JOURNAL OF BRAIN AND NERVES

Available online at www.sciencerepository.org

Science Repository

Research Article

Brain Activation During Maximum Concentric and Eccentric Knee Extension
Muscle Contractions
Moein Koohestani1, Ali Sharifnezhad2*, Ali Abbasi1, Amir-Homayoun Javadi3 and Alli Gokeler4,5
1

Department of Biomechanics and Sports Injuries, Faculty of Physical Education and Sports Sciences, Kharazmi University, Tehran, Iran
Department of Sports Biomechanics and Technology, Sport Science Research Institute, Tehran, Iran
3
School of Psychology, University of Kent, Canterbury, UK
4
University of Paderborn, Department Exercise & Health, Exercise Science and Neuroscience, Paderborn, Germany
5
Amsterdam Collaboration for Health and Safety in Sports, Department of Public and Occupational Health, Amsterdam Movement Sciences, VU
University Medical Center, Amsterdam, Netherlands
2

ARTICLE INFO

ABSTRACT

Article history:

Purpose: In spite of mounting evidence indicating that concentric and eccentric knee extensor muscle

Received: 11 July, 2020
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between concentric and eccentric movements and how the motor cortex programs this contraction has been
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less studied. In this study, the brain and muscle activation differences during maximum concentric and
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eccentric contractions were compared.

Electroencephalography (EEG)

Methods: Nine healthy volunteers performed 20 maximum eccentric and 20 maximum concentric knee

electromyography (EMG)

extensor contractions. Electroencephalography (EEG) signals from sensorimotor-related cortical areas were

alpha power

recorded simultaneous with the electromyography (EMG) of the knee extensor muscles. In the spectral

theta power

analysis the performance related power values were calculated for Theta (4-7 Hz) and Alpha (7-12 Hz).

eccentric contraction

Results: The time-domain results revealed, longer time and greater cortical activity is required for the
preparation of an eccentric contraction. For the eccentric task, the cortical activity was greater, but the EMG
was lower in comparison to the concentric task values. Statistical analysis showed significant higher and
lower Theta and Alpha power in both types of contractions compared to the resting state, respectively.
Conclusion: These findings suggest that increased Theta power is associated with task complexity and
focused attention and decreased Alpha power values with increased information processing in the
somatosensory cortex.
© 2020 Ali Sharifnezhad. Hosting by Science Repository.

Introduction
Our daily movements are classified into a great extent of concentric and
eccentric contractions. During the last decade, various studies have
indicated that mechanical and neurophysiological characteristics of
eccentric contractions (EC) are different from concentric contractions
(CC) [1-3]. A fundamental question raised is how the brain functions
during high intensity concentric and eccentric contractions. Several brain

measure tools have been used to determine the relationship between
cortical activity and contraction types [4-6]. In the first attempt to outline
potential differential central control mechanisms between EC and CC,
Fang et al. (2001) monitored EEG signals at submaximal intensity levels
of the elbow flexor muscle. Their results indicated that the EC produced
less muscle activation (measured by EMG), while the EEG recordings
indicated a significantly greater magnitude of brain activation for EC
than CC. Subsequently, they implemented the last study at the maximal
intensity level of the elbow flexor muscle activities [5]. Confirming
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previous findings, the EMG activity was lower during eccentric muscle
actions, but the level of movement-related cortical potential (MRCP)
calculated from EEG signals was notably higher for eccentric compared
to concentric tasks. Additionally, they found that the EEG onset, which
is related to the mental preparation as subject begins the muscle
movement, occurred significantly earlier for EC.
To our knowledge, it has not been explored whether different frequency
bands of the brain respond similarly to the muscle contractions or not.
The brain oscillations in the motor network are in associate with specific
perceptual, sensorimotor or cognitive processes [7]. In more detail
different authors had described the Theta (4-7 Hz) power as an indicator
of attention and it is thought to reflect executive functions, as well as
movement selection and initiation [8]. The Alpha (7-12 Hz) spectral
power is probably the most studied frequency component in EEG
research. Moreover, it has been related to a number of states and
functions such as anticipatory attention, inhibitory control, and sensory
processing [9-11]. Understanding how these cortical oscillations
activated during eccentric muscle actions may be critical for a better
cortical control as well as for improvements in both performance and
rehabilitation. The number of studies investigating the neural strategy
between CC and EC is consistently growing, but there has been lack of
research on the lower extremities. Also, it was speculated that
differences between concentric and eccentric contractions occur when
the exerted forces are high. In this context the purpose of this study is to
investigate the temporal and spectral features of EEG signals during
eccentric and concentric contractions of knee extensor muscles against
maximum load and velocity.

