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Abstract: The purpose of the present study was to investigate the effects of eccentric training using a multi-joint 

dynamometer, on the electromyographic activity of rectus femoris, biceps femoris and medial gastrocnemius during counter 

movement jumps, drop jumps as well as during maximal eccentric actions. Sixteen amateur soccer players was divided into 

equal sized groups, the control group who participated in their regular training and the training group who performed 16 

sessions (in 8 weeks) of eccentric exercise using a multi joint isokinetic dynamometer. The performance of counter 

movement and drop jumps were evaluated on a force plate. Additionally, maximal isometric, concentric and eccentric force 

were assessed on the isokinetic dynamometer. After the eccentric training, the electromyographic activity during the 

concentric phase of counter movement jumps was found to be increased in rectus femoris (p<0.05) and reduced in biceps 

femoris (p<0.05). During drop jumps, electromyographic activity of the experimental group found to be increased in the 

pre-activation phase of gastrocnemius (p<0.05). Additionally, during the takeoff phase of the drop jumps smaller angles for 

hip and ankle joints were observed (p<0.05). Finally, the electromyographic activity during eccentric strength evaluation 

were found to be elevated in rectus femoris (p<0.05) and decreased in gastrocnemius (p<0.05). The eccentric training which 

can cause neural adaptations, faster recruitment of motor units as well as changes in the architecture in muscle tendon system 

may also cause the alterations in electromyographic activity of leg muscles as observed in the present investigation. 

Keywords: Contact Time, Isokinetic Dynamometry, Myoelectrical Properties, Soccer players, Stretch-Shortening Cycle, 

Vertical Jump 

 

1. Introduction 

During the most human movement there is an active 

stretch (eccentric action) of the muscles followed by an 

immediate shortening (concentric contraction) of the same 

muscles a condition known as the stretch - shortening cycle 

(SSC). However, it is also well documented that eccentric 

muscle actions induce muscle damage which cause delayed 

onset muscle soreness while deterioration in muscle 

strength and range of movement is observed [1-4]. 

Fortunately, it is well established that a repeated bout of 

eccentric exercise results in markedly reduced symptoms of 

muscle damage than the initial bout [5, 6].  

It is also known that exercise including eccentric muscle 

actions is more effective in increasing muscle strength 

compared to concentric muscle contractions [7], probably 

due to the fact that fast twitch motor units are selectively 

activated during eccentric muscle actions [8]. Moreover, 

neuromuscular adaptations induced by eccentric training 

have been suggested to cause greater strength 

improvements than concentric training [9]. Lately, the use 

of the isokinetic dynamometer in resistance training insures 

pure eccentric muscle actions of maximal intensity through 

the whole range of motion of the joint [10]. The features of 

isokinetic muscle activity induces mechanical overload to 

muscles which may in turn influence gene expression via 

mechanotransduction pathways [11], leading in muscle 
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hypertrophy, elevation in muscle strength and protection of 

the muscle against subsequent injury [12, 13].  

According to electromyographic (EMG) data, voluntary 

eccentric muscle actions induce simultaneous activation of 

the agonist and antagonist muscles [14, 15]. Such a neural 

mechanism decreases the levels of torque production and 

stabilizes the joint in response to the high muscle tensions 

induced by eccentric contractions [16]. It is known that the 

external torque is the resultant of the torque produced by 

the agonist muscles minus the torque produced by the 

antagonist muscles [17]. Interestingly, after eccentric 

training it was observed a decrease in antagonist EMG 

activity which means less negative torque output resulting 

in higher overall torque output [17]. However, no study has 

examined biomechanical and neural factors after exercise 

training with eccentric muscle actions of maximal intensity, 

and their effect on the jumping ability. Therefore, the 

purpose of the present study was to investigate the effects 

of eccentric training using a multi-joint dynamometer on 

EMG activity of major lower limb muscles during counter 

movement jumps, drop jumps as well as during maximal 

eccentric muscle action. 

