
International Journal of Clinical Medicine, 2017, 8, 519-533 
http://www.scirp.org/journal/ijcm 

ISSN Online: 2158-2882 
ISSN Print: 2158-284X 

 

DOI: 10.4236/ijcm.2017.89049  Sep. 27, 2017 519 International Journal of Clinical Medicine 
 

 
 
 

Effects of Eccentric Contractions Induced 
Electrical Stimulation Training System on 
Quadriceps Femoris Muscle 

Minoru Tanaka1,2, Ryosuke Nakanishi1, Noriaki Maeshige1, Hidemi Fujino1* 

1Department of Rehabilitation Science, Graduate School of Health Sciences, Kobe University, Kobe, Japan 
2Faculty of Health Science, Department of Physical Therapy, Osaka Yukioka College of Health Science, Osaka, Japan 

 
 
 

Abstract 
We developed an eccentric contraction induced electrical stimulation (ES) 
training system. The purpose of this study was to investigate whether the ec-
centric contraction induced ES enhance the knee extension torque compared 
with typical ES. Twenty-two young untrained men (age: 23 ± 3 years) in the 
acute response trial (single training) and seven untrained men in the long pe-
riod training trial (for 6 weeks) were studied. We measured muscle thickness 
and knee extension torque evoked by ES with eccentric contraction training 
system (ES + ECC) or ES alone for the quadriceps muscle of men. The levels 
of pain and discomfort were evaluated using numeric rating scale (NRS) and 
heart rate variability. The knee extension torque of ES + ECC was higher than 
that of ES alone in the acute response trial. There were no significant differ-
ences in the levels of pain and discomfort between ES and ES + ECC. Addi-
tionally, ES + ECC training for 6 weeks was effective on the quadriceps muscle 
thickness and knee extension torque. In contrast, the ES alone training failed 
to increase muscle thickness and knee extension torque. These results suggest 
that eccentric contraction induced ES would have the potential to become an 
effective intervention to promote muscle strengthening. 
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1. Introduction 

Resistance exercise can be effective for muscle strengthening [1]. The effect of 

How to cite this paper: Tanaka, M., Na-
kanishi, R., Maeshige, N. and Fujino, H. 
(2017) Effects of Eccentric Contractions In-
duced Electrical Stimulation Training Sys-
tem on Quadriceps Femoris Muscle. Inter-
national Journal of Clinical Medicine, 8, 
519-533. 
https://doi.org/10.4236/ijcm.2017.89049 
 
Received: August 7, 2017 
Accepted: September 24, 2017 
Published: September 27, 2017 
 
Copyright © 2017 by authors and  
Scientific Research Publishing Inc. 
This work is licensed under the Creative 
Commons Attribution International  
License (CC BY 4.0). 
http://creativecommons.org/licenses/by/4.0/   

   
Open Access

http://www.scirp.org/journal/ijcm
https://doi.org/10.4236/ijcm.2017.89049
http://www.scirp.org
https://doi.org/10.4236/ijcm.2017.89049
http://creativecommons.org/licenses/by/4.0/


M. Tanaka et al. 
 

 

DOI: 10.4236/ijcm.2017.89049 520 International Journal of Clinical Medicine 
 

resistance exercise is known to be dependent on the intensity of muscle loading 
[2]. Exercise involving eccentric contractions has a greater effect for muscle 
strengthening because the high intensity of muscle loading can be generated ec-
centric contraction compared to concentric or isometric contractions [3] [4]. 
The previous studies have suggested that eccentric exercise has advantages com-
pared with concentric training, e.g., increases in peak torque and strength-related 
performance parameters [5] [6]. Therefore, eccentric exercise might have an ef-
ficient exercise for muscle strengthening compared to concentric or isometric 
exercise. 

