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Abstract

Objectives: Increased strength after a period of resistance training or following
relatively intense contractions (post-activation potentiation) and decreased strength after
repetitive contractions (fatigue) or after static stretching movements (post-activation
depression) are not only related to the muscle but also the nerve system. Over the past
years, numerous methods such as surface electromyography (SEMG), evoked spinal
reflex recording, and single motor unit recording has been used to prove the role of
neurological factors in transient and sustainable changes in strength. Over the past 30
years, new methods such as TMS have been used to investigate neural mechanisms in
response and adaptation to resistance exercise, and the importance of evoked and central
nervous system activation in the occurrence of exercise fatigue and adaptation induced
by resistance training has been demonstrated. Methods & Materials: In this study, the
fundamentals and applications of TMS are briefly discussed. Results: The results
showed that the level of excitability, especially in the motor cortex, increases following
relatively intense contractions and after a period of resistance training but decreases after
exhausting exercise and does not change after static stretching movements. Conclusions:
Although TMS is a valuable method for quantifying the contribution of neurological
factors, it could not uncover whole mechanisms and adaptations that occur following the
intervention, and a combination of methods in the field of neuroscience- should be used
to provide more insight into cortical function and plasticity in response to acute and
chronic exercise.
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Extended Abstract

Background and Purpose

It is well established that the human nervous system is able to modify its
function in response to physical activity or experience (1). It is axiomatic that
changes in the nervous system contribute to the change of muscular strength
following a period of resistance training (2) and other intervention training such
as post-activation potentiation, repetitive contractions and static stretching
movements (post-activation depression). Subtle changes within the nervous
system have been suggested to account for increases in muscular strength
because strength increases occur in the absence of detectable muscle
hypertrophy (3). Various studies have been conducted to evaluate neural
adaptations following exercise interventions. Outside of SEMG and motor unit
studies, there has been some attempt to investigate changes in reflex physiology
following resistance training and other intervention training, providing evidence
for changes in spinal cord excitability/inhibition (4). However, these studies
have limitations. In an attempt to overcome the limitations of reflex studies,
transcranial magnetic stimulation (TMS) has emerged as the leading candidate to
provide insight into the synaptic activity of the cortico-cortical circuitry of the
M1 and of the corticospinal-motoneuronal pathway (1). TMS is a non-invasive
neuro-stimulation technique to study brain behavior and cortical excitability
based on electromagnetic stimulation of an electric field in the brain. It can be
utilized in order to assess the response of cortical and corticospinal pathways
and how they may change throughout an intervention. In the early 1980s,
transcranial magnetic stimulation (TMS) of the brain appeared and promised to
be a major advancement in brain stimulation. Instead of using electrodes to
generate electrical currents in the brain, TMS stimulates the brain using the
principles of electromagnetic induction to generate electrical currents non-
invasively. Due to its safety and convenience, TMS has become a popular device
to study human motor control, evaluate corticospinal transmission and perform
the functional mapping. A variety of TMS techniques exist, including single-
pulse as well as paired or multi-pulse protocols. In single-pulse, TMS of the M1
induces muscle responses, recorded in the target muscle by surface
electromyography (SEMG) and are termed motor evoked potentials (MEPs) (5).
Typically a variety of parameters of the MEP can be investigated, including
MEP amplitude, motor threshold, corticospinal silent period duration and
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facilitation of the intracortical circuits of the M1. The MEP amplitude evoked by
a single supra-threshold TMS pulse to the motor cortex provides a composite
index of excitability of the entire voluntary motor pathway, as the size of the
response depends upon both cortical and spinal excitability. When evoked
during a voluntary contraction, the MEP is followed by an electrical silent
period (SP), observed as a transient cessation of ongoing EMG activity
consistent with an interruption in the volitional drive to the cortex and
withdrawal of descending input to the spinal motor pool. Although single-pulse
TMS is used to determine synaptic efficacy of the M1 and corticospinal tract, it
does have limitations as it is unable to examine the excitability of the
intracortical micro-circuits of the M1 (4). During paired-pulse TMS two
consecutive pulses are applied with a variable inter-stimulus interval (ISI).
Paired-pulse TMS protocols, including short-interval intracortical inhibition
(SICI) and intracortical facilitation (ICF), provide a strategy to more directly
evaluate the excitability of intracortical interneuron networks within the motor
cortex. TMS can provide an important insight into how the M1 and corticospinal
tract may be modulated following resistance training, post-activation
potentiation, and repetitive contractions (fatigue) and static stretching
movements (post-activation depression), and other intervention training.
Therefore, understanding these changes in response to intervention can play an
important role in the periodization of training and certain movement disorders
and guide neural rehabilitation interventions. Therefore, this study deals with the
fundamentals, principles, and applications of the TMS based on physiological
evidence and methodological considerations of various studies conducted in
sports science.

