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Abstract: This review aimed to explore 
and analyze recent studies on the impacts 
of physical exercise on the regeneration of 
muscle stem cells and the effects on the health 
of these cells. For the research, different 
databases were used from 2015 to 2022, with 
the following indexing terms: “muscle cells”, 
“stem cells”, “physical exercises”, “muscle 
regeneration” and “impact of exercises”. Stem 
cells have a high capacity for regeneration 
and differentiate into specialized cells to 
promote cellular repair. Furthermore, the 
impacts of these cells on skeletal muscle tissue 
have received relevant attention in studies, 
being considered essential for the process, 
as they interact with several other regulatory 
pathways. Despite this, muscle regeneration 
also depends on a series of other interactions 
and mechanisms. When analyzing the 
relationship between muscle regeneration and 
exercise, physical activity can maintain muscle 
health and promote the proliferation of stem 
cells, as well as their rejuvenation, mainly 
in effect with resistance exercises, which 
promote the self-renewal of satellite cells. In 
conclusion, physical activity has a positive 
impact on the regeneration of muscle stem 
cells, however, strategies regarding exercise 
intensity and the mechanisms that specifically 
interfere with this process need to be better 
elucidated.
Keywords: exercise, stem cell, regeneration, 
muscle

INTRODUCTION
Physical exercise is recognized as an 

important tool for human health, and its 
practice is widely recommended as a drug-
independent strategy for the treatment and/or 
prevention of various diseases [1]. Its impact 
on cellular health, particularly on muscle cells, 
has been increasingly studied, as regularly 
performed exercise is a stimulating factor that 
induces a series of adaptations and molecular 
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modifications in skeletal muscle [2].
The mechanisms involved in cellular 

adaptations promote changes in the content 
of mRNA, proteins and enzyme activity, a 
fact that triggers the activation or repression 
of several signaling pathways, regulating the 
transcription and translation of proteins. 
Furthermore, the practice of physical 
activity leads to increased blood circulation, 
consequently providing more oxygen and 
nutrients to muscle cells [3]. Thus, physical 
activity activates regulatory molecules that 
coordinate skeletal muscle responses [4].

Studies have shown that physical exercise 
stimulates the rejuvenation and regeneration 
of skeletal and cardiac muscle stem cells [5,6]. 
Stem cells are undifferentiated cells with a 
high capacity for renewal and which have the 
ability to produce a specific, highly specialized 
cell type [7]. Researchers have reported that 
exercise can increase the number of skeletal 
muscle stem cells (MuSCs), improving 
their ability to differentiate and engage in 
regeneration processes. Furthermore, physical 
activity can also increase the number of 
muscle stem cells in the bloodstream and the 
production of growth factors, which promote 
muscle regeneration [5].

In this sense, it was found that performing 
physical exercises significantly increased the 
number of circulating stem cells and altered 
mitochondrial oxygen consumption, which 
was associated with better results in the 
resistance test [5]. Furthermore, practicing 
such activities significantly increases 
the number of muscle stem cells, which 
differentiate, increasing muscle strength [6].

Thus, knowing that physical exercise 
appears to have a positive effect on the health 
of muscle stem cells, as well as improving 
their quantity and capacity for regeneration, 
the objective of this work is to verify the 
mechanisms and processes through which 
physical exercise can influence the health of 

these cells. 

METHODOLOGY 
For the present review, a search was 

carried out in the PubMed, SciELO and Capes 
Periodicals databases between the years 2015 
and 2022, in Portuguese and English. The 
following descriptors were used to search for 
articles, as well as the association of these terms 
and expressions: “muscle cells”, “stem cells”, 
“physical exercises”, “muscle regeneration” 
and “impact of exercises”. Furthermore, the 
Boolean operator AND was used as a search 
strategy between indexers. Additionally, other 
relevant works cited in the selected articles 
were consulted and referenced.