It has been well established that electrical stimulation (ES) can be effective to 
induce muscle strengthening [7] [8] [9] [10]. The effectiveness of ES is deter-
mined by the intensity of muscle loading, as well as resistance exercise [11] [12] 
[13]. The electrical stimulation-induced muscle loading is influenced by the cur-
rent intensity, current frequency, and waveform [12] [14]. ES with low frequency 
direct current is commonly used in electrical stimulation therapy [14]. However, 
it has been suggested that ES with low frequency direct current cannot elicit 
muscle contraction in the deep portion of the limb due to its low conductivity 
[11]. Slow fiber muscles locate in the deep portion of the extremities and the 
trunk mainly, and fast muscles locate in the superficial portion [15]. Deep por-
tion of muscles have an important muscle function, e.g., joint stability and 
maintaining posture [16]. Our previous study suggested that middle frequency 
electrical stimulation could induce strong contraction to skeletal muscle located 
deep portion of calf muscles compared with low frequency electrical stimulation 
[13]. Therefore, ES with middle frequency has a potential to be the effective in-
tervention for deep muscle strengthening. 

In contrast, ES causes pain and discomfort [17]. Additionally, the levels of 
pain and discomfort by ES depend on current intensity [17]. Therefore, the in-
tensity of ES could not increase for strong muscle contraction and it is necessary 
to develop new methods for muscle strengthening without pain in the deep por-
tion of the extremities. As a solution of problem with ES for muscle strengthen-
ing, it has reported that ES combined voluntary eccentric contraction which an 
agonist performs a voluntary concentric contraction against an electrically sti-
mulated antagonist was developed [18]. However, this eccentric contraction 
training has some limitations [19]. The patients who have severely affected with 
neuromuscular diseases might not be adequate the eccentric contraction because 
they need to be able to generate agonist muscle forces to overcome the resistance 
provided by the electrically stimulated antagonist. Additionally, this eccentric 
contraction could not set the joint range and maintain a constant angular veloc-
ity to the joint. To improve those problems, we developed an ES with eccentric 
contraction system. The purpose of this study was to investigate the acute re-
sponse whether eccentric contraction induced electrical stimulation training sys-
tem enhance muscle knee extension torque compared with typical electrical sti-
mulation method and to evaluate the long period training the effects. 
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2. Materials and Methods 
2.1. Participants 

This study recruited twenty-two young untrained men (mean age ± SD: 23 ± 3 
years, height: 176 ± 7 cm, mass: 67 ± 7 kg, respectively) who responded to an in-
vitation to participate in the acute response trial (Experiment 1) and seven 
young untrained men (mean age ± SD: 23 ± 8 years, height: 175 ± 9 cm, mass: 67 
± 3 kg, respectively) who responded to an additional invitation to participate in 
6-weeks training trial (Experiment 2). In the acute response trial, the subjects 
were measured in the left limb. In the long period training trial, the subjects 
were trained the both limbs. The subjects were free from known cardiovascular, 
neurological, or orthopedic problems, volunteered to participate in the study. 
The subjects were asked to avoid stimulants (e.g. alcohol, caffeine, chocolate) 
and exercise on the test day, and did not perform any intense exercise 2 days 
prior to the tests. The subjects were informed of all the procedures, purposes, 
benefits, and risks of the study and signed an informed consent form, which was 
approved by the Medical Ethical Committee of Kobe University in accordance 
with the Declaration of Helsinki. We measured Experiment 1 from February in 
2015 to April in 2015 and Experiment 2 from July in 2015 to September in 2015. 

2.2. Electrical Stimulation with Eccentric Contraction System 

Our eccentric contraction induced electrical stimulation system consists of two 
parts: 1) a continuous passive movement (CPM) device for the knee joint; and 2) 
a ES device with controller. The CPM device includes an actuator (EASM6, 
oriental motor, Tokyo, Japan) to generate knee movements with a set velocity 
which can set freely and an exoskeleton to fix the limb. The exoskeleton was de-
signed to allow the knee joint ROM from 5˚ (fully extended) to 100˚ (flexed). 
The ES device (ES-360, Ito, Tokyo, Japan) was used to stimulate the quadriceps 
femoris muscle focus on vastus intermedius (VI) muscle only while the knee 
joint was flexing; thus, VI muscle could perform eccentric contractions without 
voluntary contraction. A controller was used to link the CPM and the ES device, 
controlling the knee joint movement using the current intensity modulation 
function and triggering the knee joint was in flexion only while (Figure 1). 
During the training, the subject was required to maintain supine position and 
the start position with hip and knee joint angles were fixed at 30˚ and 5˚, respec-
tively. 

