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n sidered as a linear mathe-
matical function between 
strength and speed, which 
can be applied to its mani-
festation in movements of 
any strength and speed.

15.	 In the strength training 
process, concepts such as 
weight and mass are contin-
uously used, which are very 
different in content. How-
ever, both in sports and sci-
ence, including motor scienc-
es, these concepts are often 
used interchangeably. Mass 
is the amount of substance 
in the body and is measured 
in kilograms, while weight is 
a vector value, the strength 
with which an object press-
es on a support, lengthens a 
suspension or other type of 
attachment.

B. THE FACTORS THAT DETERMINE 
THE LEVEL OF STRENGTH
16.	 The level of different types 

of strength (maximum 
strength, fast strength, 
strength endurance) de-
pends on a series of factors: 
anatomical, morphological, 
biomechanical, psychoregu-
latory, neuroregulatory, en-
ergetic and endocrine.

17.	 Anatomical, morphological, 
and biomechanical factors 
include:

•	 body mass and size, volume 
of muscle tissue and percen-
tage of lean tissue (Frey-Law 
et al, 2012; Ratamess, 2012);

•	 volume, strength and elasti-
city of bone tissue and car-
tilage (Wittich et al, 1998; 
Vanwanseele et al, 2002; Tri-
plett, 2016);

•	 extensibility and elasticity of 
muscle and connective tissue 
(tendons, ligaments, fascias) 
(Kjaer, 2004; French author, 
2016);

•	 excitability, conductivity and 
contractility of muscle tissue 
(Seeley et al, 2007; Potach, 
Chu, 2016);

•	 cross-sectional dimensions 
of various muscle groups, di-
stribution of muscle volumes 
in different parts of the body 
(Frey-Law et al, 2012);

•	 the ratio of slow fibres, 
fast-a and fast-b fibres in 
the muscles (Baechle, Earle, 
2008; Triplett, 2016);

•	 the ability to accumulate, du-
ring stretching, the elastic 
energy of tendons, muscles 
and fascias (Komi, Ishikawa, 
2009; Sheppard, 2014);

•	 characteristics of tendons 
attachment to the bones, 
distance from the axis of 
rotation of the attachment 
points of the tendons to the 
bones (Moir, 2012; McBride, 
2016);

•	 stability of the “lumbar-pel-
vis” or coxo-femoral joint 
(Hansen, 2014; Barr, Lewin-
don, 2014).

18.	 The neuroregulatory role 
in increasing the level of 
strength is reduced to the 
combined action of three 
factors: synchronization and 
maximization of the activity 
of the agonist, synergistic 
and stabilizing muscles; the 
increase in the number of 
motor units of the muscles 
responsible for movement, 
minimization of the activi-

ty of the motor units of the 
antagonist muscles and syn-
chronization of their activity 
with other muscle groups 
(French, 2016).

19.	 The possibilities of these 
factors can be demonstrat-
ed by the fact that untrained 
people in conditions of ex-
treme neuromuscular acti-
vation are not able to involve 
more than 60-70% of fast 
fibres compared to the lev-
el reached during electrical 
muscle stimulation. Special 
training eliminates this dif-
ference (Pensini et al., 2002).

20.	 The most effective and im-
portant actions typical of 
most sports require a rapid 
transition from eccentric to 
concentric work, with the 
highest possible level of man-
ifestations of fast strength.

21.	 The expression of strength in 
the final part of the eccentric 
phase, and subsequently in 
the amortization and in the 
initial part of the concentric 
phase, in highly qualified 
athletes is practically inde-
pendent of the maximum 
strength level (Komi, 2003; 
Kraemer, Looney, 2012), but 
is determined by the abili-
ty of the nervous system to 
activate the motor units of 
the muscles (made up pri-
marily of fast fibres), the ef-
fectiveness of intermuscular 
coordination (Aagaard et al, 
2002), the accumulation of 
elastic energy of muscles 
and tendons in the stretch-
ing process. Mechanical per-
formance is considerably 
lower in cases where skele-
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tal muscles contract without 
previous stretching, (Hiraya-
ma, 2015).

22.	 In untrained subjects, per-
forming strength exercises 
with high overloads, and es-
pecially with a high speed of 
movement, causes the con-
traction of the antagonist 
muscles as a means of main-
taining the stability of the 
movements and reducing 
the risk of injury (Kellis et 

al, 2003). Thanks to training 
and an increase in technical 
mastery, the activity of the 
antagonists is significantly 
reduced, which, together 
with greater mobilization 
and synchronization of ag-
onists, synergists and sta-
bilizers, leads to a consid-
erable increase in strength 
(Hakkinen et al, 1998; Eno-
ka, 1998).

23.	 A particular role in the devel-

opment and realization of 
strength is played by so-called 
postural stability, determined 
by the stability of the “lum-
bar-pelvis” joint (coxo-femo-
ral joint), which includes the 
lumbar region of the spine, 
the pelvis and the hip joints, 
the abdominal muscles, the 
internal and external muscles 
of the pelvis, the deep mus-
cles of the back and the thigh 
muscles (Kibler et al, 2006).

THE FOUNDATIONS OF THE KNOWLEDGE OF MUSCLE STRENGTH
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road cycling, triathlon, etc.). 
These recommendations, 
due to their obvious danger 
to the athletes’ career, will 
be subjected to special anal-
yses in one of the following 
paragraphs of this chapter.

41.	 As regards strength training, 
it is necessary to take into 
account not only the effect 
of means and methods on 
the development of one or 
other type of strength, but 
also how they influence the 
manifestation of speed and 
mobility, technical ability, 
power, capacity and efficien-
cy of energy transformation 
systems, and endurance.

42.	 It is equally important to 
consider how strength de-
veloped using non-specific 
means (various overloads, 
equipment, etc.) can be ex-
pressed in competitions. 
This approach requires that, 
during the training of spe-
cialist athletes from differ-
ent sports, means and meth-
ods are often used which are 
no longer effective for the 
optimal development of a 
particular type of strength, 
but which ensure an organ-
ic relationship between 
the training process of the 
strength and the forma-
tion of other components of 
sports prowess. (Platonov, 
2015).

43.	 For example, for the isolated 
development of maximum 
strength, the most effective 
exercises are concentric, 
eccentric and isokinetic ex-
ercises performed at a slow 
pace and with high overloads 

(Bompa et al, 2003; Baechle, 
Earle, 2008; Moir, 2012).

44.	 However, in most sports, the 
development of maximum 
strength is mainly achieved 
by using ballistic and plyo-
metric exercises, as well as 
concentric and eccentric ex-
ercises performed with dif-
ferent speeds and weights, 
following the shape and 
structure of muscle activity 
that correspond to the spe-
cific characteristics of sport, 
the requirements necessary 
for the effective develop-
ment and training of other 
motor skills, and other as-
pects of preparation (Pla-
tonov, 2004; Gamble, 2013).

45.	 In sports, some think that 
large muscles with high max-
imum strength, cannot en-
sure high levels of speed in 
movement, which negatively 
affects the effectiveness of 
exercises that require a high 
level of fast strength.

46.	 However, both special stud-
ies and advanced sports 
practice contradict this point 
of view. There is a fairly close 
positive relationship be-
tween the level of maximum 
strength and that of fast 
strength, which is clearly 
manifested in cases where 
high-speed work is associ-
ated with the need to over-
come great external opposi-
tion (equal to at least 50% of 
the maximum strength).

47.	  In addition, the greater the 
resistance, the more import-
ant the maximum strength 
level becomes necessary 
for the development of fast 

strength levels. At the same 
time, overcoming very poor 
oppositions at high speed 
(for example, movements 
in table tennis) does not re-
quire a high level of develop-
ment of maximum strength. 
Also, in such cases, there may 
be a negative relationship 
between maximum strength 
and fast strength.

48.	 It should be noted that the 
results of training aimed at 
increasing the diameter of 
the muscles, improving in-
ter- and intramuscular co-
ordination, increasing the 
strength and speed of con-
traction and, in general, the 
development of maximum 
strength and fast strength, 
are positively interconnect-
ed. Therefore, a high level 
of development of the max-
imum strength achieved 
thanks to the increase in 
muscle diameter and inter- 
and intramuscular coordi-
nation creates good prereq-
uisites for the development 
and manifestation of differ-
ent types of fast strength. 
In turn, the development of 
fast strength mainly involves 
improving neuromuscular 
regulation and inter- and 
intramuscular coordination. 
This, of course, contributes 
to a higher level of expres-
sion of maximum strength 
(Gamble, 2013; Potach, Chu, 
2016).

49.	 There is a close positive rela-
tionship between maximum 
strength and resistance to 
strength when working with 
high resistances (70–90% of 
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n maximum strength). This is 
because the development of 
maximum strength contrib-
utes to the accumulation in 
the muscles of ATP, creatine 
phosphate and glycogen and 
to the improvement of inter- 
and intramuscular coordina-
tion in working conditions 
with high oppositions. These 
factors largely determine 
the resistance to strength 
during anaerobic work which 
involves the multiple over-
coming of rather high resis-
tance (Fox et al., 1993).

50.	  When resistance to strength 
occurs in work with exceed-
ing relatively small resis-
tances, there may be no con-
nection between the level 
of maximum strength and 
resistance to strength (op-
positions equal to 30-50% 
of maximum strength) or 
even have a negative charac-
ter (effect) (positions lower 
than 25% of the maximum 
strength). This is natural, 
since muscle hypertrophy 
negatively affects the rela-
tive mass of mitochondria 
and the activity of mitochon-
drial enzymes, reducing 
the aerobic performance of 
skeletal muscles (Tang et al., 
2006), despite the presence 
of some positive relation-
ships between the process-
es molecular activated by 
strength training or aerobic 
training (Baar, 2006; Hood, 
Irrcher, 2006).

51.	 An effective competitive ac-
tivity, which requires a high 
expression of strength, in 
most cases, requires the 

manifestation of strength in 
the shortest possible time, 
generally in the range of 
100-200 ms.

52.	 However, in voluntary move-
ments, the maximum expres-
sion of strength is usually 
achieved subsequently, that 
is, in the actual competi-
tion activity, especially in 
sports games and in combat 
sports, the maximum mani-
festations of strength can be 
reached beyond the duration 
of the voluntary motor ac-
tions, characteristics of the 
competitive activity.

53.	 This serves to accelerate the 
manifestation of strength 
and requires the search for 
means and methods that 
ensure an increase in the 
mobility of the processes 
that regulate the speed of 
the mobilization of potential 
strength at a subconscious 
level.

54.	 Specialists predict the elim-
ination of this contradiction 
in preliminary neuromus-
cular activation, which con-
stitutes the latent stage of 
motor action and is based on 
its anticipation (Komi, Ishika-
wa, 2009). This preliminary 
stimulation is an essential 
component of motor actions 
which require very rapid 
mobilization of the possibil-
ities of fast strength, which 
should be represented in the 
strength training process.

55.	 The degree of muscle ten-
sion, the number of motor 
units involved in the work, 
the peculiarities of the ac-
tivity of the synergic and 

antagonist muscles, the ner-
vous support for the work of 
the muscles and joints are 
largely due to the size of 
the joint angle. Some stud-
ies (Rohmert, Muller, 1967; 
Lindh, 1979; Fox et al, 1993) 
show that the greatest in-
crease in strength is noted 
with the joint angle with 
which the training was con-
ducted, with other angles 
the effect of the workout is 
less pronounced.

56.	 This fact can also be traced 
back to the results of other 
studies (Graves et al, 1989), 
which have shown the pres-
ence of specific training 
effects regarding the de-
velopment of the maximum 
strength of the extensor 
muscles of the knee thanks 
to a 10-week programme 
(2-3 weekly training units 
with overloads (or rather, 
oppositions) of 7-10RM) per-
formed in a dynamic regime 
with limited range of move-
ment (Fig.1). The individuals 
(59 people) were randomly 
divided into two groups: the 
first group (a) trained with 
a limited knee flexion angle 
within 120-60 degrees, the 
second (b), with an angle 
of 60-0 degrees. According 
to the results presented, 
the increase in strength 
was greater as regards the 
range of movement used in 
training compared to the 
untrain.

57.	 Taking into account the im-
portance of performing a 
wide range of movements 
in the strength training pro-
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cess, it should be noted that 
the use of high overload 
exercises performed with a 
small range of movements 
not only limits the develop-
ment of strength in the un-
used parts of the range of 
movement, but negatively 
affects the level of joint mo-
bility (deVries, Housh, 1995). 
Therefore, strength exercis-
es must be performed with 
all available ranges of move-
ment (Church et al., 2001).

58.	 In the strength training pro-
cess, it is also very import-
ant to ensure the uniform 
development of the muscles 
involved in the execution of 
direct movements in the op-
posite direction. For exam-
ple, intense work directed 
towards the development 
of the strength of the trunk 
flexor muscles entails the 
need for similar work on the 
development of the exten-
sor muscles of the trunk; 

an increase in the strength 
of the shoulder flexors also 
requires an increase in the 
strength of the extensors, 
etc. If the correspondence 
between the development 
of opposing muscle groups 
is not ensured, negative ef-
fects may occur: posture dis-
orders, improper position of 
the joints, increased lesions 
of the articular cartilages 
and tendons (Martin, 1991; 
Platonov, Bulatova, 2003).

Figure 1: Increased strength of the knee extensor muscles in subjects who have trained with different knee flexion 
angles: a) 120-60 degrees / s; b) 60-0 degrees / s (Graves et al, 1989).
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n D. MEANS FOR STRENGTH TRAINING 
59.	 The various forms of manifes-

tation of strength in different 
sports and in different types 
of competitions determine 
the exceptional variety of 
means of strength training 
and, consequently, of various 
types of training (general, 
auxiliary, special, which pro-
duces effects on different 
muscle groups and strength), 
various muscle work regimes 
and adaptive, muscle and neu-
roregulatory mechanisms. 
This diversity is guaranteed, in 
large part, both by the intense 
development in recent de-
cades of the industry engaged 
in the production of various 
types of strength training 
equipment and devices, and 
by the widespread introduc-
tion into sport of the results 
obtained in various areas re-
lated to physical activity (yoga, 
Pilates, fitness).

60.	 Scientific developments in 
recent years have also played 
an important role: they have 
shown that the use of ballistic 
and plyometric means must 
be significantly expanded 
(Dintiman, Ward, 2003; Po-
tach, Chu, 2008; Stone et al, 
2008; Gamble, 2013), as well 
as means that contribute to 
the realization of the strength 
potential accumulated in the 
general and auxiliary training 
process in special preparation 
and competition exercises 
(Platonov, 2004; Malisoux et 
al, 2006).

61.	 In the modern strength train-
ing system, a special role is 
played by neuromuscular 

training, which is based on 
the development of strength 
in conditions that require the 
simultaneous manifestation 
of strength and static and dy-
namic stability (Bosco, 1985; 
Lloyd et al., 2011). The exercis-
es in this group place very high 
requirements not only on the 
muscular system, but also on 
the analysers which guarantee 
static and dynamic balance; 
this is particularly important 
for developing the ability to ex-
press the qualities of strength 
in various motor actions typical 
of particular sports (Chu, Myer, 
2013; Gamble, 2013).

62.	 Exercises that require the 
manifestation of strength 
and the maintenance of bal-
ance can be performed on a 
fixed support, as well as using 
various mobile devices (balls, 
cushions, platforms, etc.), 
which have become popular in 
recent years (Fig. 2).

63.	 Particular attention must be 
paid to the problem relat-
ed to the relationship, in the 
training process, between 
exercises with free weights 
and exercises performed with 
equipment that allow some 
aspects. to be selectively de-
veloped.

64.	  Exercises with free weights 
are various means in which 
resistance (opposition) is pro-
vided by a free moving body 
(barbell, dumbbells, medicine 
balls, the mass of one’s body 
or of a partner’s body, etc.). 
These exercises are charac-
terized by movements with a 
great variety of dynamic and 
kinematic structures, and are 

natural for the motor actions 
typical of athletes’ competi-
tion activity, which correspond 
to technical and tactical man-
ifestations and other motor 
qualities (Nuzzo et al, 2008; 
Reed et al, 2012), as well as en-
suring a connection between 
manifestations of strength 
and activity of the body’s sta-
bilizing muscles (Anderson, 
Berm, 2005).

65.	 The effectiveness of such ex-
ercises increases even more 
so when some of them are 
performed on unstable sur-
faces (Drinkwater et al, 2007; 
Haff, 2016). However, exer-
cises with free weights have 
a serious disadvantage: the 
constant weight of the means 
used, of one’s own body or of 
the body of a partner does not 
correspond to the dynamics of 
strength in different phases 
of the range of movement, but 
is limited by the ability avail-
able in the least effective part 
of the movement from the bio-
mechanical point of view.

66.	 The exercises performed on 
strength equipment, which 
have become widespread also 
due to the activity of the man-
ufacturing companies, have 
their strengths and weak-
nesses. Unfortunately, the 
very active promotional activi-
ty of manufacturers, in partic-
ular of isokinetic equipment, 
creates a “hypertrophic” per-
ception of the advantages of 
the machines and, at the same 
time, diverts the attention 
from their serious shortcom-
ings, as regards the needs of 
the high level sports.

THE FOUNDATIONS OF THE KNOWLEDGE OF MUSCLE STRENGTH
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Figure 2: Examples of strength exercises that require of strength and balance.
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67.	 Exercises performed using 
equipment, as opposed to 
those with free weights, en-
able the user to selectively 
influence more effective-
ly the individual aspects of 
strength training, mainly 
associated with muscle hy-
pertrophy and maximum 
strength (Fox et al, 1993; 
Platonov, 2004; Fleck, Krae-
mer, 2004; Harman, 2008). 
However, these exercises 
and their dynamic and spa-
tiotemporal characteristics 
are limited by design: this is 
particularly typical of isoki-
netic equipment.

68.	 This a) leads to the limitation 
of the volume of muscle tis-
sue involved in the work of 
the motor units of the mus-
cles used directly in a partic-
ular movement, leaving many 
others unused (Kraemer et 
al, 2008; Behm et al, 2010), 
without interaction with hor-
monal and neuroregulatory 
components and with those 
responsible for transforming 
energy (Hakkinen et al, 1988), 

and consequently, b) deter-
mines the limits of adaptive 
reactions, which manifest 
themselves in concrete 
sporting activity, especially as 
regards complex multi-joint 
movements (Florini et al, 
1985; Kraemer, 1992).

69.	 Therefore, the “enthusiasm” 
of using exercises performed 
on equipment determines 
the unilateral character of 
strength training, which 
does not correspond to the 
specification of the motor 
actions characteristic of 
sports activities (Willardson, 
2007; Reed et al, 2012), the 
lack of a correct correlation 
with technical, speed and co-
ordination skills (Stone et al, 
2002; Platonov, 2004; Moir, 
2012; Gamble, 2013).