2. Material and Methods 

2.1. Participants 

Sixteen healthy male amateur soccer players with no 

history of neurological injuries or diseases participated in 

the present investigation. They were randomly divided in 

two equal sized groups, the control group (age 22.1±0.3 y, 

height 174±4 cm, and body mass 86.5±3.5 kg) and the 

eccentric training group (age 24±0.5 y; height 176±6 cm; 

and body mass 84.5±5.5 kg). Except for their usual soccer 

training, subjects did not participate in other organized 

exercise training programs. They were also instructed not to 

take anti-inflammatory drugs and abstain from strenuous 

exercise for 3 days prior to the beginning of the 

investigation and during the data collection period. Subjects 

of groups had no experience in organized eccentric training 

program. The procedures were in accordance with the 

Helsinki declaration of 1975, as revised in 2000. An 

informed written consent approved by the local university 

Ethics Committee was obtained by all participants after 

they were informed of all risks, discomforts and benefits 

involved in the study.  

2.2. Training Protocol 

Participants of the experimental group performed a 

training protocol using a custom-built multi-joint isokinetic 

dynamometer (Ydromichaniki SA). The training protocol is 

described in Table 1. The training protocol was performed 

during the preseason period. Subjects of the experimental 

group were performing the sitting leg press exercise two 

times per week for eight weeks, while between two 

exercise sessions a recovery period of at least 48 hours was 

incorporated. During each exercise session, participants 

were sitting comfortably on the seat of the isokinetic 

dynamometer placing their legs on a force-plate while their 

chest and hips were stabilized with straps (Figure 1). 

During the eccentric exercise sessions the knee joint range 

of motion was set between 130
ο
 to 160

ο
 and the linear 

velocity was set at 0.35 m/s. The first week of the training 

period served as familiarization period using 70% of the 

maximal eccentric performance [18-20]. The intensity of 

the follow up sessions was constantly controlled and 

readjusted by performing regular assessments of maximal 

eccentric performance (Table 1). Before each exercise 

session, subjects performed a warm-up consisting of 6-min 

cycling on an ergometer at 70 rpm and 50 W followed by 5 

min of ordinary stretching exercises of the major muscle 

groups of the lower limbs. 

 

Figure 1. The multi-joint isokinetic dynamometer 

2.3. Performance Assessments 

All the assessments were performed two days before the 

beginning of the training program and two days after its 

termination. For the evaluation of strength output the same 

multi joint isokinetic dynamometer was used. During the 

assessment 2 trials of isometric maximal strength output (at 

120
ο
 knee joint angle) were performed and the subjects 

were instructed to push as hard as possible the force-plate 

and maintain the maximum force for about 4 s. For the 

assessment of concentric and eccentric force output two 

trials were performed at a constant velocity of 0.35 m/s 

while the range of motion for the knee joint was set at 

130-160
ο
. The best performance of each exercise mode was 

recorded for the statistical analysis. 

For the assessment of jumping ability, the subjects 

performed a series of jumps on a force platform (Kistler 

9281CA, Instrumente AG, Winterthur, Switzerland) 

sampling at 1000 Hz. The participants performed 2 jumps 

with initial acceleration downwards (counter movement 

jump) and 2 drop jumps, falling from 30 cm height while in 

both conditions their hands were placed on their waist. In 

counter movement jumps the best vertical performance 

measured in cm was recorded while in drop jumps the 

contact time measured in msec along with the best high 

performance measured in cm was recorded. During counter 

movement jump, subjects were instructed to move 

downwards as fast as possible and to jump as high as 

possible. During the drop jump, subjects were asked to 

contact with the ground fast and to execute a vertical jump 

as high as possible. A 2 min interval was incorporated 
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between the trials. During both counter movement and drop 

jumps the EMG activity was recorded. 

Table 1. Eccentric training protocol. Two exercise sessions were performed 

each week. Intensity is in % of 1RM. 

 Sets × reps Intensity Rest (min) 

1st week 3X10 70 5 

Evaluation of eccentric power output 

2nd week 5X8 80 3 

3rd week 5X8 80 3 

Evaluation of eccentric power output 

4th week 4X5 90 5 

5th week 4X5 90 5 

Evaluation of eccentric power output 

6th week 5X6 90 6 

7th week 5X6 90 6 

Evaluation of eccentric power output 

8th week 6X6 90 7 

2.4. Electromyography 

EMG activity was recorded on the dominant leg with 

surface bipolar (3.5 cm center to center) electrodes 

(Quinton Quick prep silver/silver chloride) over the rectus 

femoris, the long head of biceps femoris and the medialis 

gastrocnemius muscles. These muscles were selected as 

main contributors to perform vertical jumps [21, 22]. 