2.3. ES Procedures 

The effects in the acute response trial compared between before and after exer-
cise session (a single bout training) in Experiment 1. In addition, the long period 
training trial compared between before the first training and after 48 h from the 
last training day in Experiment 2. One burst of electrical stimulation was deli-
vered every 3 sec (time on: 1 sec and time off: 2 sec) for 1 min, followed by 5 min of 
rest. Exercise which included six consecutive stimulation sessions was performed. 
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Figure 1. Apparatus for eccentric contraction induced ES exercise and its application. (a) 
Schema of moving during ES exercise; (b) Electrical stimulator using ES; (c) Actuator 
controller (1: start, 2: current up, 3: current down, 4: emergency stop); (d) Pictures of mov-
ing during ES exercise. 
 
Eccentric contractions were induced at an angular velocity of 30˚/sec as de-
scribed previously [18]. In this study, we set stimulated time at 1 second. It has 
been suggested that quadriceps femoris muscle play a crucial role of flexion an-
gle from 0˚ to 30˚ on walking [20]. Additionally, VI muscle is crucial to the dy-
namic stability control and may make the greatest contribution to knee exten-
sion during dynamic contractions [21] [22]. To stimulate at flexion angle from 
0˚ to 30˚, we set stimulated time at 1 sec. The electrical stimulation (carrier fre-
quency: 2500 Hz; and burst modulated frequency: 100 Hz) was delivered through 
a pair of 9 × 5 cm gelcoated electrodes attached to the region of the VI muscle 
belly following described [23]. 

2.4. Torque Assessment with ES 

At first, isometric knee extension torque was recorded at MVC using Cybex 
(CYBEX NORM, CYBEX Division of LUMEX, New York, USA) set at 0˚/sec 
angular velocity as the subjects sat strapped a chair. Subjects completed 3 max-
imal isometric repetitions of the dominant limb for 10 sec at 5˚ of knee flexion 
(full knee extension, 0˚) to match the knee flexion angle of start position. Each 
maximal isometric repetition was followed by a 3 min rest interval. During vo-
luntary contractions, participants were encouraged verbally and received visual 
feedback during each repetition. The greatest peak torque achieved was deter-
mined as the maximal voluntary contraction torque. After determined MVC 
force, the current intensity determined. Current intensity was increased gradu-
ally and was determined as the subject’s maximum tolerance current level, but 
no more than 80 mA, with the system start position; the mean value was 49.5 ± 

(a)   Start Position

End Position

(b)
Electrical stimulator

(c)
Controller

(d)

https://doi.org/10.4236/ijcm.2017.89049


M. Tanaka et al. 
 

 

DOI: 10.4236/ijcm.2017.89049 523 International Journal of Clinical Medicine 
 

5.3 mA. Maximal tolerated intensity was identified as the intensity of stimulation 
received when the subject said that he could no longer tolerate an increase in in-
tensity. After the intolerance current level set, we set the current intensity in-
duced 30% MVC force considered comfortable and safety in the present study. 
The quadriceps muscle torque of maximum voluntary contraction was shown 97 
± 9 N∙m. The quadriceps muscle torque of the ES was shown 37 ± 4 N∙m, and 
confirmed that the intensity of ES was set 30% MVC force approximately. 

2.5. Muscle Thickness with Exercise 

While subjects reclined on the training system for the assigned posture with start 
position, the thickness of the VI muscle was measured with an ultrasound image 
device with 9 MHz linear transducer (EUB-415, HITACHI medico, Tokyo, Ja-
pan) at rest (REST), at MVC, and at stimulated electrically (ES) respectively. 
Seven healthy untrained men were recruited for the reliability analysis. The in-
traclass correlation coefficients (ICC) for the test-retest reliability of the muscle 
thickness measurements were 0.991 (95% CI 0.971 - 0.996) for the vastus inter-
medius; these results indicated a high degree of reproducibility in measuring 
muscle thickness of these muscles. 

