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This study aimed to compare the effect of fatigue induced by endurance
running and sprinting on the knee muscle co-contraction in active young
women. Methodology: Thirteen active young women (20-30 years, BMI 20-
25kg/m2) were randomly selected. Subjects performed fatigue protocols
during two sessions with a four-day interval. The activity of the vastus-
medialis and vastus-lateralis muscles was detected using an
electromyography device before and after running 400-meter and 3000-meter
during the execution of knee extension and their co-contraction was
calculated. Two-way repeated measure was used to analyze the data. Results:
There was no significant difference between the co-contraction of the
selected muscles before and after sprinting (p=0.3) and endurance running
(p=0.19) and no significant difference (p=0.85) between the difference in co-
contraction rate in the pre-test and post-test of sprinting and endurance
running. Conclusion: Since there was no difference between the effect of
fatigue caused by sprinting and endurance running on the co-contraction of
the selected muscles, likely, the involvement of central factors in the
appearance of fatigue caused by 400-meter sprinting and 3000-meter
endurance running is similar and insignificant. The emergence of fatigue after
implementing both protocols may be more due to environmental factors.
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Extended Abstract

Neuromuscular fatigue is defined as a decrease in the maximal force production
capacity and muscle power. The origin of fatigue can be central or peripheral. Central
fatigue is caused by a decrease in the number and rate of motor units. Peripheral
fatigue also occurs due to the contraction strength of muscle fibers and changing the
mechanisms that transmit the muscle action potentials. Fatigue can be quantified by
measuring the decrease in muscle force production, changes in electromyographic
activity, or the inability to produce muscle contractions. It is difficult to accurately
diagnose the mechanism and origin of fatigue during sports activities with different
intensities because fatigue is a complex phenomenon influenced by many central and
peripheral factors.

Both 400-meter and 3000-meter running are athletics disciplines that require different
strategies to navigate the race track. Some researchers have tried to determine the
origin of fatigue while running at different speeds and also while performing activities
with different intensities.

It seems that examining the changes caused by fatigue in the mechanisms that are
directly under the control of the nervous system can help to some extent to identify the
factors that cause fatigue during sports activities with different intensities. One of the
mentioned mechanisms is muscle co-contraction, which is defined as the simultaneous
contraction of two or more muscles around a joint. Some studies have shown that
fatigue changes the amount of muscle co-contraction during movement.

Therefore, this study aimed to compare the effect of fatigue caused by a 3000-meter run
and 400-meter dash on the co-contraction of knee muscles during knee extension
movement in active young women with the approach of identifying the origin of fatigue.
Methods

The statistical population of this semi-experimental research was active women aged 20
to 30, thirteen of the volunteers were randomly selected based on the research criteria
and completed the consent form to participate in the research.

After the familiarization session, the subjects came to the gym to perform the fatigue
protocols (400-meter dash and 3000 meters) in 2 sessions with a 4-day interval to
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prevent the transmission of fatigue. In each test session, electrodes were placed on the
vastus-medialis and vastus-lateralis muscles. The activity of the knee extensor muscles
was detected using a wireless electromyography device while the participants
performed a maximum isometric contraction for 5 seconds. Electrodes were placed on
selected muscles of the dominant limb. The co-contraction of vastus-medialis and
vastus-lateralis was calculated during isometric knee extension contraction.

In the test's first session, the subjects performed the general and specific warm-up
program. Before and immediately following the implementation of the fatigue protocol
(400-meter dash), participants performed isometric knee extensions at 100% effort
three times before and three times after. The second session of the test was the same
as the first, with the exception that the fatigue protocol involved a distance of 3,000
meters. During this session, the subjects performed isometric knee extensions at 50%
of their maximum effort to target the slow-twitch muscle fibers. The Borg scale was used
to record the rate of perceived exertion after each training session. A two-way analysis
of variance with repeated measurements was used to analyze the data after checking
the normality of the data with the Shapiro-Wilk test.

