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There is no training session, no

competition, in which this term-fo-
cus-isnotrepeated, and by several
individuals, either as encourage-
ment, or as self-encouragement.
Focus is often considered the fer-

tile soil to which both cognitive and

physical abilities are directed. Ifyou
are focused you perform better, we
all agree on this. But, if this is true
(and I don't think there can be any
doubts about it), what do we inside

the process called training to deve-

lop this feature? | ask myself, and |
ask you, dear (and perhaps focu-
sed)readers, because thisquestion
plagued me during the Rio Olympic
Games, especiallywhenlhappened

to witness an athlete winning a

medal, or two or more contenders
losing out on the same medal.  was

trying to understand this aspect,

actually also wondering why we
often use the term “attention”

as an analogy and synonym. But
are focus and attention the same
thing, the same reality evoked in
different ways? In actual fact they
are not. Attention can be defined
as the mental state in which our
minds are attracted to a particular
event of interest, it may be either
active or passive. It is a condition
that anticipates the state of focus
and prepares it. Focus, therefore,
bydeductionisthe abilitytobe able
to concentrate on a certain point of
reference, of interest; however, itis
also the ability to bring our atten-
tion back to the same point, in case
we are distracted by something or
attracted by something else. Very
simple so far: but, how does this
interaction work under stress?
Obviously, we cannot provide an
unambiguous or straightforward
answer: everything is not as sim-
ple and predictable as the above

EDITORIAL

example would have us believe.
In 1958, Donald Broadbent had
already reconstructed the model
of the selection of stimuli at the
sensory peripheral level, arguing
that the human sensory periphery
is very similar to information
channels where the said informa-
tion, arriving along and thanks to
these channels, is first stored in
the short-term memory and then
elaborated: however, given that
short-term memory is not capable
of receiving all incoming informa-
tion at the same time, it is therefo-
re obliged to select, technically to
activate a “filter” that alternates
the opening and closing of certain
perceptive channels.

J. A. Deutsch & D. Deutsch, unlike
Broadbent, argued that the se-
lection of the stimuli received in
the sensory channels occurs throu-
gh an elaborative analysis a priori.



Then in 1992, Schonpflug was able
to support this hypothesis, claiming
that there can be no attention if
there is no prior recognition of the
object or phenomenon.

According to Baddeley (1986), at-
tention is a complex and costly pro-
cess in terms of energy and, there-
fore, has limited ability over time.
It is organised in two sub-systems
called the “phonological-articular
loop”, the phonological understan-
ding of information, and the “vi-
suo-spatial sketchpad”, which has
the task of sending information to
the medium and long term memory.
Both elements are part of a larger
container called the Working Me-
mory.This model of working memory
proposes a conception of memory
interpreted not as a series of mne-
monic warehouses, but rather as an
active cognitive system through the
extraordinary effort of the frontal
lobe. According to Norman'’s theory
of attention, the selection is not
performed through the blockage
or the filter of the sensory informa-
tion, but by selectively processing
the information already activated
in the memory by the sensory in-
formation that is being collected.
The demonstration of this automa-
tion was shown in an experiment
carried out by Stroop, by which its

effect is known - the Stroop effect.
Individuals are shown words prin-
ted in different colours, and they
areaskedtoignore thewordsandto
report only the colour of the words.
Typically, the task was executed to
perfection, except for casesinwhich
the words represented the names
of actual colours which were diffe-
rent from the colour of the ink. In
this case, the shortcoming was due
to the perception of the meaning
of the word almost automatically
made by the exercise, which normal-
ly facilitates reading but which, in
this particular case, represented a
disruptive element. The Stroop ef-
fect can be considered an example
of the failure of selective attention.
Daniel Goleman, a psychologist and
science journalist, has recently pu-
blished aninteresting book entitled
“Focus: The Hidden Driver of Excel-
lence”, which deals with the topic
of attentive processes from various
points of view. Goleman claims that
the attentive processes in question
are closely related to the quality of
life. The success or failure of people
in all spheres of life, in his opinion,
depends primarily on focus. He be-
lieves that successful people ma-
ster three main types of focus:

Inner Focus: is about people and
their insights, it guides values and

facilitates better decisions. It im-
plies a process of self-awareness,
which is one of the most important
principles of success, bringing an
inner control that helps people cho-
osewhattodoornottodoinlife.
Other Focus: this is the link with pe-
ople in an individual's life. It invol-
ves emotional empathy, cognitive
empathy, which gives people the
ability to understand another per-
son’s way of thinking and of seeing,
although, at least apparently, there
are no analogies. It encourages, al-
lowing people to put the feelings of
another person above their own.
Outer Focus: provides a view of the
bigger picture. The most successful
people are able to navigate on mul-
tiple systems and to have full awa-
reness of theirimpact on the world.
At all levels of sport, only in a few
cases, such as Formula 1 and/or
shooting sports, have | been able to
systematically see a programmatic
and practical study both in training
and in competition. | wonder then,
if in other sports, the attentive pro-
cesses are of such little importance
that it's enough to say, “Remember
to focus!” Or if, on the contrary, at-
tention deserves all our .... atten-
tion!