Electrodes were placed according to the SENIAM 

guidelines [23]. Skin was properly shaved and cleaned with 

alcohol solution to keep skin impendence below 5kΩ. To 

ensure consistent placement of the electrodes for each 

testing session, marks was placed around the circumference 

of the electrodes with a permanent marker and accordingly 

the placed electrodes were photographed. For the rectus 

femoris the electrodes were placed at midpoint between the 

anterior spina iliaca superior and the superior part of the 

patella. The biceps femoris electrodes were attached at the 

half distance between the ischial tuberosity and the lateral 

epicondyle of the tibia. For the gastrocnemius the 

electrodes were placed on the gastrocnemius medialis on 

the most prominent bulge of the muscle. During the 

assessments the electrodes were not removed and relocated 

on the subjects’ muscles. 

The signal was pre-amplified (gain= X400) and sampled 

at 1000 Hz. Raw EMG was band pass filtered from 8 to 

500 Hz with a Butterworth 4th order filter and the root 

mean square (RMS) for a 20 ms time window was 

calculated with custom Matlab scripts (version 7, The 

MathWorks Inc.). According to De Louca [24], the RMS 

(square root of the integral of the square of the EMG 

potential with respect to time), has a physical meaning and 

provides a better strength signal in dynamic muscle activity 

volitionally produced. The mean of the processed signal 

was calculated i) during the braking and propulsion phase 

of the counter movement jump, ii) 100 ms before contact 

(pre-activation) [25], and during the braking and propulsion 

of the drop jump, iii) during the whole range of motion 

throughout the eccentric and concentric phase of the 

isokinetic movement. All raw signals were synchronized, 

digitized and saved on an A/D card (AMTI 32channel 

analog data version 2.02). 

2.5. Kinematic Data 

The kinematic data during the jumps were analyzed 

using the 2D Ariel Performance Analysis System (APAS) 

while the motion captured with a digital camera (Panasonic, 

PV-900). Five reflective markers (14 mm spheres) were 

placed at anatomical bony landmarks (i.e. acromion, 

femoral epicondyle, lateral tibia, lateral malleolus and 5
th

 

metatarsal head). 

2.6. Statistical Analysis 

Two-way ANOVA [group (training and control group) × 

week (first and eighth week)] with repeated measurements 

on time were used. If a significant interaction was obtained, 

pairwise comparisons were performed through simple main 

effect analysis. t-test was used to compare the 

anthropometric characteristics between the eccentric 

training and the control groups. Data are presented as mean 

±SEM while the level of significance was set at α = 0.05. 

The SPSS version 15.0 was used for all analyses (SPSS Inc., 

Chicago, Illinois). 

 

Figure 2. Concentric (A), isometric (B) and eccentric (C) peak torque pre 

and post eccentric training for the control (□) and the experimental group 

(  ). *significant different (p<0.05) between pre and post training 
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Figure 3. Height (A) and contact time (B) during drop jump and height 

during counter movement jump (C) pre and post eccentric training for the 

control (□) and the experimental group (  ).*significant different (p<0.05) 

between pre and post training 

3. Results 

No significant differences in anthropometric 

characteristics were observed between the two groups. After 

8 weeks of eccentric training using a multi-joint isokinetic 

dynamometer concentric and eccentric muscle strength was 

elevated only in the experimental group (Figure 2). 

Regarding the jumping ability no significant alterations were 

observed in counter movement and the in the contact time of 

the drop jump for both the control and the experimental 

group (Figure 3). However, in the experimental group, 

eccentric training cause elevation in height performance 

during the drop jumps (Figure 3). Additionally, after the 

eccentric training, the hip flexion and the dorsiflexion were 

significantly reduced. Additionally, during the takeoff phase 

of the drop jump, eccentric training reduced significantly the 

hip and the ankle angles to 149
ο
 from 154

ο
 and to 100

ο
 from 

105
ο
, respectively. The control group at the takeoff phase of 

the first and the second assessment revealed for the hip joint 

144
ο
 and 143

ο
 respectively and for the angle joint 103

ο
 and 

106
ο
 respectively.  