Findings

The mean and standard deviation of the demographic characteristics of the subjects
include age (24.7+2.57 years), height (165.62+4.60 cm), weight (62.30+7.18kg), and
body mass index (23.03+1.93kg/m2). The results showed that the average and
standard deviation of running time in the 400-meter dash was 103.38+14.53 seconds
and in 3000-meter running was 1247.09+216.18 seconds. Based on the Borg scale, the
average score recorded for both types of running was 19, which indicates extremely
hard activity. Therefore, it can be said that the amount of physiological pressure on the
subjects was high.

The values related to the effect of fatigue caused by a 400-meter dash and 3000-meter
running on the co-contraction of the vastus-medialis and vastus-lateralis muscles
showed that there was no statistically significant difference between the co-contraction
of the vastus-medialis and vastus-lateralis muscles in the pre-test and post-test of the
400-meter dash (p=0.30) and 3000-meter running (p=0.19).
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The results of the comparison of the difference in the amount of co-contraction in the
pre-test and post-test of 400-meter dash and 3000-meter running showed no
statistically significant difference in the amount of co-contraction (p=0.85).

Discussion

The lack of a significant effect of fatigue on muscle co-contraction was consistent with
the research of Ghazaleh et al. (2019) and Da Silva et al. (2014). In the present study,
the average scores of the Borg scale, measured after both fatigue induction protocols,
indicated the presence of fatigue. These changes are likely due to biochemical and
metabolic alterations within the muscles. Some researchers suggest that the lack of
fatigue's impact on muscle co-contraction, noted in various studies, may be related to
the neuromuscular responses of the specific muscle pair involved. Because the
neuromuscular responses in muscles are unique, in other words, neural adaptations,
composition of muscle fibers, classification of movement units based on fatigue, and
anatomical condition of muscles, cause muscles to have different reactions to fatigue.
On the other hand, this finding is in contrast with the study of Anbarian et al. (2015).
Research on the impact of fatigue on muscle co-contraction has produced inconsistent
results. Some studies report a decrease, while others indicate an increase or no change
in co-contraction due to fatigue. These discrepancies may arise from various factors,
including the specific fatigue protocol used, the muscles selected for study, and the
different movement patterns involved.

Another important finding of the present study indicated that muscle co-contraction was
similar after performing both types of speed and endurance fatigue protocols. Therefore,
it was found that the involvement of central factors in the emergence of fatigue caused
by 400-meter dash and 3000-meter running is likely to be similar. The implementation of
endurance activities involves the recruitment of motor units with a low stimulation
threshold, the size principle. As the activity continues, the accumulation of metabolites
and the depletion of muscle energy resources lead to environmental fatigue.
Consequently, new motor units are recruited, and the asynchronous activation of these
motor units allows the activity to persist, thereby delaying central fatigue. Past studies
have highlighted the induction of central fatigue following submaximal activities. They
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attribute the decrease in power production during long-term runs to this central fatigue.
One of the key reasons for the onset of central fatigue is believed to be the increase in
serotonin levels in the brain. This increase can lead to a reduction in glycogen reserves,
as it relies on the gluconeogenesis pathway and causes an increase in the amino acid
tryptophan. However, it seems likely that the use of activities for at least 30 minutes can
provide the basis for the occurrence of central fatigue. This is even though in the
present study, 3000 meter running was used to induce fatigue and the average running
time of the participants was approximately 21 minutes, and probably this duration and
intensity of the activity will not cause the depletion of glycogen reserves and rely on the
gluconeogenesis pathway and increase the amino acid tryptophan. In sprints, especially
400 meters, the amount of metabolic secretion caused by glycolysis pathways, including
lactic acid, and creatine phosphatase, increases significantly and increases temporary
peripheral fatigue.

Conclusion

The results of the present study showed for the first time that fatigue caused by running
with different intensities (400-meter dash and 3000-meter running) did not significantly
change the amount of co-contraction of the vastus-medialis and vastus-lateralis
muscles during isometric contraction in the knee extension movement, and this lack of
change in fatigue was similar in both protocols. Therefore, the involvement of central
factors in the emergence of fatigue caused by 400-meter dash and 3000-meter running
may be similar and insignificant, this may be more due to the occurrence of peripheral
fatigue.

Key words: co-contraction, fatigue, speed running, endurance running, vastus-

medialis, vastus-lateralis.
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