70.	 For these reasons, in the prac-
tice of high-level sport, most 
strength training is carried 
out with free weights, which 
is particularly evident in spe-
cial training. Exercises with 
free weights not only guaran-
tee the multilateral character 

of strength training, but also 
greatly facilitate the realiza-
tion of strength skills in spe-
cific training and competition 
(Stone et al, 2007).

71.	 The desire to increase the 
effectiveness of strength ex-
ercises performed with free 
weights and compensate 
for their typical weak points 
often leads to unexpected 
but worthy proposals. For 
example, the recommenda-
tions on the use of additional 
weights (chains and elastics) 
are interesting (McMaster 
et al, 2009; Frost et al, 2010; 
Haff et al, 2016), which are 
attached to the barbell and 
create an additional load, 
which increases during the 
execution of the movement. 
By adjusting the mass of the 
chain links and/or the exten-
sibility of the elastics, it is 
possible to bring the dynam-
ics of resistance (opposition) 
closer to the real abilities of 
the muscles in the individu-
al phases of the movement 
(Fig. 3 and 4).

Figure 3: The use of chains to systematically increase the overload (Haff et al, 2016).
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72.	 In the strength training 
process, various traction/
extension elements (elas-
tics, springs) are often used. 
Using these tools, various 
exercises are performed 
that simulate basic motor 
actions (e.g. rowing/stroke 
movements of rowing and 
swimming, high jumping, 
etc.). However, the dynamics 
of the load when using these 
devices is in complete con-
tradiction with the dynamics 
of the load, typical of motor 
actions in competition.

73.	 In motor actions typical of 
sports, the highest load 
occurs in the initial phase 
of the movement and then 
gradually decreases. By 
stretching the elastics or 
other elements, the load dy-

namics is the opposite: the 
weakest load occurs at the 
beginning of the movement, 
then it constantly increases, 
reaching the maximum level 
towards the end. Therefore, 
exercises with these means 
can cause neuroregulato-
ry control of muscle activity 
that is not adequate for the 
specificity of a given sport-
ing activity.

74.	 A special place in strength 
training should be occu-
pied by exercises aimed at 
increasing the strength ca-
pacity of the muscles that 
ensures the stability of the 
coxo-femoral joint (Fig. 5). 
Exercises based on flex-
ions, extensions, rotations, 
and twists in the lower part 
of the spine, extension of 

the joints of the pelvis and 
thighs involve the internal 
stabilizers of the lower part 
of the spine, the pelvis and 
the thigh.

75.	 Performing these exercises 
helps stabilize the coxo-fem-
oral joint. In addition, these 
exercises contribute to the 
development of muscle-joint 
sensitivity, in other words. 
the ability to control the po-
sition of the spine, pelvis and 
hips and ensure their stabil-
ity (Hibbs et al, 2008; McGill, 
2010).

76.	 The important elements of 
the methodology for carry-
ing out these exercises are: 
the presence of a static com-
ponent, the execution of ex-
ercises with deep breathing 
or holding the breath, the 

Figure 4: The use of elastics to constantly increase the 
amount of overload (Haff et al, 2016).
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tions coming from the mus-
cle receptors that reflect the 
position of the spine, pelvis 
and hips (Lewis et al, 2009; 
Crow et al, 2012).

77.	 To increase the stability of 
the coxo-femoral joint, the 

most effective exercises 
are those performed using 
various equipment that call 
for additional requirements 
for body stability - medicine 
balls, balance boards and 
discs, fit balls, etc., as well as 
various training devices that 

help maintain balance while 
respecting the specificities 
of a particular sport (Rome-
ro-Franko et al, 2012; Gam-
ble, 2013). Exercises that use 
similar tools increase not 
only the internal stabilizing 
muscles, but also the poten-

THE FOUNDATIONS OF THE KNOWLEDGE OF MUSCLE STRENGTH
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tial of the external muscles 
of the abdomen, back, pelvis 
and thighs, forming an inte-
grated system to guarantee 
the stability of the coxo-fem-
oral joint (Vera-Garcia et al, 
2000; Gamble, 2007).

78.	 It has been previously not-
ed that strength exercises 
can be performed in a stat-
ic (isometric) regime, when 
muscle tension is not relat-
ed to their shortening or 
elongation, and in a dynamic 
(isotonic) regime, when the 
manifestation of strength is 
determined by the tension 
of contracted or elongated 
muscles.

79.	  It is evident that the specific-
ity of motor activity in sports 
determines the prevalent 
use of exercises performed 
dynamically. According to the 
structure of the movements, 
their intensity, the equip-
ment, and devices used, the 
combination of concentric 
and eccentric work, the exer-
cises performed dynamically 
can have an extremely varied 
effect on the development of 
strength skills.

80.	 The following are the types 
of dynamic exercises: con-
centric, eccentric, isokinet-
ic, ballistic, plyometric. The 
dynamic (isotonic) exercis-
es of these five types are 
supplemented by the stat-
ic (isometric) ones. Each of 
the exercises of this type 
is distinguished by the pe-
culiarities of the impact on 
the nervous, muscular, con-
nective and bone tissues 
and the trend of adaptation 

reactions, which ensure the 
development of strength. 
All this supports the theory 
that these types of exercises 
need to be at the centre of 
various methods for the de-
velopment of strength skills: 
concentric, eccentric, isoki-
netic, ballistic, plyometric, 
and isometric.

E. STRENGTH TRAINING METHODS 
81.	 The concentric method is 

based on the execution of 
motor actions in which the 
emphasis is placed on the 
overcoming feature of the 
work, that is, with simulta-
neous muscle tension and 
contraction. This method is 
widely used especially in the 
strength training process, 
which is due to the simplici-
ty and availability of means 
(exercises with free weights, 
use of one’s own body weight, 
partner’s resistance, various 
equipment, etc.), to the vari-
ety of motor actions, to the 
possibility of solving the tasks 
of the basic, auxiliary and spe-
cial preparation of strength, 
to the connection with the 
technical development and 
the manifestation of joint mo-
bility and coordination skills, 
etc.

82.	 The simplicity and accessi-
bility of the method, which 
also enable sufficiently high 
efficacy, determine a consid-
erable volume of traditionally 
dynamic strength work in the 
training of athletes, in partic-
ular to perform the general 
physical preparation tasks 
related to the creation of ba-

sic strength and, above all, 
the development of maximum 
strength.

83.	 The concentric method, in ad-
dition to its strengths, also 
has some weaknesses. When 
performing exercises with 
traditional overloads (for ex-
ample, with a barbell), the re-
sistance is constant through-
out the movement. At the 
same time, man’s strength in 
the different phases of the 
movement varies significantly 
due to the length of the lever. 
Exercises with barbells, block 
devices or other similar equip-
ment are generally performed 
at a constant low speed. Only 
in this case, the load on the 
muscles is ensured over the 
full range of movement, how-
ever in some phases it does 
not correspond to the real 
abilities of the muscles in-
volved in the work.

84.	 When performing move-
ments at high speed with 
a barbell or other piece of 
equipment, the strength ex-
pressed at the beginning of 
the movement provides ac-
celeration to the equipment 
and the rest of the move-
ment is performed by inertia, 
without significant muscle 
activation, that is, the mus-
cles receive the training ef-
fect only in the initial phase.

85.	 Furthermore, when perform-
ing some exercises in the 
final positions of the move-
ment, the muscles practically 
do not feel the overload. This 
happens, for example, in dif-
ferent types of bench press 
or dips on the parallel bars.
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n 86.	 At the same time, the great 
variety of means that can be 
used to apply this method 
provides a multilateral ef-
fect on the muscular system, 
the combined improvement 
of strength qualities and the 
main elements of technical 
mastery. The combination 
of overcoming and yielding 
muscle work regime, typi-
cal of concentric training, 
is also important, creating 
the conditions for perform-
ing movements with a suf-
ficiently high range, which 
is a positive factor for the 
manifestation and develop-
ment of strength qualities, 
because it helps to increase 
strength in the concentric 
phase (Komi, 2003; Moir, 
2012).

87.	 Exercises with free weights, 
barbells, dumbbells, medi-
cine balls [we prefer to call 
them “ballast balls”, Ed.], 
etc., contribute to the im-
provement of intra and in-
termuscular coordination, 
ensure greater expression of 
the strength acquired in spe-
cific conditions compared to 
exercises performed using 
isokinetic equipment (Stone 
et al, 2000; Kraemer et al, 
2002).

88.	 Furthermore, some experts 
(Frost et al, 2010) state that 
the limitation of the struc-
ture of movements, when 
using isokinetic equipment, 
leads to a limited nervous 
adaptation which, in turn, 
limits the realization of the 
qualities of strength under 
specific typical training con-

ditions and competition ac-
tivities. Exercises with free 
weights, thanks to the vari-
ety of exercises and a wide 
range of overloads in the var-
ious ranges of movement, do 
not have this “defect”.

89.	 Explosive strength exercis-
es provide a greater load 
on the muscles and muscle 
groups involved in the ini-
tial phase of the movement, 
and a much lower load on 
the muscles involved in the 
final part of the same. This 
weakness of high-speed 
strength exercises is com-
pensated by the correspon-
dence of movements to the 
natural requirements of 
sports technique and their 
high efficiency to improve 
neuromuscular regulation 
(Harman, 2008; Gamble, 
2013). The use of heavy 
weights when performing 
high-speed strength exer-
cises enables the neutral-
ization of inertia forces and 
ensures a high load on the 
muscles during the entire 
range of movement (Har-
man, 2008).

90.	 In strength training, exer-
cises with the use of elastic 
devices – elastics, springs, 
elastic rods, etc. are quite 
common. The main disad-
vantage of this equipment is 
that each movement begins 
with poor resistance, which 
constantly increases as the 
elastic expands. This contra-
dicts the natural expression 
of strength in the vast ma-
jority of movements, which 
are characterized by the 

highest values ​​(of the resis-
tance to be overcome) at the 
beginning of the movement. 
An increase in resistance 
(opposition) at the end of 
the movements alters the 
natural process of nervous 
regulation of muscle activ-
ity, suppressing the speed 
ensured by muscle contrac-
tion in the previous phases. 
However, this drawback also 
has its strengths, as it pro-
vides a heavy load in the fi-
nal phase of the movement, 
which cannot be achieved 
when performing high-
speed barbell exercises or 
using plyometric or ballistic 
training. For this reason, 
these exercises can be as-
signed a particular place in 
the basic strength training 
process.

91.	 A rational selection of exer-
cises (for example, targeted 
exercises characterized by 
a limited range of motion) 
can to some extent compen-
sate for the method’s dis-
advantages associated with 
a decrease in muscle load 
caused by inertia during fast 
strength work. In the same 
way, it can provide a load 
on the muscles, suitable to 
their abilities in one or an-
other phase. Therefore, the 
concentric method is effec-
tive for the development of 
different types of strength 
through the effect on their 
muscle and neuroregulatory 
components.

92.	 Other advantages of the 
method, which consolidate 
its place in the strength 
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training system, are the fol-
lowing:

•	 a great variety of exercises, 
as regards the dynamic and 
spatiotemporal parameters 
of the movements, involve-
ment in the work of different 
muscle groups, motor units 
of the muscles and various 
types of muscle fibres;

•	 proportional stimulation of 
the adaptation of the ner-
vous, muscular, bone and 
connective tissue;

•	 the possibility of creating 
movement patterns, typical 
of competition activities as 
an effective means of tran-
sferring strength in training 
and competition conditions;

•	 simplicity, accessibility and 
interchangeability of trai-
ning means.

93.	 The eccentric method. Train-
ing with this method is based 
on movements character-
ized by the yielding work 
regime, resistance to oppo-
sition, amortizing, slowing 

down during muscle stretch-
ing. In both specialist liter-
ature and sports practice, 
much less attention is paid 
to eccentric exercises than 
to concentric ones. This is ex-
plained by the fact that the 
final performance of most 
motor actions is mainly de-
termined by the concentric 
regime of muscle work.

94.	 Exercises performed in an 
eccentric regime involve less 
muscle in the work than con-
centric exercises. A high load 
acting on a smaller volume 
of muscle fibres represents 
a serious risk of damage to 
them (destruction of sarco-
meres and Z lines, inflamma-
tion, swelling, pain (Mohan 
et al, 2001). The risk of mus-
cle overload due to intense 
strength training with the 
eccentric method is greater 
than the risk deriving from 
the use of isometric, isoki-
netic or concentric methods 
(Fig. 6).

95.	 However, there are many 
more reasons to not give 
eccentric exercises less at-
tention than other types of 
exercises. This is due to sev-
eral reasons. An eccentric 
workout allows to express 
strength in a considerably 
greater way than in a con-
centric one (Moir, 2012; Krav-
itz, Bubbico, 2015).

96.	 Eccentric muscle contrac-
tions are present when per-
forming most motor actions 
typical of various sports. 
For example, in running, the 
muscles of the lower limbs 
are called to function equal-
ly in both eccentric (elonga-
tion) and concentric (con-
traction) conditions.

97.	 The eccentric regime of 
muscular work is typical of 
the main phases of motor 
actions in the throws and 
jumps in athletics, in the 
starts and turns in swim-
ming, in the stops and chang-
es of direction in sports 

Figure 6: Risk of muscle overload due to intense strength training with eccentric (1), concentric (2) and isometric (3) 
methods (Fox et al, 1993)
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n games, cross-country skiing 
and in alpine skiing, etc. The 
effectiveness of muscle ac-
tivity in eccentric conditions 
is not only the most import-
ant element of motor actions 
in muscle arrest, absorption 
and stretching phases, but 
also creates mechanical 
and neuroregulatory pre-
requisites for subsequent 
overcoming movements in a 
concentric working regime 
muscle (Chu, Muєg, 2013; 
Gamble, 2013).

98.	 The role played by strength 
capacity manifested in ec-
centric conditions in motor 
actions of a ballistic and 
plyometric nature is partic-
ularly important (Malisoux 
et al, 2006; Lloyd and Oliver, 
2014). It is important to note 
that the mechanical efficien-
cy of eccentric work is great-
er than that of concentric 
work. This manifests itself 
with less involvement of the 
motor units during identical 
manifestations of strength 
and with a significantly 
greater economy (efficien-
cy) during the performance 
of work of the same power 
(Komi, Ishikawa, 2009).

99.	 Eccentric exercises are very 
effective not only for the 
development of maximum 
strength and fast force 
(Cormie et al, 2010; Lloyd, 
Cronin, 2014), but also for 
strengthening the mechan-
ical abilities of the tendons 
(Ishikawa et al, 2005; Foure 
et al, 2010), which deter-
mine their importance for 
prevention and post-injury 

rehabilitation (LaStayo et 
al, 2014). These exercises 
are extremely effective to 
strengthen the “muscle-ten-
don” unit, to increase the 
mass of bone and connective 
tissues (Stone, Karatzeferi, 
2002), significantly increase 
the amortizing capacity of 
muscles and tendons and 
their ability to resist exces-
sive loads. For these rea-
sons, in the training process, 
eccentric exercises should 
receive the same attention 
as concentric exercises (Chu, 
Mueg, 2013).

100.	 In many studies carried 
out in recent years, numer-
ous other strong points of 
the eccentric method have 
been identified. Its use in-
hibits the action of the mus-
cle spindles with respect to 
the containment of the con-
tractile activity of the mus-
cles in the motor actions per-
formed with high overloads, 
thus increasing the level 
of expression of strength 
(Kravitz, Bubbico, 2015). The 
use in eccentric movements 
(exercises) of loads great-
er than those that can be 
made in concentric move-
ments favours the increase 
in strength during concen-
tric muscle contractions and 
also improves the activation 
of fast fibres without affect-
ing the volume of the slow 
fibres involved in the work 
(Cermak et al, 2013).

101.	 Considerable attention 
is paid to determining the 
optimal number of overloads 
and speeds. The mass of the 

overload equal to 105% of 
that achievable in the con-
centric phase is already 
quite effective. However, 
with increased strength, the 
strengthening of muscles 
and connective tissue and 
improvement of the pro-
cesses of neuroregulation of 
muscle activity, the amount 
of overloads can increase in 
a organised fashion to 107%, 
109%, 111%, etc., up to 
125% of the achievable enti-
ty in concentric movements 
(Kravitz, Bubbico, 2015).

102.	 Low speed of movement 
(the recommended ratio of 
speed of movement in the 
concentric phases to that of 
the eccentric phases is 1: 3 
or 1: 4) is more suitable for 
stimulating protein synthe-
sis, for increasing strength 
and muscle hypertrophy 
(Schoenfeld, 2010; Burd et 
al, 2012), while a wide range 
of speeds is more congenial 
for optimizing neuroregula-
tory processes.

103.	 The fact that eccentric 
exercises involve a high risk 
of trauma requires adequate 
prophylaxis: strengthen-
ing of muscle and tendon 
tissues, correct movement 
technique, perfect warm-up 
and rational “work/rest” ra-
tio both in training sessions 
and in microcycles (Gamble, 
2013). Specialists pay par-
ticular attention to the tech-
nique of performing exercis-
es, methods of assistance 
and support from coaches 
and partners (Kravitz, Bubbi-
co, 2015).
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104.	 Most exercises with bar-
bells require the quick inser-
tion of additional weights 
at the end of the concentric 
phase and elimination of 
weights at the end of the ec-
centric phase and the guar-
antee of safety during exe-
cution: for example, during 
use of the leg press, when 
the concentric phase is de-
termined by the application 
of strength of the muscles in 
both legs and the eccentric 
phase by the application of 
strength of the alternately 
left and right leg muscles.

105.	 Isometric method. The 
isometric method is based 
on exercises in which mus-
cle tension occurs without 
changing muscle length.

106.	 Among the advantag-
es of the isometric meth-
od, which determines its 
use in practice, it is worth 
mentioning the possibili-
ty of exerting intense local 
action on individual mus-
cle groups (Kawamori et al, 
2006; Moir, 2012). During 

local static tensions, more 
precise kinesthetic sensa-
tions of the main elements 
of sports technique are felt, 
which, together with the in-
crease in strength, allows 
to improve individual pa-
rameters of the technique 
(Stone et al, 2007). The du-
ration of tensions close to 
the limit (sub maximal and/
or almost maximal) in static 
conditions is significantly 
longer than that recorded 
in dynamic conditions (Atha, 
1981; Fleck, Kraemer, 2004).

107.	 The problems associat-
ed with the use of isometric 
exercises are mainly asso-
ciated with the fact that the 
increase in strength is lim-
ited above all to that part of 
the trajectory of movement 
which corresponds to the 
exercises used. Experts also 
note a weak connection be-
tween the strength acquired 
with static exercises and 
various types of strength 
expressed in dynamic condi-
tions (Baker et al, 1994; Re-

quena et al, 2009). However, 
in cases where the tests are 
performed with the position 
of the body corresponding to 
the most important phase of 
the dynamic movement, to 
which particular attention 
was paid during the isomet-
ric training, the correlation 
between static and dynam-
ic strength is rather high 
(Stone, 2004; Kawamori et 
al, 2006).

