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ABSTRACT: - Today, everyone who is tired is on the move, so it works on everyone. That is, the work
of the muscles is strained. At that time, we need to give the muscles a little rest. This article provides
information about the physiological appearance of the muscles when they are tired, and the changes
that occur in the muscles after they rest.
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INTRODUCTION

Theme development: Muscle fatigue is the abnormal fatigue may be caused by barriers to
decline in ability of muscles to generate force. or interference with the different stages of
It can be a result of vigorous exercise but muscle contraction. There are two main
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causes of muscle fatigue: the limitations of a
nerve’s ability to generate a sustained signal
(neural fatigue); and the reduced ability of the
muscle fiber to contract (metabolic fatigue).

Purpose of the topic: To describe in a broad
sense the physiological processes that occur
when the muscles in the human body are tired.

METHODS

Nerves are responsible for controlling the
contraction of muscles, determining the
number, sequence and force of muscular
contraction. Most movements require a force
far below what a muscle could potentially
generate, and nervous fatigue is seldom an
issue. But, during extremely powerful
contractions that are close to the upper limit
of a muscle's ability to generate force, nervous
fatigue (enervation) — in which the nerve
signal weakens — can be a limiting factor in
untrained individuals.

In novice strength trainers, the muscle's ability
to generate force is most strongly limited by
nerve’s ability to sustain a high-frequency
signal. After a period of maximum contraction,
the nerve’s signal reduces in frequency and
the force generated by the contraction
diminishes. There is no sensation of pain or
discomfort, the muscle appears to simply ‘stop
listening’ and gradually cease to contract,
often going backwards. Often there is
insufficient stress on the muscles and tendons
to cause delayed onset muscle soreness
following the workout.

Part of the process of strength training is
increasing the nerve's ability to generate
sustained, high frequency signals which allow
a muscle to contract with its greatest force.
This neural training can cause several weeks of
rapid gains in strength, which level off once

the nerve is generating maximum contractions
and the muscle reaches its physiological limit.
Past this point, training effects increase
muscular strength through myofibrillar or
sarcoplasmic hypertrophy and metabolic
fatigue becomes the factor limiting contractile
force.

Though not universally used, ‘metabolic
fatigue’ is a common term for the reduction in
contractile force due to the direct or indirect
effects of two main factors:

1. Shortage of fuel (substrates) within the
muscle fiber

2. Accumulation of substances
(metabolites) within the muscle fiber,
which interfere either with the release
of calcium (Ca2+) or with the ability of
calcium to stimulate muscle
contraction.

Substrates within the muscle serve to power
muscular contractions. They include molecules
such as adenosine triphosphate (ATP),
glycogen and creatine phosphate. ATP binds to
the myosin head and causes the ‘ratchetting’
that results in contraction according to the
sliding filament model. Creatine phosphate
stores energy so ATP can be rapidly
regenerated within the muscle cells from
adenosine diphosphate (ADP) and inorganic
phosphate ions, allowing for sustained
powerful contractions that last between 5-7
seconds. Glycogen is the intramuscular
storage form of glucose, used to generate
energy quickly once intramuscular creatine
stores are exhausted, producing lactic acid as
a metabolic byproduct.

Substrate shortage is one of the causes of
metabolic fatigue. Substrates are depleted
during exercise, resulting in a lack of
intracellular energy sources to fuel
contractions. In essence, the muscle stops

“PHYSIOLOGICAL APPEARANCE OF FATIGUE AND ITS TYPES, PHYSIOLOGICAL CHANGES IN THE BODY DURING REST

AFTER MUSCLE WORK”

Page 257 |4



contracting because it lacks the energy to do
so.

Metabolites are the substances (generally
waste products) produced as a result of
muscular contraction. They include chloride,
potassium, lactic acid, ADP, magnesium
(Mg2+), reactive oxygen species, and inorganic
phosphate. Accumulation of metabolites can
directly or indirectly produce metabolic
fatigue within  muscle fibers through
interference with the release of calcium (Ca2+)
from the sarcoplasmic reticulum or reduction
of the sensitivity of contractile molecules actin
and myosin to calcium.

Effect on performance Fatigue has been
found to play a big role in limiting performance
in just about every individual in every sport. In
research studies, participants were found to
show reduced voluntary force production in
fatigued muscles (measured with concentric,
eccentric, and isometric contractions), vertical
jump heights, other field tests of lower body
power, reduced throwing velocities, reduced
kicking power and velocity, less accuracy in
throwing and shooting activities, endurance
capacity, anaerobic capacity, anaerobic
power, mental concentration, and many other
performance parameters when sport specific
skills are examined.

Electromyography: Electromyography is a
research technique that allows researchers to
look at muscle recruitment in various
conditions, by quantifying electrical signals
sent to muscle fibers through motor neurons.
In general, fatigue protocols have shown
increases in EMG data over the course of a
fatiguing protocol, but reduced recruitment of
muscle fibers in tests of power in fatigued
individuals. In most studies, this increase in
recruitment during exercise correlated with a
decrease in performance (as would be
expected in a fatiguing individual).

Median power frequency is often used as a
way to track fatigue using EMG. Using the
median power frequency, raw EMG data is
filtered to reduce noise and then relevant time
windows are Fourier Transformed. In the case
of fatigue in a 30-second isometric
contraction, the first window may be the first
second, the second window might be at
second 15, and the third window could be the
last second of contraction (at second 30). Each
window of data is analyzed and the median
power frequency is found. Generally, the
median power frequency decreases over time,
demonstrating fatigue. Some reasons why
fatigue is found are due to action potentials of
motor units having a similar pattern of
repolarization, fast motor units activating and
then quickly deactivating while slower motor
units remain, and conduction velocities of the
nervous system decreasing over time.

CONCLUSION

One of the most effective means of
maintaining working ability for a long time is a
precise rhythm of labor activity. In order to
prevent rapid fatigue, it is necessary to
properly organize work and rest, to organize
short breaks during the working day, as well as
to organize the workplace, and to perform
exercises that reduce fatigue when you feel a
little tired.

In order to prevent children from getting tired
quickly, it is necessary to prevent their routine
from being disrupted (ensure that they get
enough sleep, that work is not burdensome,
that work and training are alternated, and that
they spend more time in the open air).
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