Antonio Urso
EWF President
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INTRODUCTION

Talent Identification (TID) is a pro-
cess through which a sport’s go-
verning body attempts to assess
potential future performers. Un-
fortunately, many athletes will fail
to reach the highest level of their
chosen sport, despite displaying
high levels of skill and physical fi-
tness. Due to the transferable na-
ture of many skills, the TID process
may aim to match these athletes
to an alternative or maore suitable
sport®. Physical tests are often in-
cluded as part of a TID process, and
may have a particular relevance to
sports that do not require percep-
tual-cognitive capability, especially
within closed-skill sports such as
weightlifting*?°. British Weight
Lifting (BWL), the UK national go-
verning body to the sport of wei-
ghtlifting, currently uses a battery
of physical tests in an attempt to
identify potentially talented athle-
tes currently training and compe-
ting in other sports. The full proto-
col from BWL consists of flexibility,
anthropometric, and physical te-
sting,andis conducted overanum-
ber of phases. As the first phase of
the BWL TID protocol is carried out
at different locations, equipment
transportation and assembly ne-
eds to be considered. Equally, tar-
geted athletes for this first phase
of TID may have little or no previous
experience in weightlifting, mea-
ning the selected tests should re-
present movements or tasks that
would be familiar across a number
of sports. Both of these factors fa-
vour the use of simple field tests.
Initial versions of the BWL TID pro-
tocol required athletes to perform
a vertical jump, a horizontal jump,
a 30 m sprint, and an overhead

HORIZONTAL JUMP PREDICTS WEIGHTLIFTING PERFORMANCE

throw with a weighted ball. A win-
ning performance in weightlifting
requires the athlete to achieve the
highest possible total across two
movements: the snatch, and the
clean and jerk. Body mass has a
strong influence on the total wei-
ght lifted, and so competitors are
grouped into categories based on
their size. Adjusting measures of
strength to compare performan-
ces across these categories in a
strength and conditioning setting
is most commonly achieved throu-
gh a ratio scaling method. Howe-
ver, as the relationship between
strength and mass is not linear'?,
ratio scaling provides a bias in fa-
vour of lighter lifters. Allometric
scaling provides a more appro-
priate method of adjusting lifting
performances, although some
bias is still present?!. Comparisons
in @ competitive environment are
achieved by using a scaling expo-
nent known as the Sinclair coef-
ficient. The Sinclair coefficient is
recalculated for every Olympic
year, and is based on the record
performances of the previous ye-
ars. Despite their limitations, ratio
and allometric scaling methods
are still useful for making compa-
risons in a training environment.
For athletes with a competitive to-
tal, the Sinclair coefficient is most
relevant’®. The competitive wei-
ghtlifter will lift a loaded barbell
from a stationary position on the
floor to an overhead position in
either one (snatch), or two (clean
and jerk) movements. To achieve
the required impulse for propul-
sion, the lifter must apply large
magnitudes of force to the bar'’-22,
In order to take advantage of the
stretch reflex, and to ensure con-

tinued upward momentum as the
lifter's body is reoriented during
the pull phases, movements are
performed quickly necessitating a
high rate of force production®. Itis
for this reason that high-force and
high-speed training modalities
are used to improve weightlifting
performance. Equally, the use of
tests such as jumping, throwing,
and sprinting may be relevant in
a TID protocol due to the strength
and power characteristics they
share with weightlifting.

Vertical and horizontal jumps have
been used as surrogate measu-
res of impulse within a number of
sports*>. Whilst vertical jumping
tests are most commonly used
in TID protocols, the relevance of
the standing long jump to wei-
ghtlifting performance has yet
to be established. Vertical jumps
and weightlifting movements
have been shown to have a high
degree of mechanical similarity!*
13 and so their use in testing pro-
tocols relevant to weightlifting
is unsurprising. However, as sur-
rogate measures of lower body
impulse performance, jumping
tests are only able to provide par-
tial explanations of weightlifting
performance. For example, coun-
termovement vertical jumps have
been able to account for betwe-
en 23% and 56% of weightlifting
performance* %4, In combination
with tests measuring different
characteristics across the stren-
gth-speed continuum, a more
complete picture may begin to
emerge.Thereis currently a lack of
published research investigating
the relevance of horizontal jump
performance to weightlifting,
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however the simplicity of testing
might make thisasuitable alterna-
tive tovertical jump assessment®.