The titles and abstracts of all studies 
identified by the search on electronic 
platforms were selected according to the 
following inclusion criteria: studies of the 
impacts of physical exercise on animals 
and humans, evaluation of changes in 
muscle strength pattern after injury and 
analysis of regeneration of muscle stem cells. 
Furthermore, all articles with models that did 
not evaluate the effect of physical exercise on 
muscle cells and articles that did not analyze 
effects on stem cells were excluded, as well as 
articles without sufficient data and studies that 
did not consider the association of physical 
activity with endurance or muscular strength.

The articles that were related to the research 
object of the present work were read in full for 
evaluation according to the inclusion criteria, 
also excluding those that did not present a 
specific relationship with the topic covered in 
this study. Furthermore, other articles were 
included with the aim of contextualizing, 
enriching and justifying the topic covered. 
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RESULTS 
In the search and selection process (Figure 

1), 27 articles were obtained, which are 
analyzed in detail in Table 1, which presents 
a description of the selected articles according 
to: author, year of publication, type of study 
and results found.

Initially, the search terms: “muscle stem cell 
regeneration”, “impact of exercise in muscle”, 
“stem cells regeneration muscle” and “physical 
exercise muscle impact” identified 28560 
articles, 8448 articles in PubMed, 166 articles 
in Scielo and 19946 in Periódicos Capes. 
Repeated articles (57 articles) and studies that 
were not directly related to the topic (28352) 
were then excluded.

In this review, the research revealed 151 
articles that were related to the object of study 
of this work, 5 in Scielo, 91 in Pubmed and 
55 in Periódicos Capes. After reading the 
introduction and conclusion of the articles, 
only 37 articles met the pre-specified eligibility 
criteria, representing 10 from Pubmed, 1 from 
Scielo and 26 from Capes Periodicals. Finally, 
after reading the articles in full, 27 were 
selected for review.

DISCUSSION

STEM CELLS AND MUSCLE 
REGENERATION
It is known that there are numerous clinical 

applications for the use of stem cells in different 
medical specialties [8], considering that they 
are undifferentiated cells with a high capacity 
for renewal and that have the ability to produce 
a specific, highly specialized cell type [7 ]. 
Some research is already questioning whether 
the practice of physical activity has a certain 
relationship with the increase in the number 
of skeletal striated muscle stem cells. This fact 
would improve the ability to differentiate and 
engage in regeneration processes. [5]. 

Skeletal striated muscle regeneration is a 

highly coordinated process in which multiple 
factors and multiple cell types are activated 
to remove necrotic cellular debris and 
repair damaged myofibrils. Minor damage 
within the cell membrane of muscle fibers is 
reconstructed by the fusion of intracellular 
vesicles with the damaged sarcolemma. 
This muscle damage initiates a multi-step 
regeneration process in which satellite cells 
appear to play an essential role. The condition 
that initiates the cascade of reactions is the 
formation of inflammation at the site, resulting 
in the activation of MuSCs. The multiplicity of 
reactions and pathways that occur during this 
process means that many different substances 
are involved in it and not all mechanisms are 
well understood yet [6].

In the process described by Wosczyna 
[10] after skeletal muscle injury, MuSCs are 
activated and their rapid proliferation produces 
daughter cells that self-renew to maintain 
the MuSC pool or differentiate to become 
myoblasts for myofibril production and 
repair. Furthermore, complete regeneration of 
injured skeletal muscle depends on resident 
progenitor cells, infiltrating cells and the 
muscle extracellular matrix after injury [9].

According to Yamakawa [11], in 
adulthood, skeletal muscle maintains its 
function and size through regeneration and 
is formed by myofibrils, in which formation 
comes from the proliferation, differentiation 
and fusion of muscle progenitor cells during 
development and after injury; and such cells 
are derived from MuSCs. Furthermore, they 
show that these cells play a central role in the 
postnatal maintenance, growth, repair, and 
regeneration of skeletal muscle. In sedentary 
adult muscle, MuSCs are mitotically quiescent 
but are readily activated in response to muscle 
injury. At the individual cellular level, the 
nature of MuSCs differs in their self-renewal, 
proliferation, and myogenic differentiation 
potential. According to the authors, these 
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Figure 1. Flowchart of article search and selection. Source: Author
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different characteristics of MuSCs contribute 
to the variety of physiological needs, such as 
maintenance of a sustainable reservoir, rapid 
production of a sufficient number of myogenic 
progenitor cells, and generation of functional 
cells.

