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SUMMARY

31

The morphological structure of Dimitrij Vja-
ceslavovic Klokov (born in 1983, 105 kg body 
weight, 183 cm height), former weight lifter 
(169 kg maximum lift in the Snatch, 232 kg 
maximum lift in the Clean), participated 
in the 2008 Beijing Olympics, retired from 
competitions in 2015...
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“ …the highest 
retro-patellar 
compressive forces 
and stresses 
(at knee joint) 
can be seen at 90°”. 

Hartman, 2013
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EDITORIAL

Coaching in this day and age. 
Reflections on an increasingly    
           complex profession.
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Coaching has always been com-
plex, coaching has always re-
quired great professional skills, 
knowledge in different fields 
and, in particular, critical think-
ing. Because yes, coaching is 
substantially a critical mindset, 
the ability to explain phenomena 
which often are not measurable 
but, nevertheless, greatly influ-
ence performance.

Today, however, coaches are re-
quired to go even further. They 
need to possess authentic man-
agerial skills that go beyond the 
mere application of the method 
and beyond the evaluation of 
the same. The world of today’s 
athletes has totally changed in 
the space of just a few years. 
Interests have changed, the 
way in which we choose a sport 
has changed, as has the way in 
which we live a sport. The way 
that groups created within 
sports interact with each other 
has changed. The way of com-
munication between the various 
figures in the sporting world: 
coaches, athletes, management, 
family, public. In fact, everything 
has changed in communication - 
from method and timing, to con-
tents and interests.
The organisation of the world 
of sport has also undergone 
change. Many of the rules that 
regulate the world of sport have 
been altered. There is much 
more sedentariness and an in-
tensification of physical inef-
ficiency. There is an increasing 
number of disuse pathologies, 
and lifestyles that are not befit-
ting to the protagonists of sport.

In addition to all this change, 
coaches find themselves shar-
ing their role with a whole series 
of parallel figures who interact 
with the athlete, the trainer, 
the managers and with the fed-

erations, or clubs. The big clubs 
in particular. We could call it a 
whole new world. A sort of puz-
zle that introduces competenc-
es, conflicts, different points of 
view, different approaches that 
should then merge into one rea-
soned solution. This also applies 
to personal trainers who work 
in fitness centres or on a one to 
one basis. All very interesting, 
fascinating even.

How does a coach prepare for 
all this? What training is provid-
ed in a country that should de-
vote time to these aspects and 
implement the best projects 
on these aspects? The answer 
is that there can be no answer. 
The world of training in this field 
is too complicated and too af-
flicted. To begin with, however, 
we should establish a univocal, 
resolute definition, recognised 
by specific legislation that be-
gins with stating who a coach is 
and what characteristics he/she 
must have. Lastly, what minimal 
training he/she must possess 
and, who certifies all the above.

We have entered a perfect Tow-
er of Babel. In Italy anyone can 
do training in this area. No ex-
perience is required, and nei-
ther competence nor quality is 
assessed. Only the institutional 
sports sector has a minimum 
number of regulations for the 
training of coaches or adherence 
to the European Qualification 
Framework, designed for nation-
al federations. This has partly 
solved the problem, in other 
words, it has been established in 
quantitative terms what must be 
done, how many hours for exam-
ple, to dedicate to one subject 
as opposed to another. However, 
this has nothing to do with con-
trolling the quality of the train-
ing and the trainers. 

A real dilemma, to which we 
must add the training of those 
who fail to follow even these 
minimum rules and go crazy in 
a market without rules. Since 
there is therefore no real regula-
tion in this regard, today anyone 
can become a coach or personal 
trainer or physical trainer in a 
couple of weekends. And the Eu-
ropean community? It has never 
actually raised the question, it 
has never given an appropriate 
and definitive answer, and of-
ten it even seems ignorant of 
the problem. Again, for example, 
many training institutions, in the 
free market, omit or make mis-
leading advertising claims about 
the legal value of the qualifica-
tion. They never explain where a 
qualification can be used and its 
real application.

And if it is true that a lot has 
changed in the world of sports 
and recreation, then perhaps 
it is time that the international 
Federations or the IOC decide 
what is the path one must follow 
to enter into the world of sport, 
and demand that every profes-
sional figure have tread this 
path and have a minimum stand-
ard of qualifications and quality.

Antonio Urso
EWF President
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A strong body with muscularity is 
the dream of human beings. It is in 
the instinct of human to be strong 
and attract the people and symbol 
of bravery. Where a strong and mus-
cular body inspire the other it also 
positively effects psychologically, 
develop confidence and strengthen 
the self-esteem. If we look back in the 
history we found many precedents 
of Zeus and Samson who had strong 
body and admired by the kings of that 
era. Iranian Rustum is also a prece-
dent of strong body muscles in the 
history. A beautifully developed body 
can be gained with vigorous resist-
ance exercises and constant hard 
work recognized attractive person-
ality. 
During present times the will to gain 
a strong body with strong muscles is 
living in the society and for this pur-
pose to gain it, people are moving to 
the fitness gyms for weight training 
and other resistance exercises. Men 
and women are strongly willing to 
gain an attracted body for an impres-
sive personality. Beside this their 
psychological benefits are addition-
ally boosting their self-esteem and 
helping against the anxiety. 
Olympic weight lifting is popular indi-
vidual sport and all the sportsmen en-
gaged or active in this sport are well 
built and have good body image due 
to the direct involvement of resist-
ance deals (Kraemer & Fleck, 2005). 
Most research on male self-percep-
tion concentrated on body weight 
and strength, in any case, late confir-
mation proposes that male self-per-
ception is intricate and multidimen-
sional, and errors between the real 
and the perfect can apply to differ-
ent parts of appearance (Tylka and 
Wood-Barcalow, 2015). 

One investigation found that men 
were disappointed with a few parts 
of their bodies they needed to be 
more slender, taller and stronger. In 
any case self-perception disappoint-
ment regularly brings about negative 
self-perception which may likewise 
be factors contributing the broad 
research enthusiasm for this region 
(Przezdziecki et al., 2013). It is in this 
way fundamental to consider the sig-
nificance of appearance when men-
tal associates or outcomes of body 
disappointment are analyzed. 
There are many components can im-
pact Olympic weightlifting execution. 
All in all, these can be partitioned 
into here and now factors, for exam-
ple, recuperation status, hydration 
status, dietary and late rest quality 
and span (Löffler et al., 2007). Long 
haul variables can be subdivided into 
mental zones and all the more regu-
larly looked into physical territories, 
for example, age, anthropometrics, 
muscle fiber compose, and quality. 
Self-perception, uneasiness and con-
fidence are the components which 
impact the execution of weightlift-
ers. This investigation will help in 
evaluating the above last three fac-
tors help in upgrading the execution 
of weightlifters.

BODY DISSATISFACTION
Before going in to detail in our ex-
amination paper some data about 
the self-perception is important to 
clarify. For the most part self-per-
ception alludes to how an individual 
sees their own particular body, and 
particularly how appealing they feel 
themselves to be. Generally men 
and ladies are worried about their 
self-perception. It doesn’t imply that 
what you look like in, its allude ex-
cellence and manly and solid human 

body. In sports and particularly in 
weightlifting self-perception alludes 
to the well fabricated and solid mus-
cles in an angular shape body (Galli, 
Petrie, Reel, Chatterton, & Baghurst, 
2014). 
A man with a constructive self-per-
ception has a genuine and clear view 
of their body shape and appearance 
that other individuals would concur 
with. This is known as the body fulfill-
ment. The individual is glad about the 
way they look, and they acknowledge 
and like their body and their appear-
ance help in building the certainty 
and confidence. They know that what 
they look like isn’t their identity. They 
are pleased with the way they look 
and feel sure about their body. A 
sound way of life, with an adjusted 
eating routine and exercise, can add 
to a positive self-perception (Selig-
man & Csikszentmihalyi, 2014). Some 
portion of having a positive self-per-
ception is simply the capacity to iso-
late how we esteem ourselves from 
what we look like. Individuals who 
understand that self-esteem isn’t 
connected to appearance tend to like 
what they look like. In weightlifting 
self-perception is firmly identified 
with body fulfillment (Webb, But-
ler-Ajibade, & Robinson, 2014). 
Self-perception impact on confi-
dence and many examinations have 
surveyed the connections between 
fundamental anthropometric esti-
mations and Olympic weightlifting 
capacity (Lippi et al., 2014). Body 
weight and muscle versus fat ratio 
are generally perceived as key driv-
ers, with higher body weight and low-
er muscle to fat ratio being related 
with predominant capacity (LI et al., 
2014). While couple of effective male 
Olympic weightlifters are taller than 
6’0” and couple of fruitful female 

EFFECTS OF BODY DISSATISFACTION
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Olympic weightlifters are taller than 
5’9”, body tallness does not give off 
an impression of being a key issue 
that can separate between officially 
fruitful competitors. What’s more, 
despite the fact that the ownership 
of more prominent bulk or size differ-
entiates Olympic weightlifters from 
ordinary control subjects, it doesn’t 
seem to separate well amongst world 
class and sub-first class competitors 
(Bona et al., 2012). 

An investigation found that ladies’ 
mentality to their self-perception 
has a tendency to stay stable all 
through their life expectancy, in spite 
of the fact that the significance of 
shape, weight, and appearance di-
minish with age. Negative self-per-
ception mean body disappointment 
which prompts nervousness pre and 
amid rivalry which causes low confi-
dence and execution decay (Tremblay 
et al., 2016).  

ANXIETY
Then again, tension is by definition 
a disagreeable sensation. The ac-
companying meaning of tension: ‘a 
negative passionate state with senti-
ments of anxiety, stress and worry re-
lated with enactment or excitement 
of the body (Weinberg and Gould, 
1995). We would thus be able to con-
sider tension an unpalatable condi-
tion of high excitement (Tenenbaum 
and Eklund, 2007). 
Then again nervousness is by defini-
tion an upsetting sensation. Wein-
berg and Gould in (1995) have of-
fered the accompanying meaning of 
uneasiness: ‘a negative enthusiastic 
state with sentiments of anxiety, 
stress and fear related with actua-
tion or excitement of the body. We 
would thus be able to consider ten-
sion a disagreeable condition of high 
excitement. 
Soma is a Greek word which signify 
“body”. When we are on edge we en-

counter the physiological changes 
related with high excitement, includ-
ing expanded heart rate and circula-
tory strain, ‘butterflies’ in the stom-
ach, speedier breathing and flushed 
face. These impacts are comparable 
(however not indistinguishable) to 
the physiological impacts of fervor 
and outrage. We call the experience 
of physiological changes related with 
tension substantial nervousness. 
In this psychological stage compet-
itors feel that they have stomach is-
sue or they feel urinary pack is loaded 
with pee in substantial Anxiety. In the 
wake of start of rivalry physical un-
easiness decay strongly (Collin and 
Otero, 2015). 
Subjective tension alludes to the 
restless musings that go with phys-
ical nervousness. On edge thinking 
includes stresses, self-questions 
and pictures of losing and mortifica-
tion. Various investigations have in-
spected how subjective and physical 

EFFECTS OF BODY DISSATISFACTION
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uneasiness change before a bran-
dishing occasion. (Jones, Swain, and 
Hardy, 1993) took after forty-nine 
olympic style events competitors, 
measuring both the recurrence and 
force of their psychological and 
physical tension on four events (two 
days, one day, two hours and thirty 
minutes) preceding a critical rivalry. 
They found that both intellectual and 
substantial tension expanded before 
the occasion, the most emotional in-
crement being in the recurrence of 
restless reasoning instantly before 
rivalry. When rivalry starts subjective 
uneasiness change depends how the 
occasion is going (Smith, Norris, and 
Hogg, 2002). 
The term pressure has a more exten-
sive significance than uneasiness. 
Stress is the procedure whereby 
an individual sees a danger and re-
acts with a progression of mental 
and physiological changes, includ-

ing expanded excitement and the 
experience of tension. We tend to 
encounter pressure when we meet 
requests that are hard to meet, how-
ever which convey genuine outcomes 
in the event that we neglect to meet 
them. In the event that pressure is 
long haul, or constant, it can make 
genuine damage both physical and 
psychological well-being. While it is 
very typical – and as we might see 
very valuable to encounter some 
uneasiness before contending, com-
petitors ought not feel continually 
restless and consider themselves to 
be confronting inconceivable chanc-
es (Tenenbaum and Eklund, 2007).

SELF ESTEEM
Keeping in mind the end goal to com-
prehend confidence we have to see 
how analysts characterize self-idea, 
for instance, portrays the self-idea as 
‘a composite picture of what we think 

we are, what we want to accomplish, 
what we think others consider us and 
what we might want to be. 
Low confidence allude to a man don’t 
have faith in his qualities and not fit 
to confront the circumstance fear-
lessly. Low confidence in weightlift-
ing gravely harm the execution amid 
training and rivalry too. Individuals 
with low confidence convey inside 
them an objecting guardian who is 
brutally disparaging of their disap-
pointments, and enroll just fleeting 
joys when they succeed. Such indi-
viduals are well-suited to be unduly 
touchy to disappointment and to 
dismissal, to have low resistance for 
dissatisfaction, to set aside a long 
opportunity to recoup following frus-
trations, and to have a negative per-
spective of life. 
High confidence alludes to putting 
stock in our self and having the ideal 
level of certainty that we can con-

EFFECTS OF BODY DISSATISFACTION
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front the circumstance with every 
one of the instruments required. 
Weightlifting with high regard is de-
pendably help in improving the exe-
cution amid preparing and rivalry too. 
A solid body additionally help in high 
confidence. Individuals with high con-
fidence, essentially, convey with them 
a cherishing guardian who is glad for 
their triumphs and tolerant of their 
disappointments (Harter, 2015). Such 
individuals have a tendency to have a 
hopeful view about existence, and to 
have the capacity to endure outside 
worry without winding up unnecessar-
ily on edge. Albeit equipped for being 
baffled and discouraged by particular 
encounters, individuals with high con-
fidence recoup rapidly. 

For the most part specialists are con-
sistently concurred over this point ac-
tivities can help a man to be more sure 
about their quality and dexterity, and 
it can add to keeping up a solid weight 
and body measure. It can likewise less-
en nervousness and dejection. In any 
case, individuals practice for various 
reasons. In an examination analysts 
found that individuals who practice 
for useful reasons, keeping in mind 
the end goal to be fit, have a tenden-
cy to have a more positive self-per-
ception. The individuals who exercise 
to enhance their appearance feel 
positive about their bodies. Analysts 
and games researcher recommend 
stressing the useful advantages of 
activity and de-underscoring the in-
tentions that identified with outside 
appearances, to enable individuals to 
cultivate a more positive self-percep-
tion (Tremblay et al., 2016) . Olympic 
weightlifting is additionally great to 
enhance the self-perception and help 
in having the solid angular body with 
solid muscles. 

METHODS
These include population, instruments 
(questionnaire), procedures, data 
collection, and data analyses. The re-
search follows quantitative research 
methods because the data for this 
study is collected in numeric form. 

Research Objective
Following are the research objectives 
of the study:
1) To measure the effect of body 

dissatisfaction on self-esteem of 
young weightlifters.

2) To quantify the relationship of 
body dissatisfaction on anxiety of 
young weightlifters of Pakistan.

3) To study the effect of anxiety on 
self-esteem of young weightlift-
ers.

4) To measure the effect of body 
dissatisfaction and anxiety on 
self-esteem  of  young weightlift-
ers of Pakistan

Hypothesis  
Following are the research hypothe-
ses of the study: 
H1) There is a positive relationship 

between body dissatisfaction and 
self-esteem.

H2) There is a negative relationship 
between anxiety and self-esteem. 

H3) Higher the body weight of the 
weightlifters, higher will be the 
self-esteem

H4) There is a significant impact of 
body dissatisfaction and trait anx-
iety on self esteem 

Of young weightlifters.

Sample 
In this research the data is collect-
ed from 124 respondents out of 180 
weightlifters by using simple random 
sampling technique followed by ran-

dom number generator. The following 
formula will be used for calculation of 
the required sample size. (Yamane, 
1967). 
n = N/1+Ne2 
n= 180/1 + 180 × (0.05×0.05) 
n= 180/1 + 180 × (0.0025) 
n= 180/1.45
 n= 124

Operational Definitions 
Body Dissatisfaction 
Body Dissatisfaction was assessed 
through the scale of body shape poll 
(BSQ-34) by Cooper, Taylor, Cooper and 
Fairburn (1986). This thirty four thing 
scale measures mental worry about 
body shape. Inquiries identified with 
respondent’s state in the course of re-
cent weeks are replied on six point Lik-
ert scale (1=never to 6=always). High-
er scores show more noteworthy body 
weight concerned and body weight 
disappointment.
State Trait Anxiety
State trait anxiety will be measured 
through the scale of state trait anxie-
ty inventory (Spielberger, 2010). This 
40 items self-report measure assess-
es both how he or she generally feels 
(Trait Anxiety). The items were rated 
on a four – points Likert scale (1=not 
to 4=very much) higher score indicate 
greater trait anxiety.
Self Esteem
Self-esteem of the weightlifters was 
assessed by using Rosenberg Self 
Esteem scale (RSES) by (Rosenberg 
& Court, 1979). This ten items scale 
measures global self-esteem, which 
is defined as a person’s overall eval-
uation of his or her worthiness as a 
human being. The items were rated 
on a four point Liker Scale (1= strongly 
disagree to 4 =strongly agree) Higher 
score on the scale indicates higher 
self-esteem.

EFFECTS OF BODY DISSATISFACTION
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The test booklet comprised of three 
questionnaire along with demo-
graphic sheet. 124 weightlifters 
selected through random sampling 
technique were approached indi-
vidually. The respondents were ap-
proached individually and assured 
that the information they will provide 

will be kept confidential and it will be 
used for academic purpose only.

They were requested to read each 
statement in every questionnaire 
carefully and to ask if there is any am-
biguity. They were encouraged to re-
spond honestly as their best knowl-
edge. They are also told that the 

results of the research will be shared 
with them. All the filled questionnaire 
will be coded and complied in SPSS 
software. Data analyzed through the 
use of SPSS version 20.0. For statis-
tical purpose, frequency distribution 
higher test like Regression ANOVA 
analysis will be used according to the 
needs of the data.

CONCLUSION 
The detail of the experiment is shown through graphics below:

Table 1: Gender Detail

Table 2: 
Age of participants 
(N=124)

Table 3: 
Body Weight of Participants 
(N=124)

Table 4: 
Experience of Participants 
(N=124)

Scale Frequency Percentage Valid Percent Cumulative Percent

Male 109 87.9 87.9 87.9
Female 15 12.1 12.1 100

Total 124 100 100

Age of Respondent Total Numbers Percentage

12 – 19 36 29
20 – 27 69 55.6
28 – 35 8 6.6
36 – 43 6 4.8
44 – 52 5 4

Total 124 100

Body Weight
 of Respondent Total Numbers Percentage

40 – 59 30 24.2
60 – 79 42 33.9
80 – 99 36 29

100 – 119 14 11.3
120 – 139 2 1.6

Total 124 100

Experience 
of Respondent Total Numbers Percentage

1 – 6 88 71
7 – 12 23 18.6

13 – 18 5 4
19 – 24 3 2.4
25 – 30 5 4

Total 124 100

EFFECTS OF BODY DISSATISFACTION
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Table 5: Participants Level of Sports

Table 6: ANOVA

Table 7: ANOVAa

Scale Frequency Percent Valid Percent Cumulative Percent

Club 12 9.7 9.7 9.7
District 48 38.7 38.7 48.4

Provincial 17 13.7 13.7 62.1
National 37 29.8 29.8 91.9

International 10 8.1 8.1 100
Total 124 100 100

Model 1 Sum of Square df Mean Square F Sig

Regression 72.248 2 36.124 3.336 .039b
Residual 1310.139 121 10.828

Total 1382.387 123

Model 1 Sum of Square df Mean Square F Sig

Regression .722 2 .361 3.336 .039b

Residual 13.101 121 .108

Total 13.824 123

EFFECTS OF BODY DISSATISFACTION
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male body satisfaction was focused 
on body weight and muscularity, 
henceforward, recent research sug-
gests that male body satisfaction is 
complexed and multidimensional. In 
some studies it was found that men 
always willing to be thinner, taller and 
muscular ones and their effects on 
self-esteem. Many predictors of posi-
tive appearance of self-esteem found 
that effects of body dissatisfaction 
and anxiety on self-esteem of young 
weightlifters of Pakistan, have found 
it appealing to encourage them to-
wards their goals and negative ap-
pearance of self-esteem creates a 
vice versa impact on the enthusiast. 
In this research study we examined 
the relationship between body dis-
satisfaction and anxiety on self-es-
teem of young weightlifters of Pa-
kistan, and study proved that strong 
relationship between body dissatis-
faction and anxiety on self esteem.  
R squared model established in 
this research is used to check the 
relationship whether it is positive 
or negative. Positive relation mean 
that if independent value is increas-
ing the dependent will decrease. R 
values always lies between -1 to 1. 
If the R value is greater than 0 the 
relation is positive and if the value of 
R is less than 0 the relation is nega-
tive.
Regression analysis 1 of our research 
proved that bodysum and anxiety-
sum has a positive relation on self-
sum because R is 0.229. 
Regression analysis 2 of our research 
proved that body dissatisfaction 
and anxiety have positive effects on 

self-esteem because R is 0.229.
To make our research more authentic 
we conducted ANOVA analysis. In this 
analysis we established a f ( Fitted ) 
model which is used to plot the values 
nearer to each other on the graph. 
The fitted value must be greater than 
Sig. if the f value is greater than Sig. 
then there will be a strong relation-
ship between independent and de-
pendent variables. 
In this case our fitted model will be 
considered as significant model be-
cause the fitted model predict 95% 
accuracy in results.

In regression analysis 1 f is 3.336 and 
Sig. is 0.039 which shows our fitted 
model is accepted and it predicts a 
significant value.  
In regression analysis 2 f is 3.336 and 
Sig. is 0.039 which shows our fitted 
model is accepted and it predicts a 
significant value.  
In this research we are close to pre-
dict significant results for this we es-
tablished T model which is also called 
T test. If the T test is greater than Sig. 
so the values are near to its mean 
the test reflect that relationship is 
strong between dependent and in-
dependent variables. 
In regression analysis 1 T is 1.957 and 
Sig. is 0.53 which clarify that values 
are near to its mean and relationship 
is strong between bodysum, anxiety-
sum and selfsum.  

In regression analysis 2 T is 1.957 and 
Sig. is 0.53 which clarify that values 
are near to its mean and relationship 
is strong between body dissatisfac-
tion, anxiety and self-esteem.  

LIMITATION
This research was conducted on young 
weightlifters of Pakistan and research 
is limited to body dissatisfaction, anxiety 
and self-esteem there are other factors 
through which we can predict effects on 
self-esteem such as body weight dissat-
isfaction, height dissatisfaction, body 
mass index and importance of participa-
tion in competition. 

Further research can be conducted to 
inspect whether our discoveries can be 
sum up to various games. It would like-
wise be important to explore previously 
mentioned factors utilizing a model of 
comparative multifaceted nature uti-
lized as a part of this investigation.