2.6. Torque Assessment with Exercise 

In order to evaluate acute response with the developed training system, a dyna-
mometer (GT-30, OG giken, Okayama, Japan), which was incorporated in de-
veloped training system as to adhere the front part of the ankle, was used to 
measure at MVC, during peak flexion torque at with (ES + ECC) and without 
training system (ES). 

2.7. Pain Evaluation 

To evaluation of pain during using training system, NRS (Numeric Rating Scale) 
scores was compared between rest condition (REST), ES with (ES + ECC), and 
without training system (ES). Additionally, to evaluate the subjects intolerance 
current, NRS was compared between the current intensity was 10% down from 
30% MVC force (20% MVC), 30% MVC (30% MVC), and 10% up (40% MVC). 
For the NRS, the pain intensity was rated on a numerical scale from 0 to 10 (0 = 
no pain and 10 = worst pain imaginable). The electrocardiogram (ECG) signals 
were obtained from a portable ECG recorder (Check My Heart, Daily Care Bio-
Medical, Chungli, Taiwan) and transferred to a computer loaded with heart rate 
variability (HRV) analysis software. HRV sampling frequency is 250 samples/sec 
and measured for 5 min. The two components of power of the R-R Interval 
(RRI: ms∙ms), low frequency (LF: 0.04 - 0.15 Hz) and high frequency (HF: 0.15 - 
0.4 Hz), were calculated. The participants were allowed to set supine position 
comfortably on a training system in a quiet environment for 5 min, as a rest 
condition. Then, the record of the ECG signal for HRV analysis started. LF/HF 
ratio was measured at rest (REST), at ES, and at stimulated electrically (ES + 

https://doi.org/10.4236/ijcm.2017.89049


M. Tanaka et al. 
 

 

DOI: 10.4236/ijcm.2017.89049 524 International Journal of Clinical Medicine 
 

ECC) respectively. To measure the change of HRV during training, we set the 
last training period for 5 min. 

2.8. Training Protocol with Electrical Stimulation with Eccentric  
Contraction Training System 

The previous studies have suggested that it was necessary to induce muscle 
strengthening at least 50% MVC [24] [25]. In addition, the pain was depended 
on current intensity [26]. Therefore, in the long period training trial, the current 
intensity was set at 50% MVC with eccentric contraction induced electrical sti-
mulation (current intensity: 36 ± 7 mA, NRS: 5 ± 1). The subjects were trained 
with training system on the right limb and only ES training on the left, three 
times per week for 6 weeks following the previous study [18]. Pre and post 
training, subjects were measured thickness of VI muscle and maximum knee ex-
tension torque of the both limbs. Before starting first of the training and after 48 
h from last training, subjects reclined supine position and the thickness of the VI 
muscle was measured with an ultrasound image device with 9 MHz linear trans-
ducer. The captured images were measured using the Image J software (NIH, 
Bethesda, MD, USA). The values pre and post training of the VI muscle were 
used to calculate the change value of thickness. After measured the thickness of 
the muscles, isometric knee extension torque was measured at maximum knee 
extension torque using Cybex (CYBEX NORM, CYBEX Division of LUMEX) set at 
0˚/sec angular velocity as the subjects sat strapped a chair. Subjects completed 
maximal isometric repetition of the right and left limbs for 10 sec at 60˚ of knee 
flexion (full knee extension, 0˚) respectively. Each maximal isometric repetition 
was followed by a 3 min rest interval. During voluntary contractions, subjects 
were encouraged verbally and received visual feedback during each repetition. 
The greatest peak torque achieved was determined as the maximal knee exten-
sion torque. The values of pre (right limb: Pre-ES, left limb: Pre-ES + ECC) and 
post (right limb: Post-ES, left limb: Post-ES + ECC) torques were compared be-
tween pre and post, right and left limb, respectively. 