108.	 The use of various body 
positions, which correspond 
to the various sections of 
the range of movement, in-
creases the efficiency of the 
isometric method. However, 
in all cases, the strength ac-
quired thanks to isometric 
training requires a certain 
period of training of the spe-
cial dynamic strength, which 
favours the realization of 
the strength potential ac-
cumulated in various motor 
actions.

109.	 It should also be noted 
that the excessive use of iso-
metric strength exercises 

Figure 7: Dynamics of strength during arm flexion in the elbow joint. During arm flexion, the distance from the rota-
tion axis to the tendon attachment point (M) changes. As this distance decreases, so too do the mechanical conditions 
for the expression of strength (Harman, 2008, modified).
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n adversely affects sports tech-
nique and speed skills, which 
requires both limiting the 
use of these exercises and 
their rational combination 
with other means of strength 
training, as well as speed ex-
ercises and technical prepa-
ration (Platonov, 2004).

110.	 However, the impor-
tance of isometric training 
cannot be underestimated, 
especially as regards all the 
numerous motor actions in 
which the transition from 
the eccentric phase of mus-
cle tension to the concentric 
phase takes place, between 
which we find the isometric 
phase. The speed of devel-
opment and the extent of 
muscle tension in this phase 
largely determine the effec-
tiveness of the subsequent 
concentric muscle contrac-
tion and the use of elastic 
energy accumulated in the 
eccentric phase (Chu and 
Mueg, 2013).

111.	 It should also be consid-
ered that isometric training 
with a conscious attitude 
aimed at faster development 
of strength can effectively 
stimulate the speed of acti-
vation of the motor units and 
influence the increase in fast 
strength (Olsen and Hopkins, 
2003).

112.	 Isokinetic method. In 
the range of each move-
ment, it is possible to distin-
guish more or less effective 
phases for the manifestation 
of strength: this is due to 
anatomical and mechanical 
reasons. This can be easily il-

lustrated with the example of 
the simplest movement: flex-
ion of the elbow joint in the 
arm (Fig. 7). The distance be-
tween the axis of rotation and 
the attachment point of the 
tendon to the bone changes 
according to the angle of flex-
ion in the elbow joint, which 
leads to significant changes 
in strength. In this case, the 
force expressed in the inef-
fective range points, from the 
biomechanical point of view, 
is about 50% of the possibili-
ties recorded with an optimal 
arm flexion angle. For other 
movements, changes in the 
level of strength available in 
various parts of the range can 
vary from 30% to 100%.

113.	 It should be noted that in 
several athletes the junction 
point between tendon and 
bone can be found slightly 
closer or further away from 
the axis of rotation. Increas-
ing the distance offers me-
chanical advantages for the 
manifestation of strength. 
However, this advantage is 
accompanied by a decrease 
in the rotation of the joint, 
which leads to a decrease in 
the speed of movement. To 
maintain speed, the muscle 
must contract at a higher 
speed, which leads to a de-
crease in strength due to 
the negative relationship 
between the speed of move-
ment and the strength ex-
pressed (Harman, 2008).

114.	 Such rather peculiar 
individual characteristics 
can determine the tenden-
cy of athletes to show pri-

ority in manifesting either 
maximum strength or fast 
strength and should be tak-
en into consideration in the 
training process. For slow 
movements, which require 
the expression of maximum 
strength, it is useful to have 
the tendon fixation point 
furthest from the rotation 
axis. As for the numerous 
motor acts characteristic of 
sport that require the man-
ifestation of fast strength, 
this type of connection can 
adversely affect the quali-
ty of the movements. When 
using barbells, dumbbells 
and other free weights, the 
athlete is forced to apply 
a standard load, the level 
of which is limited by the 
strength in the less effective 
phases of the movement. As 
a result, the overloads that 
are effective for developing 
maximum strength in some 
phases of the movement do-
main are clearly insufficient 
[and not so effective, Ed.] in 
others. This drastically re-
duces the effectiveness of 
strength training, since it is 
known that it depends on the 
presence of optimal effects 
on the entire range of move-
ment and not only in some of 
its individual phases (Platon-
ov, 2004; Gamble, 2013).

115.	 This drawback can be 
eliminated with the use of 
the isokinetic method, which 
allows the muscles to re-
ceive a predetermined rel-
ative load (for example 80% 
of the maximum possible 
in a particular movement 
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phase) during the entire 
range of the movement. Per-
forming isokinetic exercises 
can be done with the help 
of partners, however it is 
more effective to use special 
isokinetic devices that have 
recently been widely dis-
tributed (Fig. 8). The Ameri-
can company “Nautilus” was 
the “pioneer” in the devel-
opment and production of 
these simulators as early as 
the 1970s. Subsequently, 
production was carried out 
by various other companies. 
In recent years, the best 
quality equipment for isoki-
netic training has been pro-
duced by the Italian compa-

ny “Technogym”, founded in 
1983, which is currently the 
world leader in the produc-
tion of strength training and 
cardiovascular machines.

116.	 The isokinetic method in-
volves the use of rather com-
plex and expensive devices, 
whose design features allow 
to change the resistance val-
ue (opposition) in different 
joint angles over the entire 
range of motion and adapt 
it to the real strength abili-
ties of the muscles involved 
in the work in each concrete 
moment of the movement. 
The variation of the resis-
tance value in different 
points of the range of the 

movement is guaranteed 
by the presence, in the de-
sign of each equipment, of 
a flat cam mechanism in the 
form of an eccentric device 
or a disk with a displaced 
rotation axis. However, the 
standard construction of the 
cam mechanisms on each 
of the devices cannot fully 
ensure the correspondence 
between the dynamics of the 
manifestation of strength 
and the possibilities of a 
particular athlete, due to 
the individual variability of 
the length of the bones and 
muscles, of the points of at-
tachment of the tendons to 
the bone, etc. (Cabell, Zebas, 
1999; Stone et al, 2008).

117.	 In addition to the relative 
correspondence between 
weight and muscle capacity 
during the entire range of 
motion, isokinetic equip-
ment has a number of other 
advantages:

•	 provides selective effects 
on a specific muscle group; 
this is included in the design 
of all equipment focused on 
one exercise;

•	 the possibility of performing 
movements with a high spe-
ed of movement of bio rings 

Figure 8: Scheme of interaction 
between lever and cam which provides 
a gradual change in resistance when 
working on the “David” device.
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n (up to 400 degrees/s), whi-
ch is typical of many motor 
actions in various sports;

•	 a rigorous dynamic and ki-
nematic structure of each 
exercise, determined by the 
construction of the equip-
ment, which provides ease of 
movement;

•	 low risk of injury thanks to 
the stable structure of the 
movements and the amount 
of load appropriate to the 
athletes’ possibilities;

•	 the optimal range of mo-
vement, determined by the 
rational position and adjust-
ment of seats, handles and 
rotation axes on each ma-
chine; this is particularly 
important, since it has been 
established that the maxi-
mum active muscle tension 
occurs when its value is 1.2-
1.3 times higher than the ini-
tial one. With longer length, 
the tension decreases until 
the length of the muscle 
does not exceed 1.5 times 
its length at rest, when the 
manifestation of the active 
tension is equal to zero (Al-
ter, 2001);

•	 in the eccentric phase of 
the movement, an optimal 
stretching of the muscles 
engaged in the work is per-
formed, which is important 
for a number of reasons:

	» firstly, the previously well-
stretched muscles are 
able to express greater 
strength;

	» secondly, the conditions 
for the “study” of the mu-
scles along the entire ran-
ge of motion are created;

	» thirdly, the conditions for 
the simultaneous manife-
station of quality of stren-
gth and joint mobility are 
provided;

	» fourthly, the development 
of the volume and elastici-
ty of the connective tissue 
is stimulated (Komi, 1984; 
Rutherford, Jones, 1986; 
Platonov, 2004).

118.	 The effectiveness of the 
isokinetic method is signifi-
cantly determined not only 
by the size and dynamics of 
the weights, but also by the 
speed of movement. Stud-
ies in which speeds of 60 de-
grees/s and 120 degrees/s 
have been used have shown 
that a slower speed pro-
duces a greater increase in 
strength regardless of how 
strength was assessed - in 
isotonic or isometric condi-
tions. In studies where ex-
ercises were performed at 
a fast (1 s), moderate (2.5 
s) and slow (4 s) pace, it was 
also found that slow speed 
training is much more ef-
fective for developing max-
imum strength (Davies, 
1977). These results are 
easily explained, given that 
the amount of opposition 
(resistance) that must be 
overcome has a very import-
ant role for the effective 
development of maximum 
strength. When using the 
isokinetic method, the max-
imal or sub maximal mus-
cle tension can be reached 
when the opposition force 
slowly yields to the applied 
force. When performing 

movements at high speed, 
the muscle does not have 
the time to develop the max-
imum tension and to main-
tain that reached.

119.	 However, the poor ef-
ficiency of the isokinetic 
regime, when performing 
high-speed exercises for the 
development of maximum 
strength, does not mean that 
such exercises cannot find a 
place in the strength train-
ing system. On the contrary, 
these exercises are extreme-
ly effective when the goal is 
to develop fast strength and 
endurance, and to increase 
the ability to realize the 
strength potential in specif-
ic muscle activity conditions 
(Platonov, Bulatova, 1992; 
Enoka, 2000). This concerns 
both cyclical work, which 
does not require maximal or 
sub-maximal manifestations 
of strength when performing 
basic work movements, and 
acyclical work with explosive 
strength. In particular, train-
ing the extensor muscles at 
high speed (180 degrees/s) 
and very high (up to 360 de-
grees/s) using the isokinet-
ic method is more effective 
for increasing fast strength 
than low speed training 
(Prins, 1978; Stevens, 1980; 
Platonov, 2002). In addi-
tion, it should be taken into 
account that low-speed 
strength training does not 
result in the expression of 
strength in movements per-
formed at high speed and, 
on the contrary, high-speed 
training produces the effect 
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when strength tests are per-
formed in movements per-
formed at high speed (Fleck, 
Kraemer, 2004; Gamble, 
2013). This is due to the dif-
ferences in the composition 
of the muscle fibres involved 
in the work when perform-
ing movements at different 
speeds, as well as the pe-
culiarities of their nervous 
regulation (Grimby et al, 
1981; Mac-Comas, 2001; Will-
more, Costill, 2004). It should 
also be noted that, together 
with the general tendency 
to decrease strength with 
increasing speed of move-
ment (Fig. 9), the individual 
characteristics of an athlete 
can influence in some way 
both the trend of the curves 
and the level of maximum 
strength expressed during 
movements performed at 
different speeds.

120.	 Isokinetic equipment 
also has several disadvan-
tages, some of which are rel-
evant:

•	 the equipment used in this 
method is bulky, complex and 
expensive. On a single machi-
ne, it is usually not possible 
to perform more than one or 
two exercises; the entire set 
of equipment, which allows a 
complete strength training, 
is composed of 25-30 diffe-
rent machines;

•	 in different joints of the equi-
pment, resistance to friction 
is created, this leads to a si-
gnificant difference in the 
resistance overcome by the 
muscles in the concentric and 
eccentric phases of the move-
ment: in overcoming work the 
resistance is greater than in 
yielding work, which reduces 
the efficiency of eccentric 
work;

•	 a rigorous restriction of the 
spatial structure of the move-
ments does not correspond 
to the conditions in which 
strength manifests itself in 
the motor actions characte-
ristic of different sports, 
since it rigidly determines 
the participation of the mu-
scles and the regulation of 
their activity and limits the 
improvement of inter- and 
intramuscular coordination 
in variable motor actions, and 
creates a dynamic and spatial 
stereotype of movement not 
typical of sport (Carroll et al, 
2001; Frost et al, 2010);

•	 the dynamics of the expres-
sion of strength is not cha-
racteristic of natural motor 
actions, which complicates 
the realization of the stren-
gth developed thanks to this 
method in special training 
and competition activities;
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Figure 9: Strength dynamics of a highly qualified wrestler during the extension of the knee joint at various speeds: at - 60 
degrees/s1; b - 120 degrees/s; in - 180 degrees/s; g - 240 degrees/s.
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n •	 the maximum angular speed 
available when using isoki-
netic machines (300-400 
degrees/s) is significantly 
lower than that characte-
ristic of high speed motor 
actions which require the 
maximum expression of fast 
strength (> 500 degrees/s) 
(Stone et al ., 2008).

121.	 Isokinetic exercises can 
be performed by working 
with partners who exercise 
an opposition corresponding 
to the athlete’s strength, al-
lowing them to develop maxi-
mal or sub-maximal strength 
over the entire range of mo-
tion (Fig. 10). However, the 
effectiveness of this work is 
less than training with the 
use of equipment.

122.	 Plyometric method. 
Plyometric movements are 
based on muscle elongation 
due to the action of signifi-
cant overloads, followed by 
a rapid transition to muscle 
contraction. The introduc-
tion of the term “plyometric” 
is associated with the name 
of the famous Australian 
athletics trainer Fred Wilt, 
who paid great attention to 
various jumping exercises 

and discovered the impor-
tance of a rapid transition 
from eccentric to concentric 
work.

123.	 Rapid stretching of the 
muscles in the eccentric 
phase stimulates the inten-
sity of central impulses of 
the motor neurons and cre-
ates a potential for elastic 
tension in the muscles. In the 
subsequent transition from 
yielding to overcoming work, 
a more rapid and effective 
contraction occurs (Komi, 
1992; Dintiman, Ward, 2003). 
In the plyometric method, 
therefore, it is not the mass 
of the overload that is used, 
but its kinetic energy, for ex-
ample, of the athlete’s body 
acquired during the free fall 
from a certain height and a 
subsequent jump upwards. 
When a motor action is per-
formed, the transition from 
the yielding regime to the 
overcoming regime occurs 
under conditions of maxi-
mum strength

124.	 This method allows to 
increase the athlete’s abil-
ity to effectively control, 
through the nervous system, 
the muscles and this is ex-

pressed in:
•	 more intense muscle impul-

ses;
•	 involvement in the work of a 

large number of motor units;
•	 reduction of the contraction 

time of muscle fibres;
•	 synchronization of the acti-

vity of motor neurons during 
the transition from the yiel-
ding work to the overcoming 
work.

125.	 Furthermore, the neuro-
muscular reactions signifi-
cantly exceed those available 
thanks only to a voluntary 
commitment of strength: 
this guarantees a particular 
effectiveness of the method 
for increasing the speed of 
movement and power, in the 
engagement of strength, in 
the initial part of the move-
ment (Bosco, 1985; Hoffman, 
2002; Lloyd et al, 2011; Chu, 
Myer, 2013).

126.	 It is also important to 
note that when the plyomet-
ric method is applied, the 
adaptation reactions are 
manifested in the simulta-
neous development of maxi-
mum strength and the ability 
to switch from eccentric to 
concentric work, very effec-

Figure 10: Performing isokinetic strength 
exercises with the help of partners.n of strength 
(Harman, 2008, modified).
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tive from the point of view 
of strength manifestation 
(Sale , 2002; DeWeese, Nim-
phius, 2016).

127.	 The ability to quickly 
switch from stretching to 
effective muscle contrac-
tion is probably linked to 
the preliminary activation 
of the muscles used and the 
involvement of a greater 
quantity of motor units, fol-
lowing a higher sensitivity of 
the neuromuscular spindles, 
in other words, nerve recep-
tors that control the activity, 
the degree of elongation and 
contraction of skeletal mus-
cles (Kirolainen et al, 1999; 
Ross et al, 2001).

128.	 During the execution of 
plyometric exercises, there 
are three phases:
1)	 the eccentric phase, 

in which muscle tension is 
insufficient to overcome 
resistance and the muscle 
stretches;
2)	 the amortization phase, 

which covers the time that 
elapses between the end of 
the eccentric phase and the 
start of the concentric con-
traction;
3)	 the concentric phase, in 

which the tension in the mus-
cle allows to overcome the 
resistance and the muscle 
shortens (Chu, Myer, 2013; 
Gamble, 2013; Lloyd, Oliver, 
2014).

129.	 During the concentric 
phase, the strength pro-
duced by the muscle in 
contraction is added to the 
strength produced by the 
involuntary contraction of 

the elastic elements of the 
elongated muscle and by the 
additional activation of the 
motor units as a reaction to 
intense stretching (Fig. 11).

130.	 In the concentric phase 
of the plyometric movement, 
there are some mechanisms 
that ensure a high level of 
expression of strength:
1)	 the intensification of 

the sarcomere contraction 
process due to the effective 
interaction of the actin and 
myosin elements of the mus-
cle fibres. With optimal mus-
cle elongation, the formation 
of the maximum number of 
transverse bridges takes 
place between the heads of 
the myosin molecules and 
the active sites of the actin 
molecules, which is the basis 
for an intense contraction of 
the sarcomere and the entire 
muscle during the sliding of 
the actin filaments with re-
spect to myosin (Cormie et al, 
2011; Moir, 2012);
2)	 unconscious (reflex) op-

position to muscle stretch-
ing at the end of the eccen-
tric phase, which leads to 
the stimulation, through the 
peripheral nervous system, 
of the contraction of the 
stretched muscle, its return 
to the previous length, which 
contributes to the increase 
in strength in the concentric 
phase (Bosco, 1985; Bret et 
al, 2002; Chu, Myer, 2013);
3)	 the formation, in the ec-

centric phase, of elastic en-
ergy of the muscles, tendons 
and elongated bands and its 
subsequent use in the con-

centric phase (Ishikawa et al, 
2005; Lloyd, Cronin, 2014).

131.	 The elastic energy that 
accumulates during the 
stretching of muscles and 
tendons not only increas-
es the transformation of 
strength during the subse-
quent maximal contraction, 
but also increases the econo-
my of work when using stan-
dard loads (Komi, Ishikawa, 
2009), which, among other 
factors, determines the ef-
ficiency of large-scale move-
ments. It should be noted 
that, when it comes to elastic 
energy accumulated during 
eccentric work, it is usually 
equally associated with the 
stretching of muscles, ten-
dons, and bands. However, 
studies have shown that 
tendon extensibility is more 
important than muscle ex-
tensibility. The properties 
of tendons change thanks 
to plyometric training: they 
become stronger, more flexi-
ble and elastic (Foure et al, 
2010). The elastic energy 
stored in the tendons can 
be 5-10 times higher than 
that accumulated in the mu-
scles (Kawakami et al, 2002; 
Ishikawa et al, 2005).

132.	 The use of the plyometric 
method is of primary impor-
tance for the development 
of fast strength, although it 
is also quite effective for the 
development of maximum 
strength (Wilk et al, 1993; 
Potach and Chu, 2016).