Methods
I Participants
Nine male participants took part in one experimental session (age mean
[SD] = 25 [3.2] years old, weight = 72.2 [7.3] kg, height = 174.5 [8.6]
cm and all right-footed). All participants were free from abnormality and
none had suffered from neuromuscular or musculoskeletal injury.

II Instrumentation
EMG and EEG signals were collected using a 24-channel eWave
amplifier (ScienceBeam, LTD, Iran). 24 bit data were recorded with 1k
Hz sampling rate. The Biodex System Isokinetic Dynamometer
(System_4, Biodex Medical Systems Inc., USA) was used for isometric,
concentric, and eccentric measurements.

III Experimental Design
EEG electrodes were attached based on 10-20 International electrode
placement system at 14-sites: F3, F4, Fp1, Fp2, C3, C4, P3, P4, T3, T4,
T5, T6, O1 and O2 [12]. For the reference electrode we used the right
mastoid process. EMG data was recorded from the right vastus lateralis
(VL), and the right vastus medialis (VM) muscles. Bipolar circular 8 mm
diameter silver/silver chloride electrodes were attached to the skin
overlying the belly of each muscle based on SENIAM recommendations
[13]. Before performing the knee motions, subjects were instructed to sit
on the dynamometer chair, with the hip angle of 85° [14]. The lever arm
J Brain Nerves doi:10.31487/j.JBN.2020.01.05

of the dynamometer was firmly attached to the shank at around 5 cm on
top of the lateral malleolus. Velcro straps placed firmly across the hip
and trunk to minimize unnecessary movements during the knee
contractions. Before starting the measurements, the resting-state EEG
and EMG data were recorded for 1 minute during which they sat quietly
with no movement. Then, EMG and torque values were obtained while
the participants performed maximal voluntary isometric contractions
(100% MVC) three times for 5 seconds each at 60˚ of knee angle.
The main experiment consisted of 20 trials for concentric or eccentric
contractions. A familiarization phase was held, and the participants
performed three eccentric and concentric movements at velocities of 90,
180 and 240°/s. After a 5-minute rest, the experiment began with
randomized order of contractions. In CC, participants contracted their
dominant leg, including four sets of 5 maximum repetitions (with a 2minute rest interval between sets) of knee extensors, at 240°/s angular
velocity, over the whole knee range of motion (100° to 0°). In EC, four
sets of 5 maximum eccentric contractions (with a 2-minute rest interval
between sets) was performed for each subject on the same leg that
maximally resisted the downward movement of the lever arm through
the full range of motion (0° to 100°) at the same angular velocity (240°/s)
[14]. Participants had a mandatory 5-minute rest between the two
conditions. All participants were instructed to keep their bodies relax and
avoid eye blinks and facial muscle contractions during knee contractions
to minimize artifacts.

IV Data Analysis
The EMG data was band-pass filtered in the range of 10-400 Hz and
notch filtered at 50 Hz to reduce main noise. Afterwards the root mean
square (RMS) values with a moving window of 50 ms were calculated.
For EMG onset analysis, we used a method previously published [15].
In this algorithm, the muscle activity onset is identified at the instant
when the signal amplitude exceeds the baseline activity level by two
standard deviations and last for more than 50 ms. Among all EEG
electrodes, C3, C4, F3 and F4 were selected to analyze because these are
the main locations of the brain to record Movement-Related Cortical
Potential (MRCP) [16]. The recorded data were taken to MATLAB
R2017a (MathWorks, USA) and processed as follows. The EEG signal
was filtered using a band-passed filter (0.1-40 Hz) for DC and highfrequency noise removal [17].