2.9. Data Analysis 

Data were presented as mean ± SD. In the acute response trial, the thickness of 
the VI muscle and quadriceps muscle torque, LF/HF measures were obtained for 
subjects with one-way repeated measures analysis of variance (ANOVA). When 
a significant difference was found post hoc comparisons were performed using a 
Bonferroni correction. In the long period training trial of isometric knee exten-
sion torque compared pre and post training, differences were assessed by two-way 
analysis of variance (ANOVA). The Tukey-Kramer post-hoc test was performed 
if the two-way ANOVA indicated a significant difference. Student’s t-test was 
performed to compare the VI muscle thickness compared pre and post training. 
Statistical significance was set at P < 0.05. To achieve a significant difference at α 
= 0.05 and with 80% power, the necessary and sufficient n was calculated using 
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the mean and SD from a pilot study involving similar experimental groups and 
from a previous study on the effects of muscle thickness [19]. 

3. Results 
3.1. Experiment 1 
3.1.1. The Thickness of the Vastus Intermedius Muscle 
The thickness of the VI muscle was thicker in the MVC (P < 0.05) and the ES (P 
< 0.05) than in the REST condition (Figure 2). In addition, there were no signif-
icant differences between the MVC and the ES. 

3.1.2. The Thickness of the Vastus Intermedius Muscle 
The quadriceps muscle torque of MVC was higher than in the ES and the ES + 
ECC (Figure 3). Whereas, the quadriceps muscle torque of the ES + ECC was 
higher than the ES, and was approximately 69% MVC force. 
 

 
Figure 2. The muscle thickness of vastus intermedius muscle using ultrasound image in 
the acute response trail at the rest (REST), MVC, and during ES (ES). The thickness is 
measured and is presented as the mean ± SD. *indicate significant difference compared to 
REST at P < 0.05. 
 

 
Figure 3. The quadriceps muscle torque with MVC, ES, and eccentric contraction in-
duced ES (ES + ECC) in acute response trial. The quadriceps muscle torque is presented 
as the mean ± SD. * and † indicate significant difference compared to MVC and ES, re-
spectively, at P < 0.05. 
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3.1.3. Numeric Rating Scale (NRS) Related Increased Current Intensity 
The NRS was higher in the 30% MVC force trial than in the 10% down trial in 
which 10% current down from the current of 30% MVC force was used, and lower 
than the 10% current up trial in which 10% current up from the current 30% 
MVC force was used (Figure 4). Therefore, our results suggested that 30% MVC 
force induced the current intensity would be suggested maximum tolerance cur-
rent level in the present study. 

3.1.4. The Changes in the LF/HF Ratio of HRV 
The LF/HF ratio of HRV in the ES was higher than that in the REST (Figure 5). 
Whereas, there were no significant differences in the LF/HF ratio of HRV be-
tween the ES and the ES + ECC. 
 

 
Figure 4. Numetric rating score (NRS) with ES of maximum tolerance current (10% up), 
the current induced 30% MVC force (30% MVC), and the current 10% down from 30% 
MVC force (10% down). The subject’s maximum tolerance current level was identified as 
the intensity of stimulation received when the subject said that he could no longer tole-
rate an increase in intensity. NRS is presented as the mean ± SD. * and † indicate signifi-
cant difference compared to the current 10%down from 30%MVC force and 30% MVC 
force, respectively, at P < 0.05. 
 

 
Figure 5. Numetric rating score (NRS) with ES (ES) and eccentric contraction induced 
ES (ES + ECC) and rest condition (REST). NRS is presented as the mean ± SD. * indicate 
significant difference compared to REST at P < 0.05. 
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3.1.5. Numeric Rating Scale (NRS) of ES with Eccentric Contraction 
The NRS score in the ES and the ES + ECC was higher than that in the REST 
(Figure 6). Additionally, there were no significant differences between the ES and 
the ES + ECC trials. 