133.	 The peculiarity of the 
plyometric method is the 
manifestation of a very im-
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portant ability for sports, 
that is, the ability to quickly 
switch from muscle stretch-
ing to muscle contraction, 
from an eccentric regime of 
muscular work to a concen-
tric one, from yielding work 
to overcoming work.

134.	 Optimizing the degree 
of elongation of muscles and 
tendons, shortening the amor-
tization phase (isometric) and 
increasing the intensity of 
muscle activation in the con-
centric phase can significantly 
increase the level of explosive 
strength (Chu, Myer, 2013).

135.	 The previously muscles 
stretched, in the process of 
subsequent concentric con-
traction, show a significantly 
higher level of power (Corm-
ie et al, 2011), represent an 
effective means of increas-
ing the rapid mobilization 
capacity of fast-type A fibres 
and especially of fast-type B 
fibres (Malisoux et al, 2006). 
It is important that the tran-
sition from eccentric to con-
centric work is as fast as pos-
sible, this guarantees the 
speed and power of move-
ment, including acceleration 

(Bret et al, 2002; Newton et 
al, 2012).

136.	 The advantages of the 
plyometric method listed 
determine its exceptional 
popularity when working 
on the development of fast 
strength, on increasing the 
ability of the neuromuscular 
system to mobilize function-
al potential and to achieve 
maximum power in the 
shortest possible time (Korff 
et al , 2009; Lloyd et al, 2011).

137.	 If the amortization phase 
lasts a long time, the elastic 
energy generated during 

1

2

3

Start of motor action eccentric phase
amortization

phase

concentric phase end of motor action

Start of motor action eccentric phase
amortization

phase

concentric phase end of motor action

Start of motor action eccentric phase
amortization

phase

concentric phase end of motor action

Figure 11: Phases of motor actions performed in plyometric regime: 1 – jumping from a height and subsequent jump-
ing onto an elevated surface; 2 - receiving-throwing a medicine ball [ballast ball, Ed.] from the chest from the supine 
position; 3 – receiving-throwing a medicine ball from the sitting position.
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the eccentric phase dis-
solves and does not increase 
strength during the concen-
tric phase. The optimal du-
ration of the amortization 
phase is 0.10–0.15s (Chu, 
Myer, 2013) and its short-
ening is linked both to the 
adaptation of muscles and 
tendons, and to the nervous 
adaptation, that is to the 
improvement of capacity to 
activate the muscles quickly 
(Cavagna, 1977; Bosco et al, 
1982; Potach, Chu, 2008).

138.	 It is important that the 
eccentric tension preceding 
the amortization phase is 
very fast, because in this way 
the formation of elastic en-
ergy and the increase of the 
strength expressed during the 
subsequent concentric con-
traction is stimulated (Fowler 
et al, 1994; Gamble, 2013).

139.	 An essential point of ner-
vous adaptation when per-
forming plyometric move-
ments is represented by the 
development of the prelim-
inary activation capacity of 
the muscles, which leads to 
a shortening of the amor-
tization phase and greater 
strength in the concentric 
phase. The pre-activation 
also affects the tendons, in 
the sense that their elonga-
tion capacity increases and, 

of course, the subsequent 
elastic “return” in a concen-
tric movement increases 
(Taube et al, 2008; Potach 
and Chu, 2016).

140.	 When performing small-
range plyometric move-
ments, the duration of the 
amortization phase, as well 
as the amount of energy pro-
duced thanks to the stretch-
ing of the muscles and 
connective tissue, is much 
shorter than when perform-
ing large-range movements 
(McBride et al, 2008). Howev-
er, in the motor actions typ-
ical of sports, the plyomet-
ric regime manifests itself 
in movements of different 
ranges. So, in the training 
process, plyometric exer-
cises with different ranges 
should be used, which con-
tributes to the development 
and realization of strength 
in different movements that 
determine the effectiveness 
of motor actions.

141.	 It is relatively obvious 
that the effectiveness of the 
plyometric method depends 
on the methodology of its 
application. During its use, 
the following requirements 
must be respected: maximum 
speed of execution of motor 
actions, small number of ex-
ercises in a training unit (2-4), 

a small number of repetitions 
in each set (from 1–2 to 6–8 
depending on the load size), 
execution of the next exercise 
after recovery from the pre-
vious exercise (Horita et al, 
2002; Sheppard et al, 2008; 
de Villarreal et al, 2009). Re-
covery intervals between ex-
ercises are 2-3 minutes and 
the “working time/recovery 
time” ratio is usually 1:10 
(Potach, Chu, 2016). [The fol-
lowing is a simple illustrative 
table for the reader’s conve-
nience, ED.]

142.	 Plyometric exercises are 
generally associated with 
movements of the lower 
body, upper body and trunk.

143.	 Exercises for the lower 
body include: jumping on the 
spot, standing jumps, jump-
ing down, side jumps, etc., 
performed in both single and 
multiple motor actions.

144.	 Upper body exercises 
are exercises with overloads 
(barbell, kettleball), with 
medicine balls [ballast balls, 
Editor’s note], various types 
of bendings from prone posi-
tion, parallel bars, etc.

145.	 Trunk exercises are 
based on various types of 
movements that involve flex-
ing, extending, twisting and 
twisting the trunk and are 
often performed with ad-

REQUIREMENTS FOR EFFECTIVE PLYOMETRIC WORK CHARACTERISTICS
1 Number of exercises in a training session 2-4
2 Execution speed maximum
3 Number of repetitions per set from 1-2 to 6-8
4 Recovery after tests and before each new exercise 2-3 minutes
5 Working time/recovery ratio 1:10
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medicine balls, etc. (Fig. 12).

146.	 It should be remembered 
that the plyometric method 
involves the risk of accidents. 
Therefore, utmost attention 
must be paid to the quality 
of the warm-up, to the tech-
nique of performing the ex-
ercises, in particular to the 
position of the spine, to the 
coordination of the move-
ments of the trunk, arms and 
legs and to the landing. The 
readiness of muscles, bones, 
tendon and cartilage tissues 
to perform these exercises 
is also important, a rather 
high level of coordination is 
necessary, especially as re-
gards the ability to maintain 
balance (Potach, Chu, 2016).

147.	  No less important are 
the number of exercises and 
the size of the loads, which 
should correspond to the age 
of the athletes and their level 
of preparation (Lloyd, Cronin, 
2014). Plyometric exercises 
must not be used in a state 
of fatigue, which can be eas-
ily determined, for example, 
by decreasing the height of 
the jumps, by increasing the 
duration of contact with the 
surface (Padova et al, 2006).

148.	 The quality of the surface 
on which the various exercis-
es are performed is of great 
importance for plyometric 
training. Hard surfaces (con-
crete, wood), nor excessively 
soft ones, capable of expand-
ing the amortization phase 
and eliminating the effect of 
the accumulation of elastic 
energy of the muscles and 

connective tissue are not rec-
ommended. Grassy surfaces 
and various types of synthetic 
surfaces are preferable (Po-
tach, Chu, 2016). For the pre-
vention of accidents, it is im-
portant to wear appropriate 
shoes with good cushioning 
properties, wide sole and lat-
eral support, which guaran-
tee stability to the ankle.

149.	 Great attention must be 
paid to jumping from plat-
forms of various heights, 
constantly changing the 
technique and direction of 
the jumps. When performing 
high-speed jumps, the load 
(eccentric, isometric and con-
centric following, particularly 
the one directed to the fast-
est possible transition from 
eccentric to concentric work) 
creates optimal conditions 
for a multilateral neuromus-
cular adaptation, which con-
tributes to the increase in 
fast strength (Horita et al, 
2002; Sheppard et al, 2008).

150.	 An important point of 
the jumping training method 
could be the use of additional 
weights (weights, dumbbells 
weighing 15-30% of body 
weight) which are released 
in the lowest position after 
the jump with the maximum 
stretch muscle. The increase 
in eccentric load is a factor 
that stimulates jumping pow-
er in the concentric phase of 
movement (Sheppard et al, 
2007).

151.	 Prevention of injuries 
must be ensured by learning 
a rational landing technique, 
including the amortization 

capacity of the muscles and 
connective tissue, which pro-
tect against hard landing, as 
well as with the rational po-
sition of the legs when hips , 
knees and feet are arranged 
in a straight line and do not 
allow the knees to come to-
gether (Sheppard et al, 2014).

152.	 Gradually approach 
the execution of a series of 
jumps with a high plyomet-
ric load and avoid the use of 
hard surfaces, preferably 
performing exercises on a 
lawn, synthetic treadmills, 
etc. Jumps must be sched-
uled in 2-3 weekly training 
units, each of which can in-
clude up to 30-50 jumps, di-
vided into sets of five repe-
titions each (Hansen, 2014).

153.	 When performing low 
jumps, it is necessary to pay 
attention to the height of 
the raised surface, which 
can vary from 30 to 100 cm, 
depending on the age of the 
athletes, their body weight, 
the technique of mastering 
the exercises, the experi-
ence of plyometric training, 
the level of strength devel-
opment and coordination 
skills. The highest platforms 
must not be used even for 
the preparation of highly 
qualified athletes practicing 
jumps in athletics or artistic 
gymnastics. The most effec-
tive height for training high-
ly qualified athletes is 60–80 
cm (Potach and Chu, 2016). 
For athletes, whose body 
weight exceeds 100 kg, the 
height must not exceed 45-
50 cm (Gamble, 2013).
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Figure 12: Examples of plyometric exercises 
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n 154.	 Subconscious nervous 
system activity also contrib-
utes greatly to injury pre-
vention. As for the regula-
tion of motor functions that 
do not allow the transition 
from eccentric to concentric 
work, because the limit be-
yond which the risk of inju-
ry increases drastically has 
been reached, the chances 
of defense of the nervous 
system are manifested in the 
slowing down of the passage 
from eccentric to concentric 
work (Oliver, Smith, 2010), in 
the minor preliminary activa-
tion of the motor units (Chu, 
Myer, 2013), in the greater 
activation of the antagonist 
muscles (Croce et al, 2004). It 
is important that these pro-
tective reactions occur re-
gardless of the age and qual-
ification level of the athletes 
(Lloyd, Oliver, 2014).

155.	  Ballistic method. This 
method involves ballis-
tic-type movements per-
formed thanks to the initial 
impulse of intense muscle 
contraction followed by 
muscle relaxation. This dis-
tinguishes ballistic from 
non-ballistic exercises, in 
which muscle tension occurs 
throughout the movement.

156.	 The uniqueness of the 
ballistic movement is due 
to the development of the 
maximum speed in its final 
phase due to the lack of de-
celeration linked to the main-
tenance of the overload. This 
occurs, for example, when 
performing ballistic exercis-
es such as jumping upwards, 

throwing a medicine ball, 
shot putt, hammer throw, etc. 
(Fig. 13). However, this does 
not happen when perform-
ing fast strength exercises 
with weights, for example 
with a barbell: the kinetic en-
ergy accumulated at the end 
of the progressive forward 
movement is amortized to 
slow down and stop the bar-
bell, which suppresses the 
expression of fast strength 
in the final phase, the most 
important phase of the move-
ment. The “release” from 
muscle tension at the end of 
the movement acts as a de-
cisive factor in ballistic train-
ing, which allows to reach 
high values ​​of fast force and 
develop suitable adaptive re-
actions (Newton et al, 2012).

157.	 Ballistic movements are 
characterised by a specific 
neuromuscular regulation, 
which manifests itself in the 
rapid activation of the motor 
units of the muscles and in 
the equally rapid transition 
from contraction to muscle 
relaxation. Adaptive trans-
formations therefore extend 
not only to the final phase 
of the movement, but also 
to the full range of move-
ment (Cormie et al, 2011). 
It should also be noted that 
most ballistic movements 
are preceded by an eccentric 
movement, which also leads 
to specific adaptation of the 
nervous, muscular and ten-
don tissues, which contrib-
utes to the development of 
fast strength (Kawakami et 
al, 2002; Foure et al , 2010).

158.	 All this determines the 
effectiveness of ballistic ex-
ercises as a powerful means 
for the rapid activation of 
motor units of the muscles, 
mainly those consisting of 
fast fibres, as well as a means 
to improve intramuscular 
and intermuscular coordina-
tion (Taube et al, 2008; Gam-
ble, 2013). It should be noted 
in particular the unique fea-
ture of ballistic exercises, 
which manifests itself in the 
simultaneous involvement 
of motor units with both low 
and high excitation thresh-
olds (Sale, 1986; Ratamess, 
2008) and in the decrease of 
the activation threshold of 
fast fibres (Gorassini et al, 
2002). Furthermore, it has 
been shown that ballistic 
strength training, such as 
plyometric strength training, 
can provide selective activa-
tion of fast fibres (Hutton, 
Enoka, 1986), simultaneous-
ly suppressing the activation 
of slow fibres (Nardone et 
al, 1989 ; Ratamess, 2008), 
whose activity can limit the 
level of fast strength (New-
ton et al, 1996; Fleck, Krae-
mer, 2004).

159.	 However, it should be 
noted that this activation of 
the muscles during ballis-
tic-type movements is char-
acteristic of highly qualified 
athletes, who have a high 
technique in performing 
motor actions. Poorly quali-
fied athletes, who have not 
yet acquired the movement 
technique well, have a differ-
ent muscle activation char-

THE FOUNDATIONS OF THE KNOWLEDGE OF MUSCLE STRENGTH



45
N

° 15 / January-April 2020

acter (Fig. 14). After a short 
period of latent excitation of 
the motor units, their activa-
tion takes place, which turns 
into a useful impulse that 
leads to a powerful muscle 
contraction and the achieve-
ment of a high level of explo-
sive strength. The activation 
of the antagonist muscles fol-
lows, as a protective reaction, 
which slows down movement 
and ensures the prevention 
of injury. In the last phase, the 
muscles are activated again, 

providing the necessary cor-
rection of the movement in 
its final phase. Thanks to tar-
geted training, the activation 
and impulse of the muscles in 
the main work phase increase 
and the activation of the an-
tagonists that slow down the 
movement decreases.

160.	 It is interesting to com-
pare the effects of training 
with ballistic exercises and 
training with concentric ex-
ercises for the development 
of maximum strength and 

fast strength (Fig. 15). The 
concentric method is most 
effective for developing 
maximum strength. How-
ever, it takes a long time to 
reach the maximum level 
- at least 500 ms. Training 
with the ballistic method al-
lows individuals to express 
a high level of strength af-
ter only 200–250 ms, which 
cannot be achieved by ath-
letes who use exercises per-
formed with the concentric 
method.

Figure 13: Examples of ballistic exercises
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Figure 14: Synergic (7), antagonist (2) and dynamics of explosive strength (3) muscle activity when performing ballistic 
movement (Zehr, Sale, 1994).

Figure 15: Effectiveness of the use of ballistic (7) and concentric (2) exercises aimed at developing maximum strength 
and fast strength (Hakkinen, Komi, 1985; Plisk, 2008)
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The skeletal muscle can be conside-
red the most represented neuroe-
ndocrine immune regulatory organ 
throughout the body, with endocrine, 
paracrine and autocrine functions. 
Identified in the early 1960s as pro-
duction factors of muscular origin in 
the context of studies on diabetes 
(GOLDSTEIN 1961), today we know 
that some proteins, subsequently 
called “myokines”, mediate the in-
teractions of a complex network of 
tissue crosstalk between skeletal 
muscle mass and other organs such 
as the liver, adipose tissue, pancre-
as, bones and cardiovascular system. 
(Gyuri Kim 2020).
From the level of knowledge achie-
ved in this area, the role of physical 
activity in maintaining good health, 
in preventing insulin resistance, type 
2 diabetes mellitus (DMT2), obesity, 
metabolic syndrome, atherosclerosis 
and other cardiovascular complica-
tions has become increasingly clear. 

This protective effect of physical 
activity can in fact be attributed to 
a certain extent, precisely to the 
release of myokines following the 
contraction of the skeletal muscles. 
These molecules can mediate the 
beneficial effects of exercise on the 
metabolism of glucose, lipids and, 
above all, on inflammation, which 
characterizes both metabolic and 
cardiovascular diseases. (Stefano 
Benedini 2017).
The purpose of this narrative review 
is to analyze the main myokines pro-
duced by muscle tissue during con-
traction, with the aim of identifying 
their role as metabolic autocrine, 
paracrine and endocrine regulation, 
with particular attention to their an-
ti-inflammatory, angiogenetic and 
hypertrophic effects, to be conside-
red, however, not only in the general 
perspective of the concept of public 
health, but in the more specific per-
spective of the science of movement 
and sports performance. 

EVIDENCE
The skeletal muscle is identified as 
an organ that produces and relea-
ses cytokines, non-antigen-specific 
polypeptide mediators, which fun-
ction like communication signals 
between cells and which, precisely 
because of their specific origin, are 
called “myokine”. 

Given that the skeletal muscle 
is one of the most represented 
tissues of the human body, or ra-
ther, it is the largest organ, the 
discovery that its contraction 
determines to a large extent the 
secretion of specific proteins 
establishes a new framework: 
the skeletal muscle is capable of 
influencing the metabolism and 
function not only of muscle tis-
sue, but also of other tissues and 
organs such as adipose tissue, 
liver, cardiovascular system and 
the brain (Figure 1). (B. K. Peder-
sen 2013).
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Figure 1: Muscle as a neuroendocrine organ and its autocrine and endocrine interactions (B. K. Pedersen 2013)
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Since their discovery in the sixties 
by John David and Barry Bloom, 
some cytokines (glycoproteins with 
molecular masses from 15,000-
30,000 Dalton) were known for 
their immunoregulatory function, 
however, other studies very qui-
ckly showed that cytokines were 
involved in complex inter-system 
communication networks, in parti-
cular neuroendocrine and immune 
systems. In this sense, the scien-
tific literature of the last three 
decades has offered  substantial 
contribution, highlighting how 
much physical exercise is able to 
produce significant changes on the 
immune system, in particular as re-
gards the innate component of the 
same. Studies on the interactions 
between exercise and the immune 
system have offered unique oppor-
tunities to evaluate the role of the 
underlying endocrine and cytokine 
mechanisms (B. K. Pedersen 2013).
In accordance with the perplexities 
expressed by Feyerabend (Feye-
rabend 1979) about the advance-
ment of knowledge, as for many 
other cases that would prove de-
cisive in the adoption of new pa-
radigms of approach to scientific 
questions, the initial results that 
led to the identification of interleu-
kin-6 (IL-6) as “myocardin” were so-
mewhat random. And so it was that 
around 1988, the systematic stu-
dies on the effects of exercise on 
the immune system soon opened 
up a real new field of study called 
“exercise immunology”, which led 
to the foundation of the Internatio-
nal Society of Exercise and Immu-
nology in 1993 (BK Pedersen 2013).
Later in 2003 (BK Pedersen 2013), 
the cytokines and other peptides 
produced, expressed and released 

by muscle fibres, which exert endo-
crine effects were named and clas-
sified with the term “myokine” from 
the Greek words “μυς” (muscle) 
and “κίνησις” (movement). The very 
fact that the skeletal muscle was 
identified as a cytokine-producing 
organ has subsequently stimula-
ted new studies, which have shown 
that cytokines of muscular origin 
have a role not only in mediating 
certain immune changes induced 
by the exercise, but also in specific 
metabolic changes associated with 
exercise itself (BK Pedersen 2013).
We shall now analyze specifical-
ly the main myokines of interest 
produced by musculoskeletal con-
traction:

1. MYOSTATIN
Identified in 1997, myostatin is 
produced by skeletal muscle and 
secreted in the circulation (B. K. 
Pedersen 2013) and is known as 
a growth suppressor of skeletal 
muscle. A study (Willoughby 2017) 
found that the expression of myo-
statin inhibited the proliferation 
of muscle satellite (SC) cells, sin-
ce “null myostatin” mice, that is, 
that did not produce it, showed 
significant phenotypes of muscle 
hypertrophy and postnatal muscle 
growth, attributable precisely to a 
greater activity of the SC.