EFFECTS OF BODY DISSATISFACTION
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In elite sport the biomechanical anal-
ysis of competition and training ex-
ercises provides fundamental infor-
mation on the technical and physical 
requirements, from which the train-
ing process can be improved to en-
hance competition performance (5).
Competition performance is meas-
ured by an output of the sports move-
ment (the athlete itself or the sport-
ing equipment). For weightlifting, 
the performance is measured in kilo-
grams. An athlete will win the compe-
tition in a respective weight category 
if he or she lifts the highest barbell 
weight. For lifting high weights, the 
athlete has to accelerate the barbell, 
jump under the barbell und finally 
catch the barbell on straight arms 
above the head. The athlete stays in 
contact with the barbell over the en-
tire movement until he drops the bar 
after the referee’s vote. During the 
lifting motion the lifter and the bar-
bell act like a common system – the 
barbell-lifter-system (4,15). Because 
of this specific characteristic, much 
of the athlete´s movement will be re-
flected in the barbell movement. 

This circumstance can be used in bio-
mechanical analyses of weightlifting. 
It´s much easier and less time con-
suming to analyze the barbell than 
the body movement. This is why most 
studies of weightlifting focus on bar-
bell movement. Of course, not all as-
pects of the lifter’s movement can be 
rated directly by the barbell motion. 
But especially for coaches the bar-
bell provides a lot of easy-to-handle 
information (6).  In fact, with the help 
of computer science much deeper 
analyses of the barbell movement 
are possible. Kipp, Giordanelli, Geiser 
(3), who predicted net joint moments 

with an artificial neural network 
from barbell trajectory only, recent-
ly showed how much information is 
“hidden” in the barbell movement.
In weightlifting, analyzing the bar-
bell is a very old approach to rate the 
lifting technique. Textbooks from 
the 1960s (14) already gave detailed 
barbell trajectories and implications 
for a good technique. In Germany, 
research on weightlifting has a long 
history. Back in the mid-1960s, re-
search on weightlifting started in 
the German Democratic Republic at 
the Research Institute for Physical 
Culture and Sports (FKS) in Leipzig 
to support the national weightlift-
ing team. The early barbell tracking 
approaches were based on cine-
matographic recordings (8). At that 
time, barbell trajectory was tracked 
manually from the analog film on a 
punch card from which further com-
puter-based (digital) calculations 
were done. Afterwards the calculat-
ed 2D coordinates were transferred 
onto millimetre paper to draw the 
trajectory manually. It took about 2 
weeks to receive a barbell trajectory 
and biomechanical data for an analy-
sis of 10 athletes from a competition. 

At this time, a parameter-based 
feedback training was inconceiva-
ble. The only way to obtain instant 
information on weightlifting perfor-
mance in the training process was via 
a linear position transducer that was 
developed at the FKS (7). With this 
device, it was possible to measure 
the maximal barbell velocity. In the 
mid-1980s, development of digital 
techniques made it possible to make 
digital video recordings instead of 
analogue cinematographic record-
ings. Researchers from the weight-
lifting research group at the FKS 

started in 1986 with first attempts 
of video recordings at the European 
championships. With a digital video, 
the manual barbell tracking via com-
puter was much faster, but it still took 
several minutes to get the results of 
an analysis. Even with digital video 
recordings, a parameter-based feed-
back in training was impossible. First 
steps with immediate feedback on 
barbell trajectory were possible with 
the Israeli V-scope system (1,13). Un-
fortunately, this system had three 
major drawbacks: 1) no synchronous 
video recordings of the trajectory 
and the time-series data, 2) a mark-
er attachment on the barbell (not 
suitable for competitions; in training 
the marker often was damaged when 
dropping the barbell), 3) the V-scope 
system was susceptible to too much 
sunlight (disruption of infrared sig-
nal) or additional noise (disruption of 
ultrasound signal) while lifting. Be-
cause of this, in 2000 Holger Jentsch 
and Dr. Jürgen Lippmann from the 
Institute for Applied Training Science 
(IAT, the former FKS) developed the 
custom built software Weightlifting 
Analyzer with an automatic barbell 
tracking algorithm for video record-
ings (2). 
Since then it has become possible 
to receive an analysis of the barbell 
within approximately 30 seconds 
after the lift was finished. Although 
the Weightlifting Analyzer was able 
to present the video and the barbell 
analysis very quickly, there was al-
ways a wish for immediate data on 
barbell motion after the lift. With on-
going development in computer sci-
ence and video tracking algorithms, 
in 2008 the researcher at the IAT 
built a new software with a real-time 
tracking of the barbell, the Realana-
lyzer. 

REALANALYZER HD
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With this software, the analysis of the 
barbell takes approximately 1 second. 
The researcher and the coach immedi-
ately receive a biomechanical analysis 
of the barbell to give feedback to the 
athlete. The video recordings of the 
Realanalyzer at that time were based 
on the DV format (standard definition, 
720 x 576 pixels, interlaced). The DV 
format and the associated techniques 
(Camcorder, Fire-Wire connection to 
computer) are outdated today. Further 
development to HD video format was 
therefore necessary.

In this paper, we introduce the brand 
new barbell tracking software Realana-
lyzer HD for weightlifting that was de-
veloped at the IAT in Leipzig. We pres-
ent some technical details of how to 
track the barbell on HD video and pro-
vide information regarding software 
evaluation, measured parameters and 
data interpretation.

VIDEO CAPTURING 
AND REAL-TIME TRACKING
Video capturing
Although HD video recording is not dif-
ficult today, since every smart phone 
is able to record HD videos, the chal-
lenge was to find a way to stream the 
live HD video signal in real time with 
access to every single frame via USB 
from a camcorder to the computer. The 
solution adopted for this is a commer-
cial video converter (manufactured by 
AverMedia) that receives input from a 
camcorder via HDMI and gives an H.264 
compressed output stream via USB. 

Because of the specific requirements, a 
camcorder with video-output per HDMI 
of 1280x720 pixels at 50 frames per 
second (progressive) is necessary. The 
live stream is then captured in the Re-
alanalyzer HD software.

REALANALYZER HD
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In the next step the barbell tracking 
on the live video stream is realized 
by a template-matching algorithm. 
To start the tracking, the user only 
needs to click on the live video and 
define which template to track - for 
weightlifting the plates of the bar-
bell. The software automatically 
identifies the beginning of the lift 
and starts tracking. After finishing 
the lift, the software automatically 
stops tracking again. The stored raw 
pixel coordinates (horizontal [x], and 
vertical [y] direction) from the track-

ing are smoothed with a cubic spline 
function. The smoothed pixel data 
represents the traveled distances of 
the barbell. To obtain velocity and ac-
celeration the 1st and 2nd derivatives 
have to be calculated. This is done via 
the cubic spline function. After this 
step, additional discrete parameters 
are calculated from time-series data 
of distance (trajectory) (x, y), velocity 
(y) and acceleration (y). Finally, the 
pixel-coordinates are converted to 
real distances in metres via 2D image 
calibration. The barbell plates are 
used for this purpose. 

The diameter of 45 cm is a standard-
ized size for all big plates in weight-
lifting and so an easy scale of reality 
is obtainable. The entire process of 
data preparation (smoothing, calcu-
lating) is done in less than 1 second 
after the lift. The researcher or coach 
immediately gets the biomechanical 
analysis of the barbell (fig 1.). Fur-
thermore, with the Realanalyzer HD a 
post hoc tracking of the barbell from 
a recorded mp4 clip is also possible. 
After the lift, all data and the video 
can be stored in an embedded data-
base (fig. 2).

REALANALYZER HD

Figure 1: 
Main window for the 
measurement: 1) live 
video preview with 
template definition 
for tracking (upper 
left), 2) attempt 
settings for database 
(exercise, name, 
load, set, reps), 3) 
video playback after 
tracking with 4) free 
adjustable diagrams 
and tables with 
biomechanical data

Figure 2:
Database of 
Realanalyzer 
with overview of 
biomechanical 
parameters 
(background) and 
loaded attempt with 
video, diagrams and 
table (foreground)
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Setup and system requirements
A biomechanical analysis of the bar-
bell movement with the Realanalyzer 
HD is very simple. The entire system 
consists of four parts: 
1) camcorder on a tripod, 
2) video-converter, 
3) USB and HDMI cable, 
4) notebook or desktop PC. The 

system is portable, so it is easy 
to use it in training camps or at 
competitions. 

In order to obtain accurate data, 
some conditions of use must be met:
1) the camcorder should be posi-

tioned at a slight angle (ca. 30°) 
from one side of the athlete,

2) the camcorder should be posi-
tioned at a minimum horizontal 
distance of five metres from the 
athlete,

3) the camcorder should be posi-
tioned at a height from the floor 
that is approximately half of the 
maximal vertical distance of bar-
bell motion (this point becomes 
less important when the hori-
zontal distance from the cam-
corder is more than five metres),

4) a vertically aligned video image 
is necessary (the pixels of the 
image define the alignment of 
the coordinate system),

5) to minimise calibration errors, 
the athlete should fill the video 
image (zoom),

6) the shutter of the camcorder 
should be set to 1/125 s or less.

SYSTEM EVALUATION
When using measurement systems 
it is vital that scientific standards are 
met. Two of these standards are that 
measurements are reliable and valid. 
All results shown below are from ex-
periments with the Realanalyzer. 
Because no general changes regard-
ing barbell tracking and calibration 
procedure have been introduced, all 
results can be transferred to Reala-
nalyzer HD.

Reliability
We checked interrater and intrarater 
(retest) reliability for the Realanalyz-
er using the ICC (Intraclass Correla-
tion Coefficient) (11). 
The tests were done as follows: for 
interrater reliability three research-

ers from the weightlifting research 
group at the IAT analyzed 30 at-
tempts each from a video clip (10 at-
tempts snatch, 10 attempts clean, 10 
attempts jerk); for intrarater reliabil-
ity one researcher from the weight-
lifting research group analyzed 30 
attempts from video clips twice (sep-
arated by 1 month between first and 
second trial). 

For the ICC three parameters were 
selected: one parameter for dis-
tance, one for velocity and one for 
acceleration. The coefficients for 
interrater (IRR) and intrarater (RR) 
reliability are: distance IRR = 1.000, 
RR = 1.000; velocity IRR = 0.987, RR 
= 0.994; acceleration IRR = 0.978, RR 
= 0.994. The results show a very high 
reliability for the calibration proce-
dure, since this is the only part where 
errors can occur. 

The slight deviation between dis-
tance and acceleration is from typical 
errors in calculation of the deriva-
tives of distance coordinates. The Re-
alanalyzer and Realanalyzer HD are 
therefore highly reliable systems.

REALANALYZER HD
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When using only the Realanalyzer for 
biomechanical analyses in weight-
lifting, validity is not as important 
as reliability. As long as only one sys-
tem is used, it does not really matter, 
how exact theses parameters are 
if the system always measures the 
same parameter (reliability). Validity 
comes into play if a researcher wants 
to compare results from one meas-
urement system to another, or they 
are interested in how accurately a 
system measures a “real” parame-
ter. Videometry is a gold standard for 
measuring distances. 

There is no doubt that distances can 
be measured very accurately via vid-
eo if the calibration is correct. It is 
more controversial to obtain accel-
eration data from videometry, since 
acceleration is just calculated (2nd 
derivative) from changes of distance 
over time. Many of these objections 
concern the frequency of video cap-
turing. The Realanalyzer works with 
a standard video frequency of 50 Hz. 
To check whether 50 Hz is suitable 
to accurately measure acceleration 
from videometry we compared cal-
culated barbell acceleration from the 
Realanalyzer (@50 Hz) to measured 
barbell acceleration from an accel-
erometer (@100 Hz) in the accelera-
tion phase of snatch and clean (10). 
To match the data frequency of both 
systems, the acceleration data from 
videometry was interpolated with a 
cubic spline function to 100 Hz. Con-
trary to most concerns, the validity of 
acceleration from 50 Hz videometry 
is very good. As a specific parameter, 
we checked the difference for the 
maximum acceleration in the sec-
ond pull. The mean difference for 20 
attempts (10 snatch, 10 clean) was 

only 0.24 m/s². That corresponds to 
an error of 2.5% for maximum accel-
eration. More important, the corre-
lations of time series data were very 
high with a mean correlation of r = 
0.98 (fig. 3). Our results fit very well to 
data of Sato, Smith, Sands (12) who 
also compared an accelerometer 
to videometry in weightlifting. With 
these results in mind, interpreting 
barbell acceleration from Realana-
lyzer HD can be done with confidence.

PARAMETERS 
OF BARBELL MOVEMENT
The Realanalyzer HD is custom built 
for weightlifting. All important pa-
rameters and the video will be pre-
sented in diagrams and tables direct-
ly after the lift. With this information, 
the coach can rate the technique or 
the strength abilities of the athlete. 

As already mentioned, the software 
automatically starts and ends track-
ing the lift. The coach or researcher 
only needs one click to run the meas-
urement. That makes it very easy to 
handle, without having a big knowl-
edge in computer science.

Table 1 lists all discrete parameters 
the software provides, together with 
a description. A data export of trajec-
tory coordinates and velocity as well 
as acceleration time data makes it 
possible to calculate other additional 
parameters in Excel or MatLab.

REALANALYZER HD

Figure 3: Example of comparison of vertical acceleration from 
accelerometer and Realanalyzer for acceleration phase in 
snatch
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Table 1. Discrete parameters for barbell movement 
(English parameter translation in parentheses; s = snatch, c = clean, j = Jerk)

  Parameter Direction Unit Exercise Description

  pSK y N • s s,c,j vertical impulse (barbell weight*vmax)

di
st

an
ce

svmax x/y cm s,c,j coordinates of maximal velocity

sAuft (sdip) x/y cm j coordinates of lower turning point in dip

svAuft (svdip) y cm j dip distance to vAuft

sZH (sTP) x/y cm s,c,j coordinates of upper turning point

svmin x/y cm s,c,j coordinates of maximal drop velocity

sSitz (sSit) x/y cm s,c coordinates of squat position

sAb (sdown) y cm s,c,j drop distance

sRest (sres) y % s,c,j relative distance from end of theoretical travel distance to upper 
turning point (residual work)*

ve
lo

ci
ti

e

v1 y cm • s-1 s,c maximal velocity at the end of 1st pull

v2 y % s,c loss of velocity in the transition (end of transition)

vAuft (vdip) y cm • s-1 j maximal dip velocity

vmax y cm • s-1 s,c maximal velocity at the end of 2nd pull / end of thrust

vmin y cm • s-1 s,c maximal drop velocity at the end of turnover

fo
rc

e

F1 y % s,c maximal force (m*a) in 1st pull, in percent to barbell load

F2 y % s,c minimal force in transition, in percent to barbell load

F3 y % s,c maximal force in 2nd pull, in percent to barbell load

FAuft (Fdip) y % j maximal force in dip, in percent to barbell load

FStoss (Fthrust) y % j maximal force in thrust, in percent to barbell load

FBr y % s,c,j maximal braking force in catch, in percent to barbell load

ti
m

e tUmgr (tturn)   ms s,c,j turnover time, time from vmax to vmin

  ms j time from vdip to vmax

* travel distance (td) = vmax
2 / 2g

 sres = (sTP[y]-(svmax[y]+td)) / (td*100)



22
Th

e o
ffi

cia
l j

ou
rn

al 
of

 th
e E

ur
op

ea
n 

W
eig

ht
lift

in
g F

ed
er

at
io

n PRACTICAL APPLICATION
Because of the immediate biome-
chanical information on barbell 
movement, the Realanalyzer HD is a 
standard tool in almost every train-
ing session of the German national 
team. 

The system supports the everyday 
work of the coaches. However, the 
reader should bear in mind that the 
software only provides data. The in-
terpretation of the data is the job of 
the coach or researcher. If someone 
uses a wrong approach to correct 
an error, the system will not help. Al-
though the Realanalyzer HD is a very 
easy to use biomechanical tool for 
barbell analyses, when working with 
the system some notes should be 
made in advance to avoid incorrect 
interpretation:

1) The systems only tracks one side 
of the barbell. Rossi, Buford, 
Smith, Kennel, Haff, Haff (9) re-
port that in their study no differ-
ences between the right and the 
left side of the barbell are pres-
ent. Unfortunately, this is not a 
generalizable result, because 
many athletes do not show iden-
tical barbell trajectories from 
both barbell sides. Often you will 
find a twist between the right 

and the left side of the barbell 
(fig. 3). To correctly interpret a 
trajectory and to give purpose-
ful feedback to the athlete, make 
sure that a “wrong” trajectory 
is not the result of a twist of the 
barbell.

2) The non-identical barbell move-
ment from the left and the right 
side of the body will reflect in the 
discrete parameters too. Often 
discrete parameters differ be-
tween left and right. Therefore, 
we recommend determining in-
dividual profiles of an athlete for 
both the left and the right side.

3) The measured barbell kinemat-
ics are influenced by oscillations 
of the barbell during the lift. 

With increasing barbell weights 
the oscillations become more 
dominant and influence the out-
come, especially at points where 
high accelerations occurs.

4) The software has an automatic 
lifting phase recognition based 
on the time series data from 
trajectory coordinates, velocity 
and acceleration. Sometimes 
the recognition algorithm does 
not find the correct position 
and thus calculates a parame-
ter wrongly. Make sure that the 
calculated values are sensible 
before giving feedback. With an 
editing function, the user of the 
software can change specific val-
ues if necessary.

REALANALYZER HD

Figure 4: Three typical examples of twisted barbell sides for snatch 
(left), clean (middle) and jerk (right). Thick lines correspond to left 
barbell side, thin lines correspond to right barbell side.



23
N

° 13 / M
ay-August 2019

REALANALYZER HD
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to contain the juxtaposition of con-
tradictory terms: such a mismatched 
title that getting past the terms is the 
only way of re-establishing the norm. 
Winning, in fact, is often a question 
of exceeding a limit. Limits tie you 
down, hold you back, therefore over-
coming them means going beyond, 
towards something greater, towards 
supremacy. Victory lies beyond limits. 
Many reach the limit, few manage 
to leave them behind. Limits are ac-
tually great starting points and not 
only in the world of sport; limits are, 
in fact, the condition from which the 
greatest achievements of the human 
race are intertwined. A limit, which 
inevitably always contains a meas-
ure (be it only glimpsed or reached), 
is that aspect of the human being 
that tells us a lot about ourselves and 
about the approach we implement to 
try and raise the bar of our progress.
Limits have a lot to do with the con-
cept of freedom. It is precisely the 
illusion of being free that often gives 
us the feeling of having no limits. Our 
“indeterminateness”, for instance, 
with respect to the rest of the ani-
mal world, gives man the illusion of 
boundless goals, completely differ-
ent to the typical determination of 
animals. To give a simple example - a 
man can easily live at the North Pole 
as well as in Africa: it would be diffi-
cult for a lion to do the same. A lion, 
by nature, has few environmental, 
social, food and survival choices, its 
limits are absolutely clear and it is 
difficult to imagine a different con-
dition, or a determination to change, 
to go beyond, to look for a new condi-
tion, a new way of being. One would 
say that in the animal world, in cog-
nitive terms, everything is wired. A 
baby zebra or newborn wildebeest, 

in a matter of hours, already knows 
what to do, how to interact with the 
group, and, instinctively, knows it has 
the tools (obviously not all, but those 
determined by nature) for survival. 
Their limitation is that of being able 
to do everything possible knowing 
the limits, the limits of their actions: 
the limits placed on their choices and 
on behaviour.

Humankind is born only with a small 
part of wired cognitive ability, that is 
relative to the primary needs of sur-
vival: eating, sleeping and receiving 
affection. Human beings have many 
more parts to be written, unknown 
to be made known, the sheets to be 
filled are actually the majority. An 
authentic blank canvas which will be 
filled mainly through two substan-
tial and decisive contributions: the 
encounters we make in life and the 
experiences that they impress on 
us. And it is here that extraordinary 
chapters of original and unique ex-
periences open up. From the encoun-
ters and the experiences that each 
human being makes, the sense of 
limits is constructed which, as a con-
sequence, can become oversized, can 
be balanced or can manifest itself as 
undersized. And it is from said en-
counters and experiences that each 
of us makes that we build our own 
culture of limits. 
Man is not able to generate himself, 
let alone make himself, but rather he 
builds his identity from others and 
with others and he builds his own lim-
it together and with the contribution 
of others.
In today’s highly individualistic so-
ciety, I do not find it hard to under-
stand that words like these definitely 
go against the tide. Nor to realize 
that, in a society dominated by nar-

cissism and out of bounds in every 
sense, writing (and thus affirming) 
that limits are actually our salvation, 
assumes an antithetical position. 
But is this not perhaps the truth, a 
truth which is very well known from 
the classical Greek world: the ‘right 
measure’? That ‘Katà Métron”, as they 
said, the true containment of desire, 
of the expansive force of life which, 
without measure, pushes men to 
want what is not in their power, thus 
nurturing their overindulgent “de-
mon”.
The Greeks also associated the right 
measure with the concept of happi-
ness, with their own inner disposition 
(eu-daimonia), with happiness and 
its pursuit, which presumed one was 
aware of, or knew one’s own demon 
(one’s limit), since - otherwise - the 
fruit of the mismanagement of one-
self and one’s own strength, cloud-
ed by the voluptuousness of desire 
(kako-daimonia), would inevitably 
have led to the opposite - unhappi-
ness. For the Greeks, therefore, hap-
piness as the satisfaction of desire; 
and - mind you - not happiness as a 
reward for virtue, but virtue itself, as 
the ability to govern oneself for one’s 
own success. In this sense, happiness 
can basically be taught.

Today, having scaled down, and in 
some cases, pulverised the value of 
limits has meant that even the “law”, 
therefore ethics, for which even 
rules and whoever enforces them, 
has suffered a diminutio, an impov-
erishment which up until some time 
ago was frankly unimaginable. There 
are not nor there cannot be social 
or community rules if there is no 
knowledge of the limit, if there is no 
knowledge of one’s real abilities or of 
the abilities of an entire society. The 

APPLAUDING A LIMIT TO ESTABLISH A VICTORY



27
N

° 13 / M
ay-August 2019

loss of limits is equivalent to the loss 
of direction. The recognition of limits 
makes the path, the direction, the 
route to the destination an equiva-
lent. In our specific case, we could 
say, in terms of sport, the journey, the 
path to and for victory. Our society is 
more often than we can imagine out-
side the limits.
The out of bounds, moreover, is al-
ways in contrast with the search for 
desire. In the out of bounds there is 

always the illusion that nothing is 
lacking. Those who live in the out of 
bounds live with the rapid and irra-
tional satisfaction of the fulfilment of 
a need. The need, which lives accord-
ing to rigid rules, can never be satis-
fied with anything other than the on-
set of the same, it can never be fully 
satisfied as once satisfied, it sets in 
motion the mechanism of repetition. 
In short, needs never fully satisfy our 
existence and this is obviously well 

known to advertising experts who 
take full advantage of it. 
Another characteristic of needs is 
that they can be temporarily satis-
fied also by things or objects: the 
need therefore would seem to omit 
the necessary presence of the other, 
as opposed to desire that is always 
lacking and is always and only re-
alised through the other in the full 
determination of  a limit, within the 
boundaries of law! 

APPLAUDING A LIMIT TO ESTABLISH A VICTORY
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How does this translate into sports?
The world of sport is not exempt or 
detached from the concept of out of 
bounds. Modern sport was born cul-
turally and methodologically with the 
concept of out of bounds. When the 
old political and social organisation 
of the former Eastern bloc decided 
to approach the world of Olympism, 
Russian physiologists conceived 
the key concept of training as rigid, 
well-defined and doing more, always 
more: it was precisely this idea of 
“more” that already represented the 
concept of out of bounds. 
Obviously, if the method to be applied 
was already out of bounds, it certainly 

could not be applied to athletes who 
respected their limit. There would 
have been a contradiction in being ir-
reconcilable. An out of bounds method 
precluded the cancellation of the limit 
of those who embraced it in training. 
Modern sport has developed with this 
approach and with it we have also 
achieved results that obviously repre-
sent nothing compared to all the lost 
medals and in particular compared to 
the millions of boys and girls who have 
abandoned the sport with a sense of 
powerlessness, because they felt to-
tally inadequate in the out of bounds 
territory that forced them to do much 
more than simply practicing a sport.