3.2. Experiment 2 
The Effects of ES with Eccentric Contraction for Long Period Training 
The change value of VI muscle thickness in the ES + ECC after 6 weeks training 
was higher than in the ES (Figure 7). There were no significant differences knee  
 

 
Figure 6. The changes in the LF/HF ratio of HRV at the rest (REST) and during ES (ES) 
and eccentric contraction induced ES training (ES + ECC). The ECG signal was recorded 
for heart rate variability (HRV). Frequency fluctuations of HRV were calculated from 
HRV and identified in the range of 0.04 - 0.15 Hz (low frequency, LF) and high frequency 
(HF) fluctuations in the range of 0.15 - 0.4 Hz. The LF/HF ratio of HRV was calculated as 
the ratio relative the LF and HF. The LF/HF ratio is presented as the mean ± SD. * indi-
cate significant difference compared to REST at P < 0.05. 
 

 
Figure 7. The muscle thickness of vastus intermedius muscle using ultrasound image in 
the long period training trial. The changed values after training for 6 weeks are shown in 
the only ES (ES) and ES with eccentric contraction system (ES + ECC). The thickness is 
measured and is presented as the mean ± SD. ‡ indicate significant difference compared 
to ES at P < 0.05. 
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extension torque between Pre-ES and Pre-ES + ECC (Figure 8). However, the 
knee extension torque of the Post-ES + ECC was higher than the Pre-ES + ECC. 
Additionally, the Post-ES + ECC was higher than the Post-ES. In contrast, there 
were no significant differences between the Pre- and the Post-ES. 

4. Discussion 

The main finding of the present study is the promotional effects eccentric con-
traction training using the training system synchronized ES on the enhancement 
of loaded muscle torque without enhancing the pain and discomfort induced ES. 
In addition, eccentric contraction induced ES for 6 weeks training was effective 
on muscle strengthening. In contrast, the only ES training failed on muscle streng-
thening. Therefore, our findings suggest that eccentric contraction induced ES 
might be not only more effective training for muscle strengthening than only ES 
training, but also available to avoid the increases of pain and discomfort induced 
by high intensity electrical stimulations which are usually selected to cause 
strong muscle contraction. 

The present study demonstrated the increases of thickness of VI during ES as 
well as that during MVC in Experiment 1. Recently, ES with middle frequency 
burst-modulated alternating current has also been used to stimulate skeletal 
muscles, as well as low frequency direct current [14]. Petrofsky et al. reported 
that middle frequency alternating current has higher conductivity than low fre-
quency direct current [11]. We have shown that ES with middle frequency 
burst-modulated alternating current elicited muscle contraction in the deep 
muscle of rat hindlimb [13]. In the present study, the ES with middle frequency 
burst-modulated alternating current increased the thickness of VI. Therefore, it 
is suggested that ES with middle frequency burst-modulated alternating current 
could be induce effective contraction on deep muscle. 
 

 
Figure 8. The quadriceps muscle torque ES and eccentric contraction induced ES in the 
long period training trail. The values of pre (right limb: Pre-ES, left limb: Pre-ES + ECC) 
and post (right limb: Post-ES, left limb: Post-ES + ECC) torques were compared between 
pre and post, right and left limb, respectively. The quadriceps muscle torque is presented 
as the mean ± SD. * and † indicate significant difference compared to Post-ES and Pre-ES 
+ ECC, respectively, at P < 0.05. 
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Our results showed that the muscle torque of the ES + ECC was shown ap-
proximately 69% MVC force although that of ES alone was shown 30% MVC 
force in the experiment 1 In the present study, we have developed the ES with 
eccentric contraction system from two points of view. First point was to enhance 
the promotional effects of muscle strengthening by using eccentric contraction 
system. The principle of overload is generally recognized as fundamental to the 
strengthening process, meaning that when the target muscle was loaded with re-
sistance training, the muscle will adapt to become able to enhance the effects of 
training involving physiological changes e.g. muscle hypertrophy or neural adap-
tations following increased muscle loading [19] [27]. It has been suggested that 
eccentric contraction exercise could enhance the loading to target muscle in 
comparison with isometric and concentric contraction [28]. The results of present 
study showed that the muscle loading with ES was increased by using eccentric 
contraction system. Therefore, it has been suggested that ES with eccentric con-
traction system in this study would be effective for enhancement the effect of ES 
alone, which lead to muscle strengthening. 