Myostatin, therefore, has inversely 
proportional effects on muscle 
growth, high levels of myostatin 
inhibit muscle growth and vice ver-
sa and it is also involved in the mo-
dulation of the function and mass 
of the adipose tissue.
From the scientific literature it 
would emerge that both aerobic 
exercise and resistance training in 

humans and animals attenuate the 
expression of myostatin and this 
seems to enhance the beneficial 
effects of physical exercise throu-
gh direct action on musculoskeletal 
metabolic functions. (B. K. Peder-
sen 2013).

In one study (DAVID L. ALLEN 2011) it 
was reported that myostatin mRNA 
levels also appeared to decrease 
in response to a single resistance 
training session. Myostatin mRNA 
levels decreased approximately 3-4 
times in gastrocnemic biopsies 8 
and 12 hours after a single 30 minu-
te running training session at 75% 
VO2

Max in physically active men and 
women and similarly decreased ap-
proximately 3-fold in soleus and va-
stus lateral biopsies 4 hours later, 
restoring however, 24 hours after 
a 45-minute running period at 75% 
VO2

Max in trained men.
Also in the same study, a 37% re-
duction in myostatin mRNA in the 
vastus lateralis of the dominant 
leg was observed in biopsies taken 
from young and elderly men and 
women, 48-72 hours after the last 
session of a unilateral training pro-
gramme of 9-week knee extension, 
performed on a pneumatic resi-
stance machine by completing 50 
repetitions performed at submaxi-
mal resistance.
Together with the above results, 
these data suggest that a decrease 
in myostatin expression is a distin-
ctive feature of both the response 
to chronic training and a single en-
durance exercise (DAVID L. ALLEN 
2011).
Myostatin is also downregulated 
by follistatin (FLST), which appears 
to be released by the liver during 
exercise.

SKETETAL - MUSCLE, NEUROENDOCRINE IMMUNE REGULATION AND PHYSICAL EXERCISE: 
A NARRATIVE REVIEW



52
Th

e 
offi

ci
al

 jo
ur

na
l o

f t
he

 E
ur

op
ea

n 
W

ei
gh

tli
fti

ng
 F

ed
er

at
io

n

Follistatin is a natural myostatin 
inhibitor with regards to its action 
at the skeletal muscle level. Inte-
restingly, experimental studies 
show a marked increase in follista-
tin levels in the liver in response to 
exercise, suggesting the existence 
of possible muscle-liver crosstalk 
during and after exercise (B. K. Pe-
dersen 2013).

The role played by muscle, and in 
particular the recruitment of mu-
scle mass, are further confirmed 
by the increase in plasma follistatin 
up to seven times the basal values 
observed after 3 hours of exercise 
on a bicycle (Jakob Hansen 2011).
A reduced regulation of myostatin 
gene expression also occurs fol-
lowing training periods with me-
chanical overloads in combination 
with blood flow restriction (BFL). 
It has been shown that BFR during 
low intensity resistance training 
(20-50% 1RM) involves hyper-
trophic adaptations similar to high 
resistance exercise protocols. In 
addition, BFR applied to the lower 
limbs during walking sessions le-
ads to significant improvements in 
the area of the cross section of the 
thigh muscle and shows an increa-
se in the strength of the knee joint 
in both young and elderly subjects 
(Willoughby 2017).

It has also been shown that 20% 
1RM BFR training for 8 days within 
a group of athletes brings improve-
ments in overall sprint performan-
ce.
But how much must the amount of 
occlusion pressure be to benefit 
from the effects of BFR? Experi-
mental observations have shown 

that overall muscle strength has 
increased to significant levels in 
groups with pressure from 50 to 
150 mmHg and that higher pres-
sure does not provide greater 
advantage (Willoughby 2017). In 
addition, significant results in in-
creased strength and muscle mass 
were subsequently confirmed over 
time by other studies. These data 
indicate that the increase in muscle 
mass induced by BFR may be rela-
ted to the concomitant reduction 
of myostatin mRNA gene expres-
sion and to the increase in mRNA 
gene expression of FLST, GASP-1 
and SMAD-7 isoforms. However, 
other intracellular signalling pa-
thways are known to be involved in 
BFR-induced muscle hypertrophy; 
this justifies further studies regar-
ding molecular responses to blood 
flow limitation, in association or 
not with low intensity exercise re-
sistance. (GILBERTO CANDIDO LAU-
RENTINO 2011).

Conclusion:
Myostatin has effects on muscle 
growth and its expression is regu-
lated both by aerobic exercise, cha-
racterized by low resistance levels, 
and by exercise characterized by 
higher intensity levels.

2. DECORIN
Decorin suppresses the activity of 
myostatin, thus counteracting the 
effects described above.
Until recently, the regulation of de-
corin expression and secretion was 
largely unknown (K. K. Pedersen 
2016).
Decorin is part of the extracellular 
matrix and is secreted by skeletal 
muscle, plays an important role 
in cell growth through the modu-

lation of growth factor activities, 
interacting directly with the mole-
cules of the transforming growth 
factor family β (TGF), so as to neu-
tralize them (note that myostatin is 
a member of the TGF-β family and, 
as previously seen, is a strong inhi-
bitor of muscle growth). (Timo Kan-
zleiter 2014).

In this regard, studies have shown 
that decorin is a muscle con-
traction-induced myocine, in par-
ticular a single resistance exercise 
resulted in an increase in the rele-
ase of decorin into the circulation 
immediately after exercise and 
that the extent of the release of 
decorin is positively correlated at 
the maximum force generated du-
ring the exercise. The study proto-
col involved the recruitment of ten 
well-trained healthy lean male vo-
lunteers (24.4± 0.6 kg / m2). A basal 
blood sample was taken before the 
start of the exercise. A 5-7 minute 
bicycle warm-up was conducted, 
following the strength training 
session consisting of seven exer-
cises performed in three sets with 
a load corresponding to 8 RM (the 
applied weight that could be lifted 
8 times at the most). The exercises 
consisted of leg press, leg curls, 
bench press, pull-down, sitting 
shoulder press, cable-flies and low 
rowing (Timo Kanzleiter 2014).
In addition, the same study found 
that a 12-week combined resistan-
ce training intervention resulted 
in an increase in skeletal muscle 
decorin expression in healthy in-
dividuals, but with an apparent 
decrease in skeletal muscle de-
corin expression in dysglycemic 
individuals, defining decorin as a 
contraction-induced myocine in 
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subjects with a healthy metaboli-
sm. The discovery that the effect of 
training on the expression of skele-
tal muscle decorin may be related 
to the glycemic state is interesting 
and this evidence should be subject 
of further investigation (Timo Kanz-
leiter 2014).

3. INTERLEUCHINA-6 (IL-6)
Interleukin-6 is often classified, 
especially in sepsis conditions, as 
pro-inflammatory cytokine, althou-
gh the data also suggest that IL-6 
may have an anti-inflammatory, 
immune-suppressive action and 
can modulate the phase of acute 
response. In fact, the increase in 
plasma IL-6 in particular after exer-
cise is followed by an increase in 
the circulating levels of important 
anti-inflammatory cytokines such 
as IL-1ra and IL-10, not associa-
ted with the production of TNF - α 
and IL-1β , but which are strongly 
pro-inflammatory, just as the infu-
sion of IL-6 into healthy donors de-
termines a cytokine response and 
improves systemic cortisol levels. 
In addition, a recent study iden-
tified interleukin-6 as a likely es-

sential regulator of muscle growth 
(hypertrophy) mediated by satel-
lite cells (muscle stem cells) (S. N. 
Pedersen 2008). While myostatin 
was the first muscle-derived pep-
tide to meet the criteria for being 
classified as myocin, the gp130 re-
ceptor of the cytokine IL-6 was the 
first to be found in the bloodstream 
in response to muscle contractions 
(B. K. Pedersen 2013).
During treadmill training sessions, 
the level of IL-6 in the blood showed 
to have significantly increased 30 
minutes after the start of the run, 
reaching a peak at the end of 2.5 
hours of running. In other studies, 
where IL-6 was not measured du-
ring the run, but at several later 
times, the maximum levels of this 
myocine were found to increase im-
mediately after exercise, but sub-
sequently rapidly decline (half-life 
of 1-2 hours) (B.K. Pedersen 2013).
Currently, from the data provided, it 
is believed that the increase in IL-6 
strictly correlated to the duration 
of the exercise, seems to be able to 
be described through a logarithmic 
relationship, although this has yet 
to be confirmed by future studies.

After exercise, the basal IL-6 pla-
sma concentration can increase 
up to 100 times, even reaching an 
8000-time increase in plasma, as 
detected following a “Spartathlon” 
competition in which participants 
must complete a 246 km run. Howe-
ver. regardless of extreme values, 
smaller increases in IL-6 are very 
frequent.

It should be noted that the exerci-
se-induced increase in IL-6 is far 
from linear over time, repeated 
measurements in fact show an ac-
celerated increase of IL-6 in plasma 
almost exponentially, with maxi-
mum levels of IL-6 that seem to be 
reached at the end of the year or 
shortly after the year itself (B.K. Pe-
dersen 2013).
At the dawn of scientific studies on 
the production of muscle origin of 
this myocine, in consideration of 
the fact that it had already been 
previously classified as a pro-in-
flammatory cytokine, it was erro-
neously believed that the observed 
plasma increase could be conside-
red as a direct expression of muscle 
damage.

Figure 2: Increased 
concentration of anti-in-
flammatory cytokines 
during exercise (B. K. 
Pedersen 2013).
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n Today it is now evident that eccen-
tric muscle contractions are not as-
sociated with a greater increase of 
IL-6 in plasma than “less harmful” 
concentric muscle concentrations 
and that evidently no muscle dama-
ge is required to trigger an increa-
se in IL-6 plasma during exercise 
(B.K. Pedersen 2013).
Furthermore, it is evident that the 
amount of IL-6 produced in respon-
se to motor activity appears to be 
related to the amount of muscle 
mass engaged in the exercise. In 
fact, the muscles of the upper limbs 
may be insufficient to increase the 
plasma IL-6 at higher levels than 
to pre-exercise ones. By contrast, 
running, which involves several 
large muscle groups, is the method 
of exercise during which the most 
significant increases in IL-6 in pla-
sma have been observed (Figure 2).
A review of the literature specifical-
ly shows that exercise duration is 
the most important factor causing 
an increase in IL-6 in post-exercise 
plasma and that 50% of its varia-
tion at the end of the work can be 
explained by the duration of the 
work itself (B.K. Pedersen 2013).
Based on the linear logarithmic 
relationship between time and in-
crease in IL-6 plasma, an increase 
of IL-6 of about ten times requires 
an exercise of about 2 hours (1.9 
hours), while a 100-fold increa-
se requires an exercise lasting 6 
hours. As previously mentioned, 
the ability to produce IL-6 following 
its contraction and in the absence 
of inflammation, but above all in-
dependently from TNF, is a specific 
feature of human skeletal muscle 
tissue and this allows the IL-6 of 
muscle origin to be connected to 
metabolism rather than inflamma-

tion (B.K. Pedersen 2013).
From a metabolic tissue point of 
view, the level of muscle glycogen 
could also be a determining fac-
tor, since both the intramuscular 
expression of IL-6 mRNA and the 
release of the relative protein is 
exacerbated, in conditions of com-
promised intramuscular glycogen, 
suggesting that IL-6 is somewhat 
regulated by the glycogen content 
itself. In fact, several studies have 
shown that the ingestion of gluco-
se during exercise attenuates the 
contraction-induced plasma incre-
ase of IL-6, but not the expression 
of IL-6 mRNA within the muscle it-
self (B.K. Pedersen 2013). 
This may explain why calorie-re-
striction or mime-fasting diets 
have important anti-inflammatory 
effects; however, studies in this 
regard are needed to substantia-
te this hypothesis. IL-6 also has 
direct effects on both lipolysis and 
fat oxidation, the infusion of rhIL-6 
(recombinant human IL-6) in heal-
thy humans caused an increase in 
lipolysis in the absence of hyper-
triglyceridemia or changes in ca-
techolamines, glucagon, insulin 
or any adverse effects in healthy 
subjects. These results combined 
with cell culture experiments al-
lowed IL-6 to be identified as a li-
polytic factor (B. K. Pedersen 2013).
In a recent study, the authors were 
also able to distinguish between 
lipolysis in muscles and adipose 
tissue, finding that IL-6 is able to 
primarily stimulate lipolysis in ske-
letal muscles, while abdominal adi-
pose tissue is not affected by these 
effects. (B. K. Pedersen 2013).
Conclusion:
IL-6 is expressed and released by 
the contraction of the human ske-

letal muscle and has anti-inflam-
matory, immunoregulatory, meta-
bolic and hypertrophic effects on 
humans in vivo (SN Pedersen 2008), 
mostly activated by preferably ec-
centric isotonic contractions, such 
as running and to a lesser extent 
also cycling.

4. BRAIN-DERIVED NEUROTROPHIC 
FACTOR

Neurotrophins are a family of 
structurally related growth factors, 
which exert many of their effects on 
neurons. Several studies show that 
skeletal muscle is able to express 
some of them, including in particu-
lar the BDNF and its TrkB receptor, 
which is currently among those 
most expressed in the brain (B. K. 
Pedersen 2016).
The Pedersen et al (Bente K. Pe-
dersen 2009) study predicted that 
participants would perform 120 
minutes of cycling exercise at 60% 
of their predetermined VO2

Max, fol-
lowed by a 24-hour recovery period. 
Muscle biopsy specimens were 
obtained from the vastus lateralis 
before exercise, immediately after 
exercise and 3, 5, 8, 24, 48 and 72 
hours later, using a percutaneous 
needle biopsy technique with aspi-
ration, showing that the Circulating 
levels of BDNF increased immedia-
tely after exercise.

To confirm this, further animal stu-
dies showed that an intense con-
traction of the soleus muscle, both 
in normal and diabetic rats, caused 
an increase in BDNF expression, as 
well as ultrastructural studies by 
the same authors confirmed that 
BDNF expression is localized wi-
thin the muscle fibres and is able 
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to activate satellite (SC) cells. On 
this basis, it is interesting to note 
that following the soleus paralysis 
the BDNF mRNA levels have been 
reduced, showing that active mu-
scle contraction is important in 
modulating the BDNF levels in the 
muscles (B. K. Pedersen 2013). In 
this regard, it should be emphasi-
zed that, while on the one hand we 
know today that BDNF seems to play 
a role in the development and diffe-
rentiation of myoblasts and muscle 
fibres, improving the oxidation of 
fats both in vitro and ex vivo (B.K. 
Pedersen 2013), above all it plays 
a central role in the mechanisms of 
synaptogenesis and synaptic pla-
sticity that underlie the processes 
of memorization and learning in the 
human being (Cunha 2010). As it is 
currently known that BD-NF also in-
creases in brain tissue in response 
to acute exercise and training, this 
could not only explain the effect 
of exercise in protecting against 
neurodegenerative diseases such 
as dementia in the elderly (B.K. Pe-
dersen 2013), but it raises impor-
tant questions about the need to 
implement physical activity levels 
in young people, precisely because 
of the stimulation of those systems 
assigned to learning in school age, 
through physical activity.

Conclusion:
BDNF is a protein produced in 
skeletal muscle cells during con-
traction, which increases fat oxida-
tion in an AMPK dependent manner, 
most likely by acting in an autocrine 
and/or paracrine manner within 
the skeletal muscle, playing a role 
in the repair, regeneration and dif-
ferentiation of muscles. Therefore, 
its well-known role played in neuro-

biology in the field of synaptogene-
sis and neuroplasticity is combined 
with the role of myocine which per-
forms a function on peripheral me-
tabolism, in particular in the field 
of myogenesis and muscle regene-
ration (B. K. Pedersen 2013).

5. INTERLEUCHINA-7 (IL-7)
Interleukin-7 (IL-7) is a cytokine 
necessary for the development of 
immune T and B cells. Furthermore, 
incubation with recombinant IL-7 
during cell differentiation induced 
a reduction of mRNA for myogenic 
markers heavy myosin chain (MHC) 
2 and myogenin (MYOG). This fin-
ding suggests that IL-7 may act on 
satellite cells (SC) and may be in-
volved in myogenesis. The authors 
also demonstrated that IL-7 mRNA 
muscle expression was found to be 
significantly increased in resting 
biopsies of musculus vastus latera-
lis and musculus trapezius perfor-
med on male subjects undergoing 
a strength training programme (B. 
K. Pedersen 2013).
Finally, the effect of training on IL-7 
mRNA in skeletal muscle was mo-
nitored in subjects engaged in a 
strength training programme after 
2 and 11 weeks. The results indica-
te that IL-7 mRNA increases after 2 
weeks of training (Haugen F 2010).

Conclusion:
IL-7 has recently been identified 
as myocin involved in myogenesis, 
its expression in resting skeletal 
muscle would be increased with 
adaptation to training (B.K. Peder-
sen 2013). However, the possibility 
of considering such adaptations is 
to be verified as a function of acti-
vation of the immune system (T and 
B lymphocytes).

6. INTERLEUCHINA-8 (IL-8)
The possibility that skeletal muscle 
has of expressing IL-8 has recei-
ved some attention, specifically its 
activity of chemoattractor towards 
neutrophils and its involvement 
in angiogenesis processes, in par-
ticular the ability of IL-8 to induce 
angiogenesis is distinct from its 
ability to also induce inflammation 
as well (B.K. Pedersen 2013).

In a pioneering study conducted by 
Nieman and collaborators, a consi-
derable increase in IL-8 mRNA was 
found in skeletal muscle biopsies 
performed on subjects who com-
pleted a 3-hour treadmill run, also 
in conjunction with increased pla-
sma levels IL-8 (BK Pedersen 2013), 
as well as the plasma concentra-
tion of IL-8 following eccentric mu-
scle contractions.

