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Abstract

Objective: To investigate the effect of Non-Local Muscle Fatigue in functional conditions on changes in force
and electromyographic activity of muscles around the knee in professional footballplayers. Metodology: 10
Healthy males professional footballplayers (BMI= 24.8 + 1.65 kg/m?, age= 28.6 £ 1.91 years) participated in
the study voluntarily. After determining the dominant leg, one- maximum repetition (1RM) of both legs of the
subjects were determined and then 1RM, the onset of electrical activity of the vastus medialis obligus to vastus
lateralis (VMO / VL) at the start of jumping and the ratio of VMO / VL electrical activity, at the moment of
impact with the ground as a single leg, before and after doing Fatigue protocol with the dominant leg( 3 sets of
3 minutes of flexion and Extension of knee with 25% of 1RM and immediately after the third set, jump on
single leg with dominant leg for 2 minutes with maximum power), was compared in both legs. Paired-Sample
T Test and Wilcoxon test was used to examine changes before and after the fatigue protocol. Results:1RM was
significantly reduced after the fatigue protocol in both the trained and untrained legs (P=0.00), while the
VMO/VL onset time ratio in the single-leg jump and landing movement before and after the fatigue protocol
was not significantly changed in both legs (P=0.26, P=0.49). Also, the ratio of electrical activity of VMO / VL
muscle at the moment of contact with the ground, before and after the fatigue protocol in the dominant leg
(trained leg) was significantly reduced (P=0.005) but there was no significant difference in the untrained
leg(p=0.22). Conclusion: The fatigue protocol reduced the 1RM in both trained and untrained legs, which
confirm Non-Local Muscle Fatigue in the untrained leg. It was also found that Non-Local Muscle Fatigue did
not affect the pattern of muscle activity and did not interfere with the activation ratio of the muscles around the
knee and their electrical activity ratio.
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Extended Abstract

Background and Purpose

Non-local muscle fatigue (NLMF) is characterized by muscle performance impairments in non-
exercised muscle(s) following a fatiguing protocol of a different muscle group(s). Non-local muscle
fatigue likely arises from several mechanisms: Neurological, Biochemical, Biomechanical and
Psychological mechanisms (1).

The type of contractions that induce fatigue activate each of these mechanisms differently. In many
studies, maximal isometric contraction has been used as the main model for evaluating NLMF, while
many patterns of exercise, such as football, are dynamic (isotonic) contractions with sub-maximal
intensity. Studies, have rarely used protocols which are based on dynamic and functional contractions
to assess NLMF (2).

Accordingly, due to the limited resources available about NLMF, especially in the case of functional
conditions, and considering the importance of knee muscle strength and electromyographic activity
balance of vastus medialis obliqus and vastus lateralis muscles relative to each other, especially in
professional athletes (3), the aim of the present study was to investigate the effect of NLMF in
functional conditions on changes in force and electromyographic activity of these muscles in
professional football players.

Materials and Methods

10 healthy professional football players (BMI= 24.8 + 1.65 kg/m?, age= 28.6 + 1.91 years, Weight
79/4 £3/72 kg) who had no history of neuromuscular disorders and diseases, volunteered to take part
in this study and each subject visited the laboratory on two different occasions with an interval of at
least 72 hours in between. In the first session, all participants got familiar with the study protocol and
instruments and then, written informed consent was obtained from each participant. The experimental
procedure was reviewed and approved by the Ethics Committee on Sport Sciences Research Institute
of Iran (Regist #: IR.SSRI.REC.1400.1287). After determining the dominant leg, one- repetition
maximum (1RM) of both legs and 25% of 1RM for all subjects were calculated. In this study, the
electrical activity of selected muscles was measured and recorded by surface electromyography of
the professional biofeedback device PHENIX Liberty (Electromyography Biofeedback Systems,
electronic concept lignon innovation, France) and in terms of microvolts per unit time (4).

In the second session, after connecting the electrodes (SENIAM protocol) and warm-up, 1RM, the
onset of electrical activity of the vastus medialis obliqus to vastus lateralis (VMO / VL) at the start of
single-legged jump and landing and the ratio of VMO / VL electrical activity, at the moment of impact
with the ground in single-legged jump and landing, before and after doing Fatigue protocol with the
dominant leg (3 sets of 3 minutes of flexion and Extension of knee(1-second flex,1-second Ext) with
25% of 1RM by a 1-minute rest between per set (2) and immediately after the third set, jump on single
leg with dominant leg for 2 minutes (5) (with maximum power and 2-seconds between each jump) ),
was compared in both legs. Paired-Sample T Test and Wilcoxon test was used to examine changes
before and after the fatigue protocol (p<0.05).