Furthermore, the authors discuss 
physiological and chronological aging, 
which induce MuSC aging, leading to 
an impaired regenerative capacity. It is 
important to highlight that in pathological 
situations, repetitive muscle injury induces 
early impairment of MuSCs due to aging of 
stem cells and leads to early impairment of 
regeneration capacity [11].

Furthermore, it is noteworthy that the 
stimulus or damage to skeletal muscle resulting 
from physiological conditions (exercise, 
aging) or diseases (cachexia, sarcopenia, 
muscular dystrophies) trigger the regenerative 
process. In the regenerative process of skeletal 
muscle, different types of cells are involved, 
including stem cells in the muscle and cells 
involved in innate and adaptive immune 
responses, mainly those responsible for innate 
immunity, which allows adequate muscle 
regeneration [12]. The authors found, in a 
study with adult human muscle macrophages, 
that dysregulation in the cooperation between 
muscle progenitors and the cells responsible 
for adaptive and innate immune responses 
leads to impaired muscle regeneration and 
the deposition of non-functional adipose 
and fibrotic tissue, as occurs in muscular 
dystrophies.

According to Schmidt [13], skeletal 
muscle regeneration is a process involving 
the activation of several other cellular and 
molecular processes, whose satellite cells 
are indispensable, as their functioning is 
articulated by intrinsic signaling pathways, as 
well as by interactions with the cell niche. -stem. 
Thus, the authors discussed skeletal muscle 
regeneration, which is a process controlled 

by sequential expression of transcription 
factors on signaling pathways, cytoskeletal 
rearrangements and the contribution of non-
satellite cells such as immune cells, fibro-
adipogenic progenitors and interstitial cells. 
PW1-positive/Pax7-negative. 

Among these processes, Liang [14] 
highlights the fundamental regulatory role of 
m6A modification mediated by the METTL3 
protein in muscle stem cells and its influence on 
muscle regeneration. The post-transcriptional 
mechanisms underlying muscle stem cell 
fate and muscle regeneration have provided 
a molecular basis for the development of 
therapeutic strategies for muscle-related 
diseases, including injuries and dystrophies.

Furthermore, Girardi et al [15] identified 
that WNT proteins, a family of glycoproteins 
rich in cysteine, act as signals during muscle 
development. The signaling capacity of these 
compounds is strongly related to their ability to 
regulate the expression of Pax3, Pax7 proteins 
and MRFs genes, that is, Myogenic Regulatory 
Factors, thus contributing to the timing and 
maintenance of cellular regeneration and 
homeostasis muscle.

From the same point of view, Tichy et al 
[16] found that muscle stem cells contribute 
to muscle regeneration after injury and 
many muscle disorders, and repeated 
cycles of damage and repair lead to their 
dysfunction. Thus, telomere wear contributes 
to dysfunctional functions of these cells, 
observed through telomere length in mouse 
and human MuSCs. The researchers found 
that these cells from young dystrophic animals 
and humans exhibited significantly shortened 
telomeres, which highlights their importance 
in the regenerative failure of the disease. 
This has led to a better understanding of the 
molecular genetic events that, in relation 
to telomere dysfunction, can lead to the 
delineation of muscle regeneration limitations 
in etiological diseases in different MuSCs.
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Furthermore, Feige [17] analyzed the 
impact of symmetric self-renewal and 
asymmetric division of stem cells on muscle 
regeneration and identified the effects of these 
processes on aging, disease and homeostasis. 
They found that asymmetric division affects 
the efficiency of regeneration in aging and 
disease. Symmetrical division promotes the 
expansion of satellite stem cells and maintains 
the homeostasis of the compartment. 
Furthermore, it has been shown that in 
aged muscle, the number of satellite cells 
becomes progressively reduced along with 
a loss of self-renewal and regenerative 
capacity. Therefore, this capacity of muscle 
requires a balance between self-renewal and 
myogenic commitment, with multiple lines of 
experimentation indicating that this balance 
is highly regulated.