Our results (Figure 4) showed that 30% MVC force was nearly tolerance max-
imum current intensity for training. However, the muscle loading need at least 
50% MVC force to induce muscle hypertrophy for the healthy subjects [24]. In 
contrast, muscle loading induced electrical stimulation could also be enhanced 
by increasing electrical current intensity. However, the increase of pain and dis-
comfort level depends on current intensity during electrical stimulation. It has 
been reported that some subjects complained severe pain with electrical stimula-
tion for muscle strengthening [29]. This pain could be so uncomfortable that 
many subjects prefer not using this modality even though there was good thera-
peutic [29]. Thus, current intensity which was set for ES must be considered a 
balance between tolerance pain and maximum muscle loading. To suppress in-
creased severe pain and discomfort level was our second point. In the present 
study, the results of NRS were no significant differences between ES and eccen-
tric contraction induced ES at current intensity of 30% MVC. Additionally, the 
results of LF/HF ratio were no significant differences between ES and eccentric 
contraction induced ES trial. Heart rate variability (HRV) has been used as a 
biomarker of autonomic nervous system function. HRV is a reliable method to 
obtain information on sympathetic and parasympathetic contributions to heart 
rate, and several studies have shown that pain increases sympathetic activity [30] 
[31]. Frequency fluctuations of HRV in the range of LF are considered to be 
markers of sympathetic and parasympathetic nerve activity, and HF fluctuations 
are considered markers of parasympathetic nerve activity [30] [31]. Additionally, 
the LF/HF ratio is considered an index of sympathetic nerve activity and as an 
index of pain and discomfort due to activated sympathetic nerve following in-
creased pain and discomfort level [31] [32]. Therefore, in the present study, the 
results of LF/HF were suggested that the pain and discomfort induced ES could 
not be enhanced by eccentric contraction induced ES. It has been suggested that 
nociceptor on the skeletal muscle which was a receptor detected nociceptive sti-
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mulus, e.g. electrical stimulation and muscle stretch located fascia mainly. The 
nociceptor was related muscle pain and discomfort. In addition, a high-threshold 
mechanical receptor, which was one of a nociceptor, related the muscle extension 
[33]. Whereas, high-threshold mechanical receptor detects by muscle to over-
stretching [34]. In the present study, quadriceps femoris muscle would not be 
overstretched because the knee angle was moved at flexion angle from 5˚ to 30˚. 
Therefore, ES with eccentric contraction system was not enhanced the intensity 
of pain and discomfort induced by ES. 

The results of present study showed that ES with middle frequency could be 
induced effective muscle contraction on deep muscle, and promotional effect by 
ES with eccentric contraction system was found in the VI muscle thickness after 
6 weeks. In contrast, the only ES training failed on muscle strengthening. The 
results showed that although ES was induced muscle loading insufficiently for 
muscle strengthening, ES with eccentric contraction system was induced the 
muscle loading sufficiently for muscle strengthening at the same time as sup-
pressing increased current intensity. Therefore, it has been suggested that eccen-
tric contraction induced ES would lead to muscle strengthening without sever 
pain and discomfort even if using only ES induced insufficient muscle loading 
for muscle strengthening. 

The present study has been conducted with limitations. First, the present 
study was conducted with the healthy men. Therefore, it is unclear that the re-
sults of the present study apply the neuromuscular patients, disuse atrophy of 
the lower limbs of patients, and loss of skeletal muscle mass induced during ag-
ing (sarcopenia). Second, the protocol such as current intensity and angular ve-
locity is unknown in effective therapy using eccentric contraction for various pa-
tients. Therefore, we plan to perform further studies to answer to the question. 

5. Conclusion 

Eccentric contraction induced ES enhanced muscle torque in the quadriceps fe-
moris muscle in comparison to ES alone. Additionally, eccentric contraction in-
duced ES did not increase pain and discomfort. Moreover, eccentric contraction 
induced ES for 6 weeks training trial showed to be effective for muscle strengthen-
ing. These results suggest that eccentric contraction induced ES would have the 
potential to become an effective intervention to promote muscle strengthening. 
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