V EEG Temporal Analysis
The Movement-Related Cortical Potential (MRCP) is used to predict
upcoming movements and indicating the preparation and planning of the
motor cortex. The MRCP is the pre-movement activity of the motor
cortex that is preceded by a negative wave in the EEG records and
beginning about 500 ms before voluntary movement production [18].
For detecting movements, we segmented the EEG data into epochs of
1.5-second before and after the EMG onset (-1000 to 500 milliseconds).
The MRCP occurs at frequencies of around 0-5 Hz [19]. The amplitude
of MRCP was defined as the maximum suppression of the signal in each
trial. To detect the MRCP onset we marked the moment at which the
signal crossed the baseline level (the averaged EEG signal during
resting-state) [20].
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VI EEG Spectral Analysis

Results

In spectral analysis, fast Fourier transforms (FFT) were calculated for all
epochs to analyze spectral power (µV2). The average power of C3, C4,
F3 and F4 channels were computed for each frequency band: Theta (4-7
Hz) and Alpha (7-12 Hz) across all trials of eccentric and concentric
contractions for each subject [21]. Statistical comparisons were
performed in SPSS r22 software (IBM, USA). To confirm the normal
distribution, Kolmogorov–Smirnov test was applied. Paired t-test were
run to compare the results of the torque and EMG between concentric
and eccentric muscle actions. We carried out a 4 × 2 repeated measures
ANOVA on MRCP amplitude and onset time with factors “EEG
electrodes” (C4, C3, F4 and F3) and “type of contraction” (CC vs EC)
as within participant factors. Also, two 4 × 3 repeated measures ANOVA
were run to determine whether the mean and standard deviation of power
in the Theta and Alpha frequencies varied between the resting-state,
concentric and eccentric muscle contractions. The significance level was
defined as p < 0.05.

The torque percent (peak torque/body weight) for eccentric contraction
(mean [SD] = 128.67 [1.42]) was significantly higher than concentric
contraction (72.78 [1.26]) (t (17) = 14.76, p<.001). The EMG values
(percent of MVC) of VL and VM muscles during eccentric contraction
(VL = 71.99 [8.62], VM = 81.15 [8.36]) were significantly lower than
the EMG of these muscles during concentric contraction (VL = 116.76
[16.14], VM = 127.96 [15.2]) (VL: t (9) = 16.73, p<.001, VM: t (9) =
20.98, p<.001). The MRCP amplitudes were higher, but not significantly
different during EC compared to CC. Furthermore, the MRCP onset time
were occurred significantly earlier for eccentric than concentric
contractions (Figure 1). Means and standard deviations (SD) of MRCP
parameters (amplitude and onset time) of each channel during concentric
and eccentric contractions are summarized in (Table 1).

Figure 1: EMG of Vastus Lateralis A) Vastus Medialis B) muscles and the MRCP C) of C3 electrode during concentric (red) and eccentric (blue)
contractions (CC, and EC, respectively). The vertical line indicates the movement onset. Note that the muscle activity (EMG) is lower, but the MRCP is
greater for EC than CC.
J Brain Nerves doi:10.31487/j.JBN.2020.01.05
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Table 1: Measurements of the amplitude (µV) and the onset time (ms) of the Movement-Related Cortical Potential (MRCP) during the concentric and
eccentric tasks (mean [SD]).
MRCP
Contraction
Electrode
C4
C3
F4
F3
Amplitude
Concentric
-5.0259 [0.069]
-5.0466 [0.077]
-4.9756 [0.084]
-4.9083 [0.032]

Onset

Eccentric

-6.4237 [0.39]

-6.5361 [0.48]

-6.3958 [0.27]

-6.3975 [0.18]

Concentric

-193.11 [1.56]

-192.45 [0.38]

-190.42 [0.65]

-190.26 [1.72]

Eccentric

-398.48 [1.45]

-399.27 [0.86]

-395.04 [1.16]

-396.33 [1.22]

EEG power spectra demonstrated differences between the resting-state,
concentric and eccentric contractions in the Theta and Alpha frequency
bands. The averaged Theta power of all electrodes exhibited
significantly higher value in the concentric (mean [SD] = 20.061 [2.518]
µV2) and eccentric contractions (25.717 [7.239] µV2) compared to the
resting-state (15.066 [2.068] µV2) (Figure 2A). Additionally, the restingstate Alpha power (29.876 [9.896] µV2) had a significant greater value
compared to both type of contractions. The Alpha power was lower, but
not significantly different in EC (23.247 [7.885] µV2) compared to CC
(25.937 [10.548] µV2) (Figure 2B). Together, these results indicated that
Theta power value has increased during both type of contractions in
comparison with the resting-state, and Alpha power value has
significantly reduced during concentric and eccentric contractions.

significantly, during eccentric than concentric task and the onset time of
MRCP occurred earlier for eccentric than concentric contraction. The
second goal was to investigate the spectral features in the EEG at restingstate, concentric and eccentric task. Our findings indicated that Theta
power increased during both type of muscle contractions compare to the
rest time, but Alpha power decreased during CC and EC.