It certainly provides plenty of food 
for thought! It would take a school of 
philosophy, psychology and pedago-
gy to study this topic of limits and the 
subsequent culture within the whole 
world of sport. It is from knowledge 
of limits that training is built, which 
individualises training. It is in compli-
ance with limits that conditions are 
created to transform training from a 
need into a desire. It is in respect of 
limits that we have respect for the 
time and space it takes to create a 
performance, to build personal and 
sporting growth.  Man is this way only 
within limits. He does not lower it, on 
the contrary he raises and exalts it.

APPLAUDING A LIMIT TO ESTABLISH A VICTORY
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In this historical moment, saturated 
with the concept of performance, de-
riving moreover from an era defined 
as “technological”, the out of bounds 
has found, if ever there had been a 
real need, further application and re-
newed vitality. 

The “technological” era can be con-
sidered the era of the most rational 
thought that has ever existed, real-
ised with the maximum profit at the 
lowest cost. The mother of all out of 
bounds. It is precisely this culture 
that raises the level of performance 
in all fields and that excludes all 
those who lie outside performance. 
The excess of performance, the con-
tinuous demand for performance es-
tablishes the out of bounds as a way 
of life. Dramatic!

This aspect, which is completely influ-
ential in the quality of life of many of 
us, has even produced new patholo-
gies and changed the mechanisms 
that previously generated already 
known pathologies, thus increasing 
their numbers. 
The new pathologies generated by 
the inability to manage performance 

stress has also triggered obvious 
changes in direction at the cultural 
level. Today, those who are unable to 
manage life as an absolute perfor-
mance are not taken into considera-
tion by society; you are out of society, 
somehow outside the limits of a soci-
ety that is already out of bounds!
School itself has been transformed 
from a place of learning to a place 
of performance. Everything has be-
come performance. 
Sex is no longer an element of pleas-
ure, but a performance. Work is no 
longer a place of creation, but meas-
ured in terms of performance. Per-
formance also in art, in music. 

Performance even in affection. Mar-
tin Heidegger, (1889 - 1976) a Ger-
man philosopher who had realised 
in the years of the development of 
technology of the Nazi regime what 
nefarious developments he would 
have projected into the future wrote: 
“What is really disturbing is not that 
the world will transform into a com-
plete domain of technology. Far more 
disturbing is that man is not at all 
prepared for this radical change in 
the world. By far the most disturb-

ing thought is that we are not able to 
reach, through meditative thought, 
an adequate comparison with what is 
actually emerging in our age”.
In short, I add, unfortunately we do 
not have an alternative thought to 
the rational thought of technology. 

We cannot create other values be-
cause we were not ready for this 
rapid cultural transformation. Not 
having other values in which to be-
lieve produces nihilism and, even if 
Friedrich Nietzsche (1844 - 1900) 
was capable of predicting it about 
one hundred and thirty years ago, we 
still have not been able to find a solu-
tion to it. There is no remedy for out 
of bounds. Going beyond limits led to 
the extinction of extraordinary peo-
ples such as the Greeks and Romans.

So for the world of sport that is based 
on performance, how can we return 
to the value of limits?

I would like this question to provoke 
discussion among our readers, and 
in a subsequent issue we will publish 
the points of view of the protagonists 
of the sports world.
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“Although man stands on two legs, his skeleton 
was originally designed for four” 

Ref: “The bridge that walks” 
William K. Gregory, Natural History 

Vol. 39:1:33-48,1937
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most common site of pain and injury 
for the weightlifter; with the shoul-
der girdle a close second (A.N. Vo-
robeyev, 1978; 1988).

“Lumbar pain most often is the cu-
mulative result of many workouts. It 
may be that there is not one athlete 
who has not experienced lumbar pain 
after training more than 4 – 5 years.” 
A. N. Vorbeyev, 1988

That being said, given the brevity of 
the classic exercises, even with max-
imum weights, the disposition of the 
body’s links in the starting position 
of the snatch and the clean and jerk 
are critical. All of the Soviet era text-
books and numerous papers have 
covered this important element of 
the weightlifter’s technique. 
Nonetheless, the research of the 
starting disposition of the weightlift-

er’s links (shin, thigh, trunk) has been 
focused for the weightlifter to adopt 
such a posture to generate the most 
effective force to separate and ac-
celerate the barbell in the pull. And, 
this research has centered around 
the optimal disposition of the feet, 
shins, thighs, trunk, hand spacing 
and so forth; through biomechanical 
measurement of various postures 
(Kanyevsky,1983 ). 
The dimensions of the barbell are 
fixed, i.e., the height of the bar from 
the floor is a constant; conditions 
are the same for everyone. Conse-
quently, regardless of the relative of 
lengths of the athlete’s trunk, arm 
and leg; the larger the knee angle at 
the start the greater the trunk is tilt-
ed closer to the horizontal and vice 
versa; the smaller the knee angle, the 
more the disposition of the trunk is 
towards the vertical.
Therefore, the relative stress (mo-

ment) on the legs varies with the de-
gree of knee bend: the more the knee 
and ankle joint are flexed the larger 
the loading of the legs; the smaller 
the loading moment on the back, and 
vice versa. 
With a very low start, i.e., a knee of an-
gle 50° for instance, the hips will shift 
the greatest distance during the pull 
phase of the classic exercises.
Conversely, with a large knee angle at 
the (high) start, the greater distance 
the shoulder joints shift during the 
pull phase; and with this movement, 
the larger the strain on the lumbar 
spine. The reason being the trunk is 
almost vertical with a very low, i.e., 
Hungarian start, knee angles of up 
to 50° and about horizontal with high 
start, when the knee angle is 135. 
(Zhekov, I.P. 1976).
 A general rule of thumb: the closer 
a link to the vertical, the lower mo-
ment; and vice versa; the closer to 

Figure 1: Female lifter performing isometric back exercise, typically associated as a means to cope with the 
lumbar pain from weightlifting training. Charniga photo.
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the horizontal the larger the mo-
ment. For all practical purposes this 
means, at the larger knee angles 
characteristic of a high start there is 
proportionally greater shear strain 
on the lumbar area of the back, i.e., 
the weightlifter’s weak link. The area 
most often the site of pain and injury. 
And, conversely, there is less strain 
in the lumbar area with smaller knee 
angles.  

Furthermore, it is common knowl-
edge an athlete’s muscular topog-
raphy  is a reflection of the relative 
stress the various muscles are sub-
jected in the performance of exercis-
es; especially to the peculiarities of 
his/her technique. 

Consider the contrasting develop-
ment of thigh to shank musculature 
depicted in figure 2. The huge trape-
zius development and the noticeably 
disparate development of the shank 

relative to thigh muscles is a reflec-
tion of the relative importance Soviet 
weightlifting sport science assigned 
these muscle groups. Power snatch, 
power clean and pulls comprised a 
relatively large volume of the train-
ing load of those days.

Consequently, with a lot of pulling, 
shrugging of shoulders and half 
bending of knees one obtains the 
development depicted in the photo 
of messrs. Rigert, Kurentsov, Shari, 
Ryzhenkov, Sychev and Kolotov. Al-
though Soviet times are long gone, 
the ideas of how to train, including 
the relative importance of the vari-
ous muscle groups continue to this 
day. 

Now, contrast the the lower extremi-
ty musculature of two Olympic cham-
pions in figure 3 with those of the 
Soviet lifters in figure 2. The large 
mass of the calf musculature, rela-

tive to thigh muscles, is an indication 
these muscles are heavily used in 
weightlifting exercises. So, it is no co-
incidence both athletes in figure 2 lift 
from the Hungarian start position, 
i.e., with fully flexed legs (Charniga, 
2016).

The muscles of the shank (calf), espe-
cially soleus, are heavily involved in 
straightening the lower extremities 
from fully flexed knees; all the more 
so when the ankles are tilted signifi-
cantly forward.
The development of calf musculature 
depicted in the figure is due to the  
inertia coupling phenomena. Quadri-
ceps, gastro – soleus and other sin-
gle joint plantar flexor muscles are 
synergists.  The  soleus  muscle in par-
ticular, produces a counterclockwise 
torque on the shin which is coupled 
with the clockwise torque the quadri-
ceps muscles exert on the thigh.
Consequently, athletes who use the 

Figure 2: Six Soviet weightlifters (3 – Olympic champions) at the 1972 Baltic cup. Note the relatively large 
trapezius development and with one exception the relatively small development of the calf muscles relative to 
the thigh musculature, i.e., the shape of a baseball bat. The photo evinces less bending at the ankle from a large 
loading of power snatch, power clean, pulls and so forth; which in turn, is indicative of the minor role in those 
days assigned the calf muscles/Achilles tendons in weightlifting technique. Tommy Kono photo.  

TRAPS, BATS & CALVES: CONSIDERATIONS FOR THE HUNGARIAN START
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Figure 3-4: Note the large mass of calf muscles compared to thigh of the Olympic champions in figure 3. 
A male Olympic champion is on the left; and, a two time Olympic gold medalist female is on the right.  Both 
employ the ‘Hungarian’ start, i.e., with  fully/or nearly flexed lower extremities (figure 4). The relatively 
huge development of calf/shank musculature is an indication these muscles are heavily loaded over a large 
amplitude of movement in rising from this low position. Charniga photos. 
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Hungarian start accentuate the mus-
cles of the shank in the pull; which in 
turn, tends to lessen the loading on 
the lumbar spine. The reason being 
the trunk is in more vertical disposi-
tion at the beginning of  lifting than 
would be the case with a classic or 
large knee angle in the start.
The fact of the matter is, the skeleton 
of a four legged animal is designed 
like a cantilever bridge for walking on 
four legs (Krogman, 1951). Converse-
ly, the human spine evolved with cer-
vical, thoracic and lumbar curvatures 
is designed to accommodate the ver-
tical stresses connected with walk-
ing/running on two legs.
A logical effort to lessen the load-
ing on the lumbar spine to lift big 
weights is a positive in both the short 
term and long term well being of the 
weightlifter.
An optimal disposition of the weight-
lifter’s links (trunk, thigh, shin) in the 
dynamic start, defined as the instant 
of barbell separation (IOS), occurs 

when knee angles are in the range of  
110 – 130°  at IOS (Zhekov, 1976).
However, according to Zhekov, 1976, 
the knee angle at the start should be 
no less than 90°. So, why would one 
fully flex knees in the start and conse-
quently begin lifting the barbell from 
a weak position? 

KNEE PAIN AND DEPTH OF SQUATTING
Although knee injuries are not the 
plague of the weightlifter like the 
lumbar problem; knee pain is. Con-
sequently, another factor to consid-
er in weightlifting technique is the 
relationship between knee pain and 
depth of squatting.
Many coaches and athletes believe 
fully flexing the lower extremities 
places more strain on the knee joints.  
This of course means the opposite to 
be true: compression stress on the 
knee reaches maximum at a knee 
angle of 90°; subsequently it falls as 
the knee and ankles are fully flexed 
(Hartman, 2013). So, in point of fact, 

fully flexing lower extremities sub-
jects the knees to less, not greater 
strain.
Power snatch, power clean and oth-
er such movements where the lifter 
stops the descending body – barbell 
unit, not only place the highest strain 
on the knee joints; but are the prin-
ciple source of knee pain. One need 
only glance around an international 
training hall and see the prolifera-
tion of knee wraps and bandages, 
pain tape and so forth to recognize 
knee pain is a common affliction for 
the weightlifter.
Starting from knee angles of 90 – 
110° accentuates strain at the knee 
when performing power snatch and 
power clean. The athlete proceeds 
from overcoming the resting inertia 
of the barbell from the starting po-
sition to stopping the bodyweight/
barbell system at approximately the 
same knee angles, i.e., from large 
strain to larger strain at the knee. 
See figure 5. 

Figure 5: Illustration of  knee angle in the classical start contrasted with approximately the same angle of knee 
joints when the movement is fixed in the power clean.

“ …the highest retro-patellar compressive forces and stresses 
(at knee joint) can be seen at 90°”.

Hartman, 2013
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Figure 6-7: Elite female beginning to lift from a Hungarian start with significant tilting of shins.  Note as 
she begins lifting knee angle increases from 70 to 98°; whereas the hips rise and the change in hip angle is 
negligible; from 63 – 65°. Charniga photos.
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Consider for a moment the female 
in figures 6-7 pulling from a Hungar-
ian start. An obvious motion without 
movement occurs from the beginning 
of the effort to the instant of barbell 
separation (IOS). The athlete’s legs 
are working almost isometrically 
over a rather long period to bend the 
bar up to IOS. The tendons and liga-
ments accumulate strain energy in 
synchrony with the elastic bowing of 
the bar as this proceeds. The release 
of this strain energy can coincide 
with the elastic recoil of the bar to 
enhance the muscular contraction of 
the leg muscles.  
Notice the young woman’s hips rise 
faster than shoulder girdle; all the 
while the barbell remains on the 
floor. One still hears the adage that 
the hips, shoulders and barbell 
should rise simultaneously in the 
lifting from the floor. This inaccuracy 
continues despite the fact that hips 
rise faster than barbell and shoul-
ders, regardless of the knee angle 
at the start; a phenomena first ob-
served by Luchkin in the 1940s (Ver-
kovsky, 1963).
There is a longer period of motion 
without movement with the Hungar-
ian start because the muscles of the 
lower extremities are working at a 
mechanical disadvantage, applying 
force initially at knee angles as small 
as 50°.
Although no research exists in sup-
port, one could argue the strain en-
ergy in the lower extremities can be 
effectively released later in synergy 
with the recoil of the barbell; conceiv-
ably overcoming the mechanical dis-
advantage of the low start.
Another consideration, although not 
proven with facts and figures is the 
growing success of the increasing 

numbers of athletes employing the 
Hungarian start. More often than not 
these athletes are from Asia. And, 
there is no doubting the rising dom-
inance of Asian lifter on the inter-
national scene. For instance, the fe-
male Asian lifters won 8 of 10 classes 
and males 7 of 10 at the 2018 world 
weightlifting championships.

According to Druzhinin (1974):
“Typically the athlete – barbell sys-
tem shifts backwards from the verti-
cal during the lift up to knee level. The 
athlete’s body instead of the barbell 
shifts backwards with a high starting 
position; only the barbell shifts back-
wards with a medium starting posi-
tion; and, with a low start the barbell 
shifts backwards and the body for-
ward.”

Druzhinin’s observation that the 
barbell shifts backwards while body 
moves forward when the weightlift-
er employs a low start (Hungarian) 
is consistent with various observa-
tions of the reactive nature of mod-
ern weightlifting technique: there is 
more movement of the body and it’s 
individual links than is considered 
acceptable with the classic model 
(Charniga, 2015).  

A comparison of different start pos-
tures: 
- High start, with a large knee angle  
from 107 – 112° is the most advanta-
geous (Verkovsky, 1963)

Negatives:
• disproportionate loading on 

the lumbar spine;
• leg muscles perform work over 

a smaller amplitude of motion 
(Verkovsky, 1963);

• force generated by the legs 
slows significantly as barbell 
reaches mid – shin height 
(Verkovsky, 1963);

• a vertical disposition of the 
shin occurs sooner in the pull, 
i.e., the force arm of gravity 
reaches maximum sooner be-
cause trunk is almost horizon-
tal (Verkovsky, 1963);

• prolonged lifting with a di-
sproportionate loading on the 
back is connected with lumbar 
pain, or injury.

• / Classic start with barbell se-
paration at a knee angle of 
110 – 13° 

- a dynamic start (instant of bar-
bell separation) with a knee angle 
of 110 – 130° can be considered 
optimal because the loading mo-
ments on trunk and leg levers are 
smallest (Zhekov, 1976);
- less loading on the lumbar area; 
but ankles quickly assume vertical, 
loading shifts disproportionately 
to back. 
- Hungarian start
• least strain on lumbar spine of 

the three variants;
•  less strain on knee joints;
• compression stress on the 

knee is further mitigated as 
the athlete shifts through 
knee angle of  80 – 110° with 
inertia rising from the low 
squat;

• prolonged static strain in the 
lower extremities up to IOS 
may be recouped as elastic 
recoil;

• possible advantages for ba-
lance and stability when the 
athlete fixes the weight, i.e., 
the lifter moves from a spatial 
orientation of ‘squat to squat‘. 

TRAPS, BATS & CALVES: CONSIDERATIONS FOR THE HUNGARIAN START
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CONCLUSIONS
Two major sources of pain, injury or 
just discomfort for the weightlifter 
occur at lumbar spine and knee joints. 
The lumbar problem can be connect-
ed with chronic straining with the 
trunk tilted significantly away from 
the vertical. In the same vein, knee 
pain can arise in connection with a 
large volume of significant straining 
over knee angles of 90 – 130°. 
The starting position of the weight-
lifter for pull phases of the clean and 

the snatch is crucial to the successful 
execution of the exercises. A  Hungar-
ian start where one begins to lift from 
relatively small knee angles 50 – 80° 
with a disposition of the trunk closer 
to the vertical is the weakest disposi-
tion of the weightlifter’s links to begin 
lifting the barbell. Yet this technique 
has distinct advantages for perfor-
mance of the lifts as a whole.
The classic start from a knee angle of 
close to 90° and with a barbell sepa-
ration within the 110 – 130° range 

involves the minimum moments on 
legs and trunk. The high start with 
large knee angle and trunk close to 
horizontal is strongest position with 
the least efficient use of the legs and 
the greatest strain on the lumbar 
spine. 
Advantages of the classic and high 
start are connected only with the ef-
fectiveness of the force generated to 
separate the barbell from the floor. 
Not taken into  account is the effica-
cy of the entire motion from pull to 

Figure 8: Contrasting dispositions of shin, thigh and trunk for classic start (on the left) 
and Hungarian start (on the right). 
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descent and fixation of the barbell 
in the squat. An important factor to 
consider for lifters whom employ the 
classic and high start and incorporate 
significant volumes of power snatch, 
power clean and pulls in training is 
that these lifters begin the pull and 
stop at the nearly the same angles 
of knee and trunk, i.e., chronic  stress 
from repetitive overload at joint an-
gles where there is highest strain.
At least some of the aforementioned 
repetitive overload stress is mitigat-
ed when the weightlifter employs 
the Hungarian start. There is less 
strain with knees lifting from the ful-
ly flexed disposition. Furthermore, 
there is less strain on the lumbar 
spine as the trunk is closer to verti-
cal, i.e., the closer a link tovertical the 
smaller the moment.   A possible ad-
vantage  of a Hungarian start would 

be the closer proximity of trunk to 
vertical; facilitating kinesthetic and 
spatial awareness of balance in fixing 
the the barbell in the low squat of the 
snatch and the clean, i.e., the lifting 
proceeds from squat to squat.  The 
Hungarian start most effectively uti-
lizes the potential of the all but for-
gotten muscles in the weightlifter’s 
arsenal: the calf musculature.   
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Ways in which we can improve sport-
ing performance are of great con-
temporary interest. A survey in 1997 
showed that nearly $12,000 million 
was spent on ergogenic aids and di-
etary supplements in the US, with 
approximately 50% of the general 
population having reported their 
use [1]. An alternative approach to 
understanding performance en-
hancement has been to study cere-
bralactivity through electroenceph-
alography (EEG). If skilled performing 
in a particular field is associated with 
a distinctive EEG profile, this could 
help us to understand important cor-
tical processesunderlying peak per-
formance. In addition, the potential 
to optimise performance is offered 
by training an individual’s EEG to 
increase or decrease in a desired di-
rection by self-regulatory techniques 
such as EEG-biofeedback, also known 
as neurofeedback.
A recent article in Men’s Vogue 
claimed that tennis champion Mary 
Pierce, Olympic gold-medal skier 
Hermann Maier, and several players 
on the 2006 World Cup winning Ital-
ian football team are all reported to 
have used neurofeedback to improve 
their performance [2], although few 
validation studies have been con-
ducted.
In order to establish whether per-
formance enhancement through 
EEG-biofeedback extends beyond an-
ecdotal reports, well-controlled sci-
entific studies are clearly required. 
However, our ability to make accurate 
inferences regarding links between 
EEG and performance is dependent 
upon our ability to obtain reliable 
EEG data. Unfortunately, recording 
EEG while the subject is in motion is 
inherently problematic. 

All of the usual causes of EEG arti-
fact (muscle potentials, sweating, 
electrode movement etc.) tend to 
be exacerbated during motion. Fur-
thermore, additional problems such 
as equipment portability and restric-
tion of the individuals’ natural move-
ment are also introduced.
The overall purpose of this article is 
to discuss the issues of motion-relat-
ed EEG artifacts within the context of 
the sports sciences. 
Firstly, we provide a brief overview of 
the basic principles of EEG. Second-
ly, we discuss how previous studies 
have attempted to apply EEG meth-
odology to sports research. Thirdly, 
the problems that EEG recording in 
sports typically presents will be dis-
cussed along with practical, techno-
logical and computational methods 
for tackling these problems. Finally, 
we discuss whether attempts to alter 
an individual’s EEG through neuro-
feedback have successfully resulted 
in performance enhancement.

THE BASIC PRINCIPLES OF EEG
The electrical activity of neurons in 
the brain produces currents that 
reach the surface of the scalp. EEG 
provides a non-invasive method of 
recording the voltage differences 
of these scalp potentials. These po-
tentials are created by both cerebral 
sources and un-wanted non-cerebral 
artifacts which tend to be exaggerat-
ed during movement. The EEG signal 
is transmitted from the scalp elec-
trodes to a differential amplifier in 
order to amplify the microscopic po-
tentials severely attenuated by their 
passage through the skull.
This signal is continuously sampled 
at a high rate (typically 256 Hz but of-
ten more) to provide a high temporal 
resolution. An analogue band-pass 

filter is used to filter the raw EEG sig-
nal and typically possesses a lower 
cut-off of 0.5 Hz and a higher cut-off 
of 50 Hz. The 50 Hz filter helps elimi-
nate electrical noise originating from 
50/60 Hz mains power. These filters 
also affect the processing of nearby 
frequencies so care must be taken 
to ensure the cut-off frequencies do 
not lie too close to the frequencies 
under investigation. The default cut-
offs pose no problems in the sports 
sciences as the low to mid range fre-
quencies (e.g. 4–20 Hz) are nor mally 
those of interest.
After amplification and filtering, the 
EEG signal is (in modern digital sys-
tems) relayed to a computer where 
it can be processed as continuous 
data and, if desired, its spectral pa-
rameters compared with some cri-
terion measure. This is the approach 
adopted by EEG-biofeedback train-
ing in sports and other performance 
domains which rewards desirable 
changes in specific frequency bands. 
An alternative approach is the study 
of event-related potentials (ERPs). 
These usually consist of data epochs 
of short duration reflecting the corti-
cal response to an external stimulus. 
In order to offset data noise, many 
ERPs (often hundreds) are averaged 
to provide a favourable signal-to-
noise ratio.
The typically wave like appearance of 
the EEG signal reflects the rhythmic 
activity of underlying synaptic pro-
cesses. This rhythmicity is thought 
to reflect the synchronised activity of 
large neuronal assemblies possibly 
driven by thalamic pace-maker cells 
[3]; although the simplicity of this 
interpretation has been questioned 
[4]. Anatomically distinct cortical 
areas produce a variety of different 
rhythms which are observed as a 
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composite EEG signal. Fourier spec-
tral analysis is typically used to de-
compose this signal into its constitu-
ent frequency bands and to compute 
the amplitude of each band. These 
bands have been historically catego-
rised as delta (<4 Hz), theta (4–8 Hz), 
alpha (8–12 Hz) and beta (13–30 Hz), 
although alternative classifications 
have also been employed [5] (See Fig. 
2). Slower waves such as delta are 
typically associated with sleep while 
faster beta waves are associated 
with wakefulness and mental activity. 
Alpha has been linked to a ‘relaxed fo-
cus or mental readiness’. An increase 
in alpha activity is often the goal of 
EEG-biofeedback training aiming to 
improve sporting performance [6] 
through increasing the user’s ability 
to remain focused thereby filtering 
out distracting stimuli, thoughts 
or emotions. In addition to spectral 
analysis, more complex analytical 
techniques have been developed in-
cluding source localisation methods 
such as low resolution electro-mag-
netic tomography, or LORETA [7], 
which aim to identify the original 
sources of cortical oscillations. Such 
methods are described later in this 
paper.