Thus, stem cells have received greater 
attention in studies that investigate the cellular 
processes of skeletal muscle regeneration. 
However, the efficient ability to reconstruct 
this tissue also depends on additional cells and 
mechanisms in the environment. Therefore, 
understanding the complex interactions 
between muscle cell populations can help in 
the development of therapies that will help 
promote skeletal muscle regeneration in 
conditions where this process is necessary 
[18]. 

PHYSICAL ACTIVITY AND STEM 
CELLS
It is known that skeletal muscle has 

mononuclear stem cells, or muscle satellite 
cells (MuSCs), which are responsible for 
generating new muscle fibers. Myofibrils 
have plasticity, that is, they adjust their size 
in response to external stimuli, intrinsic 
factors or physical activity. Several studies 
indicate that resistance training and some 
types of drugs lead to an increase in muscle 
mass and function (i.e. hypertrophy). 

Regarding hypertrophy, studies indicate that 
proliferating MuSCs contribute to an increase 
in muscle size through fusion with the growing 
myofiber and the addition of new myonuclei 
[19]. As described by Damas [20], muscle 
“damage” represents physiological events, 
which disrupt the structure of the myofibril, 
decrease the stability of the sarcolemma and 
cause lethal damage to cells. Thus, there is 
evidence demonstrating the existence of 
ruptured myofibrils in resistance training, 
but evidence on degenerative damage of 
myofibrils in human muscle is still rare. 
Furthermore, MuSCs show different behaviors 
in regeneration and hypertrophy [21].

Authors Fukada [22] and Larricki, J. & 
Mendelsohn [23] discussed the impact of 
physical exercise on the rejuvenation and 
maintenance of muscle stem cells. They 
emphasize the aging of human beings as 
muscular changes that can harm their 
regeneration and metabolic function. 
Furthermore, the two articles highlight that 
physical exercise can have beneficial effects 
on muscle stem cells, including increasing the 
activity of the telomerase enzyme, reducing 
inflammation and increasing the production 
of growth factors. This emphasizes the 
importance of physical exercise for muscle 
health and to reduce the effects of aging on 
skeletal muscle.

Larricki, J. & Mendelsohn [23] focused 
on physical exercise in aged mice and found 
that resistance training exercise can partially 
reverse the aging of muscle stem cells through 
its action on telomeres. the importance of 
physical exercise to maintain muscle health, 
which can increase activity, resistance and 
proliferation of satellite cells, in addition 
to reducing the effects of aging on skeletal 
muscle, with a focus on muscle stem cells.

In agreement with these results, Pérez-
López [24] evaluated the impact of physical 
exercise on the regeneration of muscle stem 
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cells in healthy and elderly individuals. The 
study concluded that physical exercise can 
improve muscle regeneration, increasing the 
number of muscle stem cells and their activity. 
Furthermore, it demonstrated that the practice 
of physical activity can be particularly effective 
in muscle regeneration in older individuals.

However, despite studies that point to the 
benefit of physical activity on muscle stem 
cells, it is clear that further research is needed 
to understand the mechanisms that directly 
influence this regeneration process and what 
types and intensity of exercise are necessary to 
achieve this. get the most out of MuSCs. 

PHYSICAL ACTIVITY AND 
RESISTANCE 
According to Phablo [25], the practice of 

regular physical exercise generates numerous 
benefits for bodily health, in addition to 
also causing physiological adaptations 
that bring several improvements to the 
body. Thus, scientists observed that, when 
performing physical activity, skeletal muscle 
undergoes transformations in genes related 
to the regulation of myogenesis, carbohydrate 
metabolism, transport and oxidation of 
substrates and mitochondria metabolism. 
As a consequence, there is an increase in the 
content of proteins involved in mitochondrial 
ATP synthesis, an increase in proteins involved 
in the Krebs cycle, transport and oxidation of 
fatty acids, effective glycolytic metabolism, 
greater antioxidant capacity and efficient 
transport/uptake of glucose. Thus, it is clear 
the importance that physical exercise plays 
in skeletal muscles, especially in metabolic, 
energetic and molecular aspects. 