Conclusion:
The physiological function of IL-8 
within the muscle is still largely un-
known. Much of the systemic incre-
ase in IL-8 observed during exerci-
se with an eccentric component is 
most likely due to the inflammatory 
response triggered by it. However, 
it is plausible that IL-8 of muscular 
origin exerts its effect in an autocri-
ne or paracrine way, by stimulating 
angiogenesis in the skeletal muscle 
itself. Several studies have found 
that IL-8 associates with CXCR1 and 
CXCR2 receptors and plays a direct 
role in endothelial cell survival, 
proliferation, and angiogenesis (B. 
K. Pedersen 2013), (S. N. Pedersen 
2008).

7. INTERLEUCHINA-15 (IL-15)
IL-15 is a cytokine with a molecu-
lar weight of about 14 kDa, belon-
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originally isolated on the basis of 
its ability to support the prolifera-
tion of natural killer T lymphocytes 
(B. K. Pedersen 2013). The studies 
of Nieman et al. confirmed that 
IL-15mRNA muscle levels remain 
unchanged immediately after a 
3-hour run, data confirmed by 
Ostrowski et al., according to whi-
ch plasma IL-15, measured up to 
6 hours after training, does not 
alter its levels in response to 2.5 
hours of training on the treadmill 
and despite the fact that similarly 
the IL-15 mRNA levels in skeletal 
muscle, measured immediately 
after a 2-hour weight training, do 
not differ from baseline (BK Pe-
dersen 2013 ).

Only one study (Steven E. Riech-
man 2004) found that plasma 
IL-15 protein was found to have 
increased immediately after re-
sistance exercise. The protocol 
included 10-week workouts, 3 
times/week including 13 exerci-
ses, charged to all major muscle 
groups using overloads at 80% 
of 1 RM. The programme consi-
sted of performing the following 
exercises: chest press, seated 
row, lateral pulldowns, leg ex-
tensions, triceps extension, arm 
curl, shoulder press, hamstring 
curl, low back extension, abdomi-
nal crunch, and incline press. The 
subjects performed 3 sets of 6 to 
10 repetitions for each exercise, 
with 30’’ recovery after each set 
and 1 minute between exerci-
ses, the overloads were increa-
sed when the participants were 
able to complete 10 repetitions 
in each specific exercise with the 
same initial load.

IL-15 has specifically shown to 
have anabolic effects on ske-
letal muscle in vitro and in vivo 
and a role in reducing the mass 
of adipose tissue, reducing lipid 
deposition in preadipocytes and 
decreasing the mass of whi-

te adipose tissue 
(WAT). 
IL-15 has been 
identified as 
an anabo-

lic factor constantly expressed by 
skeletal muscle and regulated by 
strength training. Although IL-15 
has solid anabolic effects, it also 
appears to play a role in reducing 
fat mass and therefore is belie-
ved to play a role in muscle-fat 
cross-talk (B. K. Pedersen 2013), 
(S. N. Pedersen 2008).

8. LEUKAEMIA INHIBITORY FAC-
TOR (LIF)
Numerous tissues, including 
skeletal muscle, express LIF, 
myocine with a wide range of 
actions, including that of stimu-
lating platelet formation, hema-
topoietic cell proliferation, bone 
formation, survival and neuronal 
formation and cell proliferation 
muscle satellites.

This myocine is expressed consti-
tutively at low levels in type 1 mu-
scle fibres and is implicated in con-
ditions that influence the growth 
and regeneration of skeletal mu-
scles (B. K. Pedersen 2013).

In a study by Broholm et al., aero-
bic exercise was found to induce 
the expression of LIF in human 
skeletal muscle, in particular by 

using concen-
tric muscle 
contractions, 
which regu-
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late the expression of muscle LIF 
mRNA in humans. The cycle ergo-
meter is considered the most con-
centric activity and the subjects 
examined performed 3 hours of 
pedalling at 60% of VO2

max, fol-
lowed by 6 hours of recovery. The 
expression level of LIF mRNA in 
skeletal muscle biopsies increa-
sed 4.5 times (95% confidence in-
terval: 1.9 to 7.1 times). Following 
exercise and compared to the 
control group, the experimental 
group showed significantly eleva-
ted LIF mRNA levels immediately 
after exercise, 1.5 hours and 3 
hours later (P <0.05) (O. H. Christa 
Broholm 2008). 

LIF does not work like a systemic 
myocine, such as IL-6, but is more 
likely to affect the skeletal muscle 
in an autocrine and/or paracrine 
way (B. K. Pedersen 2013).

Austin and colleagues demon-
strated that LIF stimulates the 
proliferation of myoblasts in 
culture, confirming that it acts 
as a mitogenic growth factor 
when experimentally added to 
muscle precursor cells in vitro. 
Muscle satellite cells begin to 
form in the advanced stage of 
development of the vertebrate 
embryo and in adult muscle they 
are quiescent and are located 
between the basal lamina and 
the plasma membrane (endomy-
sium). However, in response to 
muscle injury or exercise, nor-
mally quiescent cells activate, 
re-enter the cell cycle and begin 
to proliferate and then irreversi-
bly withdraw from it and merge 
with the pre-existing myofibres. 
There is growing evidence that 

muscle adaptation and hyper-
trophy depend on adding new 
myonuclei through the proli-
feration and further fusion of 
satellite cells with adult muscle 
fibres. 
Muscle regeneration is another 
process based on the activation 
and proliferation of satellite cel-
ls and, in this regard, LIF also de-
monstrates effects in vivo (B. K. 
Pedersen 2013).

In a recent study, involving eight 
healthy male individuals, it was 
found that ~ 20 minutes of m-re-
sistance exercise. Quadriceps 
induced a ~ 9-fold increase in 
musculoskeletal LIF mRNA. The 
training protocol contained four 
sets of 6 - 8, 6 - 8, 10–14 and 10–
14 repetitions and was first per-
formed on a leg press machine 
and secondly on a leg extension 
machine, with the aim of achie-
ving to total exhaustion in each 
set. The subjects were encoura-
ged to lower the weights slowly 
(eccentric phase) and to push 
them upwards as fast as possible 
(concentric phase). There was a 
90 second rest period after each 
set and a 3-minute rest period 
between the exercises at the 
two machines. LIF mRNA levels 
returned to pre-exercise levels 
24 hours after training, while LIF 
protein expression was not si-
gnificantly induced by resistance 
exercise (M. J. Christa Broholm 
2011). 
This showed that eccentric mu-
scle contractions and resistan-
ce exercise regulate LIF. In fact, 
endurance exercise resulted in a 
greater increase in LIF mRNA, de-
spite a shorter exercise duration, 

than individuals who did cycling 
exercise. This can be explained 
by the different model of recru-
itment of the types of muscle fi-
bres, by the different signalling 
pathways activated and/or by the 
relatively higher percentage of 
eccentric contractions sustained 
during the exercise of resistance 
(M. J. Christa Broholm 2011).

Conclusion:
LIF is a newly discovered myoci-
ne, which is induced in skeletal 
muscles following exercise and 
influences satellite cells, mu-
scle growth and regeneration 
(B.K. Pedersen 2013). However, 
further investigations will allow 
better definition of functions and 
production methods and LIF acti-
vation.

9. IRISINA
Irisin has recently been identified 
as a new myocine, which is rele-
ased into the circulation during 
exercise. Irisin transforms white 
fat cells into brite cells; white fat 
cells with brown phenotype, with 
heat generation function (B. K. 
Pedersen 2013).
Exercise increases the intramu-
scular expression of a protein, 
PGC-1α which acts as a tran-
scriptional coactivator, stimula-
ting the expression of a second 
protein called FNDC5, which is 
cut proteolytically, leading to the 
formation of irisin (Figure 3) (B.K. 
Pedersen 2013).
PGC1-a is a transcriptional 
co-activator that mediates many 
biological programs related to 
energy metabolism. Originally 
described as a PPAR-c co-acti-
vator capable of modulating the 
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expression of decoupling protein 
1 (UCP1) and thermogenesis in 
brown fat, it has also been shown 
to be able to control mitochon-
drial biogenesis and oxidative 
metabolism in many cell types. 
PGC1-a is induced in the muscles 
thanks to exercise and stimulates 
many of the best-known benefi-
cial effects including mitochon-
drial biogenesis, angiogenesis 
and “fibre-type switching” (Pon-
tus Bostrom 2012).
In laboratory animals given 
FNDC5, systemic irisin levels in-
creased three to four times; the 
overexpression of irisin indu-
ced the development of brown 
fat cells starting from the WAT 
(white adipose tissue) and at the 
same time led to an increase in 
the total energy expenditure and 

to modest improvements in glu-
cose intolerance (B. K. Pedersen 
2013).
Irisin is a myocardium regulated 
by motor activity; a study con-
ducted by Bostrom et al (Pontus 
Bostrom 2012) examined the 
blood levels of irisin after exer-
cise in mice and humans. The 
mice had significantly elevated 
plasma concentrations (65%) of 
irisin after undergoing 3 weeks 
of freewheel training. 
Similar results in healthy adult 
subjects who underwent super-
vised resistance training for 10 
weeks revealed twice the increa-
se in circulating irisin levels com-
pared to the untrained group. 
The protocol included 10 weeks 
of aerobic training, using the 
exercise bike with 4-5 sessions 

of 20–35 minutes per week at an 
average intensity of 65% of the 
maximum oxygen consumption. 
These results confirm that irisin 
is present in the mouse and hu-
man plasma and increases with 
exercise.

Conclusion:
Irisin has recently been identified 
as exercise-regulated myocine 
and plays a role in the transfor-
mation of white fat cells into bri-
te cells, however protocols and 
methods of physical exercise are 
still being defined.
10. ERYTHROPOIETIN (EPO)
The human body shows a signifi-
cant ability to adapt to changes 
in the surrounding environment, 
this is evident from the wide ran-
ge of systemic, local and cellular 

Figure 3: Biological mechanisms of production of myocine Irisina, induced by physical exercise (B. K. Pedersen 2013)
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responses induced by a greater 
demand for muscle energy during 
exercise, aimed at restoring the 
oxygen homeostasis. A key factor 
in this process is the erythropo-
ietin hormone (EPO), best known 
for its role in promoting the pro-
liferation and differentiation 
of erythrocytes. The EPO recep-
tor (EPOR) is also known to be 
expressed in the heart, uterus 
and brain. The distinctive featu-
res of the activation of EPOR in 
peripheral tissues are the various 
aspects of oxygen homeostasis, 
such as capillary formation (an-
giogenesis) and protection from 
oxidative stress (Helene Rundq-
vist 2009). Recent studies sug-
gest that EPO could also be clas-
sified as myocine (B. K. Pedersen 
2013). By overexpressing EPO in 

murine skeletal muscles by ge-
netic electrotransfer, a 100-fold 
increase in serum EPO and con-
comitant increases in haemoglo-
bin levels are obtained. After 12 
weeks, the expression of EPO re-
sulted in a 23% weight reduction 
and a reduction in fat mass. EPO 
expression also induced a 14% 
increase in muscle volume and a 
25% increase in muscle vascula-
rization. EPO overexpression was 
accompanied by an improvement 
in fasting insulin levels and glu-
cose tolerance in fatty mice. Al-
though these results are of major 
interest, this study nevertheless 
has clear limits of applicability, as 
the method used for DNA transfer 
consists of an artificial model for 
overexpressing and secreting 
the EPO from the muscles (B. K. 

Pedersen 2013). In confirmation 
of what has just been said, howe-
ver, Rundqvist et al. have shown 
that the EPO is released into the 
circulation following physical 
exercise, specifically the protocol 
applied envisaged the execution 
of physical exercise by 10 healthy 
male subjects on an electronic er-
gometer. The recruited subjects 
performed 60 minutes of training 
and during the first 20 minutes 
they cycled at around 60 r.p.m. 
with an average working frequen-
cy of 125 (105–148) W, corre-
sponding to 50% of VO

2
max, after 

which the working frequency was 
increased to 165 (138–195) W, 
corresponding to 65% of VO2max 
for another 40 min. The results 
of this experimentation showed 
that human skeletal muscle 

SKETETAL - MUSCLE, NEUROENDOCRINE IMMUNE REGULATION AND PHYSICAL EXERCISE: 
A NARRATIVE REVIEW



60
Th

e 
offi

ci
al

 jo
ur

na
l o

f t
he

 E
ur

op
ea

n 
W

ei
gh

tli
fti

ng
 F

ed
er

at
io

n

expressed EPOR both at the level 
of mRNA and proteins.
The current results encourage fu-
ture studies to establish whether 
there is a relationship between 
EPOR activation and angioge-
nesis and/or apoptotic defence 
during muscle exercise (Helene 
Rundqvist 2009).

Conclusion:
EPO can be considered a real 
myocine with metabolic effects 
on both muscles and adipose 
tissue. The identification of the 
EPOR protein in skeletal muscle 
fibres and satellite cells, the exer-
cise-induced increase in muscle 
EPOR mRNA and the increase 
in EPOR-associated JAK2 pho-
sphorylation suggest that the 

EPOR system could play a role in 
the remodelling of the skeletal 
muscle tissue.

Considerations:
Considering muscle as an endo-
crine tissue in cytokine commu-
nication with the other organs 
of our body makes us well under-
stand how its “health” can affect a 
whole series of physiological and 
pathophysiological mechanisms. 
Great attention must also be paid 
in the future to the molecular si-
gnalling pathways that determi-
ne the production of myokines 
following the contraction of the 
skeletal muscle and in this con-
text, particular attention must be 
maintained on a very important 
mineral that forms the basis of 

numerous intracellular reactions: 
Calcium (Ca2 +).
Overall, despite the methodologi-
cal and technical difficulties rela-
ted to the study of muscle tissue 
and its contractile activity both in 
vivo and in vitro, today we know 
that the production of cytokines 
induced by physical exercise dif-
fers considerably from that cau-
sed by serious infections as the 
classic proinflammatory cytoki-
nes, TNF-α and IL-1β, do not incre-
ase with exercise (B.K. Pedersen 
2013).
In relation to exercise, IL-6 is the 
first cytokine released in the blo-
od, its level increases exponen-
tially (up to 100 times) during 
exercise and decreases in the 
post-exercise period, as well as 

Figure 4: Proposed pathways for cytokine signalling in macrophages and during skeletal muscle contraction. While it is 
known that the transcription of interleukin-6 (IL-6) and other proinflammatory cytokines such as tumour necrosis factor 
alpha (TNF-α) and IL-β is mainly regulated by the Toll like receptor (## TLR) which leads to nuclear translocation and 
NFκB activation, skeletal muscle contraction suggests that contraction leads to an increase in cytosolic Ca2 + and acti-
vation of MAPK p / 38 and / or calcineurin, which leads to the activation of factors of transcription (B.K. Pedersen 2013).

Macrophage
Muscle work
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it also assists a post-exercise in-
crease in the circulating levels of 
the so-called anti-inflammatory 
cytokines IL-1ra and IL-10, ma-
king it clear and evident that the 
signalling pathways both upstre-
am and downstream of the IL-6 
clearly differ between those that 
occur within the myocytes.
Unlike IL-6 signalling in ma-
crophages, which depends on the 
activation of the NFκB signalling 
pathway, it appears that the in-
tramuscular expression of IL-6 is 
regulated by a cascade of signal-
ling network which, among other 
pathways, implies connections 
between Ca2 + / NFAT and glyco-
gen / p38 MAPK. It is precisely 
this different activation mecha-
nism that causes IL-6, produced 
in monocytes or macrophages, 
to determine a pro-inflammatory 
response, while activation and 
signalling of IL-6 in the muscle is 
totally independent of a previous 
TNF response. or from the activa-
tion of the NFκB (Figure 4).

Currently there is no doubt that 
exercise causes an anti-inflam-
matory response and IL-6 seems 
to mediate some effects in this 
sense, such as the inhibition of 
the production of TNF (pro-in-
flammatory) induced by lipopoly-
saccharides (LPS) in cultured 
human monocytes. In addition, 
in healthy humans, both exerci-
se and rhIL-6 infusion inhibit the 
endotoxin-induced increase in 
circulating TNF-α levels.
It is within the framework just de-
scribed that the possibilities are 
created for which regular exer-
cise proves to be able to protect 
against low-level systemic chro-

nic inflammation and the accu-
mulation of visceral fat and ecto-
pic fat and therefore also protect 
from chronic systemic inflamma-
tion (B.K. Pedersen 2013).
On the contrary, overwhelming 
evidence shows that lack of daily 
physical activity is the primary 
cause of chronic diseases/condi-
tions.
The term “diseasome” was pre-
sented by Pedersen (2009) to 
describe a set of diseases that 
include over 35 pathological con-
ditions such as the outcome of 
a multi-level regulation failure, 
among these we have: biological 
aging/premature death, low car-
diorespiratory fitness (VO2max 
), sarcopenia, metabolic syndro-
me, obesity, insulin resistance, 
prediabetes, type 2 diabetes, 
non-alcoholic fatty liver disease, 
coronary artery disease, periphe-
ral artery disease, hypertension, 
stroke, heart failure, endothelial 
dysfunction, arterial dyslipida-
emia, haemostasis, thrombosis 
deep vein, cognitive dysfunction, 
depression and anxiety, osteo-
porosis, osteoarthritis, balance 
problems, bone fractures/falls, 
rheumatoid arthritis, colon can-
cer, breast cancer, endometrial 
carcinoma, gestational diabetes, 
pre-eclampsia, polycystic ovarian 
syndrome, dysfunction erectile, 
pain, diverticulitis, constipation 
and gallbladder disease.
The role of muscle as an endo-
crine-immune organ helps us 
understand why physical activity 
has so many benefits for the enti-
re human system.

In contrast (Konstantinos A. Vo-
laklis 2015), physical inactivity 

currently causes 6-10% of all de-
aths from major diseases (CHD, 
type 2 diabetes and breast and 
colon cancers) that occur throu-
ghout the world every year. For 
this reason, the WHO has recently 
recognized physical inactivity as 
one of the main global risk fac-
tors for morbidity and premature 
mortality, giving way to a complex 
line of research about the effects 
of sedentary lifestyle on human 
health and for which has come 
through numerous epidemiolo-
gical studies to demonstrate that 
muscle weakness in middle-aged 
and elderly individuals is stron-
gly related to functional limits 
and physical disability. Impressi-
ve are the discoveries of Cheung 
et al. who recently reported that 
handgrip strength seems to be a 
more useful marker of multimor-
bidity (recurrence of two or more 
diseases) than chronological age 
in men (Konstantinos A. Volaklis 
2015). A growing body of eviden-
ce has suggested that muscle 
strength is inversely and inde-
pendently associated with death 
from all causes, including cancer, 
even after appropriate statistical 
adjustments for cardiorespira-
tory fitness and other cofactors 
such as age, body fat, smoking, 
alcohol and hypertension.
Based on current scientific know-
ledge, the higher mortality risk 
associated with reduced levels 
of muscle strength is similar to 
well-known risk factors for early 
death such as obesity, hyperten-
sion or smoking. For this reason, 
in recent decades, muscle heal-
th as a modifiable risk factor has 
become of great interest from 
the point of view of public health 
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Also for this reason, American 
College Sports Medicine’s Physi-
cal Activity Recommendations for 
Healthy Adults, updated in 2011, 
strongly recommended that a 
strength training programme 
should be performed for a mini-
mum of two non-consecutive days 
per week, It is also interesting to 
note that high muscle strength in 
adolescence is associated with a 
20-25% lower risk of premature 
death (defined as death before 
55 years) from any cause (Kon-
stantinos A. Volaklis 2015).