RECORDING METHODS
EEG measurement entails the at-
tachment of electrodes to standard-
ised locations on the scalp. These 
electrodes are generally made of 
highly conductive silver or silver chlo-
ride (Ag/AgCl) although other metals 
such as tin, gold and platinum are 
also used.
Non-metallic material such as carbon 
fibre can also be employed to allow 
compatibility with other neuroimag-
ing devices such as MRI. Electrodes 
are attached to the skin using con-

ductive paste with impedances gen-
erally kept below 5 kΩ.
Prior to attaching the electrodes 
the skin is usually prepared with an 
abrasive paste to reduce skin imped-
ance [8,9]. The number of active elec-
trodes can range from one, which is 
sufficient for neurofeedback train-
ing, to 20 in the standard procedure, 
and up to 128 or 256 for source locali-
sation. Electrode placement is stand-
ardised to aid interpretability from 
one laboratory to another. The stand-
ard method of electrode placement 

is the international ‘‘10–20 system” 
[3] depicted in Fig. 3.
A differential amplifier measures the 
voltage difference between inputs 
from the active and reference elec-
trodes, with the resulting signal am-
plified and displayed as a channel of 
EEG activity. A signal that is common 
to both inputs is thus automatically 
rejected in what is known as common 
mode rejection (CMR). ‘Noise’ shared 
across electrodes is thus effectively 
eliminated leaving only the (hope-
fully neural) activity specific to the 

Figure 1: Scanning electron microscope image of a neuron.
Copyright © 2003 Nicolas P. Rougier
Released under the GNU General Public License

Figure 2: The subdivision of EEG signals
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n active electrode. In sporting applica-
tions, the reference tends to be from 
electrodes placed on the mastoid 
(the bone behind the ear), in rarer 
cases the ear lobes or the average 
of all (common average montage) 
or surrounding (Laplacian montage) 
electrodes in multi-channel setups. 
(See fig. 3 and 6).

APPLICATIONS OF EEG METHODS 
IN SPORTS RESEARCH
Given the difficulties of recording EEG 
during movement, researchers have 
perhaps unsurprisingly explored al-
ternative ways to apply EEG method-
ologies in the sports sciences. One 
approach is to record EEG outside of 

the execution of the sporting task 
itself, in order to assess long term 
clinical outcomes associated with in-
juries sustained by athletes or to un-
derstand pre-task cortical processes.
The use of ‘imagined’ sporting ac-
tions as a convenient proxy for real 
sporting activity is an additional fa-
voured approach. In some cases it is 
also possible to record EEG during 
the actual critical movement phase, 
as in simulated diving conditions or 
the use of stationary cycling equip-
ment where electrical interference 
is kept to an acceptable minimum. 
The following will provide a brief re-
view of studies employing these ap-
proaches.

PRE/POST MEASUREMENT OF EEG 
The first reported use of EEG methods 
in sports science surfaced in the early 
1950’s with investigations into box-
ing [10,11]. Researchers in this field 
have introduced two distinct themes. 
Firstly that of studying pre-post com-
bat differences in electro–cortical 
activity, and secondly examining the 
differences between healthy adults 
and professional boxers subjected to 
repeated head injury over the long-
term. Due to the evidence linking 
EEG findings with symptoms of brain 
damage, the case has been made for 
changes to boxing rules, conditions, 
and health screening [12].Arelat-
ed line of inquiry has assessed long 
term outcomes for footballers fol-
lowing repeated minor head trauma 
caused by contact between the head 
and the ball [13,14]. 

The authors of these studies explored 
associations between self-reported 
symptoms such as headaches, diz-
ziness, irritability, memory impair-
ment and neck pain, and abnormal 
patterns of EEG activity. The findings 
have come under some criticism on 
methodological grounds [15], and 
as such provide only suggestive evi-
dence that EEG methods can be used 
to signify brain injury in football.
With respect to the study of pre-task 
cognitive activity, the process of tak-
ing aim in target shooting sports 
presents ideal conditions for EEG 
recording, as it features a period of 
motionlessness whilst the target is 
being attended to prior to firing. This 
pause in movement has provided re-
searchers with sufficient scope to de-
scribe optimal patterns of cortical ac-
tivity for taking aim in several sports: 
archery [16,17], golf [18,19] and rifle 
shooting [20–22] (See. Fig. 7).

Figure 3: Position of electrodes according to International 10-20 System

Figure 4: Archive images of EEG data processing at the MIT. 
Copyright © MIT Research Laboratory of Electronics and MIT Museum
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Applications in this setting have been 
able to define predictors of optimal 
performance in two ways, in differ-
ences between expert and non-ex-
pert performance, and in pre-shot 
EEG differences between successful 
and unsuccessful shots. 

This is a salient point as it provides 
the basis for EEG analysis (real time 
or post hoc) to be incorporated into 
athletic training, as means of cogni-
tive augmentation, indicating rela-
tionship between the athlete’s cur-
rent state of cortical activation and 
the established criterion for optimal 
performance.

IMAGINED MOVEMENT
Another way in which the inacces-
sibility of EEG during movement 
measures has been addressed by 
researchers is to trigger neural ac-
tivity in the motor cortex by means of 
imagined movement. This is consid-
ered perhaps the least ecologically 
valid means by which to work within 
the constraints of EEG recording in 
the context of physical action as, of 
the methods described so far, itis the 
most far removed from the process 
itself. Nonetheless, motor imagery 
such as imagined 100 m swimming 
[23] or imagined training competi-
tion [24] produces some differential 

effects on alpha band EEG signatures 
as left occipital and pre-central are-
as or overall mean alpha frequency 
calculations, respectively. In recent 
years, Brain Computer Interface ap-
plications have interpreted imagined 
walking and stopping, as recorded 
from the motor cortex [25], as con-
trollers for navigation around virtu-
al environments. (See Fig. 8). At this 
stage however, the inferences drawn 
from the EEG signal develop very ru-
dimentary movement switches that 
barely begin to approach the com-
plexity and diversity with which ac-
tions typically encountered in sports 
are observed (26).

Figure 6: Examples of 
topograhpical analysis 
of EEG signals

Figure 5: Hans Berger (Neuss, 21 May 1873 - Jena, 1 June 1941) was a German doctor. He is known to have 
performed the first recording of brain waves and for having invented the electroencephalogram. Berger 
was the first neuroscientist to describe the different waves present in the brain, such as alpha waves (7-13 
Hz), also known as “Berger waves”.
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ENVIRONMENTS
EEG methods have been used to 
study impairments to cortical func-
tion associated with the environmen-
tal conditions in which some sporting 
activities take place. In diving, High 
Pressure Nervous Syndrome is char-
acterised by symptoms such as inten-
tion tremor, ataxia, motor weakness, 
sensory symptoms, vertigo, nausea 
and reduced memory [27]. EEG stud-
ies have explored the neural corre-
lates of these symptoms by obtaining 
reliable measurements through the 
use of simulated high pressure envi-
ronments, making it possible to ob-
tain accurate measurements in the 
conditions being examined [27–29]. 
The effects of high altitude on moun-
taineers have also been investigated 
by means of EEG methods when ex-
ploring associations with the symp-
toms of Acute Mountain Sickness 
(AMS) such as dizziness, headache, 

confusion and cerebral edema. Rest-
ing EEG measurements were made at 
base camp and high altitude levels, 
and have established EEG predictors 
of AMS as symptoms develop from 
sub-clinical into clinical [30].

EEG has also been used to assess the 
sleep problems experienced at high al-
titudes, diagnosing reduction in stage 
4 sleep in comparison with sea level 
measures [31]. Medication for assist-
ing sleep at high altitude has been vali-
dated using EEG recordings to increase 
sleep quality by increasing slow wave 
sleep and stage 4 sleep in comparison 
with placebo controls [32].

EEG RECORDINGS OF IN-TASK 
CORTICAL ACTIVITY
The use of cycle ergometers has af-
forded a favourable enough signal 
to noise ratio to enable measures of 
electro–cortical responses to phys-
ical exercise whilst it is taking place. 

This affordance stems from the 
minimal head movement resulting 
from the stability of the equipment. 
Although some studies have indicat-
ed reduced cortical arousal during 
exercise, others have demonstrated 
increased arousal. Short-term exer-
cise of moderate intensity has, for ex-
ample, resulted in reduced activation 
in the prefrontal cortex [33] and de-
creased cognitive performance [34].
In other studies, however, exercise 
has resulted in increased cortical ac-
tivation, with increases observed in 
the P3002  amplitudes suggestive of 
a facilitation of cognitive processing 
[35–37].

The apparent discrepancies across 
the findings of such studies may be 
attributable to variation in method-
ological factors such as the intensity 
and duration of the exercise as well 
as the physical fitness of the partici-
pants [38].

2 - P300 (or abbreviated P3), is an ERP wave 
(event-related potential) produced by relevant 
infrequent stimuli. It is considered an endo-
genous potential because its presence is not 
registered due to a physical attribute of the 
stimulus (shape, color, etc ...) but due to the 
reaction of a person to the stimulus. In particu-
lar, P300 is involved in a process that involves 
the evaluation and categorization of a stimulus. 
When recorded with the EEG it appears as a 
positive deflection (negative voltage), with a 
latency between 300 and 600 ms. The signal is 
usually more powerful in the parietal lobe. Its 
presence, magnitude, topography and latency 
are often used as a measure of brain function 
in decision-making tasks. While the neural 
substrates of this ERP still remain unclear, the 
reproducibility of this signal makes it a com-
mon choice for both clinical and laboratory 
psychological tests.

Figure 7: a) A comparison of the theta activity over time prior to 
the shot (rifle shooting) reveals significant differences between 
experts and novices. These data indicate a more pronounced Fm� 
(red) in experts; M. Doppelmayra, T. Finkenzellerb, P. Sausenga; 
Frontal midline theta in the pre-shot phase of rifle shooting: 
Differences between experts and novices M. Neuropsychology, 
Volume 46, Issue 5, 2008, Pages 1463–1467 
b) Topographical map for low and high frequency of alpha and 
beta bands in case of success and failure in golf putts; C. Babiloni, 
C. Del Percio, M. Iacoboni, F. Infarinato, R. Lizio, M. Pirritano, M. 
Gallamini, N. Marzano, G. Crespi, F. Dassu, F. Eusebi; Golf putt 
outcomes are predicted by sensorimotor cerebral EEG rhythms; J 
Physiol 586.1 (2008) pp. 131–139

A: B:
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ARTIFACT REDUCTION: PRACTICAL 
AND TECHNICAL APPROACHES
A substantial problem in EEG is ob-
taining ‘clean’ data on cerebral activ-
ity, in other words, uncontaminated 
by non-cerebral artifacts. Physiolog-
ic artifacts (e.g. muscular activity and 
eye blinks) are generated from the 
body, while extraphysiologic artifacts 
(e.g. environmental electrical noise) 
originate from sources outside the 
body [39]. Physiologic artifacts tend 
to be a particular problem when re-
cording EEG from a subject who is 
in motion. This may account for why 
studies of EEG in sports have general-
ly been confined to disciplines involv-
ing relatively minimal head move-
ment such as golf, stationary bike 
cycling, archery and rifle shooting. 
Nevertheless, two complementary 
approaches exist that can substan-
tially reduce or eliminate artifacts. 
The first involves minimising move-
ment artifacts during the recording 
itself. The second requires subse-
quent signal processing of the data 
via computational methods to re-
move artifacts.

The following section will consider 
some of the artifacts especially per-
tinent to the sports sciences, how to 
identify such artifacts, and methods 
to minimise their occurrence (for 
the topic of EEG artifacts in general 
the interested reader is referred to 
a number of good sources [3,40–42]). 
Computational methods for artifact 
removal will be considered in the 
subsequent section.

MUSCLE ARTIFACTS
Muscular contraction elicits myogen-
ic potentials that can represent a ma-
jor source of EEG artifact. Sports that 
involve frequent and intense mus-
cular contraction thus tend to elicit 
a high degree of electromyographic 
(EMG) artifact. EMG can exhibit an 
amplitude of around 100–1000 V, 
considerably greater than that of 
EEG (around 10–100 V). 
Consequently, muscular activity can 
obscure neural potentials altogeth-
er. This has historically been a prob-
lem with ambulatory monitoring of 
EEG in epilepsy, where EMG spikes 
can obscure the detection of epi-

leptic spikes [44]. Similarly, the fact 
that muscle artifact can completely 
obscure EEG activity can potentially 
limit EEG applications in the sporting 
domain.

What can be done about EMG arti-
fact? Fortunately, it is usually easy 
to distinguish between substantial 
EMG and EEG from the raw signal 
morphology, spectral distribution, 
and scalp location. EMG consists of a 
series of spiked discharges from un-
derlying motor
units. The frequency of the discharg-
es can range from 20 to 1000 Hz, de-
pending on how many muscle fibres 
are recruited and the degree of mus-
cular contraction [43]. However, the 
dominant energy is in the 50–150 Hz 
band. In contrast, more than 90% of 
the EEG’s spectral power lies within 
1–30 Hz frequency. If the brain activ-
ity of interest lies below 15 Hz, sim-
ple use of low-pass filtering and/or 
avoiding the directly contaminated 
electrodes may facilitate adequate 
signal detection. Muscle artifact also 
tends to occur in specific places and 
these should be examined. Scalp lo-
cations most affected are the tempo-
ral areas T3 and T4 which lie in close 
proximity to the temporalis muscle. 
Artifact here thus
tends to reflect jaw movement or 
tension. This is illustrated in Fig. 9 
with irregular activity at T3 with in-
creased power indicated at this loca-
tion on the topographical scalp map. 
Jaw tension is a particularly common 
muscle artifact and, if present, it may 
be productive to show the subject 
the effects of muscle movement and 
tension on the EEG prior to recording 
and allowing them to learn to reduce 
their impact. Chewing should also be 
discouraged.

Figure 8: Image of a participant in an experiment using EEG analysis 
during simulated movement. The participant has the illusion of walking 
in a street; in reality, the subject is sitting in a chair (G. Pfurtscheller, 
R. Leeb, C. Keinrath, D. Friedman, C. Neuper, C. Guger, M. Slater; Walking 
from thought; Brain research 1071 (2006) 144-152).
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n Additionally, frontal sites Fp1, Fp2, 
F7 and F8 lie in the region of activity 
of the frontalis muscle (the ‘frown-
ing’ muscle) of the forehead. Activ-
ity in this region in illustrated in the 
topographical map of Fig. 10, which 
also reveals possible neck tension 
emanating from activity in posteri-
or leads O1 and O2. In addition, the 
spectral map indicates that peak 
amplitude at F3 occurs at a high fre-
quency of around 28 Hz. A common 
way of eliminating overt EMG arti-
facts is to simply reject the contam-
inated portions of the EEG. However, 
when the degree of contamination 
is considerable, as can be the case 
when physical exertion is high, rejec-
tion can result in a considerable loss 
of hard-earned data; perhaps leaving 
too little for meaningful analysis. In 
this instance, more advanced post 
processing methods such as Inde-
pendent Components Analysis (ICA) 
can be attempted to separate the 
EMG signal from the raw EEG signal. 
ICA has shown some promise in iso-
lating muscle artifact; this and other 
methods are described in detail in 
section 5.

SKIN ARTIFACT
Sodium chloride and lactic acid from 
sweat glands in the scalp can react 
with the metal of the electrode to 
alter impedance and thus signal 
amplitude. If this occurs differen-
tially across active and reference 
electrodes an impedance mismatch 
naturally results which can result 
in large baseline sways (45). Sports 
that involve sustained physical exer-
tion are naturally more likely to cause 
sweating and produce these types of 
artifacts. This problem can be exag-
gerated with the use of EEG caps or 
in bald subjects with no hair to help 

absorb the sweat. Such artifacts are 
generally recognised by very low fre-
quencies of below 1 Hz and are thus 
are often easily distinguishable from 
the mid-range frequencies usually 
of interest in sports research. Nev-
ertheless, it is good practice to try 
to reduce the influence of these ar-
tifacts at source. Generally, any steps 
that are likely to lower body temper-
ature are likely to minimise their ap-
pearance. The use of a cool air-con-
ditioned room, where possible, and 
the avoidance of excessive layers of 
clothing may help. Where feasible, 
frequent breaks may also help to 

keep body temperature low. For sim-
ilar reasons, if one is recording swim-
mers outside a pool it is important to 
make sure their hair
is properly dried. All EEG amplifiers 
should be electrically isolated or 
wirelessly remote from any mains 
source of electricity, so not to rep-
resent an electrical safety hazard in 
a wet environment. EEG amplifiers 
use CMR to reject signals common 
across inputs. However, impedance 
mismatches between electrodes can 
result in a common signal (such as 50 
Hz noise) producing different voltag-
es across amplifier inputs. This mis-

Figure 9: EEG signal and 
topographical map indicate 
jaw tension.

Figure 10: EEG topographical 
map and spetral analysis 
indicate possible frowning 
and neck tension
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match can result in a distortion of the 
EEG signal (see Freye [46] for a good 
account of how the size of the mis-
match is related to the magnitude of 
the signal distortion). It is important 
therefore to monitor impedances to 
ensure that differences across active 
and reference sources are minimal, 
ideally by ensuring all impedances 
are kept as low as possible. 

ELECTRODE MOVEMENT
Any movement which disturbs the 
contact of the electrode with the 
scalp can result in a sudden increase 
in electrode impedance [3] resulting 
in a dramatic change in the EEG sig-
nal. Overcoming this issue may be 
one of the biggest challenges; espe-
cially in sports
involving a high degree of motion 
or where the sporting action of re-
search interest necessitates gross 
motor movement. While electrode 
movement is easily detected on the 
EEG signal, contaminated EEG from 
frequent movement can produce a 
great deal of data loss.
Great care must be taken to ensure 

a consistent low impedance contact 
with the skin. Standard ear clip elec-
trodes should be sufficient for re-
cording EEG in relatively stationary 
sports like target shooting. Self-ad-
hesive pre-gel disposable electrodes 
that stick to the mastoid (and in bald 
subjects to the scalp) can be quickly 
and easily administered and are less 
likely to come loose in more active 
sports (see Freye [46] for a well-il-
lustrated description of electrode 
types). A more secure method is to 
glue the electrodes firmly to the 
scalp with an adhesive conductive 
gel. Epilepsy/sleep labs have tradi-
tionally used collodion, a commonly 
used one being EC2 Grass-Telefactor 
paste [47]. It should be pointed out 
that this method of adhesion is also 
more cumbersome and disliked by 
the subjects because of the residue 
left on the scalp, even after removal 
of the collodion with acetone [48]. A 
constant pressure on the electrodes 
is necessary to prevent them from 
moving horizontally or vertically. This 
can be aided with the use of a tight 
electrode cap, or an elastic gauze or 

head net when the number of elec-
trodes is relatively low. A Lycra cap 
can be fitted and aligned with min-
imal effort, with a 19 channel cap 
taking around 10–15 min to apply. 
Securing the leads may minimise the 
gravitational and rotational forces 
pulling on the electrodes.

Active electrodes where a pre-amp 
stage is mounted directly to the elec-
trode on the scalp and magnifies the 
signal before sending it to the main 
amplifier, can greatly reduce cable 
movement artifacts and improve the 
signal quality in all sports activity 
and are strongly recommended. Am-
plifiers with high input impedances 
can reduce the amount of skin prepa-
ration needed whilst maintaining the 
signal quality [45]. Current develop-
ment of micro-spiked electrodes [49], 
that can avoid pressure-induced skin 
potential changes caused by elec-
trode motion or skin stretching, and 
super high impedances microchip 
mounted dry electrodes may hold the 
promise of a more stable EEG signal 
in the near future.

Figure 11: EEG and topographical 
map indicate eye blink

Figure 12: Examples of wireless EEG systems 
capable of feeding off body heat and light.
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n EYE MOVEMENT
Eye movement is a universal source 
of artifact and can be precipitated 
by both eye blinks and lateral eye 
movements. The potential difference 
between the cornea and retina is 
larger than that of cortical potentials 
[50]. During an eye-blink the eyeball 
turns upwards. This tends to primar-
ily affect the frontal electrodes, with 
a large positive deflection seen at 
Fp1 and Fp2 with a peak amplitude 
of around 50–200 V lasting 200–400 
ms. If the peak is particularly large 
other electrodes can also be affect-
ed. Lateral eye movement is recog-
nisable in the fronto–temporal areas 
as sharply contoured potentials that 
are out of phase [3]. Some research 
has indicated that eye blink rate 
may not increase during physical 
exertion [51,52], and therefore this 
type of artifact may not be any more 
prevalent during high activity sports. 
In fact, there is some evidence that 
increased visual load decreases the 
rate of eye blinks [53–55]. These 
types of artifacts may therefore not 
be any more common in the large 
number of sports where visual pro-
cessing demands are high.

The eye blink is easily recognised in 
the EEG as its raw signal morphology 
and amplitude have a distinctive pat-
tern, contaminating delta (1–4 Hz) 
and theta (4–8 Hz) bands predomi-
nantly at frontal sites as can be seen 
in Fig. 11. 

Modern blind source separation 
techniques such as ICA can amelio-
rate many of the problems caused by 
eye blinks. It is often wise to record 
a short test artifact baseline (where 
the subject attempts to produce var-
ious artifacts) to assist in their later 
identification, by asking the subject 
to blink their eyes a few times, as well 
as clenching their jaw and tensing 
their neck.
ECG ARTIFACT
The electrical activity of the heart is 
measured by the electro-cardiogram 
(ECG or EKG). The electrical field from 
each cardiac pulse is very large and 
can be measured up to a metre away 
from the body. ECG is more likely to be 
seen in people with wide necks (such 
as weightlifters) but it generally does 
not pose a problem as it tends only to 
contaminate the low frequencies of 
around 1–2 Hz.

This artifact can be common in chan-
nels connected to the ears. Most 
EEG amplifiers reserve an input for 
ECG recording, ensuring this artifact 
is easily recognised. The rhythmic 
and distinct morphology of ECG also 
means that it is generally easily re-
moved using the post-processing 
computational methods discussed in 
the next section.

RESPIRATION ARTIFACT
Respiration artifact arises from the 
rhythmic body movement of inha-
lation and exhalation and may be 
initially observed as high amplitude 
deflections with a delta wave like 
frequency. This frequency may be ex-
pected to increase depending on the 
aerobic demands of the sport and the 
fitness of the athlete. 
As with ECG, one channel can be de-
voted to respiratory movements 
which can be measured by a stretch 
sensitive device worn around the 
chest or abdomen. These types of ar-
tifacts are highly suitable for removal
by post-processing methods.