Furthermore, according to Phablo [26] 
skeletal muscle stem cells are extremely 
important for the regeneration and 
maintenance of tissues over the years. In order 
to verify the function of these cells during 
resistance exercise, the researchers subjected 

mice to physical resistance training, aiming 
to study the function, differentiation and 
metabolic characteristics of satellite cells using 
in vivo and in vitro techniques. As a result, 
they discovered that the injured muscles 
of resistance-exercised mice had greater 
regenerative power, as there was an increase 
in the density of myofibers. Additionally, 
there was less inflammation and fibrosis. They 
then concluded that the resistance exercise 
promotes the self-renewal of satellite cells, 
through metabolic reprogramming and 
respiratory inhibition, generating a better 
muscular response to injuries. Therefore, it 
is a fact that physical exercise has a notable 
role in the renewal of muscle stem cells, as 
it promotes their proliferation through its 
practice.

From the same perspective, Ogasawara [27] 
demonstrated that resistance exercise (RE) is 
related, in some way, to the stimulation of the 
synthesis of general and muscle proteins. To 
do this, the researchers subjected some male 
Sprague-Dawley rats to several different series 
of resistance exercise, thus obtaining muscle 
samples every 6 hours after performing 
1,3,5,10 or 20 series. As a result, they noticed 
that, after the sets, protein synthesis increased 
significantly, but reached a plateau after 3 
or 5 sets. Furthermore, an increase in the 
phosphorylation of p70S6K at Thr389, a 
marker of mTORC1 (mammalian target of 
rapamycin complex 1) activity, was observed. 
However, the longer the resistance exercise 
series, the greater its action. As a result, they 
noticed that the relationship between p70S6K 
phosphorylation and ER resembled a straight 
line, but muscle protein synthesis stabilized 
after 5 sets. Finally, they concluded that 
physical activity is extremely important for 
increasing muscle activity in general, which 
provides numerous health benefits.

Therefore, it is clear that, although there 
are studies that relate the impact of physical 
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activity on the regeneration of muscle stem 
cells, to date, there is no conclusive research 
on the mechanisms through which physical 
exercise influences the health of these cells. 
Furthermore, it is important to note that there 
are still some limitations in understanding 
this subject. Studies on how the type, 
intensity and duration of physical exercise 
affect muscle stem cell regeneration rates are 
being evaluated. Furthermore, the molecular 
mechanisms behind regeneration are being 
studied in order to better understand the 
interference of physical activity on muscle 
function.

In short, the results presented in research 
carried out in the literature allow us to 
conclude that physical exercise can have a 
positive effect on the regeneration of muscle 
stem cells. However, more studies are needed 
to better understand how such activities 
affect the regeneration of muscle tissues, how 
this influences injury recovery and improves 
muscle function.

CONCLUSION
Given the results discussed in this review, 

muscle stem cells play an important role in 
muscle regeneration and growth, however, 
the ability to efficiently remodel this tissue 
also depends on the interaction with other 
types of cells present in the skeletal muscle 
environment. In this sense, understanding 
better strategies and the effectiveness of this 
regeneration process depends not only on 
knowledge about stem cells, but also on the 
impact of the interaction of different cell types, 
pathways and mechanisms. In relation to 
physical exercise, especially strength training, 
the increase in muscle mass and improvement 
of its function stands out due to the increase in 
the proliferation and differentiation of muscle 
stem cells that cause hypertrophy of this tissue. 
Furthermore, exercise has a positive effect on 
the rejuvenation and maintenance of muscle 
stem cells, reducing the effects of muscle 
aging. Although there is evidence of these 
beneficial effects, there is still a lot of room 
for research, especially on the intercellular 
mechanisms involved and the best strategies 
applied to physical exercise to optimize the 
activity of muscle stem cells.
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