflex and decrease 
in co-activation) of the nervous system. Maletesta et al. 

[23] indicated that EMS caused the increase in neural 

drive or preferable activation of rapid muscle fibers. They 
explained that it also improved explosive movements 

by taking the control of the neuromuscular properties 

optimum situation in the complex dynamic movements. 

Gulick et al. [27]’s study supported Maletesta et al [23]’s 

study that the vertical jumping showed an increase with 

the jumping training performed together with EMS 

application for 6 weeks. 

The order of motor unit excitation in the voluntary 

muscle contraction is based on the stimuli intensity. 

The progresses are to a large motor unit from a small 

motor unit. In addition, sub-maximal voluntary 

muscle contraction only excites small muscle units. As 

independent of the current intensity with EMS, the large 

motor units are excited before the small motor units. 

This situation depends on the mass of the dendrites and 

their morphological organization in the area exposed to 

stimulation [28]. According to Knaflitz et al. [29], EMS 
has a tendency to reverse the motor unit excitation during 

voluntary contraction. He stated that also EMS prefers 

to stimulate the fast twitch fibers in the large area of the   
fiber. Paillard et al. [13] indicated that EMS application 
provides better synchronization during muscle movement 

of the fast twitch fibers. They showed that the muscle 
power is improved and when the EMS application is 

combined with the sport-specific training involving the 
voluntary muscle movements. Besides, it develops specific 
neuromuscular adaptations that can be transferred to the 

complex movement such as vertical jump. In this study, 

it was found that EMS application had no statistically 

significant effect on SJ. In terms of CMJ, while there was 
no a significant difference, the increase trend was observed 
after EMS application. Deley et al. [25] indicated that a 

6-week EMS in addition to gymnastic training resulted 

in significant increases in SJ and CMJ (respectively, 
20.9±8.3%, 20.4±6.2%, p<0.05). Maffiuletti et al. [6] 
reported that an increase was detected in 2-3 weeks after 

the end of EMS application in CMJ. They also stated that 

this increase could be maintained by the other training 

techniques such as plyometric training. The explained 

reason was the lack of anaerobic power development in 

the first month of EMS application. According to Gregory 
and Bickel [22] motor unit excitation by EMS was slightly 

different from normal muscle activation (not selective, 

sizes were fixed, and gave temporarily synchronization, 
relatively provided fast motor unit activity in low strength 

levels). Maffiuletti et al. [24] stated that EMS training in 
a short-term period in well-trained athletes brings about a 

new form of stress. He explained that this stress involves 

the adaptive changes such as increased muscle activation 

to the central nervous system. 

In the study of Billot et al. [30], 3-5 weeks of EMS 

training did not statistically increase SJ and CMJ. 

Malatesta et al. [23] and Herrero et al. [31] indicated 

that a 4-week EMS training did not increase in SJ and 

CMJ. In addition to this, Brocherie et al. [3] found that a 

3-week of EMS training statistically significant decreased 
jumping in hockey players. Maffiuletti et al. [2] stated 
that the short-term EMS application caused to tiredness 

and excessive training. It also required a recovery period 

to allow an increase in jump performance after the EMS 

application.

There were several studies that were shown long-term 

applications of EMS were changed the jump performance 

[2, 22-25, 30, 31]. However, there were no statistically 

significant differences in the jumping performances in 
these studies. These reasons that were not possible to a 

certain conclusion about the optimal EMS to be applied 

to increase the jumping performance.

No statistically significant pre- and post-training 
differences were found in isokinetic knee extensor and 

flexor strength parameters at 3 angular velocities in EG. 
There were statistically significant pre- and post-training 
differences in the parameters of D and ND leg isokinetic 

knee extensor and flexor strength at 3 angular velocities 
in CG. The results of the current study supported the 

studies of Halback and Straus [32], and Bax et al. [33]. 

Also Paillard et al. [13] didn’t found significant difference 
between a combined training (stair climbing and local 

EMS application) and local EMS training in isokinetic 

quadriceps strength. In addition to this, Locicero [34] 

indicated that the knee isokinetic strength changed 

related to EMS was not more than that of occurred in the 

conventional strength training. Unlike this study, Deley et 

al. [25] stated that 6 weeks of EMS application in addition to 

gymnastic training significantly increased isokinetic knee 
extensor torque values (at 60 and 240o.s-1) (respectively 

35.3±11.8%, 50.6±7.7%; p<0.05). In Kemmler et al. 

[35]’s study, the whole body EMS training caused an 

increase in the strength of the leg extensors. Nobbs and 

Rhodes [36] expressed that muscle contractions with 

EMS were associated with strength production capacity 

in the voluntary isometric contractions. Cauraugh and 

Kim [37] found that EMS with 50Hz provided more than 

30% increase of isokinetic strength at 200o.s-1 for the fast 

twitch fibers. They indicated that the strength increases in 
fast twitch fibers came from the increase in the motor unit 
excitation frequencies by high intensity workouts. The 

reason is that EMS activated efferent of motor units. They 

also speculated that EMS training could excite the fast 

twitch fibers thanks to an increase in their myelination. 

Conclusion

In conclusion, EMS and regular training in-season had 

no effect on the isokinetic strength parameters. On the other 

hand, the regular training in-season increased isokinetic 

strength. The intervention in regular training might be a 

detrimental effect on the outcome of the football players’ 

concurrent training. CG showed improvements on many 

of the isokinetic strength test results, which were not 

apparent in the EG. In the future studies, the physiological 
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responses of the players especially the measurement of 

internal traffic structure about post activation potentiating 
for explosive activities in competitive sports in accordance 

by Gołas et al. [38, 39] to the extended training and the 
effects of EMS in different amplitude and frequency can 

be examined. 
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