Figure 13: A) Different types of simulated artefacts in EEG data periods. 
B) simulated data added to real EEG data. (A. Delorme, T. Sejnowski, S. Makeig Enhanced detection of  artifacts in 
EEG data using higher-order statistics and independent component analysis;  NeuroImage 34 (2007) 1443 - 1449
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TONGUE MOVEMENT
Glossokinetic artifacts are created 
by the potential difference between 
the tip and base of the tongue and 
give rise to slow potentials. This type 
of artifact usually does not occur 
frequently enough for its removal to 
cause a significant loss of data. 
Furthermore, unless systematically 
co-occurring with the sporting action 
under study, glossokinetic artifacts 
may be good candidates for removal 
by post-hoc computational methods.

ELECTRICAL INTERFERENCE
Electrical noise from the environ-
ment is normally eliminated by 
common mode rejection as previ-
ously described. However, if a large 
discrepancy exists in the impedance 
(quality of connection) between elec-
trodes, noise will not appear com-
mon to both electrodes and will not 
be successfully excluded. Electrical 
noise artifact is most notable at the 
50 Hz frequency (Europe) or 60 Hz in 
the US. Ensuring a robust and good 
quality connection and checking im-
pedance online may help to minimise 
this artifact. To reduce electrical 
noise, active shielding can be used, 

where a signal is passed down the 
outer shielding layer of the cable to 
block any external electromagnetic 
interference.  This may be of use in a 
hostile electrical environment such 
as within a Formula One racing car. 
Wireless equipment greatly limits 
the presence of data artifacts from 
electric current; furthermore it is 
possible to carry out a low pass filter 
at 50 Hz or a NOTCH filter for the 50 or 
60 Hz frequencies during post-acqui-
sition analysis.

RESTRICTION OF MOBILITY
Although not an artifact as such, one 
of the major problems in neuroimag-
ing in active sports is the enforced re-
striction of motor movement. Fuelled 
by recent hardware advances, this is 
the area in which EEG exhibits sub-
stantial advantages compared to 
other neuroimaging technologies. 
EEG equipment is comparatively 
cheap, portable and light, and offers 
the real possibility of measuring neu-
ral activity in a real live sporting envi-
ronment outside of the laboratory.
Portable amplifiers can record mul-
ti-channel EEG directly onto a re-
movable flash card for up to 48 h [56] 

which can later be transferred to 
the PC for analysis, eliminating the 
need for cables. These amplifiers 
can simultaneously record EMG, 
ECG, EOC, HR, RSP (respiration) and 
GSR (Galvanic skin response). 
Developments in wireless technol-
ogy have also seen the introduc-
tion of battery-powered amplifiers 

capable of transmitting EEG informa-
tion to a PC or pocket PC in real time 
[57], allowing for the possibility of 
EEG-biofeedback during sports train-
ing. A 4-channel wireless amplifier 
can weigh less than 200 g and can 
be strapped to the small of the back 
with the cables secured to the head 
with a sweat band. This can allow the 
subject relatively unrestricted move-
ment within a radius of around 30 m. 
With simultaneous recording of 
sound it is possible to correlate the 
event (sports action) with the neural 
response. As described earlier, re-
motely transmitting electrodes with 
active chips are currently under de-
velopment, and hold great promise 
for the future in entirely eliminating 
the need for cables. Battery free sys-
tems powered by body heat and am-
bient light are also currently under 
development (58). (Fig. 12).

ARTIFACT REMOVAL: 
COMPUTATIONAL METHODS
The previous section described ways 
to minimise movement artifacts 
present in the recording itself. A sec-
ond, complementary approach in-

Figure 14: Example of removal of 
muscle artifacts from the raw EEG 
signal (a) recorded during sleep. 
(M. Crespo Garcia, M. Atienza, J. L. 
Cantero Muscle Artifact Removal 
from Human Sleep EEG by Using 
Independent Component Analysis; 
Annals of Biomedical Engineering, 
Vol. 36, No. 3, March 2008 pp. 
467–475)
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n volves separating neural signals and 
artifacts by post-processing of the 
data through computational meth-
ods. The choice of post hoc data anal-
ysis initially depends on the signal 
dimensions (as well as the number of 
channels).Multi-channel data carries 
more information; hence it is statis-
tically more robust and thus more 
reliable. However more channels 
means more data, so blind source 
separation techniques that, by defi-
nition, require multiple channels 
(such as ICA) involve more extensive 
experimental setup, as well as a high-
er computational load; a factor that 
usually limits them to offline pro-
cessing. A potential workaround is to 
have only one or a few electrodes of 
the region(s) of interest, and concen-
trate on regions and/or frequencies 
that are less susceptible to artifact. 
For example, the central sensorimo-
tor regions are located furthest away 
from cranial muscles and are also 
less affected by eye-blink artifacts 
than frontal regions. Basic digital fil-
tering (e.g. finite impulse response) 
may also be useful in isolating par-
ticular frequencies of interest that 
are more robust to artifact, such 
as high theta and alpha (6–13 Hz) 
which are least affected by both low 
frequency (movement, blinks and 
sweat) and high frequency (muscle 
and electrical noise) artifacts. An-
other alternative is to apply autore-
gressive frequency analysis (such 
as the Yule–Walker algorithm [59]), 
which is reported to be more stable 
under movement and noise artifacts 
than conventional Fourier-based 
methods, which are prone to spectral 
leakage and poor performance under 
conditions of low signal levels (10’s of 
µV) and can result in a low signal-to-
noise ratio.

Nevertheless, perhaps the greatest 
modern advance in artifacting (and 
signal processing in general) has 
occurred with the advent of inde-
pendent component analysis, or ICA, 
pioneered by Bell and Sejnowski in 
1995 [60]. To the best knowledge of 
the authors, there is still surprisingly 
little if any published research on the 
use of ICA to remove large artifacts 

due to motion during sport or physi-
cal exercise. Its most recently report-
ed application in respect has been in 
correcting task-related movement 
during fMRI prompted by the extreme 
sensitivity of this method of neuro-
imaging to movement [61]. Never-
theless, ICA does offer great promise 
as a technique for artifact removal in 
exercise research. ICA is a higher or-

Figure 15: A) EEG signal in which different movement artefacts and some 
EMG activities appear. 
B) The signal was automatically filtered to attenuate artifacts, but the loss 
of brain activity is also evident. The arrows indicate the points where the 
EEG activity has been significantly attenuated after processing. 
(P. LeVan, E. Urrestarazu, J. Gotman; A system for automatic artifact 
removal in ictal scalp EEG based on independent component analysis and 
Bayesian classification; Clinical Neurophysiology 117 (2006) 912–927)

Figure 16: Removal of artifacts due to the movement of the eyelid. Using 
ICA. The columns show from left to right: the raw signal, the correct 
signal, the excluded artifacts, the topographic components of the signal.

EEG APPLICATIONS FOR SPORT AND PERFORMANCE - PART ONE



53
N

° 13 / M
ay-August 2019

der statistical method developed to 
extract individual signals (referred 
to as components) from mixtures of 
signals, based on the assumption 
that different physical processes 
(referred to as sources) will generate 
unrelated signals.  One methodologi-
cal caveat is that since the aim of ICA 
is to separate underlying ‘source’ 
signals considered to be ‘statistically 
independent’ over time, it requires 
a relatively large amount of data in 
both length (EEG samples) as well 
as channels (the number of sources 
it yields is directly restricted by the 
number of recording electrodes used 
[62]). Even on modern day comput-
ers, common ICA algorithms may take 
from minutes (for individual EEGs) 
up to hours (for very long EEG or if 
analysed en masse) to complete. In 
addition to the assumption of inde-
pendence of source origins, common 
ICA algorithms (e.g. InfoMax, FastICA) 
operate under two further assump-
tions. Firstly that the underlying 
sources must exhibit non-Gaussian-

ity, i.e. they must be non-normally 
distributed (other techniques do not 
require this assumption (see [63]), 
although these are not discussed in 
detail here). Secondly the sources 
should be stationary, that is to say, 
they should each have a fixed loca-
tion throughout the recording. Re-
cent years have seen a remarkable 
proliferation of ICA related articles 
with successful applications de-
scribed in reference to both artifact-
ing [64] (Fig. 13) and EEG source mod-
elling [65]. Evidence for the former 
includes artifact removal of muscle 
[66] (Fig. 14) contamination, eye 
blinks and movement [67,68], noise 
[67,68], as well as cardioballistic 
phenomena [69]. Fig. 16 illustrates 
how ICA was used to extract an eye 
blink component from the raw EEG 
in data we recently recorded from a 
sample of contemporary dance per-
formers. It should be borne in mind 
that different ICA algorithms (popu-
lar ones include Infomax, SOBI, FastI-
CA and JADE) are likely to best detect 

specific types of artifacts. The JADE 
algorithm, for example, may be par-
ticularly effective for tackling muscle 
artifact [66]. Complete artifact elim-
ination may therefore require selec-
tion of one or more ICA algorithms. 
The greatest advantage ICA has over 
conventional artifacting methods is 
in the fact that an artifact ‘compo-
nent’ can simply be linearly subtract-
ed without theoretically incurring 
any loss to the remaining EEG data 
occurring simultaneously with it. The 
spreading popularity of ICA cannot be 
mentioned without honouring the 
Matlab toolbox EEGLAB [70], a freely 
available open source research soft-
ware (http://sccn.ucsd.edu/eeglab/), 
(Fig. 17) and the first to implement 
ICA (via the Infomax algorithm) for 
general EEG/ERP analysis and arti-
facting. A strength of this toolbox is 
that it also enables the user to identi-
fy and cluster matching components 
(or artifacts) between different sub-
jects based on their scalp map, dipole 
projection (DIPFIT plugin), spectral 
power or ERP characteristics. In light 
of this, and given that ICA typically 
decomposes spatially fixed and phys-
iologically plausible EEG sources, 
an effective way to approach arti-
fact-rich data is not to painstakingly 
remove the artifact cocktail but rath-
er concentrate on extracting the EEG 
source components themselves. 
Ironically, the motivation for remov-
ing artifacts is primarily to get a 
stable record of the underlying in-
dependent EEG, yet this is what ICA 
is already made to do and does best. 
Thus, isolating and clustering match-
ing EEG components of interest [71] 
(frontal midline theta, mu rhythm, 
or parietal alpha for instance) across 
subjects not only circumvents com-
plicated artifacting but also minimis-

Figure 17: Example of an EEGLAB session under Linux. (A. Delorme, S. 
Makeig; EEGLAB: an open source toolbox for analysis of single-trial EEG 
dynamics. Journal of Neuroscience Methods, 2004, 134: 9-21)

EEG APPLICATIONS FOR SPORT AND PERFORMANCE - PART ONE



54
Th

e o
ffi

cia
l j

ou
rn

al 
of

 th
e E

ur
op

ea
n 

W
eig

ht
lift

in
g F

ed
er

at
io

n es the variability and error involved 
when comparing electrophysiological 
recordings of different individuals 
and conditions, as there inevitably 
exist some individual differences in 
EEG cap placement as well as physical 
location/orientation of EEG source di-
poles. Notwithstanding, ICA presents 
an apparent trade-off between the 
dimensionality of the EEG data (i.e. 
the number of channels) which when 
greater, yields more components 
(thus more complex as well as accu-
rate information), and the practicality 
of experimental setup or the compu-
tational load. Part of the purpose of 
artifacting is to remove disruptive (or 
uninformative) data that further adds 
to the complexity of the EEG. For a fixed 
number of channels however, some of 
the components are ‘wasted’ on the 
artifacts and hence the remaining 
cerebral components are not resolved 
as clearly.  An effective compromise 
is to use an intermediate number of 
channels (e.g. 21 or 31), perform ICA, 
subttract the major artifactual com-
ponents and then run ICA again on the 
remainder of the data. This conven-
iently restores the maximum number 
of available components, without the 
subtracted artifacts.

FUTURE DIRECTIONS
In the quest for ever-more refined 
tools to probe the signals of the brain, 
there is new evidence of work in pro-
gress with regards to further improv-
ing ICA, with a so-called semi-blind 
approach [72]. By effectively impos-
ing temporal or spatial constraints 
on the underlying source mixture 
via such methods as LIANA [73],or by 
wavelet enhanced thresholding [74] 
which more faithfully preserves spec-
tral amplitude and coherence. Other 
research is centred on so-called au-

tomated [75,76] (Fig. 15) artifact re-
moval, which makes use of statistical 
parameters to automatically classify 
multiple types of artifacts and remove 
them without the need for human as-
sistance. Lastly, another promising 
area which will no doubt prove valua-
ble is online real-time artifact remov-
al, which includes both ICA [77] and 
faster traditional methods [78]. This 
could be used to extract artifacts a 
priori during recording itself, making 
it especially useful for potential EEG 
neurofeedback applications in sports 
enhancement (e.g. training alpha de-
synchronisation in golf [18]).

NEUROFEEDBACK AND 
PERFORMANCE ENHANCEMENT
A discussion of EEG methodology in 
the sports sciences would seem in-
complete without some discussion 
of neurofeedback. Previous research 
has shown that the EEG of expert 
sportsmen shows distinct differences 
relative to non-experts [6,17,79,80]. 
If a causal link is assumed, neuro-
feedback offers the potential to pro-
vide performance improvements 
by training an individual’s EEG. With 
conventional neurofeedback, specific 
components of the EEG spectrum are 
fed back to the individual in real time 
using an online feedback loop in the 
form of either audio or visual infor-
mation. Visual feedback is often in the 
form of a moving bar with the ampli-
tude of the selected EEG frequency 
band represented by the size of the 
bar, and with the participant aiming 
to increase or decrease its amplitude 
as instructed. This may be accompa-
nied by auditory feedback to indicate 
a point scored. The aim is to train the 
individual to gain learned control 
over a particular component of brain 
activity. Typically a bar representing 

the chosen frequency band to be 
enhanced will be increased, while si-
multaneously higher and lower bands 
are inhibited and their respective 
bars reduced in amplitude. The visual 
feedback may depict a virtual reality 
performing space to provide eco-
logical validity and transfer learning 
more effectively to the performance 
context, as in the case of our current 
studies of acting performance [81] 
where the volunteers learn to regu-
late cortical activity and the illumi-
nation in the theatre auditorium is 
raised or lowered. Despite numerous 
anecdotal reports attesting to its 
efficacy [2], there are actually very 
few well-controlled studies that have 
directly examined the ability of neu-
rofeedback to produce improvement 
in measures of sporting performance. 
In fact, to the authors’ knowledge only 
two studies to date have appeared in 
peer reviewed journals. Landers et 
al. [16] set out to determine whether 
neurofeedback could improve per-
formance in 24 skilled archers. One 
group received peak performance 
neurofeedback training with reward 
provided for low frequency activity in 
the left hemisphere. The rationale for 
this type of training is based on EEG 
studies demonstrating more slow 
frequency activity in skilled marks-
men in the left hemisphere (with the 
most pronounced differences in the 
left–centro–temporal–parietal areas 
[82]). In the Landers study, the neu-
rofeedback group showed significant 
improvements in shooting accura-
cy. No performance improvements 
were observed in an ‘incorrect’ neu-
rofeedback (low frequency activity in 
the right hemisphere rewarded) or a 
control group, with the former in fact 
showing a significant deterioration in 
performance. A more recent study by 
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Arns et al. [83], examined the effect of 
neurofeedback vs. no neurofeedback 
on putting performance in golf. The 
criteria for frequency band reward 
in the neurofeedback training were 
based on each participant’s individu-
al EEG profile during successful putts 
prior to neurofeedback training. The 
overall percentage of successful putts 
was significantly greater after neuro-
feedback was administered. Although 
there is a lack of studies directly ex-
amining the effects of neurofeedback 
in sport, a number of controlled stud-
ies have examined the impact of such 
training on performance measures 
outside of the sporting arena. Neuro-
feedback has elicited positive chang-
es in the domains of memory, atten-
tion, creativity and mood [84–87], 
which has promising implications for 
peak performance training in sports. 
Neurofeedback has a long history of 
use as a clinical application [88–90], 
although such applications are not 
discussed here. Probably the largest 
body of neurofeedback validation 
studies has been conducted with the 
aim of enhancing cognitive perfor-
mance [91]. The underlying rationale 
for these studies is that a specific 
cognitive function can be enhanced 
by training the frequency most closely 
associated with this function.

Studies of neurofeedback and cogni-
tion appear to be primarily devoted 
to examining the relationship be-
tween beta (13–30 Hz) and focused 
attention, and it is these studies that 
may have the most relevance to the 
sporting world. It should be noted 
that an extensive coverage of such 
studies is beyond the scope of the 
current paper, with a more detailed 
review provided by a number of good 
sources [6,91,92].  Fast wave training 
components of sustained attention, 
such as omission versus commission 
errors, have found to be differential-
ly influenced by adjacent bands; e.g. 
12–14 Hz termed the sensory motor 
rhythm band (SMR), and 15–20 Hz re-
ferred to as the low beta band [86,93]. 
In one such study, improvements in 
sustained attention along with verbal 
working memory were observed only 
in the SMR group [84]. The SMR band 
has been of particular interest where, 
through the reduction in excitability 
of the sensory motor cortex, perfor-
mance is characterised by a sustained 
and relaxed attentional focus, an en-
larged working memory space, and a 
more modulated performance with 
greater readiness to respond and a 
more efficient performance overall 
[94]. In a preliminary study, trainee 
eye surgeons receiving SMR training 

performed more efficiently with less 
time on task, yet with slightly longer 
pauses between tasks [95].
Fast wave training may be contrast-
ed with slow wave training with eyes 
closed where auditory feedback is 
contingent on production of theta 
(4–8 Hz) and alpha activity (8–12 Hz). 
The aim is to increase the theta to al-
pha ratio by making the sound associ-
ated with theta particularly conducive 
to relaxation (e.g. the sound of waves 
breaking on the shore). About two 
thirds of individuals begin with alpha 
higher than theta, and to set the re-
laxation process in motion alpha may 
be rewarded with a lower threshold 
than theta at first. Phasic increase in 
theta and alpha may also be rewarded 
with separate sounds such as a reso-
nant gong. Theoretically the aim is to 
induce relaxation to a state of hyp-
nogogia which has historically been 
associated with creative insights [96].  
Slow wave training has benefited com-
petitive ballroom dance performance 
in a controlled investigation [97]. Pro-
fessionally significant improvements 
were obtained with alpha/theta train-
ing in dancers who went on to win the 
UK university championship. Inter-
estingly, another biofeedback proce-
dure - heart rate coherence training 
- was equally effective in improving 
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pact on technique, whereas slow wave 
training impacted on timing. Slow wave 
training has widespread implications. It 
enhances feelings of confidence, well 
being and increases energy. In musi-
cians it is particularly effective with the 
communicative aspects of performance 
which are underpinned by confidence, 
and this we have shown even with nov-
ice abilities (musicians who sing).  Slow 
wave training has impacted, though, 
on all aspects of performance including 
breath control and pitch. However, it 
may be fast wave training, SMR in par-
ticular, that has iimportant applications 
in sports involving skilled visuomotor 
activities Overall, EEG-biofeedback 
shows promise in offering a means of 
optimising function that may have a 
sporting application. However, there is 
a dearth of controlled studies directly 
investigating this possibility, with fur-
ther research clearly warranted [98].

CONCLUDING REMARKS
EEG represents a useful methodologi-
cal tool in understanding cortical pro-
cesses that underlie performance in 
sporting and non-sporting domains. 
Although EEG lacks the spatial resolu-
tion of more expensive methods such 
as MEG or fMRI, it offers excellent tem-
poral resolution and with advances 
in wireless hardware and equipment 
portability, allows a freedom of move-
ment almost impossible to achieve 
with other neuroimaging technologies. 
Recording EEG during motion does 
present a number of problems with re-
spect to obtaining ‘clean’ cerebral data. 
However, careful attention to proper 
methodological practices and develop-
ments in hardware and computational 
processing models offer a promising 
means of minimising, if perhaps not en-
tirely eradicating, these problems. 
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Mechanobiology is an emerging 
branch of biological disciplines that 
avails of the principles of mechanics 
to explain the vital activities of cells1. 
Thanks to state of the art laboratory 
instruments, biologists are now able 
to measure the forces that, coming 
from the external environment, act 
on the tissues of the organism and 
modify its cellular structure. When a 
microscopic fraction of organic tissue 
is stretched mechanically, even for a 
brief moment, the cells of that area 
react immediately producing new 
molecules, growing, moving, differ-
entiating, proliferating, degenerat-
ing, collapsing or dying. Mechanosen-
sitivity is the ability of a cell to encode 
a mechanical stimulus such as a me-
chanical stimulation, or a start sig-
nal for a specific biological response, 
called mechanotransduction, capa-
ble of converting the tension that has 
arrived into a chemical or electrical 
reaction.
Mechanobiology analyses and codi-
fies the behaviour of cells when they 
are stressed by external forces. The 
stimulated cells can act on them-
selves, on the adjacent ones, or on 
the connective tissue that surrounds 
the entire tissue in which they live2. 
With rigid connective tissue, the 
laminar stresses act directly on the 
cells3. The more the cytoskeleton (the 
support frame of a cell) is rigid, the 
greater the resistance with which the 
cells oppose compressions and trac-
tions, thus the lower their mechano-
sensitivity. Conversely, a cell with a 
frame poor in protein filaments has a 
reduced capacity for mechanotrans-
duction and has little advantage from 
external mechanical stimulation 
when it activates its vital functions.
Mechanobiology also studies cellu-

lar adaptation to an external load 
(stimulus)4. The mechanical forces 
acting on the organism are biological 
regulators, of equal importance to 
chemical and electrical ones. Among 
the various functions that a cell can 
perform, mechanoregulation allows 
it to react to a mechanical stimula-
tion by modifying its morphology and 
molecular architecture in order to be 
able to counteract more the external 
stresses more effectively5. Howev-
er, an altered mechanosensitivity, 
in excess or in defect, may produce 
an anomalous behaviour of the cell 
which, having become too sensitive, 
or resistant, to the interactions with 
the external environment, can pro-
gressively alter the functionality of its 
entire fabric, leading it to a patholog-
ical state. The hypothesis that cells 
have a mechanochemical regulatory 
system6 is now well accepted by the 
scientific community of mechanobi-
ologists. Based on the intensity and 
direction of the mechanical impulse, 
the cell can accelerate or restrain the 
same enzymatic reaction, or suspend 
it in order to activate a new one. Each 
organelle of the cell, including the 
nucleus and chromosomes, is bound 
to the lining membrane by a compli-
cated intertwining of microtubules7. 
The focal adhesions are the points 
of the cellular membrane where the 
microtubule bundles originate and, 
through them, they act as sorting 
nodes of the external forces. Focal 
adhesions are defined as “mechani-
cal-sensory organelles” precisely be-
cause, through the dense network of 
microtubules, they are able to distrib-
ute the concentric and eccentric forc-
es acting on the static equilibrium of 
the cell on all the cellular elements6.
Whenever a microtension activates 
a cellular receptor, a biological func-

tion is initiated8. In fact, in addition to 
stretching the microtubules of focal 
adhesions, the micro-tensions that 
reach the cell membrane can dilate 
the micropores, open the ion chan-
nels, move the free terminals, pull 
the transmembrane proteins and 
arrange the hormone receptors to 
bind with the corresponding chemical 
messengers. Therefore, there is an in-
tricate system of mechano-couplings 
with which each site of the cell mem-
brane, sensitive to precise mechani-
cal stimulation, is linked to a specific 
cascade of chemical reactions9 which 
can even initiate certain genetic 
transcriptions. As the mechanical 
stimulus varies, the cell therefore 
changes its vital activity. The ability to 
continuously remodel bone is a typi-
cal example of mechanobiology. The 
non-biological component of bone 
tissue is formed by a dense network 
of collagen filaments and calcium 
crystals. Collagen gives the bone elas-
ticity, while calcium crystals give it me-
chanical strength. The strong atomic 
bonds that generate water between 
the organic component of collagen 
and the inorganic component of calci-
um crystals make hydroxyapatite, the 
non-biological component of bone tis-
sue, very similar to a cemented paste 
such as ceramic10. Water is therefore 
the third most important element of 
bone tissue, without water the bone 
calcification would disintegrate11. The 
biological component of bone tissue 
is instead made up of cells that man-
age the hydroxyapatite deposits. 
Osteoblasts and osteoclasts respec-
tively assemble or remove inorgan-
ic material from the surface of the 
bones. Osteocytes control the miner-
al integrity of the innermost layers of 
bone tissue. The progenitor cells, lo-
cated just below the surface, allow the 
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renewal of the deep and superficial 
cellular components of the bone. The 
dense network of communication be-
tween these four types of cells makes 
bone a mechanical material capable 
of modifying its shape and structure 
based on the mechanical forces that 
stress it12. The biomechanical charac-
teristics of a bone are described by its 
two main axes: the anatomical axis and 
the mechanical axis (box A of figure 1). 
The anatomical axis slides from one 
end to the other of its greater length, 
curving in the points in which the mus-
cles are inserted and straightening 
in proximity of the articular extremi-
ties. The mechanical axis, on the other 
hand, linearly (ideally) combines the 
garments and represents the direc-
tion of the resultant of the forces act-
ing on it. Generally, a joint lever con-
centrates the muscular forces along 
the anatomical axis, to then direct 
them along the mechanical axis. The 
geometric differences between ana-
tomical axis and mechanical axis lead 
the bones to be continually subjected 
to shearing, traction, compression 
and torsion forces (box B of figure 1). 
If the bone is stressed by infrequent 
overloads, the intercellular, trabec-
ular and lamellar spaces of the bone 
tissue passively dissipate the excess 
biomechanical tension (box C in figure 
1). If, on the other hand, the overload 
becomes recursive, the cellular matrix 
of the bones responds actively, alter-
nating phases of ablation and cell rep-
lication with phases of decalcification 
and recalcification of the non-biolog-
ical bone matrix. The bone segment 
is thus reshaped and its stratification 
rearranged, in order to align the ana-
tomical axis as much as possible with 
the mechanical one and to reduce the 
stress due to excess load (box D of fig-
ure 1).