CONCLUSIONS:
Ever since Charles Scott Sher-
rington formulated in the early 
1900s “... All man can do is move 
things, and his muscle con-
traction is the only manifestation 
of himself ...” muscle has shown 
man much, much more than was 
his knowledge of the beginning 
of the last century. From the con-
cept of a simple worker capable 
only of obeying higher orders, we 
find ourselves today, on the con-
trary, appreciating muscle as a 
force provider and active part in 
many functions of the endocrine 
and immune systems. This new 
and interesting vision obliges us 
to completely review the muscle 
function, which is also capable 
of regulating functions, as men-
tioned above, of complex physio-
logy. This overall picture, which 
must be significantly correlated 
with all the other systems, poses 
different questions on how to re-
consider the muscle according to 
training and the responses that 
it modulates in relation to the 
stress administered.

With this new vision of muscle 
and its functions, it is inevitable 
not to think of when the world 
of sport considered the same in 
a simplistic way, theorising the 
famous rule of supercompensa-
tion, thinking of the muscle in the 
load recovery ratio, that the same 
could be somehow calculate ma-
thematically. The idea of super-
compensation was born after the 
idea that training, to be effective, 
had to inevitably be carried out 
with high load volumes. 

Consequently, there was the 
trend of measuring lactic acid 
which seemed to be the measure 
of all measures and consequent-
ly the phenomenon of training 
simplistically reduced to the mu-
scle-lactic acid response. The pur-
pose of this updated review on 
how science now acknowledges 
the muscle in terms of functions, 
aims to be a stimulus to the rea-
der to take a fresh look at the con-
cept of training loads and in par-
ticular the relationship between 
muscle, the response to training 
stress, energy mechanisms and 
inflammatory mechanisms.

We would certainly not be sur-
prised if new experimental load 
administration projects suddenly 
appeared, based on the indivi-
dualization of the training pro-
cess in order to allow, in light of 
this new knowledge, to optimize 
the load itself and at the same 
time to evaluate its responses 
and adaptations.
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The human being has an intrinsic 
variability with respect to its biolog-
ical and psychological processes, 
which is also reflected in sports per-
formance. Factors such as sleep (8), 
nutrition (35), supplementation (5) 
and daily stress (2) can, in fact, alter 
the ability to express strength, both 
during training and in tests. These 
are all elements that must be taken 
into consideration when setting an 
overload, intended as weights placed 
on the barbell or posing resistance 
on a machine used in training with 
overloads.

The two most known and commonly 
used strategies are the choice of a 
percentage of the single maximum 
repetition performed in an exercise 
(% 1RM), or the indication of areas in 
which to perform a certain number of 
maximum repetitions (RM) (41). As 
regards the first, the reasons for the 
popularity of% 1RM are given by the 
fact that, in almost all the exercises, 
most athletes are able to perform 
the same sum of repetitions at the 
same relative intensity (overload di-
vided by 1RM). In literature there are 
tables that give precise indications 
regarding the number of possible 
repetitions at the different relative 
intensities (31) and so it is very sim-
ple to determine the overload to be 
used. However, the use of% 1RM has 
limitations: the exertion may not 
be the same in different athletes, 
as each could perform a different 
number of repetitions at the same 
relative intensity (27). Furthermore, 
the 1RM is not a stable measure in 
beginners training with overloads 
(28) and may decrease due to the 
fatigue accumulated following train-
ing sessions (22). Lastly, a periodic 

measurement, or an estimate, of the 
1RM is required and if this test is per-
formed in extraordinary conditions 
(accumulated fatigue or a particular 
physical condition), the chosen rela-
tive intensities may be higher or low-
er than desired.

The use of RM solves the problem 
both of inter-individual variability, in 
the number of repetitions performed 
at the same relative intensity,  and of 
variability, in the number of repeti-
tions performed at the same relative 
intensity between different exercis-
es by the same subject. In addition, 
always reaching muscle failure, the 
applied exertion is always maximal 
compared to the overload used. 

However, the problems associated 
with this method are the constant 
use of muscle failure training, mak-
ing it difficult to manage the accumu-
lated fatigue (20) and the difficulty 
in deciding the training volume from 
the start (the number of completed 
repetitions is, in fact, variable), which 
can change from athlete to athlete. 
Recently, numerous studies and re-
views have shown that muscle failure 
training leads to results equal to or 
less than non-muscle failure training 
(21,24).

For all the reasons listed, it can 
therefore be advantageous to use 
strategies that are more flexible and 
allow self-regulation of the overload 
based on the conditions of the ath-
lete, when the training is carried out. 
In this article, two methodologies 
that endorse these self-regulation 
elements will be presented: Rating of 
Perceived Exertion (RPE) and relative 
intensity based on sets and repeti-
tions (IR

SR
).

RATING OF PERCEIVED EXERTION
A scale for measuring the perception 
of exertion (Rating of Perceived Exer-
tion, RPE) is a tool used to evaluate 
the perception of the response to a 
workout. It is a valid method for de-
termining exertion during physical 
activity. The first RPE scale was devel-
oped by Gunnar Borg half a century 
ago (7) and was used to monitor aer-
obic activities. On the original scale, 
exertion was evaluated in a range 
from 6 to 20, so as to approximate 
heart rate by multiplying the value of 
exertion by ten. This strong relation-
ship between exertion and cardiac 
activity has certainly limited its use in 
monitoring training with overloads 
and, more generally, in strength and 
power training. Subsequently, Borg 
also developed the category ratio 
scale, in which the perception of ex-
ertion is evaluated with a number 
between 0 and 10 (Borg CR10). This 
CR10 scale was recently used to at-
tempt to monitor the perception of 
exertion during training with over-
loads (34).

RPE can be used differently in train-
ing with overloads. The RPE value can 
be requested from the athlete after 
each exercise or group of exercises 
performed. Alternatively, the RPE of 
the entire session may be requested. 
Thirty minutes after the end of the 
training session, the RPE value for 
the entire training session is detect-
ed (13). The RPE of the session can 
be used to determine the intensity of 
an entire training session or to mon-
itor the overall response to training 
over time and make corrections and 
changes to the individual training 
schedule (12). However, the use of 
the RPE scale has limits to deciding 
the intensity during training, since, 
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if the set is continued until muscle 
failure, the RPE value reported by the 
athlete is lower than the maximum 
value (14). During a set, researchers 
assessed the difference between 
the estimate of the number of rep-
etitions that the athlete would still 
have been able to perform, the actu-
al number of completed repetitions 
and the RPE value. 17 bodybuilders 
were evaluated who performed 5 
sets of 10 repetitions at 70% of their 
maximum (1RM) in squat and bar-
bell presses. Upon completion of the 
tenth repetition, with their limbs in 
full extension, the participants were 
asked to report either the number of 
repetitions that they believed they 
could still complete or the RPE value, 
after which the set continued until 
muscle failure was reached. 

The result of the study was twofold: 
in addition to reporting RPE values 
lower than 10 even when the set had 
run out, the bodybuilders were able 

to accurately estimate the number 
of repetitions missing in the set. In-
deed, a strong correlation was found 
between the number of completed 
repetitions and the estimate for both 
exercises (r = 0.93 and r = 0.95). In 
addition, the researchers noted that, 
from set to set, the estimate was in-
creasingly accurate. This happened 
because, due to the fatigue accumu-
lated in the previous set, the partic-
ipants were able to complete fewer 
and fewer repetitions and therefore 
the estimate of the missing repeti-
tions was carried out closer to mus-
cle failure. The use of two different 
values (missing repetitions and RPE), 
however, remains problematic as it 
can be confusing and impractical for 
athletes and coaches.

The first scale created for the regula-
tion of training with overloads can be 
traced back to the article “The Reac-
tive Training System Manual” (2008) 
for training in powerlifting by Mike 

Tuchsherer (42). The merit of having 
overcome the discrepancy between 
RPE and missing repetitions and 
having presented a scale, in scientif-
ic literature, however, must be given 
to Zourdos and colleagues. On the 
proposed scale, with values ranging 
from 1 to 10, the RPE is defined start-
ing from the number of repetitions 
in reserve (RIR) i.e. the repetitions 
missing before muscle failure in a 
set. The RPE value is calculated as 10 
- RIR (e.g. RIR = 1, RPE = 10 - 1 = 9) (43). 

The previous discovery, that the eval-
uation of RIRs was more accurate 
the closer it was to muscle failure, 
led to grouping the lower RPE values 
(less than or equal to 4) and combin-
ing them with descriptions rather 
than a number of RIRs. Further-
more, since it is easier for athletes 
to report an interval, rather than a 
single RIR value greater than 3, the 
RPE values of 5 and 6 correspond to 
4 - 6 RIR (Table 1).

RPE DESCRIPTION OF THE PERCEIVED EXERTION

10 Maximum exertion

9,5 No repetition in reserve, possible to increase overload

9 1 repetition in reserve

8,5 1 or 2 repetitions in reserve

8 2 repetitions in reserve

7,5 2 or 3 repetitions in reserve

7 3 repetitions in reserve

5 – 6 4 – 6 repetitions in reserve

3 – 4 Light exertion

1 – 2 Minimum exertion or none

table 1: Specific RPE for exercises with overloads (Helms et al. 2018)
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n However, a study by Zourdos study 
revealed a different accuracy be-
tween experts and inexperienced 
users in the use of the scale. The 
1RM was tested for all participants 
and then 3 sets of 1 repetition were 
carried out with loads equal to 60%, 
70% and 90%, and a set of eight rep-
etitions at 80% of 1RM. For all the 
sets the RPE and the speed of the 
balance were evaluated. At 1RM and 
90% of 1RM, expert lifters reported 
higher RPE and lower speeds than 
inexperienced lifters. For both ex-
perts and the inexperienced strong 
inverse correlations between RPE 
and speed of the balance at different 
percentages of 1RM (r = - 0.88 and r 
= - 0.77) were detected, although it 
should be noted that the strength of 
the relationship is greater in expert 
athletes. This consideration was 
then extended to the exercise of flat 
bench presses. 

By replicating the same experimen-
tal protocol, it was possible to find 
that both expert and inexperienced 
lifters can accurately evaluate the 
RPE (25). The relationship between 
experience and accuracy was also 
confirmed in a sample of 141 Ger-
man fitness centre users (36). It 
should be noted that in this case 
the sample included both men and 
women, with experience ranging 
from less than six months to more 
than three years. While confirming 
the hypothesis that the most experi-
enced were more accurate in deter-
mining the RPE, a systematic error 
also emerged whereby the partici-
pants tended to underestimate the 
number of RIRs and therefore over-
estimate the RPE. The extent of the 
overestimation of the RPE value de-
creased as the length of practice in-

creased but, over the whole sample, 
there was a 2.64 - 3.38 range (36). 
This overestimation can be traced 
back to the sample taken into con-
sideration, that is, fitness centres 
users, certainly less accustomed to 
making maximum exertions com-
pared to powerlifters and athletes 
considered in other studies (18,43).
The fact that more experienced lift-
ers moved the barbell at a lower 
speed with maximum loads shows 
that the more experienced have 
greater neuromuscular efficiency. 
In fact, the strongest athletes raise 
their ceiling at lower speeds, as they 
can maintain optimal postures and 
positions even with very high over-
loads. They are therefore able to 
continue to produce force at lower 
speeds and conclude the lift com-
pared to weaker athletes who, as 
the speed of movement decreases, 
compromise their posture and are 
no longer able to produce enough 
force to move the overload.

As suggested by Helms and col-
leagues (16), inexperienced lifters 
should initially simply collect RIR val-
ues, but should not base their train-
ing solely on the RIR scale until they 
have achieved a greater level of ac-
curacy. It must be remembered that 
the RIR scale should be used main-
ly for sets to exhaustion or close 
to muscle exhaustion. Therefore, 
this strategy of deciding the load is 
feasible in the training of maximal 
strength, hypertrophy and muscular 
endurance, it must instead be limit-
ed with regard to power training. To 
adjust the overload with respect to 
the RPE values reported by the ath-
lete, a 2% variation of the load has 
been proposed for each point of RPE 
(17): if a person has to perform sets 

of 8 repetitions at RPE 8 and in car-
rying out the first set, using an over-
load of 100 kg, reports an RPE of 7.5, 
they must then increase the over-
load by 2% and carry out the next set 
with 102 kg. In the event that muscle 
failure is reached before the desired 
number of repetitions in a set, the 
overload must be reduced by 4% 
for each repetition not performed, 
as a repetition is equal to 1 point of 
RPE (17): if a another subject, in per-
forming set of 8 repetitions at RPE 
8 with 100 kg were to reach muscle 
failure at the seventh repetition, the 
load would be reduced by 12% (4% 
for the repetition not performed 
and 8% for lowering from RPE 10 to 
RPE 8) and therefore would carry out 
the following set with 88 kg.
Compared to the training pro-
gramme, the use of the RIR-based 
scale has advantages similar to 
those of the traditional RPE scale. In 
fact, you can use this tool to self-reg-
ulate your training load. By choosing 
different RPEs for the same over-
load, athletes complete a different 
number of repetitions and conse-
quently the training load (17). This 
indication is valid on different com-
binations of repetitions per set and 
RPE and has been specifically tested 
in squat, bench and deadlift exercis-
es. 14 Powerlifters were evaluated 
who performed, in random order, 3 
weekly sessions, completing, after 
warming up with incremental over-
loads, a first set of 8 repetitions at 
RPE 8, or 2 repetitions at RPE 8 or 
3 repetitions at RPE 8. This training 
was repeated for three weeks and 
for each week, after carrying out the 
first set, the overload was reduced 
by 2%, 4% or 6%, which correspond 
in terms of RPE to a reduction of 0.5, 
1 and 1.5 points. 
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As many sets as possible were then 
completed, keeping the number of 
repetitions constant, until the RPE 
value assigned for that day was 
reached or exceeded. The number 
of additional sets completed could 
therefore vary from a minimum of 
1, so the powerlifter immediately 
reached the set RPE, to a maximum 
of 8, a value set as a threshold for ex-
cessive prolonged training. The total 
relative load completed (in relation 
to the 1RM of each athlete in each 
exercise) was therefore lower, in the 
case of a 2% reduction, intermedi-
ate for a 4% reduction and greater 
for a 6% reduction. Being able to ad-
just the training load, it is therefore 
possible to use the RPE to indicate 
the training intensities in the con-
text of a schedule. 

The effectiveness of this methodol-
ogy to improve the level of muscle 
hypertrophy and the performance 

of maximum strength was tested by 
comparing it with the use of the per-
centages of 1RM to assign the over-
load to be used (15). Subsequently, 
24 trained subjects were divided 
into 2 groups - in one the load was 
indicated by RPE, in the second by a 
percentage of 1RM. 

The training involved performing 
squats and a flat bench for three 
sessions per week for a total of eight 
weeks. The number of sets and train-
ing intensities varied from week to 
week but were specular between 
the two groups. 

The two strategies proved equally 
effective both as regards the im-
provements in maximal strength 
and hypertrophy; in fact, no signifi-
cant difference emerged, although 
the size of the effect seems to fa-
vour the RPE group in the measures 
of maximum strength.

RELATIVE INTENSITY BASED
ON SET SAND REPETITIONS
Determining the training intensity 
based on the estimate of the over-
load that the athlete can use for a 
certain combination of sets and rep-
etitions (IRSR) can overcome some 
of the limits of RM, 1RM% and RPE. 
IRSR is a strategy that has been de-
veloped for the training of weight-
lifting athletes (37) and which has 
been applied to other individual 
sports such as athletics (3) and also 
to team sports (4). This method con-
sists in determining the maximum 
load that can be used in training for 
each combination of sets (S) and 
repetitions (R): SxR, e.g. 3x3, 5x3, 
3x10, etc. Once these values are 
known, it is possible to determine 
the overload to be used using seven 
intensity categories, starting from 
65% of the maximum load and with 
5% increments for each category 
(Table 2) (38).

CATEGORY LOWER LIMIT 
(IRSR%)

UPPER LIMIT 
(IRSR%)

Very Heavy (VH) 100%

Heavy (H) 90% 95%

Moderate – Heavy (MH) 85% 90%

Moderate (M) 80% 85%

Moderate – Light (ML) 75% 80%

Light (L) 70% 75%

Very Light (VL) 65% 75%

table 2: Intensity categories based on sets and reps. 
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value for each exercise and combi-
nation of sets and repetitions (VH) 
takes place iteratively through the 
weeks of training. It is, in fact, possi-
ble to assign to each of the upper cat-
egories a description based on ac-
cording to the presence or absence 
of a sticking point. The sticking point 
is a point of concentric movement 
where the lifting speed decreases 
markedly and approaches zero. For 
a very heavy intensity, the sticking 
point is evident for all the last three 
repetitions in a set (two in the case 
of a set of two repetitions). At Heavy 
intensity (H) the sticking point oc-
curs only in the last repetition of the 
set, while there is a slowdown in the 
execution, without an evident stick-
ing point at Moderate - Heavy inten-
sity (MH). The Moderate intensity (M) 
corresponds to the greater overload 
that can be lifted without slowing 
down in the concentric phase of the 
movement.
Regarding the Olympic lifts (snatch 
and clean) and their variants (40) 
starting from the ground, the as-
sessment of the possible sticking 
point or slowing down of the barbell 
must be carried out when passing 
the knees. For movements in which 
there is no sticking point, such as, 
for example, partial exercises (e.g. ½ 
squats, pulls from the knee, etc.) or 
explosive ones (clean & jerk, bench 
press, etc.), the evaluation will be 
made in relation to the exertion 
used by the athlete to begin the 
concentric phase of the movement 
and the ability to maintain posture 
during the exercise. In this case, VH 
corresponds to the maximum load 
for which the movement can be 
performed, accepting that the ex-
ecution technique is compromised 

only in the last three repetitions of 
the set, while at intensity H the tech-
nique is compromised only in the 
last repetition of the set.