I Time Domain
The first measured parameter is related to movement preparation. There
was a trend indicating that the MRCP amplitude was greater for eccentric
action compared to the concentric task. Second, the MRCP onset time,
which is related to the mental preparation before the movement
initiation, occurred significantly earlier for eccentric contractions. These
results indicated that the level of brain activation during the planning
phase had a trend to be higher for eccentric than concentric contractions.
From the MRCP onset time, it’s been obtained that the main prolonged
preparation occurred during the early preparation phase. In fact, it
implies that in EC the additional time was required in the early
preparation. The results of the present study are in line with previous
observations indicating that, for the eccentric task, the cortical activity
(MRCP) was greater but the muscle activity (EMG) was lower in
comparison to the concentric task values (lower MRCP but higher EMG)
[4, 5].

A
In the last decade, a few neurophysiological mechanisms have been used
to clarify neuromuscular control associated with eccentric and
concentric muscle contractions [1-3]. One study that used transcranial
magnetic stimulation (TMS), have indicated greater motor cortex
excitability for EC compared with CC, whereas CC might rely more on
spinal-reflexive mechanisms [22]. Simply put, eccentric contractions
utilize greater amount of excitability as a compensatory strategy at the
motor cortex so that the inhibition is elucidated at the spinal level [2224]. These investigations reinforce the previous results that eccentric
muscle contractions utilize unique neural mechanisms compared with
other types of muscle contraction.
B
Figure 2: The averaged A) Theta power and B) Alpha power of all
electrodes (C4, C3, F4 and F3) during resting-state, maximum
concentric and maximum eccentric contractions (* P<0.05).

Discussion
This study investigated the level of cortical activation between
concentric and eccentric muscle contractions. Our first goal was to
compare the time domain characteristics of EEG signal during these two
types of muscle actions. The MRCP amplitude was greater but not
J Brain Nerves doi:10.31487/j.JBN.2020.01.05

II Frequency Domain
To our knowledge, this is the first attempt to investigate the power of
brain frequencies for concentric and eccentric muscle actions. The
comparison of brain activation during concentric and eccentric
contractions was associated with significant changes in spectral features
in the Theta and Alpha power. In sport, Theta power has been
investigated in activities such as golf, marksmanship, free shooting in
basketball, and rifle shooting [25, 26]. The results indicated higher
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power of Theta before the trigger pull that reflecting increased attention
up to the moment of the trigger pull [27].
In this study, concentric and eccentric muscle contractions exhibited
significantly higher frontal Theta-power compared with the resting-state
EEG. This finding was consistent with numerous studies in cognitive and
sensorimotor tasks that describe the role of this frequency associated
with focused attention and task complexity [25, 28]. The enhancement
of frontal Theta power, while subjects engage in complex, attentiondemanding tasks have indicated in most neuroimaging studies [28].
Speculations could lead to the idea that a higher level of concentration is
needed for the concentric and eccentric contractions to select the relevant
information for a good performance.
The second frequency band that shows significant differences between
both type of contractions and the resting situation is the Alpha frequency.
Alpha activity is inversely correlated to the number of neuronal
populations activated during cognitive and motor processes [29, 30]. Our
results showed significant reduction of Alpha power for both type of
contractions compared to the resting-state. There was more (but not
significant) reduction of this frequency power for EC that indicates the
notion of a higher cortical activation compared with the concentric
contraction. There is mounting evidence that greater level of cortical
control to prepare, plan and perform are needed for eccentric
contractions [1-3]. To control a movement and also degree of difficulty
which requires increased preparing, planning, programing, greater brain
effort is needed to control the process. It is mainly accepted that alpha
oscillations functions are to actively inhibit unnecessary processing in
the brain, and also controlling task irrelevant processing [31, 32].
Consequently, the Alpha power decrement during eccentric movement
may suggest a particular neural strategy for inhibiting muscle activity to
reduce the unwanted stretch reflex and harmful muscle damage.

needs more neuronal resources compared with a concentric task. In
spectral analysis, Theta and Alpha power values were different between
resting-state and muscle contractions. These findings suggest that
increased Theta power is associated with task complexity and focused
attention and decreased Alpha power values with increased information
processing in the somatosensory cortex.
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