Materials and Methods

A standardized search strategy (Electronic Supplementary Material) used the
following electronic databases: Cochrane Library, PubMed/MEDLINE, Science
Direct, and Web of Science from inception until January 2021. The search was
conducted by combining “resistance training”, “post-activation potentiation”,
“fatigue” and “post-activation depression” with “neural adaptations” and
“neuronal plasticity” as keywords. The following key terms were searched in
combination with the above terms: ‘transcranial magnetic stimulation’, “TMS’,
‘paired-pulse’, ‘motor cortex’, ‘motor evoked potential’, ‘cortical silent period’.
Following the screening of titles and abstracts, studies selected and reviewed all
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included articles. At this point, all duplicated studies were removed. Exclusion
criteria included diseased populations, non-English publications (exception
Persian), non-peer-reviewed proceedings, and theses, which employed
techniques such as superimposed electrical stimulation of the muscle or
transcranial direct current stimulation during the intervention.

Findings

The pooled data of corticospinal adaptations following a period of resistance
training indicated that resistance training increased MEP amplitude, reduce the
cortical silent period, and Short Interval Intracortical Inhibition. Also, the results
of various studies showed that the rate of MEP amplitude increases following
relatively intense contractions, but this increase in the MEP amplitude is not
always associated with increased performance. The pooled data of the various
studies showed that the rate of MEP amplitude increases during submaximal
contractions and decreases after the exhausting protocol. Also, the results of
various studies in static stretching showed that the excitability and inhibitory
factors of the cortical-spinal pathway do not change after long-term contractions.
However, after short-term contractions, the excitability of the cortical-spinal
pathway has increased.

Conclusion

In this article, the fundamental, principles and applications of TMS in various
studies in resistance training, post-activation potentiation, and repetitive
contractions (fatigue), and static stretching movements (post-activation
depression) were discussed. The results showed that the level of excitability,
especially in the motor cortex, increases following relatively intense contractions
and after a period of resistance training but decreases after exhausting exercise
and does not change after static stretching movements. Although TMS is a
valuable method for quantifying the contribution of neurological factors, it could
not uncover whole mechanisms and adaptations that occur following the
intervention, and a combination of methods in the field of neuroscience should
be used to provide more insight into cortical function and plasticity in response
to acute and chronic exercise.

Article Message

Transcranial magnetic stimulation (TMS) is a suitable device for quantifying
neural adaptations following exercise interventions. The documents collected in
this study provide a valuable source of TMS applications in exercise science
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study. Thus, this study data could be a helpful guide for exercise science,
researchers, to design their studies.
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Figure 4- The input-output (1/0O) curve of MEP the Rectus femoris muscle. This

curve consists of three parts: The first part (a) begins at zero. The second part (b)
which increases linearly with raising the intensity of TMS output (110 to 130% of
motor threshold) and the third part (c) is no change in the MEP amplitude with an
additional increase in the intensity of TMS output (43).
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Figure 5- Cortical and corticospinal adaptations in arm muscles after short-term
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