Authors’ NOTE
Coaches and trainers can obtain a 
rough estimate of the value of VH 
for a given combination of sets and 
reps starting from the value of 1RM, 
referring to the conversion tables 
between RM and 1RM %. The over-
load can be calculated from the per-
centage of 1RM corresponding to 
the number of RM per selected set, 
subtracting 2.5% for each additional 
set. Take for example the case of an 
athlete who in the squat has a 1RM 
equal to 200 kg and wants to esti-
mate the VH overload for 3x5. The 
conversion table should therefore 
be consulted: 87.5% of 1RM corre-
sponds to 5RM; then 5% will be sub-
tracted (twice 2.5%, one for each ad-
ditional set), so as to obtain 82.5% of 
1RM, equal to 165kg

The 5% interval associated with 
each intensity allows the athlete 
and coach to adjust the overload 
based on the athlete’s condition at 
the time of the training session.
An athlete with a 3x5 VH squat of 
170 who is given an MH intensity will 
have to select an overload between 
85% and 90%, then between 145 
kg and 153 kg. However, it should 
be noted that the selection of the 
overload must be given only based 
on the athlete’s subjective feeling. 
In fact, the athlete should perform 
warm-up sets and then consult with 
the coach. The coach, also based on 
the visual criteria relating to the 
presence of sticking points, will be 
able to advise the athlete on the 
choice of overload, a choice that may 

correspond to the lower limit of the 
interval if the athlete’s conditions 
prove to be poor.
This methodology allows you to eas-
ily calculate the training load and 
solve problems present in the use of 
1RM%, such as changes in the abil-
ity of the athletes to express their 
strength over time and the differ-
ent relative exertion expressed by 
different athletes at the same per-
centage of the 1RM, as they individ-
ually estimate the maximum load for 
the different combinations of sets 
and repetitions. Compared to the 
RM method, the progression of the 
training programme can be planned 
in advance and the presence of an 
interval for each intensity allows 
to “accommodate” the overload 
according to the athlete’s fatigue 
level. In addition, the possibility of 
deciding and planning different 
intensities during a week and/or a 
training cycle, enables better man-
agement of the athlete’s accumulat-
ed fatigue (11).
However, the effort required to put 
IRSR into practice usually makes its 
application difficult. It must also be 
added that, especially in the case 
of “new” athletes for the coach, it is 
difficult to make a proper estimate 
of the different VHs, especially with 
those inexperienced in training with 
overloads. This method certainly 
requires more time and effort from 
coaches, as they will have to con-
stantly monitor the execution of 
the different exercises and may be 
restricted in the choice of combina-
tions of sets and repetitions to be 
used. In order to have indications 
regarding the overload, the coach 
must in fact limit himself to those 
combinations already used with that 
athlete.
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The effectiveness of this method-
ology has recently been compared 
with the RM method by Carroll and 
colleagues (10.11). In this study, 15 
trained people followed a 10-week 
periodized workout, performing 3 
workouts per week, using MRI or IRSR.

The athletes faced 3 training blocks, 
the first of hypertrophy (3 weeks), 
the second of maximal strength (5 
weeks) and the third of muscle pow-
er (2 weeks). The analysis of the ef-
fect sizes showed a more favourable 
adaptation for the IRSR group com-
pared to the RM group in terms of 
muscle hypertrophy, vertical jump-
ing ability and force application. 
Muscle biopsies were used to evalu-
ate type I and type II fibre hypertro-
phy, ultrasound was used to meas-
ure the anatomical cross section of 
the muscle and the muscle thick-
ness, and the latter had increased 
similarly in both groups (10). Then 

squat jump and countermovement 
jump were performed with 0 kg and 
20 kg of overload; in all cases the 
power peak and the jump height 
improved most in the IRSR group. The 
application of force of the subjects 
was tested through the isomet-
ric mid-thigh pull. Regarding peak 
force, no differences were found be-
tween the two groups, while in the 
rate of force development (RFD), es-
pecially in the initial moments of the 
pull (0-50ms and 0-100ms), the IRSR 
group was significantly better.

Previously, Painter and colleagues 
(26) had reported similar results in 
college athletes. In this study, how-
ever, while the IRSR group followed 
a block periodization, similar to that 
used by Carroll, the RM group used a 
daily wave periodization. At the end 
of the 10 weeks of training, both 
groups had significantly improved 
the maximum strength, measured 

by the peak force in the isomet-
ric mid-thigh pull and the 1RM of 
squats. Although without signifi-
cance, in the isometric mid-thigh 
pull, the interpretation of the effect 
sizes favoured the IRSR group in the 
rate of force development measure-
ments: 0-50ms and 0-90ms.

In the studies described, the greater 
effectiveness of IRSR may be due to 
the improved ability to manage the 
fatigue accumulated by the athlete 
(41). In fact, the protocols using IRSR 
predicted a progressive increase 
in training intensity from week to 
week and provided for low intensity 
workouts and weeks (L and VL). The 
groups that used the RM method in-
stead predicted that muscle failure 
would be reached in the last set of 
each exercise, therefore the exer-
tion applied by the athletes during 
the training weeks was always max-
imal.
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n INDICATIONS FOR XXX TRAINING
Having understood how to use the 
RPE scale and the IRSR method, it is 
now possible to present guidelines 
with respect to the different train-
ing objectives.

Muscle hypertrophy
As for the development of muscle 
hypertrophy, the muscle factor is 
the total training load (overload x 
set x repetitions) (32,33). Although 
there is still debate in literature on 
the range of repetitions or intensi-
ty more favourable to the develop-
ment of muscle hypertrophy (32), it 
must however be taken into consid-
eration that to accumulate the same 
training load sessions of different 
duration are required depending on 

the intensity used. It should be reit-
erated here that the intensity refers 
to the % of 1RM. Carrying out sets 
with very high overloads (e.g. 3RM) 
takes much longer than completing 
the same training load with moder-
ate overloads (e.g. 10RM), due both 
to the need to complete a greater 
number of sets and to the longer 
recovery required to maintain very 
high intensities (33). Another factor 
to be considered is muscle failure, 
which, according to some authors, is 
not necessary for the development 
of a greater degree of hypertrophy 
(24,30). The achievement of muscle 
failure can, in fact, compromise the 
number of repetitions completed in 
the following set (23) and therefore 
limit the total load of the training 

session. To ensure that the num-
ber of repetitions and intensity are 
maintained during training, the re-
covery period must be sufficiently 
long. The strategies aimed at reduc-
ing recovery are in fact contraindi-
cated with respect to the possibility 
of accumulating the highest possi-
ble load (19,29).
RPE: sets composed of 6 to 12 repe-
titions, with an RPE of 7-10.
IRSR: 3x10 or 5x10 with increasing 
intensity over the weeks, from Mod-
erate to Heavy.

Muscle Endurance
The goal of training muscle endur-
ance is to continue the exercise even 
in fatigued conditions. It is there-
fore similar to hypertrophy training 
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even if it does not involve the devel-
opment of maximum muscle mass. 
Therefore, it is carried out with sets 
composed of a high number of repe-
titions, at intensities that are there-
fore low (> 12 RM). Effective strate-
gies for the development of muscle 
endurance also extend the exercise 
to exhaustion (21), perform a great-
er number of repetitions per set (9) 
and reduce the recovery period (29).
RPE: sets consisting of more than 
12 repetitions, with RPE of 9-10 and 
recoveries of less than two minutes.
IRSR: in literature there is no infor-
mation regarding this methodology 
for training muscle endurance. How-
ever, it is recommended to perform 
more than 2 sets of minimum 12 
repetitions at H or VH intensity.

Maximal strength
For the development of strength, it 
would appear that intensities be-
tween 80% and 100% of 1RM (or 1 - 6 
RM) give greater results in the case 
of expert athletes (1). In this case, 
training that is specific to the goal of 
developing maximal strength must 
include sets carried out with real 
maximal commitment. The use of 
sets to failure, however, must be lim-
ited because, if used repeatedly and 
prolonged, it can lead to an exces-
sive accumulation of fatigue which 
can therefore inhibit performance 
(24).
RPE: Referring therefore to the in-
dications given in the chapter on 
RPE, whereby each repetition not 
performed corresponds to a load 
reduction of 4% and each half point 
of RPE to a load reduction of 2%, an 
intensity> 80% of the 1RM can be ob-
tained with: 6 repetitions at RPE 10, 
5 repetitions at RPE 9, 4 repetitions 
at RPE 8, 3 repetitions at RPE 7 and 

1 - 2 repetitions at RPE 5 - 6.
IRSR: 3x2, 3x3, 3x5, 3x5 with progres-
sively increasing intensity MH, H, VH, 
predicting the insertion of lighter 
sessions, at intensities 10 - 15% 
lower than the first weekly session. 
It should be noted that, in the case 
of overloads that are light enough 
to allow a modification of the exe-
cution speed, the athlete must try 
to move the overload with the aim 
of reaching the maximum possible 
speed, even for loads that do not 
allow for speed modification (6). 
In fact, to reach a higher speed the 
athlete must apply a greater force 
to the overload. This can be demon-
strated by reformulating Newton’s 
second law, according to which the 
acceleration of an object is equal to 
the force applied to it divided by the 
mass of the object.

Muscle Power
As previously reported, the use of 
RPE is less accurate when the set is 
interrupted far from muscle exhaus-
tion. It is therefore not practical to 
use this methodology to decide the 
intensity of power training, even if 
other indications can be found.
RPE: can be used if you intend to 
train power with high overloads or 
as a threshold for training with low 
loads. In the first case, the authors 
suggest limiting to sets of 1 - 5 rep-
etitions with RPE of 7 - 8, indications 
that are very similar to those relat-
ing to maximal strength training. In 
the second case, always proposing 1 
- 5 repetitions per set, to ensure that 
the speed of the movement is the 
maximum possible, a threshold RPE 
value of 4 can be used, correspond-
ing to a light exertion. If the athlete 
was able to accurately estimate the 
number of missing repetitions, then 

the overload chosen would be too 
high in order to train power.
IRSR: 3x2, 3x3, with variable intensity 
from VL to VH depending on whether 
the aim is to train muscle power at 
high and low strength speeds or at 
low and high strength speeds. What 
also differentiates muscle power 
training from maximal strength is 
the length of the movement and the 
speed reached by the barbell (39).
 
CONCLUSIONS
In this article, two traditional train-
ing overload selection methods 
have been shown (RM and 1RM%) 
and two that allow self-regulation 
based on the athlete’s conditions 
during the training session.
The RPE scale based on repetitions 
in reserve, from powerlifters train-
ing, is a valid tool for selecting over-
loads in exercises that are interrupt-
ed when close to muscle failure. It 
has thus far been more applied for 
training of maximal strength and 
muscle hypertrophy.

The relative intensity based on sets 
and repetitions, developed for the 
training of weightlifters, involves 
the use of intensity categories in 
relation to the maximum overloads 
identified for each combination of 
sets and repetitions used for an ex-
ercise. Its use has been tested in the 
context of athletic preparation for 
individual and team sports, which 
present a combination of exercises 
aimed at improving hypertrophy, 
maximal strength, and muscle pow-
er.
The coach can then choose the most 
appropriate load strategy with re-
spect to the practice, experience 
and goals of the person or group be-
ing trained.
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SSpanish resumenes
EL PROYECTO PNPT.
Antonio Urso
SM (Eng), nº 15, año VI, enero-abril de 2020, 
págs. 4-11
La PNPA®, acrónimo de Psico-Neu-
ro-Programmazione dell’Allenamento 
(Programación Psiconeurológica del En-
trenamiento), es el estudio de la expe-
riencia subjetiva (es decir, individual, o, 
mejor dicho, única e irrepetible) de cómo 
cada individuo (cada persona individual) 
percibe, vive, realiza y transforma en ad-
quisición de capacidades, la totalidad 
del proceso de entrenamiento, así como 
sus fases. Se presenta como un nuevo 
modelo de organización, comunicación, 
valoración y reprogramación continua, 
que permite analizar prácticamente cada 
comportamiento y cada elección autóno-
ma, cada adaptación conseguida, y des-
componerlos en secuencias de elementos 
observables, reproducibles, modificables 
y, dentro de ciertos límites, medibles. Más 
información en www.pnpa.it.

BASES DEL CONOCIMIENTO DE LA 
FUERZA MUSCULAR.
Vladimir N Platonov
SM (Eng), nº 15, año VI, enero-abril de 2020, 
págs. 12-47
Se trata de un extenso trabajo de divul-
gación redactado por el Prof. Platonov 

para S&C, que tiene por argumento los 
diversos aspectos de la fuerza muscular. 
El trabajo se articula en ágiles párrafos 
(en total 160), que abordan los siguientes 
temas con un lenguaje coloquial y progre-
sivo: A) Los tipos de capacidad de fuerza; 
B) Los factores que determinan el nivel de 
fuerza; C) La manifestación de la fuerza 
en los deportes; D) Los medios de entre-
namiento de la fuerza; E) Los métodos de 
entrenamiento de la fuerza. Un profuso 
elemento iconográfico completa acerta-
damente el texto. Extensa y actualizada 
bibliografía internacional relacionada con 
el argumento. 

MUSCULOESQUELÉTICA, 
REGULACIÓN NEUROENDOCRINA-
INMUNITARIA Y EJERCICIO FÍSICO: 
REVISIÓN NARRATIVA.
Marco Bruscolotti, Alex Regno,
Antonio Urso
SM (Eng), nº 15, año VI, enero-abril de 2020, 
págs. 48-63
El objetivo de esta revisión narrativa es 
analizar las principales mioquinas pro-
ducidas por el tejido muscular durante la 
contracción, con el propósito de identifi-
car su función de regulación metabólica 
autocrina, paracrina y endocrina, con es-
pecial atención a sus efectos antiinflama-
torios, angiogénicos e hipertróficos, que, 

sin embargo, deben ser considerados no 
tan solo desde la perspectiva general de 
concepto de salud pública, sino también 
desde la perspectiva más específica de la 
ciencia del movimiento y del rendimiento 
deportivo.

ESTRATEGIAS DE AUTORREGULACIÓN 
DEL EJERCICIO CON SOBRECARGAS.
Giampietro G.Alberti, M. Duca
SM (Eng), nº 15, año VI, enero-abril de 2020, 
págs. 64-75
En el entrenamiento con sobrecar-
gas, la elección de la sobrecarga que 
desea utilizarse es un elemento fun-
damental para permitir que el sujeto 
pueda alcanzar los objetivos deseados.  
Los métodos tradicionales como la pres-
cripción de repeticiones máximas o de 
un porcentaje de una repetición máxima, 
no tienen en cuenta las diferentes varia-
bilidades individuales y no permiten una 
gestión adecuada del cansancio. Esta re-
visión quiere examinar dos metodologías 
que permiten una autorregulación de la 
sobrecarga en función del estado del su-
jeto durante el entrenamiento, además de 
mostrar sus orígenes, funcionamiento, li-
mitaciones y posibles aplicaciones: escala 
RPE basadas en “repeticiones en reserva” 
e “intensidad relativa” basada en series y 
repeticiones.
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ПРОЕКТ PNPT
Antonio Urso
SM (Eng), nº 15, VI, 2020, págs. 4-11
PNPA®, аббревиатура латинскими буквами 
Психонейронного Программирования Тре-
нировки, это результат изучения субъектив-
ного опыта (следовательно, индивидуального 
и поэтому уникального и не повторимого) 
того, как каждый индивидуум (то есть каж-
дый отдельный человек) воспринимает, реа-
лизует, осознаёт и превращает в приобретён-
ные навыки, весь процесс обучения включяя 
все его этапы. Он представляет собой новую 
модель организации, коммуникации, оценки 
и непрерывного перепрограммирования, ко-
торая позволяет анализировать практически 
каждый тип поведения и каждый автоном-
ный выбор, каждую достигнутую адаптацию, 
разбивая их на наблюдаемые элементы, вос-
производимые и модифицируемые в опре-
деленных измеримых пределах. Более под-
робную информацию можно найти на сайте 
www.pnpa.it

ОСНОВЫ ЗНАНИЙ О МЫШЕЧНОЙ 
СИЛЕ
Vladimir N Platonov
SM (Eng), nº 15, VI, 2020, págs. 12-47
Речь идёт о большой работе дивульгативно-
го характера, реализованной профессором 
Платоновым и его сотрудниками, в кото-

рой обсуждаются различные аспекты каса-
ющиеся проблем мышечной силы. Работа 
предствлена в форме «гибких» параграфов 
(всего 160), в которых рассматриваются сле-
дующие вопросы,обсуждаемые в прогрес-
сивной форме: A) типы силы; Б) факторы 
определяющие уровень силы; В) проявление 
силы в различных видах спорта; Г) средства 
силовой тренировки; Е) методы силовых 
тренировок. Текст достойно дополнен бога-
тым иконографическим материалом. Статья 
сопровождается широкой и обновлённой 
международной библиографией по данному 
вопросу.

СКЕЛЕТНЫЕ МЫШЦЫ, 
НЕЙРОЭНДОКРИННАЯ И 
ИММУННАЯ РЕГУЛЯЦИЯ И 
ФИЗИЧЕСКИЕ УПРАЖНЕНИЯ: 
ПОВЕСТВОВАТЕЛЬНЫЙ ОБЗОР
Marco Bruscolotti, Alex Regno,
Antonio Urso
SM (Eng), nº 15, VI, 2020, págs. 48-63
Цель этого повествовательного обзора за-
ключяется в том чтобы проанализировать 
основные миокины, продуцируемые мы-
шечной тканью во время сокращения, с 
целью определения их роли в аутокринной, 
паракриннoй и эндокринной метаболиче-
ской регуляции, уделяя особое внимание их 
противовоспалительным, ангиогенезным 

и гипертрофическим эффектам, учитывая 
кроме того не только общую перспективу 
концепции народного здравоохранения, но 
и более конкретную перспективу спортив-
ной науки и спортивных достижений.

СТРАТЕГИИ САМОРЕГУЛЯЦИИ 
ПРИ ВЫПОЛНЕНИИ 
УПРАЖНЕНИЙ С 
ОТЯГОЩЕНИЯМИ
Giampietro G.Alberti, M. Duca
SM (Eng), nº 15, VI, 2020, págs. 64-75
При тренировке с отягощениями выбор ис-
пользуемой нагрузки является очень важ-
ным элементом, позволяющим спортсмену 
достичь желаемых целей. Традиционные 
методологии, такие как выбор использова-
ния максимальных повторений или процент 
одного максимального повторения (1RM), 
не учитывают однако индивидуальную из-
менчивость и не позволяют реализовать 
правильное управление усталостью. Цель 
статьи заключяется в анализе двух методо-
логий, которые позволяют саморегулиро-
вать отягощения, на основе состояния соб-
ственного состояния во время тренировки, 
показывая основы, развитие, ограничения 
и потенциальные применения: шкалу RPE, 
основанную на «повторениях в резерве» и 
«относительной интенсивности», основан-
ной на количестве серий и повторений.
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