MECHANOTHERAPY
Mechanotherapy studies the ther-
apeutic potential of the mechanical 
forces that are either passively applied 
on the human body, or actively pro-
duced by a voluntary and autonomous 
movement, to induce an adaptation 
reaction that modifies, and improves, 
the functions13. The term was coined in 
the 19th century to define “the use of 
manual mechanical stresses to treat 
injuries and illnesses”, replaced in the 
20th century first with the term “mas-
sotherapy” and later extended to “all 
physical therapy interventions which, 
with the use of physical exercise, allow 
recovery from osteoarticular and mus-
cular injuries”. The 21st century’s defi-
nition of mechanotherapy is based 
on the principles of mechanobiology 

and provides for “the therapeutic in-
tervention that reduces and reverses 
the damage condition of an organ, or 
promotes the integration and stability 
of its functions, applying mechanical 
stimulations at the level of the tissue, 
cells and molecules that constitute 
it”14. The development, recomposition, 
degradation and reconstruction of or-
ganic tissues such as bones, cartilage, 
tendons, muscles including the heart, 
lungs and other internal organs, ar-
teries and veins, glands such as the 
liver, adrenal and the breast, the skin 
and the nerves, also depend on the 
intrinsic and extrinsic mechanical sig-
nals to the organism3. The system that 
the human body possesses and which 
deals mainly with generating, absorb-
ing and transmitting the forces that 

Figure  No. 1  Bone Tissue Remodelling. A) the longitudinal section 
of a bone develops along two main axes: the anatomical axis, which 
extends from one end to the other of its greater length (line A is the 
white dotted line), and the mechanical axis (line M black line), which 
represents the direction of the resultant of the forces acting on it. 
B) from a biomechanical point of view, when the bone is overloaded 
from external forces, the compression (Cy) and shear (Tx) components 
close a circuit of forces whose resulting (D) are directed towards the 
periphery. C) This represents the oscillations and vibratory actions 
(D) of the intercellular, trabecular and lamellar spaces of the bone 
tissue that dissipate the excess of mechanical tension caused by the 
compression actions (C’, C’’) and sliding (S’, S’’). D) Under a recursive 
load such as the weight force (P), the bone masses, distributed on an 
initial anatomical axis (A’), undergo a slow remodelling (D), until they 
align themselves with a new anatomical axis (A’’) which, being as close 
as possible to the mechanical axis, reduces the stress due to excess load.
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n move it, is the musculoskeletal system. 
Although scientific literature outlines 
the term mechanotherapy with clinical 
interventions, rehabilitation (reduces 
and reverses the condition of organic 
damage) and prevention (promotes 
the integration and stability of organic 
functions), it is evident that any train-
ing process of the musculoskeletal 
system can be redefined based on the 
concepts of mechanobiology. Just as 
the practice of physical exercise for 
the most varied recreational, health or 
competitive purposes can be compared 
to a mechanotherapy intervention.

In conditions of strong mechanical 
stress, such as those produced by in-
tense and prolonged sporting prac-
tice (box A of Figure 2), the shape 
and structure of the musculoskeletal 
system change continuously, in com-
pliance with the “fit-for-purpose” con-
dition12. This myofibrillar and osteo-
articular remodelling process (box B 
of Figure 2) optimises the strength of 
muscle contraction, postural stability, 
mobility of the joint levers and tendon 
elasticity to increase the mechanical 
performance of those gestures that 
are typical of the sporting discipline 
carried out (box C in Figure 2).

ANATOMICAL ADAPTATION
The transcription of DNA is therefore 
at the heart of anatomical adapta-
tion. In specific traits of this double 
genomic helix are coded the assembly 
instructions of the organic molecules 
that make the muscle cell sensitive to 
the mechanical signals of the external 
environment. Among the hundreds of 
types of these mechanoreceptors, 
there are five that perform sensory 
functions16. 1) Adenosine monophos-
phate kinase (AMPk) is the protein 
enzyme sensitive to concentrations 

of stoppers and glycogen17. When 
the stocks of these two energy sub-
strates are drastically reduced, the 
AMPk stimulates the cell to re-synthe-
size them. 2) Hypossia-Inducible Fac-
tor prolyl-hydroxilases (HIFph) is the 
anaerobic enzyme factor that senses 
the critical reduction of oxygen and 
causes the cell to metabolise lactate 
and other carbonate ions, to continue 
producing energy18. 3) The adrener-
gic receptors, together with 4) calm-
odulin (CaMk), regulate the flow of 
calcium ions, behaving respectively 
like the accelerator and the clutch of 
a car. If the stimulation of adrenergic 
receptors pours more ionic fuel into 
the muscle engine, calmodulin, like a 
friction block, deactivates the effect. 
5) Titin kinase (Tk) is a protein with 
mechano-enzymatic properties, that 

is sensitive to mechanical stresses 
produced by muscle cells in contrac-
tion19. Where the integrity of the mus-
cle fibre is compromised by a strong 
mechanical overload, Tk stimulates 
the aggregation of cytoskeletal rein-
forcement proteins.
Having a high concentration of these 
mechanoreceptors in muscle fibres 
inevitably leads to a series of advan-
tages for training and performance: 
1) The higher the concentration of 
AMPk, the greater the bioenergy 
stocks of phosphates and muscle 
glycogen, and the longer it is possi-
ble to contract the muscles and then 
train. 2) The higher the level of HIFph, 
the more the muscle cell can obtain 
energy in the absence of oxygen, so 
the more an exercise can be repeated 
continuously. 3) The more adrenergic 

Figure  No. 2  An example of Anatomical Remodelling. 
A)The morphological structure of Dimitrij Vjaceslavovic Klokov (born 
in 1983, 105 kg body weight, 183 cm height), former weight lifter 
(169 kg maximum lift in the Snatch, 232 kg maximum lift in the Clean), 
participated in the 2008 Beijing Olympics, retired from competitions in 
2015. B) Due to the high overloads that Klokov has lifted throughout 
his career, his lower limbs have undergone anatomical remodelling. 
If viewed from the bottom upwards, the anatomical axes of the tibiae 
are curved outward, while those of the femurs are inward. C) This 
somatic adaptation has allowed the athlete to optimise the mechanical 
performance of movement and stability of his pelvis, along the entire 
vertical excursion (the diameter of the yellow circle) that is required in 
the technical movements of weight lifting.
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receptors there are on the cell sur-
face, the greater the flow of calcium 
ions that activates the sarcomeric 
contraction, the more power can be 
expressed at each maximal test. 4) 
The more CaMk is present in the my-
ocellular sarcoplasm, the sooner the 
muscle cell relaxes and begins to re-
generate, the less time can be devot-
ed to recovery. 5) The more Tk is pres-
ent in the myofibrillar cytoskeleton, 
the greater the resistance to the in-
ertial overload of myofibres, the less 
structural damage and muscle pains 
are experienced in the post-workout 
period. Moreover, these five types of 
sensory proteins activate a further 
cascade of growth factors (IGFs) and 
enzymatic modulators, such as acti-
nine (Akt) and the rapamycin mech-
anoreceptor (mTOR)20, which lead to 
cellular hypertrophy through both 
the reinforcement and replication of 
contractile units, both for the stor-
age of bioenergy, water and nitrogen 
sources21. Consequently, when the 
intensity of the exercises reaches the 
maximal levels, the replication of the 
sensory and enzymatic proteins is 
accelerated thanks to the increase in 
IGF, Akt and mTOR concentrations in 
muscle tissue.
There is also a further group of mech-
anosensitive molecules, such as the 
Mitogen Activated Protein Kinase 
(MAPk), which respond to the me-
chanical stresses to which the active 
muscle cell is subjected. These mi-
togenic modulators transduce the 
longitudinal and transversal com-
ponents of the extra-cellular forc-
es into signals of replication of the 
sarcomeres, respectively, towards 
sequential chaining or parallel align-
ment. Therefore, if a high number of 
concentric exercises is performed, 
the MAPk will tend to induce the gen-

esis of sarcomeres in parallel and the 
anatomical muscle adaptation will 
manifest itself with the increase in 
maximal strength. In contrast, if nu-
merous eccentric contractions are 
made, the MAPk will mainly start the 
sequential chaining process of the 
sarcomeres and the anatomy of the 
muscles will adapt to generate max-
imum expressions of explosive force.
Finally, muscle cells are equipped 
with self-regulating signals such as 
factors inhibiting genetic transcrip-
tion, of which myostatin (mSTAT) is 
an example, and self-disintegration 
factors, also called Tumor Necrosis 
Factor (TNF). When the myofibril has 
completed the regeneration phases, 
mSTAT stops the production of addi-

tional cellular material22. The higher 
the presence of mSTAT inside the cell, 
the more the activity of gene tran-
scription is suspended, the lower the 
production of new cellular material, 
the lower the effects of training. If, on 
the other hand, the myofibril reach-
es the biological limit, TNFs have the 
task of interrupting all the biological 
functions. The limit of cellular surviv-
al occurs whenever a high number of 
mechanostimulations deriving from, 
for example, an excess of inflammato-
ry polypeptide cytokines, from the to-
tal depletion of energy stocks, from a 
strong internal state of dehydration, 
from the partial or total demolition of 
total contractile and support struc-
tures due to intense muscular efforts.  

Figure  No. 3  Simplified diagram of Cellular Mechanotransductions. 
improve ENDURANCE, stimulate an initial complex of mechanoreceptors 
(eBD, endurance builders) that activate phosphate and glycogen storage 
processes (pKN, phosphate-kinase). Strength exercises, on the other 
hand,  stimulate a second complex of mechanoreceptors (aBD, anabolic 
builders) which, simultaneously, activate genetic transcription (mTR, the 
mechanoreceptor for genetic transcription) to produce new contractile 
proteins and cancel the limit after which cellular biological activities 
are suspended (mSTAT, myostatin). Finally, exercises aimed at muscle 
development (RESISTANCE) stimulate both the eBD and aBD pathways. 
All the elements necessary for the formation of new cellular material 
come from the bloodstream (E) and from the deposits of fat, sugar and 
protein (D) distributed throughout the body. When the cellular volume 
(C), the sarcomeric volume (S) and the mitochondrial cell volume (M), the 
respective sites of cellular material storage, muscle contraction and 
energy production, reach an insufficient size for the life of the myofibril, 
the genetic transcription signals (mTR) promote the replication of the 
cell nucleus (N) through the activation of new satellite cells (STEM).
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n As a result, the more TNF are con-
centrated in the muscle tissue, the 
greater the inflammatory state, de-
hydration and malnutrition, and the 
more the practice of physical exer-
cise can lead to a chronic condition of 
overtraining.  Anatomical adaptation 
must therefore produce a change 
in the concentrations and types of 
proteins that regulate cell mechano-
sensitivity. Different training pro-
grammes lead to different levels of 
anatomical adaptation, as a result of 
different degrees of activation and 
repression of specific genomic repli-
cation processes of sensory proteins 
(Figure 3).

MUSCLE MEMORY
Recent experiments suggest that 
myofibrils contain a form of cellular 
memory capable of remembering 
the levels of cellular strength and de-
velopment obtained in previous an-
atomical adaptation programmes23. 
This memory is contained in the myo-
nuclei, the cellular nuclei of muscle 
fibres24. Muscle fibres are multinu-
cleated cells, with hundreds of nuclei 
distributed over their entire length. 
Each nucleus can control biological 
activity and genetic transcription in 
a restricted cellular area, called the 
cellular domain. The number of myo-
nuclei can change depending on cel-
lular development. As the size of the 
muscle fibre increases, the satellite 
cells (which are specific stem cells 
produced during embryonic develop-
ment), in a quiescent state (i.e. una-
ble to proliferate) and placed along 
the myofibrillar coating lamina, are 
activated, replicated, and differenti-
ate into myoblasts (progenitor cells 
of muscle fibres), adding the num-
ber of nuclei necessary to assist the 
development phase of cell syncytium 

(the fusion of multiple cells together 
and the coexistence of several nuclei 
in a single cell body), before deacti-
vating and return to a state of quies-
cence25. 
The proliferation time of stem cells 
is about 1-2 days after an overload 
training session and precedes the 
remodelling (anatomical adaptation) 
myofibrillar phase16. In dissection-
istic studies on animal guinea pigs, 
it was observed that after 28 days of 
interrupted physical activity, the vol-
ume of a muscle fibre was reduced by 
50% while the number of its myonu-
clei remained unchanged26.
14 days after resuming physical ex-
ercise, about 60% of the total muscle 
fibre volume previously lost was reac-
quired without altering the number 
of myonuclei27. With current bioptic 
techniques it is possible to count the 
number of satellite cells in a state of 
quiescence, activation and prolifer-
ation in human muscle tissue, thus 
observing the genetic effects of the 
anatomical adaptation induced by 
sports training28. The 1990 European 
powerlifting champion, Anders Eriks-
son, who later became a professor 
at Umeå University (Sweden), com-
pared, in 1999, the muscle biopsies 
of ten Swedish national powerlifters 
with those of four elite athletes of 
other sports. In his research, Prof. 
Eriksson found that in the muscles of 
the athletes who have trained mul-
ti-year programmes with overloads, 
they count a number of myonuclei of 
70% higher than those of the athletes 
trained with other programmes29.
The histological differences observed 
in the two groups of athletes are at-
tributable to three factors. Firstly: it 
would seem that maximal mechanical 
stimulations, such as those produced 
by training with overloads, always 

activate a supernumerary prolifer-
ation of myonuclei with respect to 
the actual physiological demands28. 
Secondly: the more cellular nuclei are 
present on the surface of the muscle 
fibre, the more enzymatic and senso-
ry proteins are produced, the great-
er mechanosensitivity and speed of 
mechanotransduction are acquired 
by the muscle cell29, the more effec-
tive will be its capacity for anatomical 
adaptation. Thirdly: myonuclei have a 
rather prolonged half-life and remain 
on the surface of myofibrillar synchin 
for a long time, even after the latter, 
due to a lack of mechanical stimulus, 
has atrophied and lost most of its 
enzymatic proteinaceous, sensorial, 
structural and contractile worth.

Roughly 10,000 molecules are pro-
duced by the genetic transcription 
induced by physical exercise30. The 
production of each of these is char-
acterised by a specific type of mech-
anostimulation and can be assem-
bled only if a specific enzyme complex 
is present in the cell. As each training 
programme prepares the cellular en-
vironment to transcribe only some 
genetic expressions, it follows that 
the myonuclei activated, for example, 
by the practice of exercises for organ-
ic resistance, pour ribonucleic acids 
(messengers of genetic transcripts) 
into the cytoplasm different from the 
myonuclei activated by the practice 
of exercises for muscle strength. Un-
der these conditions, the population 
of myonuclei activated at each new 
stage of training adds to the already 
existing one, increasing the sensitivi-
ty of the cell to respond to mechanical 
stimuli of different nature (figure 4).
The ability of muscle tissue to possess 
cellular memory lies in the supernu-
merous number of myonuclei and in 
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the prolonged permanence of their 
active state24. Muscle memory is the 
phenomenon of rapid development of 
muscle mass that is observed with the 
resumption of training in advanced 
athletes, practicing mainly sports of 
strength and power, continually sub-
jected to long cycles of training aimed 
at developing strength and muscular 
hypertrophy. This cellular phenome-
non, specific to the muscular system, 
is associated with the memory and 
memory processes of motor skills, 
typical of the central nervous system, 
to accelerate the restoration of a pre-
vious physical condition when certain 
mechanical stimulations (exercises) 
are re-proposed.

THE CYCLIC HYSTERESIS 
OF ANATOMICAL ADAPTATION
The term detraining defines the ex-
traordinary capacity of the organism 
to demolish unused cellular struc-
tures, making the energy and plastic 
resources released available to the 
organism, in order to react quickly to 
new mechanostimulation. Detrain-
ing begins as soon as a training pro-
gramme is interrupted, or when the 
parameters of frequency, volume and 
intensity of the mechanostimulation 
that constitute it are significantly 
changed31. Detraining can be acciden-

tal, following an injury, or planned, 
when you move on to a training cycle 
characterised by mechanical stimu-
lations that do not recall those of the 
cycle that has just been abandoned32. 
Both of these forms of detraining in-
volve a substantial loss of cellular ge-
netic activity which, due to the effect 
of muscle memory, does not follow a 
linear regressive course. During the 
first two months of detraining, there-
fore, there is an apparent residual 
trace of the anatomical adaptation 
obtained before the termination of 
the training programme. The more 
the athlete is trained, the more the 
training cycle has been structured 
with complex exercises, performed 
at high intensity for a long period, the 
more the residual effects produced 
by detraining tend to remain stable 
and permanent33. The term retrain-
ing, on the other hand, defines the 
phenomenon of resuming the level 
of anatomical adaptation that was 
reached before the detraining phase. 
Generally, but not exclusively, retrain-
ing occurs when the same mechanos-
timulations are used that constituted 
the training programme performed 
before the detraining period. Since 
in the retraining process the stami-
nal phase is skipped and, therefore, 
the formation of new myonuclei, the 

Figure  No. 4  Mechanobiological 
model of Muscle Memory. 
MECHANOTHERAPY Level: 
according to the principles of 
mechanobiology, a training plan 
can be seen as mechanotherapy, 
and each exercise that 
composes it can be associated 
with a mechanostimulation. 
MECHANOSTIMULATION level: a 
mechanostimulation (T1, T2, T3, 
T4) is effective when it causes 
the muscle cell to produce a 
genetic response. GENETIC level: 
if the intensity reached in training 
programmes is maximal, the muscle 
cell makes use of its quiescent 
(Q) stem cell kit, activates it (A), 
replicates (R), differentiates it 
(D) and produces new myonuclei. 
MUSCLE MEMORY level: with the 
increase in myonuclei deposition 
(N1, N2, N3, N4) on the myocellular 
syncytium (S) myocellular 
memory also increases. MECHANO-
COUPLING level: each mechanical 
stimulation is combined with the 
formation of a specific group 
of myonuclei (T1 → N1; T2 → N2; 
T3 → N3; T4 → N4). ANATOMICAL 
ADAPTATION level: during the 
realisation of the different 
training programmes, only certain 
parts of the double helix (E) are 
transcribed (T1 → a’1, a”1; T2 → 
a’2, a”2; T3 → a’3, a”3; T4 → a’4, a”4). 
MECHANOTRANSDUCTION level: This 
selective transcription promotes 
the formation of different 
cellular components (a’1, a ”1 → 
C1; a’2, a”2 → C2; a’3, a”3 → T3; a’4, 
a”4 → T4). It follows that, at each 
training cycle, the muscle fibre 
is enriched with a considerable 
number of receptors, enzymes 
and characteristic components 
(T1 → C1; T2 → C2; T3 → C3; T4 → 
C4). Therefore, the process of 
muscle memory consists in quickly 
recalling, whenever the need 
arises, the genetic transcription 
begun at the moment of myonuclei 
formation.
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n more the resources of myonuclei and 
genetic messengers of myocellular 
syncytium are preserved, the more 
the genetic memory contained in 
their nucleic acids is exploited, there-
fore the faster the process24. Thus, 
the time taken to return to the pre-
vious state of anatomical adaptation 
is always less than the time taken to 
reach it. The continuous alternation 
of detraining and retraining phases 
gives the phenomenon of anatomical 
adaptation the mechanical property 
of cyclic hysteresis (Figure 5). Hys-
teresis is a characteristic possessed 
by all the mechanical and biological 
systems that change over time. The 
hysteresis cycle (from the Greek word 
hystéresis which describes the ten-
dency to delay the loss of a condition) 
is also called the hereditary cycle 
because, in the changing system, it 
tends to leave an “permanent” trace 
of the previous conditions which may 
recur in the future.
The traces of cellular memory left by 
an exercise programme condition 
the residual effects of the anatom-
ical adaptation that the training it-
self produces. Depending on the way 
in which they are cyclically recalled 
throughout the training plan, these 
“permanent” traces can have positive 
or negative feedback on competi-
tive performance34. In a recent reas-
sessment of the terms used in the 
training methodology, each training 
programme was divided into three 
phases, each of which can be associ-
ated with one of the three traits that 
constitute the hysteresis cycle of the 
effects of anatomical adaptation: 
1) an accumulation phase, in which 
the programmed anatomical adap-
tations are produced; 2) a transfor-
mation phase of the residual effects 
of anatomical adaptation to improve 

performance; 3) a phase of realisa-
tion of the maximum expression of 
performance obtained as a sum of 
the cumulative effects of the previ-
ous anatomical adaptation35.