Findings
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1RM was significantly reduced after the fatigue protocol in both the trained and untrained legs
(P=0.00, P=0.004), while the VMO/VL onset time ratio in the single-leg jump and landing movement
before and after the fatigue protocol was not significantly changed in both legs (P=0.26, P=0.49).
Also, the ratio of electrical activity of VMO / VL muscle at the moment of contact with the ground,
before and after the fatigue protocol in the dominant leg (trained leg) was significantly reduced
(P=0.005) but there was no significant difference in the untrained leg(p=0.22).

Tablel- Comparison of measured indices, before and after the protocol of fatigue in trained
and untrained feet

Onset of VMO/VL in

VMO/VL ratio at the

1RM single-leg jump and moment of ground
. contact in single-leg
landing . .
(Kg) jump and landing
Trained Untrained  Trained  Untrained Trained Untrained
foot foot foot foot foot foot
Before fatigue YOAEYOY  YONTEYOY  -A- #eo¥  .Qqk..) Y FFE.NQ VXY He0f
protocol
After fatigue protocol ~ Y#/FFEY/¥YT  vY/fasverT - adk.e .Y CAFEeY LAYV RN Ny Ee )
*p<0.05
Conclusion

The fatigue protocol reduced 1RM in both trained and untrained legs, which can confirm Non-Local
Muscle Fatigue in the untrained leg. It was also found that Non-Local Muscle Fatigue did not affect
the electromyographic activity balance of vastus medialis obliqus and vastus lateralis muscles relative
to each other both at the start of activity in single-legged jump and landing and the ratio of VMO /
VL electrical activity, at the moment of impact with the ground in single-legged jump and landing.So,
NLMF did not affect the pattern of muscle activity and did not interfere with the activation ratio of
the muscles around the knee and their electrical activity ratio.

Therefore, the results of the present study are in agreement with some experiments showing that the
increase or decrease of the electromyographic amplitude is not always directly related to the decrease
or increase of the force (6-8).

Article Message

The present study was carried out in a practical way by designing a functional dynamic sub-maximal
protocol, with the focus on non-local muscle fatigue in professional football players, so that perhaps
its results might be beneficial for better performance of professional football players or awareness of
athletes and bodybuilders to Pay attention to proper and adequate exercise, both in the dominant and
non-dominant legs. Strengthening this conclusion is the fact that it was performed dynamically and
functionally in professional athletes, while most of the studies that have been done, have focused on
this issue in static conditions. However, in the present study, the mechanisms of effect were not
investigated, which needs to be investigated in future studies.

Key words: Non-Local Muscle Fatigue, Functional Non-Local Muscle Fatigue, knee Muscles
Electromyography, The ratio of electromyographic activity of VMO/VL.
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3. Antagonist

4. Non-Local Muscle Fatigue
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1. Voluntary Activation
2. Functional
3. Maximum Voluntary Contraction
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1. Electromyography (EMG)
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Table 1- Individual characteristics of the subjects (Mean + standard deviation)

> Bé:ﬂ;{:’ * 31 O
(kg/m?) Height(cm) Weight(kg) Age(years)
24/8 + 1/65 180 + 3/45 79/4 +3/72 28/6 + 1/91
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1. Shapiro-Wilk

2. Paired-Sample T Test

3. Independent Sample T-Test
4. Wilcoxon Test

5. Body mass Index
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Table 2- Comparison of measured indices, before and after the protocol of fatigue in trained and
untrained foot
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Figurel- Comparison of data related to 1RM (kg) before and after performing the fatigue protocol in
trained and untrained foot
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Figure2- Comparison of VMO / VL onset ratio data, before and after performing the fatigue protocol
in single-leg jump and landing in trained and untrained foot.
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Figure3- Comparison of VMO/VL ratio data, at the moment of ground contact before and after
performing the fatigue protocol in single-leg jump and landing in trained and untrained foot.
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