After the eight weeks of eccentric training, EMG activity 

during counter movement jump significantly elevated in 

rectus femoris and significantly reduced in biceps femoris 

during the propulsive phase while EMG activity did not 

alter during the braking phase (Table 2). After the training 

period, EMG activity during drop jump significantly 

elevated during pre-activation phase only in gastrocnemius 

muscle (Table 2). After the eccentric training the EMG 

activity during drop jump did not alter in any of the 

investigated muscles during the braking and propulsive 

phases. 

Table 2. EMG activity (mV) during the eccentric and the concentric phase of CMJ as well as during the pre-activation, the eccentric and the concentric 

phase of DJ. 

 
Control Group Experimental Group 

Pre-training Post-training Pre-training Post-training 

CMJ     

Breaking phase     

RF 0.118 ± 0.053 0.080 ± 0.026 0.100 ± 0.056 0.095 ± 0.035 

BF 0.071 ± 0.089 0.173 ± 0.197 0.110 ± 0.104 0.032 ± 0.006 

GAS 0.040 ± 0.006 0.051 ± 0.019 0.053 ± 0.035 0.071 ± 0.043 

Propulsive phase     

RF 0.300 ±0.065 0.185 ±0.086 0.204 ±0.137 0.263 ±0.168* 

BF 0.158 ±0.088 0.372 ±0.352 0.184 ±0.038 0.072 ±0.039 

GAS 0.219 ±0.058 0.223 ±0.071 0.204 ±0.079 0.237 ±0.120 

DJ     

Pre-activation     

RF 0.108 ±0.060 0.064 ±0.010 0.081 ±0.051 0.109 ±0.097 

BF 0.074 ±0.043 0.071 ±0.044 0.055 ±0.020 0.039 ±0.015 

GAS 0.149 ±0.081 0.158 ±0.087 0.123 ±0.064 0.207 ±0.067 

Breaking phase     

RF 0.388 ±0.180 0.190 ±0.115 0.205 ±0.145 0.201 ±0.185 

BF 0.220 ±0.378 0.189 ±0.134 0.183 ±0.084 0.079 ±0.031 

GAS 0.171 ±0.087 0.195 ±0.087 0.584 ±1.250 0.210 ±0.109 

Propulsive phase     

RF 0.344 ±0.170 0.172 ±0.085 0.222 ±0.134 0.149 ±0.099 

BF 0.171 ±0.077 0.403 ±0.527 0.188 ±0.083 0.108 ±0.063 

GAS 0.242 ± 0.083 0.214 ± 0.083 0.468 ±0.856 0.333 ±0.137 

BF, biceps femoris; CMJ, counter movement jump; DJ, drop jump; GAS, gastrocnemius; RF, rectus femoris* significant different (p<0.05) between pre and 

post training. 
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After the eight weeks of eccentric training, the EMG 

activity during the eccentric force assessment, was found to 

be significantly increased in rectus femoris and significant 

decreased in gastrocnemius while did not affect in biceps 

femoris (Table 3). No differences in EMG activity were 

observed between the control and the experimental group 

while in the control group no differences were observed 

between the pre and post training assessments (Table 2). 

Table 3. EMG activity (mV) during maximal eccentric power output of 

rectus femoris (pre-activation phase), biceps femoris and gastrocnemius 

(activation phase). 

 Control group Experimental group 

Rectus femoris   

Pre-training 0.057±0.054 0.027±0.070 

Post-training 0.056±0.052# 0.096±0.018* 

Biceps femoris   

Pre-training 0.061±0.049 0.024±0.069 

Post-training 0.060±0.042 0.069±0.033 

Gastrocnemius   

Pre-training 0.074±0.069# 0.172±0.044 

Post-training 0.075±0.068 0.056±0.128* 

*significant different (p<0.05) between pre and post training 

#significant different (p<0.05) between the control and experimental group 

4. Discussion 

The purpose of the present investigation was to evaluate 

the effects of eccentric training using a multi-joint 

dynamometer on EMG activity of rectus femoris, biceps 

femoris, as well as medial gastrocnemius during counter 

movement jump, drop jump and during maximal eccentric 

action. As it was expected the control group did not reveal 

any differences between the pre and post training strength 

assessment, jumping ability, and EMG activity. On the 

contrary, in the experimental group the eccentric training 

affected several of the examined parameters. Specifically, 

there was significant elevation of concentric and eccentric 

force while the height of the drop jump was also elevated 

after the training period. The EMG activity of the examined 

muscles altered during counter movement jump, drop jump 

and eccentric isokinetic assessment. However, no 

difference was observed between the control and the 

experimental group before or after the eccentric training 

period. 