CONCLUSIONS
In the classical theory of training pro-
gramming, an annual training plan 
generally begins with a preparatory 
period dedicated to general anatom-
ical adaptation36. The connective, 
myofibrillar and skeletal remodelling 
that takes place in this period, makes 
it possible to predispose the bones, 
ligaments, tendons, muscles and 
heart to respond more quickly to the 
mechanical stresses produced by the 
loads and technical exercises planned 
for the following competitive peri-
od37. For the consequences due to the 
detraining process, it is imperative to 
remember that the greater number 
of months that the preparatory peri-
od lasts, the more the anatomical ad-
aptation achieved will remain stable 
during the subsequent competitive 
period33.
An example of an annual plan of this 
type, aimed at athletes of strength 
and power sports, is divided into five 
phases, three in the preparatory pe-
riod - (1) muscle development, (2) 
strength, (3) power -and two in the 
competitive one - (4) development 
of maximum performance and (5) 
maintenance of the maximum level 
of performance38. An annual plan 
structured in this way envisages in-
creasing the muscle mass (in phase 
1), increasing its strength (in phase 
2), to be used (in phase 3) as the ba-
sic physical condition for the devel-
opment of power, which will serve (in 
phase 4) to quickly reach the max-
imum performance peaks that will 
finally be consolidated, stabilised 

and made routine (in phase 5)38. To 
achieve the anticipated muscular ad-
aptation, in the preparatory period, 
and the transfer of its effects to per-
formance, in the competitive period, 
the mechanical stimulations (exer-
cises) inserted in the five phases will 
progressively produce a decrease in 
volume and an increase in intensity. 
From 3-6 sets of 10-15 repetitions 
with loads of 50-75% compared to 
the maximum, which stimulate the 
muscular hypertrophy sought in 
phase 1, we move on to 3-5 sets of 
4-8 repetitions with loads around 
80- 90% of the maximum to increase 
the maximum force, which is the goal 
of phase 2. In phase 3 of the prepara-
tory period, the speed of execution 
of the exercises to train the power is 
increased, with 3-5 sets of 2-5 rep-
etitions and loads of 75- 95% of the 
maximum. Finally, entering phase 4, 
the competitive period begins and 
so only 1-3 sets of 1-3 repetitions are 
performed with loads exceeding 90% 
of the maximum. In this phase, ath-
letes aim at achieving a new person-
al record and, having reached this, 
they move on to phase 5 where they 
perform 2-3 sets of 6-8 repetitions 
with loads of 80-85% of the new max-
imum38.
The logical sense underlying this an-
nual plan model completely satisfies 
the principle of the cumulative effects 
of anatomical adaptation. However, 
by applying the mechanical principles 
of detraining and cyclic hysteresis, we 
can highlight some critical points.
In the phase dedicated to muscle 
development (phase 1) the muscles 
are subject to hypertrophy. The my-
ofibrils contractile filaments thick-
en, the sarcoplasm becomes denser 
and is enriched with water, salts and 
energy substrates. The sarcomeric 
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cytoskeleton thickens and branches. 
Intracellular frictions and mechanical 
strengths increase, as does the ener-
gy cost of the flow of intrasarcomeric 
protein filaments and of the stack-
ing of intracellular sarcomeres. The 
overall effect of this remodelling will 
reduce the speed of muscle contrac-
tion. In the subsequent phase, ded-
icated to maximum force (phase 2), 
the mechanical stimuli that reach the 
muscle cells become more intense 
and less frequent. By prolonging the 
recovery time between the series, 
the muscle fibres have more time to 
oxygenate and the cellular process-
es of hypoxia-related hypertrophy 
are minimised. Furthermore, the re-
duction in the number of repetitions 
to be performed in the set leads the 
muscle cells to choose the fastest bi-
oenergetic processes based on phos-
phates, and discard the slower ones 
of glycolytic substrates. Under these 
conditions, the enzymatic processes 
linked to the use of the energy path-
ways of sugars and fats are degraded 
and the cellular recovery capacity is 
reduced overall. However, by contin-
uing to receive intense mechanical 
stimuli from the extreme overloads of 
this period, the myofibrils keep their 
protein assets intact, they continue 
to strengthen their contractile and 

support structures, while they begin 
to lose the volume of surplus energy 
substrates, thus becoming resistant 
at infrequent maximum loads. The 
preparatory period is completed with 
the development of power, choos-
ing to perform explosively maximum 
force exercises and technical compe-
tition movements. To prevent the on-
set of fatigue from slowing down the 
execution, each set must be carried 
out with a few repetitions. Recovery 
can be reduced, if mental concentra-
tion tends to be easily lost, or pro-
longed, if energy stocks are slowly 
restored. The choice to increase the 
loads, set after set, depends on the 
speed of execution, which must re-
main constant and maximal with each 
repetition.

In the development phase of maxi-
mum performance, the first phase of 
the competitive period, mechanical 
stimulations are generated mainly by 
the specific exercises used to improve 
competition performance. These ex-
ercises, and their variants, are bio-
mechanically and neurologically very 
complex, performed in a very short 
time, contracting a high number of 
muscles. The more they are repeated 
in training, the more their technical 
and metabolic efficiency improves. 

Figure  No. 5  Two 
Mechanobiological Models of 
Cyclic Hysteresis for General 
Anatomical Adaptation. In 
both models there are four 
phases: accumulation (light 
grey), transformation (magenta), 
endurance (blue) and peak 
(dark grey). Model A involves 
an accumulation of force and a 
transformation into resistance. 
Model B foresees an accumulation 
of endurance and a transformation 
into strength. If in a maximal 
exercise 5 repetitions are 
performed (G), after a strength 
programme consisting only of 
single sets (H), it can be seen 
that: to finish 5 repetitions a 
higher load than the initial one 
required (I); with this initial load, 
more than 5 repetitions are now 
performed (J); the load used in 
the 15 repetition set is very low 
(K). Continuing with an endurance 
programme, it is observed that: 
the load in the set of 5 repetitions 
becomes less than the initial one 
(L); with the initial load it is now 
possible to carry out only a couple 
of repetitions (M); the load that 
can only be lifted once is reduced 
(N). If, instead, in an exercise you 
can only perform 10 repetitions 
(O), after a programme dedicated to 
endurance carried out with set of 
15 maximum repetitions (P), it can be 
seen that a load less than the initial 
condition is necessary to finish 10 
repetitions (Q) and with the initial 
load less than 10 repetitions (R) 
can be performed. As a result of 
exercises performed with single 
sets only, strength is acquired (S). 
It is thus possible to carry out 10 
repetitions with a very high load 
(T) and with the initial load the 
set can be extended beyond the 10 
repetitions (U). Therefore, if one 
follows the training cycles that go 
from strength to endurance (A’), 
there is the risk of losing strength 
(N1> N2> N3), on the other hand, 
if there are successive training 
cycles that pass from endurance 
to strength (B’) , it is possible that 
strength levels increase (S1 <S2 
<S3).
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at high speed requires a very high en-
ergetic, muscular and mental effort. 
Therefore, it is possible to choose to 
perform just a few sets, with a few 
repetitions for several sessions a day. 
However, the previous training period 
has developed a reduced capacity for 
recovery based on slow aerobic pro-
cesses. Furthermore, the increase in 
overloads, which began during the 
period of muscular development and 
continued in the subsequent period 
of maximum strength, has always 
occurred at sub-maximum speeds. 
Finally, the only period dedicated to 
power was not enough to learn how 
to perform the race movements at 
maximum speeds. Therefore, in the 
competitive period it becomes dif-
ficult to increase the frequency of 
training without producing an excess 
of cellular over-stimulation, an acute 
inflammatory state, a debilitating 
condition, a psychophysical refusal 
to train, an overtraining condition 
and a greater predisposition to inju-
ries. This brings us to the final phase 
of the annual plan, which aims to 

replicate the performance at maxi-
mum power several times, with the 
nervous and muscular systems in un-
suitable conditions to create explo-
sive movements and recover imme-
diately. Without resilience and rapid 
muscle contractions, you cannot 
complete a volume of work sufficient 
to produce stable improvements in 
the performance power of technical 
movements. 

Avoiding the processes of detraining 
and cyclic hysteresis, when planning 
training programmes, can lead to 
not achieving the expected results. 
If you look for a parameter that must 
have constant growth throughout 
the training plan, instead of choosing 
the multiform parameter of muscle 
strength, there is the alternative of 
the most undifferentiated speed of 
execution of technical movements. In 
the preparatory period, for example, 
after a brief phase of learning cor-
rect movements, one can focus on in-
creasing speed and load in parallel on 
a large number of different exercis-
es, all derived from specific technical 

movements39. If, for each of these ex-
ercises, the speed of the competition 
movement is reached and exceeded, 
the mechanostimulations that stim-
ulate the genetic transcription of the 
muscle fibres will produce a more 
suitable myofibillary remodelling to 
contract quickly. Continuing with the 
example, in the competitive period, 
instead, it is possible to decide to 
increase speed and load exclusively 
for the technical competition move-
ment. In this programming mode, it 
can be performed a few times a week, 
to avoid overtraining the memory 
patterns that form it and to bring the 
myofibrils of the muscles involved in 
its realisation into an acute inflam-
matory state. In this last period, the 
training volume is guaranteed by 
the choice to perform many times a 
week, keeping the execution speed 
high, a few exercises which are use-
ful in correcting the most recursive 
technical defects. This change of per-
spective fully satisfies the needs of 
modern sport of weightlifting, record 
after record, the expressions of mus-
cular power40.

KNOWLEDGE FRONTIERS. THE CONCEPTS OF MECHANOBIOLOGY APPLIED TO STRENGTH TRAINING



69
N

° 13 / M
ay-August 2019

REFERENCES:

1. Shivashankar GV, Sheetz M, Matsudaira 
P. Mechanobiology. Integrative Biology. 
2015;7(10):1091-1092.

2. Jansen KA, Donato DM, Balcioglu HE, 
Schmidt T, Danen EH, Koenderink GH. A 
guide to mechanobiology: Where biology 
and physics meet. Biochim Biophys Acta. 
2015;1853(11 Pt B):3043-3052.

3. Pedersen JA, Swartz MA. Mechanobiology 
in the third dimension. Ann Biomed Eng. 
2005;33(11):1469-1490.

4. Van der Meulen MC, Huiskes R. Why me-
chanobiology? A survey article. J Biomech. 
2002;35(4):401-414.

5. Ingber DE. Mechanobiology and disea-
ses of mechanotransduction. Ann Med. 
2003;35(8):564-577.

6. Ingber DE. Tensegrity-based mechanosen-
sing from macro to micro. Prog Biophys 
Mol Biol. 2008;97(2-3):163-179.

7. Ingber DE. Tensegrity I. Cell structure and 
hierarchical systems biology. Journal of 
Cell Science. 2003;116(7):1157-1173.

8. Ingber DE. Tensegrity II. How structural 
networks influence cellular information 
processing networks. Journal of Cell Scien-
ce. 2003;116(8):1397-1408.

9. Warden SJ, Thompson WR. Become one 
with the force: optimising mechanotherapy 
through an understanding of mechanobio-
logy. British journal of sports medicine. 
2017;51(13):989-990

10. Zaffe D. Some considerations on biomate-
rials and bone. Micron. 2005;36(7-8):583-
592.

11. Nyman JS, Roy A, Shen X, Acuna RL, Tyler 
JH, Wang X. The influence of water remo-
val on the strength and toughness of cor-
tical bone. J Biomech. 2006;39(5):931-938.

12. Mellon SJ, Tanner KE. Bone and its 
adaptation to mechanical loading: a re-
view. International Materials Reviews. 
2012;57(5):235-255.

13. Khan KM, Scott A. Mechanotherapy: how 
physical therapists’ prescription of exercise 
promotes tissue repair. British journal of 
sports medicine. 2009;43(4):247-252.

14. Huang C, Holfeld J, Schaden W, Orgill D, 
Ogawa R. Mechanotherapy: revisiting phy-
sical therapy and recruiting mechanobiolo-
gy for a new era in medicine. Trends Mol 
Med. 2013;19(9):555-564.

15. Coffey VG, Hawley JA. The molecular ba-
ses of training adaptation. Sports Med. 
2007;37(9):737-763.

16. Wackerhage H, Lionikas A, Gray S, Ra-
tkevicius A. 1.7 Genetic and Signal Tran-
sduction Aspects of Strength Training. 
In: Cardinale M, Newton R, Nosaka K, 
eds. Strength and Conditioning: Biologi-
cal Principles and Practical Applications. 
Oxford, UK: John Wiley & Sons; 2011:77-
85.

17. Hardie DG, Sakamoto K. AMPK: a key sen-
sor of fuel and energy status in skeletal mu-
scle. Physiology (Bethesda). 2006;21:48-60.

18. Metzen E, Zhou J, Jelkmann W, Fandrey J, 

Brüne B. Nitric Oxide Impairs Normoxic 
Degradation of HIF-1α by Inhibition of 
Prolyl Hydroxylases. Molecular Biology of 
the Cell. 2003;14(8):3470-3481.

19. Puchner EM, Alexandrovich A, Kho AL, 
et al. Mechanoenzymatics of titin kinase. 
Proceedings of the National Academy of 
Sciences. 2008;105(36):13385-13390.

20. Laplante M, Sabatini DM. mTOR signa-
ling in growth control and disease. Cell. 
2012;149(2):274-293.

21. Egerman MA, Glass DJ. Signaling pathways 
controlling skeletal muscle mass. Critical 
Reviews in Biochemistry and Molecular 
Biology. 2014;49(1):59-68.

22. Rodriguez J, Vernus B, Chelh I, et al. Myo-
statin and the skeletal muscle atrophy and 
hypertrophy signaling pathways. Cell Mol 
Life Sci. 2014;71(22):4361-4371.

23. Egner IM, Bruusgaard JC, Eftestøl E, Gun-
dersen K. A cellular memory mechani-
sm aids overload hypertrophy in muscle 
long after an episodic exposure to ana-
bolic steroids. The Journal of Physiology. 
2013;591(24):6221-6230.

24. Gundersen K. Muscle memory and a new 
cellular model for muscle atrophy and 
hypertrophy. The Journal of Experimental 
Biology. 2016;219(2):235-242.

25. Kadi F, Charifi N, Denis C, et al. The beha-
viour of satellite cells in response to exerci-
se: what have we learned from human stu-
dies? Pflügers Archiv. 2005;451(2):319-327.

26. Bruusgaard JC, Gundersen K. In vivo ti-
me-lapse microscopy reveals no loss of 
murine myonuclei during weeks of muscle 
atrophy. The Journal of Clinical Investiga-
tion. 2008;118(4):1450-1457.

27. Bruusgaard JC, Egner IM, Larsen TK, 
Dupre-Aucouturier S, Desplanches D, 
Gundersen K. No change in myonucle-
ar number during muscle unloading and 
reloading. Journal of Applied Physiology. 
2012;113(2):290-296.

28. Andersen J. 2.2 Structural and Molecular 
Adaptations to Training. In: Cardinale M, 
Newton R, Nosaka K, eds. Strength and 
Conditioning: Biological Principles and 
Practical Applications. Oxford, UK: John 
Wiley & Sons; 2011:125-135.

29. Kadi F, Eriksson A, Holmner S, But-
ler-Browne GS, Thornell LE. Cellular 
adaptation of the trapezius muscle in stren-
gth-trained athletes. Histochem Cell Biol. 
1999;111(3):189-195.

30. Allen DL, Harrison BC, Leinwand LA. Mo-
lecular and genetic approaches to studying 
exercise performance and adaptation. 
Exerc Sport Sci Rev. 2002;30(3):99-105.

31. Ratamess N. Adaptations to Anaerobic 
Training Programs. In: Baechle T, Earle 
R, eds. Essentials of Strength Training and 
Conditioning. Champaign, IL: Human Ki-
netics Publishers; 2009:94-119.

32. Fleck SJ, Kraemer W. The Detraining Phe-
nomenon. In: Fleck SJ, Kraemer W, eds. 
Designing Resistance Training Programs 
3rd Edition. Champaign, IL: Human Kine-
tics; 2014:241-259.

33. Zatsiorsky VM, Kraemer WJ. Timing in 

Strength Training. Science and Practice of 
Strength Training. Champaign, IL: Human 
Kinetics; 2006:89-107.

34. Counsilman BE. The residual effects of trai-
ning. 1991;7(1):S. 5-12.

35. Issurin V. Block periodization versus 
traditional training theory: A review. 
2008;48:65-75.

36. Bompa T, Carrera M. Phase 1: Anatomic 
Adaptation. Periodization Training for 
Sports: Human Kinetics; 2005:151-162.

37. Bompa T, Di Pasquale M, Cornacchia L. 
Anatomical Adaptation (AA). Serious 
Strength Training 3rd Edition: Human Ki-
netics 1:193-202.

38. Watthen D, Baechle T, Earle R. Periodiza-
tion. In: Baechle T, Earle R, eds. Essentials 
of Strength Training and Conditioning. 
Champaign, IL: Human Kinetics Publi-
shers; 2009:508-522.

39. Simmons L. Special Strength Development 
for All Sports. Westside Barbell; 2015.

40. Verkhoshansky YV. Special Strength Trai-
ning: A Practical Manual for Coaches. Ul-
timate Athlete Concepts; 2006.

DONATO FORMICOLA
Adjunct professor 
of Training Theory, 
Methodology of Training 
and Sport Kinesiology 
at the SUISM School of 
Exercise and Sports Science 
at the University of Turin; 
he is a scientific consultant 
for Evolution, Italy’s 
leading cloud systems 
provider for training 
programmes.
He is also is a lecturer 
in nutrition and sports 
integration at the School 
of Sports Nutrition and 
Integration (SANIS); 
Federal lecturer and 
training coordinator at the 
Piedmont Region Committee 
of the Italian Weightlifting 
Federation (FIPE).

KNOWLEDGE FRONTIERS. THE CONCEPTS OF MECHANOBIOLOGY APPLIED TO STRENGTH TRAINING



70
Th

e o
ffi

cia
l j

ou
rn

al 
of

 th
e E

ur
op

ea
n 

W
eig

ht
lift

in
g F

ed
er

at
io

n

While most people peak in terms of weightlifting potential 
in their twenties, there is a thriving competitive scene for 
those aged thirty-five and above – known as masters lifters.

Catering to masters weightlifters, whether they are novices or 
international competitors, can help you to grow your mem-
bership with a type of member who are especially valuable to 
a gym or club.

In this paper, we will look at why you should be looking to 
attract older weightlifters and how you will need to adjust 
coaching and programming to retain them.

After reading this paper, you should be ready to start building 
a masters section in your club.

MASTERS 
WEIGHTLIFTING

FOLLOW THE FUTURE OF STRENGTH AT ELEIKO.COM
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THE GROWTH OF MASTERS WEIGHTLIFTING
So called Masters weightlifting competitions, originally for 
those aged forty plus but now for thirty-five and over, have 
been held since the 1970s. The International Weightlifting 
Federation has recognised international masters competitions 
since 1992. However, recent years have seen a rapid increase 
in the number of masters participants at all levels in many 
countries. Many weightlifting clubs now have enough members 
aged thirty-five and above to form dedicated masters sections 
and masters competitions are regularly filled to capacity.

WHY ARE MASTERS WEIGHTLIFTERS VALUABLE 
MEMBERS?
Many weightlifting clubs focus the majority of their attention 
on younger lifters – especially those with the potential to 
compete at senior national competitions at some point. Those 
who are past their physical prime may seem less attractive 
prospects. However, these members can be valuable in many 
ways.
Being open to all age groups widens the potential membership 
of a club or gym. Over a third of the world’s population is aged 
thirty-five or above – if you ignore this group you are turning 
your back on a lot of potential members.

Middle-aged members will tend to have higher incomes than 
younger ones. This means they will often be more interested 
in paying for additional things such as one-on-one coaching 
or branded merchandise.Having some older members can 
also have a positive effect on younger members by creating a 
more mature training environment. 

If you have long term plans to develop young athletes, masters 
weightlifters can provide them! A proportion of middle-
aged weightlifters will have children around the right age to 
be introduced to weightlifting. What better way for a youth 
weightlifter to develop than with a parent in the sport? 

HOW TO EXPAND YOUR MASTERS MEMBERSHIP
There are two main ways to increase the number of masters 
weightlifters in your club: attract existing weightlifters or 
convince novices to get started in the sport. Both of these are 
valuable approaches.

MASTERS 
WEIGHTLIFTING

 Over  a third of 
the world’s population is 

aged thirty-five or above.

Existing masters weightlifters will look for many of the same 
things in a club that all weightlifters want. Good coaching and 
a productive training environment are critical, along with a 
regular presence at competitions (both masters and younger 
age categories). Older weightlifters may also set more store 
by the social aspect of a club.

Getting non-weightlifters involved can be tricky. Weightlifting 
is a minority sport and many may not be aware of the benefits 
it could bring them. Some people will seek out a weightlifting 
club because they have seen weightlifting on TV, perhaps at 
the Olympics, and want to try it for themselves. However, the 
majority of potential weightlifters will not even know they will 
enjoy it until they try, so getting them through the door initially 
is the biggest challenge. 

The main reasons why middle-aged people take up a new 
sport are to:
 
• Improve health
• Take on a new challenge
• Get new social opportunities

You can use all of these to attract and retain this kind of 
member. Happily, health advice to the public is now catching 
up with the science, so everyone is recommended to do some 
form of strength training regularly. If you offer an entry-
level strength training course, you will be able to encourage 
participants to try weightlifting movements as part of that. 
A proportion of people who start to learn the weightlifting 
movements will set themselves the challenge of becoming 
proficient in them. It is a small step from there to them 
becoming a competing masters weightlifter.
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Another opportunity for members is lapsed weightlifters. People 
leave the sport for many reasons, including work commitments 
and having children. Often these other commitments will 
reduce over time, enabling an athlete to return to the sport. A 
friendly invite to come and train might be all that is needed. Can 
you think of anyone like this?

RETAINING MASTERS MEMBERS
Once you have attracted some older weightlifters to your 
club, you obviously want to encourage them to become loyal 
members. As with athletes of any age, progress is the critical 
thing for most masters weightlifters. If they feel like they are 
getting stronger and developing their technical skills, they 
are likely to stay motivated to continue. On the other hand, 
if progress stalls or if they don’t think they will achieve their 
goals, you will risk losing them. Setting realistic expectations 
for progress and goals is therefore very important.

Competition is a great way to inspire masters weightlifters 
to commit to training regularly and to create long-term 
members. Dedicated masters competitions are very welcoming 
and provide an environment where older novices can start 
competing without feeling intimidated by younger athletes 
lifting huge weights.

Ultimately, the most important factor in whether masters 
weightlifters stay with you will be how well you have understood 
their personal goals and created an environment that supports 
them. Some may have aspirations to compete at a high level in 
masters weightlifting while other may be focused on keeping fit 
or even just enjoying practising the movements. 

CHALLENGES OF MASTERS COMPETITORS
We know that as we age, several changes occur in our body 
that will impact our ability to lift heavy weights. Production 
of the main hormone involved in developing muscle mass, 

testosterone, peaks for men in the late teens and sees a steady 
decline from then until around the age of forty (Kelsey etal, 
2014). A similar pattern is seen in women. Levels of human 
growth hormone production also drop steadily throughout our 
lives (Bartke, 2008).

These changes lead to a decline in the ability to maintain muscle 
mass along with a reducing neural ability to use the muscle 
that we have efficiently. Changes in our connective tissue also 
make us more prone to injury (Boss and Seegmiller, 1981).

There is evidence that older athletes suffer from fatigue more 
during training, seeing a greater reduction in power than 
younger people in the minutes after completing a heavy exercise 
(Dalton et al, 2012). Studies have also shown that recovery 
between training sessions takes longer as we age, possibly 
because we don’t process protein as efficiently (Doering et al, 
2017). Neural changes in the aging brain and nervous system 
can make it harder for older people to take in new information 
or learn new skills (Murman, 2015).

