Electromyography in Sports

Subjects: Sport Sciences | Biophysics

Contributor: Diego Fernandez Lazaro, Cesar Fernandez-Lazaro

Muscular alterations as a consequence of hypoxic situations contribute not only to a decrease in life expectancy but also
to a lower quality of life and health status. Our perspective, based on the results of this systematic review, is that
Electromyography (EMG) is a suitable tool for monitoring the different skeletal muscle responses and has sufficient
sensitivity to detect the muscle changes produced by hypoxic stimuli. Therefore, surface EMG (SEMG) maybe provide a
practical point-of-care diagnostic test for medical diagnoses as well as a tool to improve sports performance. integrated
EMG (IEMG) studies the physiology and pathology of denervation, re-innervation, and various myopathies. It also
analyzes deep musculature such as muscular behavior, temporal activity patterns, fatigue, and muscular activation. SEMG
is suitable for providing information about global muscle behavior, temporal activity patterns, muscle fatigue, and the
activation level of the superficial musculature.
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| 1. Introduction

Hypoxia is defined as the reduction of oxygen (O,) content or pressure at the cellular level. Hypoxemic hypoxia is one of
the main approaches to improving muscular performance. It has two subtypes: hypobaric hypoxia, characterized by an
atmospheric pressure lower than 760 mm Hg and a fraction of inspired O, (FiO,) of 20.9%; and normobaric hypoxia, with
a barometric pressure of 760 mm Hg and a FiO, of less than 20.9%. In terms of exposure time, hypoxia is classified as
acute, chronic, or intermittent. Intermittent hypoxia characterizes a state in which subjects are exposed to alternating
cycles of hypoxia and normoxia. These artificial hypoxic conditions (hypobaric or normobaric) can be simulated by devices
such as mixed gas masks, chambers, tents or rooms, and reduced-oxygen breathing devices . Two common techniques
that simulate altitude training in elite athletes are intermittent hypoxic exposure (IHE) and intermittent hypoxic training
(IHT). IHE is implemented through lengths of passive stays in a hypoxic environment or through breathing in an
environment with reduced oxygen concentration, whereas IHT consists of training sessions under hypoxic conditions 2.

Electromyography (EMG) is an indirect diagnostic device to evaluate the electrical activity produced in muscles by a nerve
impulse that generates a potential for action in the membrane of myocytes in situations of rest or activation phase B4, |n
general, EMG can be classified according to the test protocol conducted on the individual being evaluated: resting EMG
(determines basal muscular electrical activity), voluntary EMG (assesses muscular response after the action), and EMG
with evoked potentials (evaluates motor units) &,

EMG is a type of recording equipment composed of several elements: electrodes, amplifiers, and a registration system. It
has two types of electrodes: internal or needle electrodes (deep EMG or integrated EMG (IEMG), and surface electrodes
(kinesiological or surface EMG (sEMG)). The EMG signal is emitted by the electrodes and is collected in the amplifier,
which detects potential difference and eliminates interference. Next, the signal is quantified by means of a recording
system that expresses the signal entity compared to a previously obtained reference value. There are two primary
methods of signal amplification: monopolar and bipolar configurations. Moreover, there are different types of recording
systems that collect information, such as graphic recording, oscilloscopic recording, permanent records on paper, or
permanent records by photographic means EIRIEI,

EMG has multiple applications, not least as a diagnostic tool. In some cases, patients are diagnosed after the onset of the
first symptoms that follow a lengthy preclinical phase. Delayed diagnosis may cause health problems and notably reduce
the quality of life. In this context, EMG provides a relatively simple and accessible diagnosis, one that yields information
about the state of the peripheral nerves and muscles. EMG may also be useful in the early diagnosis of neuromuscular
disease, distinguishing the specific type(s) of pathology and its effect on the axons or the nerve myelin. In other words,
EMG may act as a record of muscle electrical activity; therefore, it constitutes an extension of physical examination that
can evaluate the integrity of the motor system LR=IZIE]



| 2. Application of Electromyography for a Sustainable Lifestyle
2.1. Quality of Health and Quality of Life

The application of EMG in rehabilitation medicine may prove especially useful. EMG allows clinicians to study muscular
physiology and diagnose neuromuscular diseases (Figure 1). Furthermore, EMG can be used to detect spasms, muscular
hyperactivity, muscular imbalances, and the resting and occlusal positions of the jaw Bl. Moreover, it allows for the
analysis of muscular movement (i.e., muscle walking), to determine the activation time of the muscle, the beginning and
end of the articular position, and the degree of muscular activation that marks the muscular effort that is necessary to
generate the action of gesture and intermuscular coordination 4. These parameters are important when assessing
pathologies with movement disorders from neurological origin, post-surgical care after a joint prosthesis, and in case of
instability and/or injuries of the ligaments EIZALLIA2 Additionally, EMG allows for the assessment of motor unit potentials,
identification of neuromuscular alterations, (13! and differentiation of neuropathic and/or myopathy processes 4! (Figure 2).
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Figure 1. Application of electromyography in sports rehabilitation.
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Figure 2. Main pathologies diagnosed by electromyography.
2.2. Physical Performance

EMG can analyze dynamic situations that may be of special interest in assessments of sports performance. Potential uses
of EMG in physical performance include improvements in the effectiveness of a gesture, co-activation, fatigue,
myofeedback techniques, diagnosis, and treatment of muscle injuries.

The effectiveness of a gesture implies the correct use of muscular work in terms of effort economy, profitability, and injury
prevention. During training, improvements can be made in muscular activity. In particular, the execution of a task can be
improved in terms of muscular activation and/or in terms of muscular fatigue based on the analysis of the frequencies of



the electromyographic traces obtained. In other words, EMG improves the effectiveness of an action by saving effort and
improving the prevention of muscular injuries 4.

Co-activation also involves simultaneous activity in agonist and antagonist muscles 14!, This is very important when
assessing the quality of movement because alterations in coercion are related to immaturity of the neuromuscular system
[l Furthermore, it is possible to evaluate fatigue with EMG by studying its evolution and potentially providing a solution
with an appropriate treatment 22, This is of special interest for sports and occupational medicine because it could improve
sports performance and productivity 4. EMG facilitates myofeedback techniques that are widely used in physiotherapy
with the aim of postural re-education and proprioception work 8. EMG gives the opportunity to assess muscle activity
during a diagnostic and/or therapeutic process in sports medicine. Moreover, it analyzes muscular activation, which allows
for the comparison of healthy and pathological states. Lastly, EMG provides information about muscular coordination and
the relationship between agonist and antagonist muscles 18,

3. Perspectives

Muscular alterations as a consequence of hypoxic situations contribute not only to a decrease in life expectancy but also
to a lower quality of life and health status. Our perspective, based on the results of this systematic review, is that EMG is a
suitable tool for monitoring the different skeletal muscle responses and has sufficient sensitivity to detect the muscle
changes produced by hypoxic stimuli. Therefore, SEMG maybe provide a practical point-of-care diagnostic test for medical
diagnoses as well as a tool to improve sports performance. iEMG studies the physiology and pathology of denervation, re-
innervation, and various myopathies. It also analyzes deep musculature such as muscular behavior, temporal activity
patterns, fatigue, and muscular activation. SEMG is suitable for providing information about global muscle behavior,
temporal activity patterns, muscle fatigue, and the activation level of the superficial musculature.
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