Isokinetic dynamometers are used in most investigations 

where eccentric exercise has to be performed. The muscle 

group that contracts during exercise is isolated in all these 

isokinetic dynamometers. However, the majority of human 

movements are multi-joint and recruit a larger number of 

muscles where agonists enhance movement whereas the 

co-activation of antagonists results in restriction of speed 

and amplitude of movement [26]. Taking into account in 

the present investigation the limitations of the 

commercially available isokinetic dynamometers, the 

training protocol as well as the strength assessments were 

performed on a custom-built multi-joint isokinetic type 

machine. This device was designed to measure the amount 

of external work and the linear velocity on the whole range 

of motion during concentric and eccentric exercise modes.  

It is known that eccentric training is associated with 

higher forces production [27] and larger strength 

improvements [28] compared to isometric or concentric 

training. Indeed, in a study where 8 weeks of eccentric or 

concentric training was performed, eccentric training 

induced greater increases in baseline eccentric and 

isometric torque compared to concentric training [29]. 

Authors suggested that the specific physiological 

adaptations to resistance exercise are determined by the 

muscle actions involved [29, 30]. The present finding are in 

line with previous investigations given the fact that 8 weeks 

of eccentric training induced notable elevations of peak 

force compared to the control group. 

This could be attributed to the rather lower intensity and 

the limited number of repetitions that were adopted in the 

present investigation especially in the first weeks of the 

training period. Additionally, the fact that the subjects of 

the control group continued to participate in their regular 

training may also account for the absence of differences 

compared to the experimental group. 

Eccentric exercise is known to induce modulations in the 

recruitment order, discharge rate and recruitment threshold 

of the motor units [31]. It is also known that during an 

eccentric contraction, the electric activity of a muscle is 

lower than the one recorded during a concentric contraction 

for the same level of the force produced [32-34]. However, 

eccentric training can increase this neuromuscular 

activation [33, 35]. These could be the case in the present 

investigation, where the eccentric training, caused increases 

in EMG activity in the pre-activation phase of 

gastrocnemius during drop jump which could be further 

attributed to favorable changes in reflex excitability leading 

to better facilitation of the myotatic reflex and to 

depression of the autogenic inhibition generated by the 

Golgi tendon organs [35]. Additionally, during the takeoff 

phase of the drop jump, it was found that hip and the ankle 

angles were reduced. It is suggested that the smaller joint 

angles are induced by the eccentric training which may 

cause changes in the architecture in muscle tendon unit [36] 

and affect both proprioception, force-length and 

force-velocity relationship [5, 18]. 

During the counter movement jump, the elevated EMG 

activity of rectus femoris and the reduced EMG activity of 

the biceps femoris indicate that eccentric training improved 

the relationship between agonists and antagonists in favor 

for the first. Moreover, during the post training eccentric 

assessment the EMG activity of the rectus femoris and 

medial gastrocnemius found to be elevated. Indeed, it is 

known that repeated eccentric training could lead to a 

progressive recruitment of slow motor units for the better 
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distribution of mechanical stress and may also lead to 

increase in the discharge frequency of motor units [16, 18, 

37, 38]. Caution should be paid however, since the lower 

EMG activation of the antagonist muscles may induce 

injuries, since their function is to protect the joint and 

muscle structures against excessively high tension levels 

that may occur during eccentric actions [10]. 

4.1. Conclusion 

It is a fact that coaches and athletes seek ways to 

increase the effectiveness of conditioning programs while 

eccentric training seems to be the best way for maximizing 

strength performance. Indeed, eccentric exercise induces 

structural changes on the muscle-tendon system and 

adaptations of the nervous central command, causing 

increases in maximal force production, often higher to 

those obtained with concentric or isometric training [16]. In 

the present investigation, it is clear that eccentric training 

using a multi-joint isokinetic dynamometer may exerts 

favorable effects of muscle strength and EMG activity of 

the agonist muscles in amateur young soccer players. 

Moreover, in competitive sports most muscle strain injuries 

occur during eccentric muscle actions, and then the training 

of muscle groups using eccentric exercise may help to 

diminish the risk of injuries [39]. More research is needed 

in the area of eccentric training in young athletes using 

multi-joint isokinetic dynamometers. 
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