Mobility can also be an issue for masters weightlifters, 
especially those who come into the sport late and without a 
background in another sport. Flexibility at the hip and knee, 
both critical to weightlifting, generally decline with age (Roach 
and Miles, 1991) and other areas such as thoracic or shoulder 
mobility can be challenged more with age, especially in those 
with desk jobs. The steady decline in weightlifting potential is 
demonstrated by the weightlifting world records across age 
groups (see Figure 1). This chart shows the final world records 
for the recently retired men’s -85 kg category across age 
groups.

Figure 1: The steady decline in weightlifting potential
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FIGURE 2: Decline in powerlifting potential
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It should be noted that some of the drop between senior 
and the first masters-age category will be caused by lower 
participation and the fact that masters competitors do not have 
the level of support that many senior athletes get from their 
national governing bodies. However, the pattern is clear and 
is repeated across all weight categories for men and women.

The world records in a similar weight category in powerlifting 
also show a decline with age but do not show such a dramatic 
initial drop – perhaps indicating that a significant proportion 
of that drop is due to loss of mobility and speed as opposed to 
maximal strength (see Figure 2 below).

While late starters in weightlifting can make relatively fast 
progress in the same way as younger beginners, usually they 
and you will have to accept that they will progress more slowly. 
Most of the time this is not a problem – older trainees are of-
ten more patient and are prepared to plan over a longer term.

There is a huge range in mobility levels among masters 
lifters – an ex-gymnast who regularly does yoga will obviously 
be much better in this regard than someone who has led  
sedentary life. However, it is much more likely that masters 
athletes will encounter mobility challenges. If a masters 
weightlifter has significant mobility problems, you may need 
to consider using variations of the weightlifting movements, 
either as a bridge to performing the full movements later or 
even as their competition style. 

It is worth remembering that the power variations of the 
snatch, clean and jerk are all completely legal to use in com-
petition. Just because someone can’t sit into a deep overhead 
squat or clean catch, there is no reason why they can’t com-
pete. Some masters athletes even use the split snatch and 
split clean styles in competition. While these lifts are seen as 
old fashioned now, they are still perfectly fine to use in terms 
of the rules. Some athletes find that they can achieve a lower 
catch with a split than they can with a squat and the greater 
forwards-backwards margin for error helps with consistency. 
Athletes who use the split for snatch, clean and jerk also have 
the advantage of three times as much practice on the split.

Note that in powerlifting, the first masters age category is from 
age 40 to 49 and the categories span ten years as opposed to 
five in weightlifting. The most significant drop in performan-
ce comes between the 50–59 and 60–69 categories, hinting 
that maximal strength may be impacted more over that age 
range. This is supported by some evidence that changes in our 
muscles as we age affect rate of force development ahead of 
maximal strength (Canepari et al, 2010).

ADDRESSING THE CHALLENGES
It is important to consider the history of any weightlifter 
but this is especially true with masters athletes – they have 
lived longer so will likely have accumulated a wider variety of 
training experience (although this is not true for everyone – for 
some coming to weightlifting late in life, it is the first sport they 
have seriously pursued). They will also have had more time to 
accumulate injuries and other problems. 

Make sure to ask about:

• Training experience
• Injuries
• Medical history
• Diet
• Family commitments
• Work

You should also carry out a full assessment of mobility and 
carry out functional movement screening to identify any 
potential problems. It is easy to make the mistake of treating 
older novices as more experienced than they actually are. 
Remember that biological age is important but training age 
is actually more significant when you are planning training 
sessions or longer term programmes.
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As we saw earlier, the data on weightlifting and powerlifting 
records and some studies hint that maximal strength may not 
be the first factor that is affected by aging. It seems that rate 
of force development – and thus speed in the weightlifting 
movements – will be affected more and sooner. For this reason, 
it is important to put some emphasis on speed training for 
masters weightlifters. This might be in the form of plyometrics 
or lights pulls and squats. Since masters weightlifters are likely 
to take longer to recover from sets within a training session, it 
may be a good idea to reduce your expectations of how much 
work can be done in a certain time. The number of sessions 
per week is likely to be lower on average than it would be for 
younger athletes.

While all of these things are worth considering when you are 
coaching masters weightlifters, it is important to remember 
that everyone is different – you may come across a weightlifter 
in their forties who is better conditioned than the younger 
weightlifters you work with and can handle an even greater 
workload.

MASTERS COMPETITION
Weightlifting competitions for those who are aged thirty-five and 
over work very much like any other weightlifting competition but 
with the significant difference that every competitor will have 
an age category as well as a weight category. The good news 
is that this dramatically increases the number of categories, 
creating more opportunities to win medals and set records!

The applicable age category is calculated using the year of 
birth of the athlete – in other words, your age for this year is 
the age you will be on the 31st December.  So, any time in the 
year when someone will turn 35, they are eligible to compete as 
a masters athlete. Each category covers five years of age and 
has a letter to specify the sex of the athlete:

Age at 31st
December

Men’s Category Women’s 
Category

35–39 M35 W35
40–44 M40 W40
45–49 M45 W45
50–54 M50 W50
55–59 M55 W55
60–64 M60 W60
65–69 M65 W65
70–74 M70 W70
75–79 M75 W75
80+ M80 W80

Masters weightlifters will enter a competition in a specific 
weight and age category. So, if I was a -89 M40, I would be aged 
40 to 44 and would need to weigh in under 89 kg.
As well as prizes in specific weight/age category combinations, 
best lifter prizes are also often presented for age groups or 
overall. For age group prizes, the well-known Sinclair calculation 
is usually used to create an even playing field between weight 
categories. For overall prizes, an extra adjustment, called the 
Malone-Meltzer coefficient, is applied to account for age. The 
overall score is then usually known as Sinclair Malone-Meltzer 
or SMM – you will often see a column for this on scoreboards at 
masters competitions.

Masters competitions, at least at the lower levels, often have 
a different, slightly less competitive atmosphere than senior 
competitions. There is usually a greater sense of community 
and of a shared resolve to achieve goals. But make no mistake, 
when national or international medals are at stake, masters 
weightlifters will compete just as hard as their younger 
counterparts!

Masters competitions tend to run in parallel to the system 
of senior competitions, with matching regional, national and 
international competitions to qualify for. At the international 
level, the competitions are recognised by the IWF and continental 
federations but are organised by separate organisations. 
Attending masters competitions can be an inspirational 
experience in itself. Seeing people aged eighty and beyond 
get up on stage and perform the competition weightlifting 
movements really shows that we do not need allow aging to 
limit what we can do.

SUMMARY
In this paper, we have looked at why masters weightlifters are 
an attractive market for any weightlifting club or gym and how 
to create an environment that will attract them and convince 
them to become long-term, loyal members. We have also 
discussed some of the challenges that affect older athletes to 
a greater degree than with younger weightlifters, along with 
some strategies for coping with these problems.

The key things to keep in mind about masters weightlifters are:

• Longer histories may hold more things you need to 
know about, positive and negative

• Biological age is important but training age is even 
more so

• Progress will probably be slower
• Mobility is more likely to be a problem
• You can use power or even split variations
• Speed training is important
• Every athlete is different

You should now have a clear idea of why masters athletes are 
important and how to adapt your coaching to suit them.
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There are clear benefits of strength training in the reduction 
of common chronic diseases that plague the world, such as 
obesity, cardiovascular disease, diabetes, and depression. 

In this paper, we will look at the evidence that strength 
training can help prevent and reduce the impact of chronic 
diseases. We will then explore the kind of strength training 
that can be used with the general population to deliver these 
health benefits.

After reading this paper, you will be armed with the facts 
on why strength training is valuable for everyone and what 
approach to use to implement it to make the world stronger in 
every sense.

STRENGTH TRAINING 
FOR PREVENTION OF 

CHRONIC DISEASE

FOLLOW THE FUTURE OF STRENGTH AT ELEIKO.COM

Working with youths is an incredible experience that is highly gratifying and rewarding as a coach. For youths, there are a variety of benefits to participation including social and long-term health development. 

Catering to youths adds to the potential client base of any gym or coach. While youths do not typically have much money to spend themselves, sensible parents are willing to invest in good coaching. It is critical to understand that youths are not miniature adults – they do need to be treated differently for a variety of reasons. 

In this paper, we will look at the benefits and misconceptions associated with youth weightlifting. We will also discuss the current practices used to develop youths and provide insights around how best to deliver coaching for them. 

COACHING WEIGHTLIFTING FOR YOUTHS

FOLLOW THE FUTURE OF STRENGTH AT ELEIKO.COM
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WEIGHTLIFTING 
COMPETITIONS 

DRIVING MEMBERSHIPS 

AND ANCILLARY REVENUE
ABSTRACT

Every gym or weightlifting club is always looking for 

sources of new revenue, at least if they want to survive 

and thrive in an increasingly competitive market. The 

growth of weightlifting competition in many countries 

provides an attractive opportunity for gyms and clubs to 

promote themselves and generate some extra revenue.

In this paper, we will look at why you should be 

considering organising weightlifting competitions, what 

is involved in doing so and how to make sure that your 

competitions develop a loyal following and even drive 

your regular membership.

After reading this paper, you should be ready to embark 

on organising your first competition.
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EFECTOS DE LA INSATISFACCIÓN COR-
PORAL Y DE LA ANSIEDAD RASGO EN 
LA AUTOESTIMA DE JÓVENES LEVAN-
TADORES DE PESAS.
Khizer Hayat
SM (ing), nº 13, año V, mayo-agosto 2019, 
págs. 4-13
Este estudio fue llevado a cabo en jóvenes le-
vantadores de pesas de Pakistán. Según los 
autores, la autopercepción, la inquietud y la 
confianza son los componentes que influyen 
en la técnica de los levantadores de pesas. Esta 
investigación permitirá evaluar la contribu-
ción de los tres factores antes mencionados en 
la mejora de la técnica de los levantadores de 
pesas. 

REALANALYZER HD – UN SOFTWARE 
DE SEGUIMIENTO DE LA BARRA DE PE-
SAS EN TIEMPO REAL PARA LA HALTE-
ROFILIA. 
Ingo Sandau, Holger Jentsch, Michael Bunk
SM (ing), nº 13, año V, mayo-agosto 2019, 
págs. 14-23
El análisis del movimiento en los deportes es 
un paso necesario para alcanzar un resultado 
de alto nivel. En la halterofilia, el análisis 
del movimiento de la barra es la referencia 
para la calificación de la técnica deportiva y 
de las capacidades físicas del atleta. Existe la 
posibilidad de utilizar varios sistemas para 
medir el movimiento de la barra (trayectoria, 
velocidad, aceleración). La mayoría de los 
análisis se basan en mediciones extraídas de 
grabaciones en vídeo (videometría). Este es 
el sistema más utilizado especialmente en la 
halterofilia. El mayor inconveniente de este 
sistema de medición es la necesidad de controlar 
la barra en cada fotograma de la imagen de vídeo. 
Dado que el seguimiento manual lleva mucho 
tiempo, los investigadores del Instituto de 
Ciencias Aplicadas de Entrenamiento (Leipzig, 
Alemania) han desarrollado un software 
a medida para la halterofilia que controla 
automáticamente la barra en las grabaciones 
de vídeo. En este documento presentamos el 
software Realanalyzer HD para el seguimiento 
de la barra en la halterofilia. Este sistema mide 
el movimiento de la barra con una enorme 
precisión siempre que se observen las normas 
de configuración. Asimismo explicamos los 
parámetros medidos y ofrecemos consejos para 
la interpretación de los datos.

ELOGIAR EL LÍMITE PARA ALCANZAR 
LA VICTORIA. 
Antonio Urso
SM (ing), nº 13, año V, mayo-agosto 2019, 
págs. 24-29
El autor aborda un tema de enorme interés: el 
sentido del límite como premisa fundamental 
para la definición de una óptima actuación en 
todos los aspectos de la vida y en cada una de las 
experiencias humanas. Según el autor, “el límite 
es en realidad la condición a partir de la cual se 
entrelazan y se entretejen las mayores conquis-
tas del género humano”.

TRETAS, BATES DE BÉISBOL Y 
PANTORRILLAS: CONSIDERACIONES 
SOBRE LA POSICIÓN DE PARTIDA 
HÚNGARA.
Andrew Charniga 
SM (ing), nº 13, año V, mayo-agosto 2019, 
págs. 30-39
Interesantes reflexiones sobre las diferencias 
entre la llamada posición de partida clásica y 
la posición de partida húngara en los gestos 
del envión y la arrancada en la halterofilia. El 
autor identifica los puntos fuertes y los pun-
tos débiles de las diferentes técnicas, especial-
mente desde el punto de vista biomecánico, e 
intenta demostrar las razones del uso actual, 
por parte de un gran número de atletas asiáti-
cos, de la posición de partida húngara.

LA MUJER Y EL DEPORTE.  
Thompson T., Steffert T., Ros T., Leach J., 
Gruzelier J., Ivaldi M.
SM (ing), nº 13, año V, mayo-agosto 2019, 
págs. 40-57
Los autores presentan un interesante análisis 
de las posibilidades de aplicación de la elec-
troencefalografía en el ámbito deportivo, lo 
que ya se ha realizado y probado, las perspec-
tivas, los pros y los contras, los ámbitos que 
deben ser perfeccionados para obtener unos 
resultados mejores y más previsibles. Se trata 
de un texto de considerable valor por su aná-
lisis de la situación de una metodología enor-
memente interesante.

FRONTERAS DE LOS CONOCIMIEN-
TOS. CONCEPTOS DE MECANOBIO-
LOGÍA APLICADOS AL ENTRENA-
MIENTO DE LA FUERZA.    
Donato Formicola
SM (ing), nº 13, año V, mayo-agosto 2019, 
págs. 58-69
El objetivo de este artículo es la descripción 
de la adaptación anatómica al entrenamiento 
con las sobrecargas como fenómeno meca-

nobiológico. La sucesión organizada de las 
cargas mecánicas que constituyen un pro-
grama de entrenamiento, hace que todo el 
organismo se adapte anatómicamente solo 
cuando este activa los procesos de memoria 
miocelular. Esta memoria se guarda en el 
patrimonio genético de los mionúcleos, que 
son replicados con el entrenamiento de alta 
intensidad. Cuantos más núcleos tenga una 
célula muscular, más capaz es esta de hiper-
trofiar cada vez que le llega una fuerza exter-
na. Este fenómeno mecanobiológico recur-
sivo, definido de histéresis cíclica, es la base 
de los procesos de detraining y retraining. 
Por consiguiente, en la programación de las 
cargas de trabajo que contemplan una adap-
tación anatómica eficaz, deben considerarse 
los procesos de memoria muscular e histére-
sis cíclica para evitar la aparición, durante la 
práctica, de algunas criticidades significativas 
que podrían aumentar el riesgo de no alcan-
zar los resultados esperados.

LEVANTADORES DE PESAS EXPERTOS.  
Eleiko
SM (ing), nº 13, año V, mayo-agosto 2019, 
págs. 70-75
En este documento abordamos porqué los 
levantadores de pesas expertos son un mer-
cado atractivo para los clubes de halterofilia 
o gimnasios y cómo crear un entorno que los 
atraiga y convenza para convertirse en miem-
bros fieles y de larga duración. También he-
mos debatido algunos de los retos que afectan 
mucho más a los deportistas de mayor edad 
que a los levantadores de pesas más jóvenes, 
además de algunas estrategias para afrontar 
estos problemas. Las consideraciones clave 
sobre los levantadores de pesas expertos son:

• Las historias más largas pueden suponer 
más cosas que es necesario conocer, tanto 
positivas como negativas

• La edad biológica es importante pero la 
edad de entrenamiento lo es más

• Los avances serán probablemente más len-
tos

• Es muy probable que la movilidad sea un 
problema 

• Pueden utilizarse variaciones en la fuerza e 
incluso variaciones en el split 

• El entrenamiento de la velocidad es impor-
tante 

• Cada deportista es diferente

Ahora debería tener una idea clara de la im-
portancia de los deportistas expertos y cómo 
adaptar su preparación para ellos. 
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ВЛИЯНИЕ «НЕУДОВЛЕТВОРЕНИЯ» 
ОРГАНИЗМА И ТРЕВОГИ НА 
САМОВОСПРИЯТИЕ У МОЛОДЫХ 
ТЯЖЁЛОАТЛЕТОВ
Khizer Hayat
SM (Eng), nº 13, anno V, maggio-agosto 2019, 
pp . 4-13
Данное исследование было проведено на мо-
лодых тяжёлоатлетах Пакистана. По мнению 
авторов, самовосприятие, беспокойство и уве-
ренность это те компоненты которые влияют 
на выполнение работы штангистов. Это иссле-
дование может помочь оценить как вышеупо-
мянутые факторы могут улучшить выполне-
ние работы тяжёлоатлетов.

REALANALYZER HD (АНАЛИЗАТОР HD В 
РЕАЛЬНОЕ ВРЕМЯ)
ПРОГРАММА ДЛЯ МОНИТОРИНГА 
ШТАНГИ В РЕАЛЬНОЕ ВРЕМЯ ВО ВРЕМЯ 
ТЯЖЁЛОАТЛЕТИЧЕСКИХ ДВИЖЕНИЙ
Ingo Sandau, Holger Jentsch, Michael Bunk
SM (Eng), nº 13, anno V, maggio-agosto 2019, 
pp . 14-23
Анализ движений это необходимый шаг к до-
стижению высоких спортивных результатов. 
В тяжёлой атлетике анилиз движений штанги 
является «золотым стандартом» для оценки 
спортивной техники и физичеких способно-
стей спортсмена. Для оценки движения штан-
ги (траектории, скорости, ускорения) могут 
испрользоваться различные системы. Боль-
шинство анализов основано на измерениях с 
помощью видеозаписи (видеометрии). Этот 
метод используется особенно часто в тяжёлой 
атлетике. Основным недостатком этого метода 
является то что движение штанги необходимо 
отслеживать в каждом кадре видеоизображе-
ния. Ручное отслеживание занимает очень 
много времени, таким образом исследовате-
ли Института прикладной науки (Лейпциг, 
Германия) разработали спрециальное про-
граммное обеспечение для тяжёлой атлетики 
которое позволяет реализовать автоматиче-
ское отслеживание штанги при видеозаписи. 
В данной статье представлена компьютерная 
программа Realanalyzer HD используемая для 
анализа движения штанги в тяжёлой атлетике. 
Эта система в состоянии измерять с высокой 
точностью движение штанги при условии со-
блюдения стандартов настройки. Кроме того, 
предоставляются дополнительное объяснение 
измеренных параметров и «подсказки» для ин-
терпретации полученных данных.

ВАЖНОСТЬ ПОНЯТИЯ «ПРЕДЕЛ» ДЛЯ 
ПОСТРОЕНИЯ ПОБЕДЫ
Antonio Urso
SM (Eng), nº 13, anno V, maggio-agosto 2019, 
pp . 24-29
Автор рассматривает тему представляющую 
большой интерес: обладание чувством предела 
как фундаментальной предпосылки для опре-
деления оптимальной производительности во 
всех сферах и в любых ситуациях жизни. По 
мнению автора, «предел это на самом деле ус-
ловие предопределяющее любые величайшие 
достижения человечества».на выполнение 
работы штангистов. Это исследование может 
помочь оценить как вышеупомянутые факто-
ры могут улучшить выполнение работы тяжё-
лоатлетов.

ЛОВУШКИ, БЕЙСБОЛЬНЫЕ БИТЫ 
И ИКРЫ: СООБРАЖЕНИЯ О 
“ВЕНГЕРСКОМ НАЧАЛЕ ДВИЖЕНИЯ”
Andrew Charniga
SM (Eng), nº 13, anno V, maggio-agosto 2019,
pp . 30-39
В статье представлены интересные размыш-
ления о различиях между так называемыми 
“классическим” и “венгерским” началом в 
упражнениях толчок и рывок тяжёлой атлети-
ки. Автор описывает сильные и слабые сторо-
ны этих двух техник, особенно с биомехани-
ческой точки зрения, и пытается определить 
причины которые в настоящие дни привле-
кают большое число азиатских спортсменов 
использовать так называемое «венгерское» 
начало.

ПРИМЕНЕНИЕ 
ЭЛЕКТРОЭНЦЕФАЛОГРАФИИ В СПОРТЕ 
(ПЕРВАЯ ЧАСТЬ)
Thompson T, Steffert T, Ros T, Leach J, Gruzelier 
J, Ivaldi M
SM (Eng), nº 13, anno V, maggio-agosto 2019, 
pp . 40-57
Авторы представляют интересный обзор воз-
можностей применения электроэнцефалогра-
фии в области спорта: то что пытались сделать 
и то уже было сделано, перспективы, плюсы и 
минусы, области в которых можно что то усо-
вершенствовать для достижения всё более вы-
соких и надёжных результатов. Статья имеет 
очень большую ценность потому что наконец 
то анализирует очень интересную методику.

ГРАНИЦЫ ЗНАНИЙ. ПОНЯТИЯ 
“МЕХАНИЧЕСКОЙ БИОЛОГИИ” 
В ПРИМЕНЕНИИ К СИЛОВОЙ 
ТРЕНИРОВКЕ.
Donato Formicola
SM (Eng), nº 13, anno V, maggio-agosto 2019, 
pp . 58-69
Цель этой статьи заключается в описании 

анатомической адаптации к тренировке с 
сопротивлениями (отягощениями) как ме-
ханико-биологического феномена. Органи-
зованная последованность использования 
механических нагрузок, составляющих трени-
ровочную программу, приводит к анатомиче-
ской адаптации всего организма только тогда 
когда «запускает» процессы миоклеточной 
памяти. Подобная память сохраняется в ге-
нетическом наследии миоядер, которые вос-
производятся при высокоинтенсивной тре-
нировке. Чем больше ядер имеет мышечная 
клетка, тем больше она способна к гипертро-
фии, всякий раз когда воздействует внешняя 
сила. Это рекурсивное механо-биологическое 
явление, определённое как «циклический ги-
стерезис (istèresi)», лежит в основе процессов 
«детренинга» и «ретренинга». Следовательно, 
при программировании тренировочных на-
грузок направленных на эффективную анато-
мическую адаптацию, необходимо учитывать 
процессы мышечной памяти и «циклический 
гистерезис», чтобы избежать в процессе ра-
боты некоторые значительные критические 
моменты, которые могут повысить риск не до-
стигнуть ожидаемые результаты.

МАСТЕРА ТЯЖЁЛОЙ АТЛЕТИКИ. 
ЭЛЕИКО (ELEIKO)
SM (Eng), nº 13, anno V, maggio-agosto 2019, 
pp . 70-75
В этой статье рассматривается почему масте-
ра тяжёлой атлетики являются привлекатель-
ным «рыночным объектом» для любого клуба 
или спортзала и как создать среду которая бы 
позволила убедить их быть долгосрочными и 
лояльными членами и сотрудниками. Обсуж-
даются так же некоторые проблемы, кото-
рые касаются в основном высоковозрастных 
спортсменов по сравнению с более молодыми 
тажёлоатлетами, а так же некоторые страте-
гии позволяющие преодолеть эти проблемы. 
Представлены ключевые пункты которые надо 
иметь в виду когда речь идёт о мастерах тяжё-
лой атлетики:
1. более длительная история которая может со-
держать больше вещей о которых надо знать, 
положительных и отрицательных;
2. биологический возраст важен, но трениро-
вочный возраст тем более;
3. прогресс, вероятно, будет медленнее;
4. гибкость, скорее всего, будет проблемой;
5. можно использовать мощность ли же воз-
можные варианты;
6. важна скоростная тренировка
7. каждый спортсмен индивидуален.
Таким образом складывается чёткое пред-
ставление о важности спорсменов мастеров и 
о том как адаптировать подход к их процессу 
тренировки.
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