The 30 m sprint has been used
extensively as a marker for spe-
ed, as well as an anaerobic per-
formance measure®. Although
there have been various studies
that demonstrate the efficacy of
weightlifting training to increa-
se performance on sprinting®,
there is little research assessing
the relationships of sprint perfor-
mance to weightlifting. However,
the impact of lower-limb strength
qualities on sprint performance
are well established®#. Likewise,
lower body strength is strongly re-
lated to weightlifting performan-
ce>*.Duetotheinter-relationship
between lower-limb strength,

weightlifting performance, and
sprint ability, the inclusion of a
sprint test within a TID protocol for
weightlifting might provide addi-
tional performance explanations.
The propulsion of an external
object is a central principle to
weightlifting. Therefore, the use
of medicine ball throwing tests
may be warranted within a TID te-
sting protocol. The relationships
between weighted throws and
weightlifting performance have
received little research attention.
However, Stone et al.** did note
strong relationships between the
snatch and throwing performan-
ce. As throwing requires a coordi-
nated interaction between the up-
per- and lower-body®", weighted
throws may be able to explain
more variance in weightlifting per-

formance than lower-body focu-
sed testsalone.

Whilst each of the tests included
in the BWL TID phase-one protocol
had been selected based on avai-
lable literature and biomechanical
consideration, the predictive abili-
ty of this combination of tests was
not originally assessed.

The purpose of this study is to as-
sess the relevance of the tests
used in the BWL TID protocol to
weightlifting performance. The re-
sults were used to provide an un-
derpinning rationale to adapt and
optimise the protocol. Furthermo-
re, these results can also provide a
foundation from which additional
research can identify appropriate
test selection for athletes of diffe-
rent backgrounds.
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MATERIALS
AND METHODS

EXPERIMENTAL APPROACH

TO THE PROBLEM

The purpose of this study was to
determine the relevance of a sim-
ple field-test battery to weightli-
fting performance, using volun-
teers who are already competent
weightlifters. Subjects were re-
quired to attend a testing session
within the two weeks following a
scheduled and formally officiated
weightlifting competition. The te-
sting session consisted of a 30 m
sprint, a vertical jump, a horizon-
tal jump, and an overhead medi-
cine ball throw. These tests were
selected based on their perceived
relevance to weightlifting perfor-
mance, the ease of administering
these tests at different locations,
and the simplicity of the tasks al-
lowing non-weightlifting athletes
to successfully perform them.

SUBJECTS
Prior to participant recruitment,
ethical consent was attained by St.

HORIZONTAL JUMP PREDICTS WEIGHTLIFTING PERFORMANCE

Mary’s University ethics sub-com-
mittee who determined that the
study was in accordance with the
Helsinki declaration. Twelve volun-
teers provided written informed
consent to participate in this stu-
dy. This sample was comprised of
seven males and five females of a
mixed standard, all of whom were
actively training and competing
in the sport of weightlifting (Indi-
vidual participant characteristics
canbefoundintable 1). Participan-
ts were provided with both written
and verbal information about the
study prior to commencement.

PROCEDURES

Participants were required to at-
tend a testing session within two
weeks of a scheduled and officia-
ted weightlifting competition. The
BWL TID testing battery is compri-
sed of four tests in the following
order:a30msprint,avertical jump
test, a horizontal jump test, and
an overhead medicine ball throw.
Participants underwent a stan-
dardised warm-up prior to testing,
which consisted of five minutes of

low intensity jogging, five minutes
of dynamic stretching, and conclu-
ded with three 20 m accelerations.
All tests were completed in an in-
door sports facility on a synthetic
surface.

Sprint testing

Thirty metre sprint time (30ST)
was measured using single beam
light gates (Brower, USA) placed at
0and 30m, whilstthe participants’
start-line was placed at -0.70 m.
Participantswererequiredtostart
the sprint with one hand on the
start line, known as a three-point
start position. Participants were
instructed to sprint past the final
set of light gates before decelera-
ting. Participants were required to
perform three successful attemp-
ts, with no less than two minutes
of passive recovery between at-
tempts. The fastest sprint time
was used for the statistical analy-
sis. The typical error expressed as
a percentage (%TE) in 30 m sprint
testing has been reported as 2%
Vertical jump

Participants were required to per-
form vertical countermovement
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jumps (VJ) with each foot placed
on one of two portable force pla-
tforms (PAS010660; Pasco, USA).
The participants held their hands
on their hips for the duration of
the jump. Participants perfor-
med the countermovement to a
self-prescribed depth, and at a
speed that they felt would allow
them to perform their best. Force
data were exported and analysed
offline. Jump height was calcula-
ted using the double integration
method to establish peak vertical
centre of mass displacement®.
Participants were required to per-
form three successful attempts,
with a self-prescribed rest period
between attempts. The highest
jump was used for the statistical
analysis. The %TE in CMJ testing
has been reported as between 4
and 7%:26.

Horizontal jump

The horizontal jump (HJ) requi-
red the participants to jump as
far forwards as possible from a
standing start. Participants were
allowed to use an arm swing, and
were required to performan initial
countermovement to a self-pre-
scribed depth. The participants
were instructed to jump for di-
stance. Any movement following
the landing resulted in a foul at-
tempt. The distance between the
participants’ toe at the start posi-
tionand the heel that was furthest
back upon landing was recorded
to the nearest centimetre. parti-
cipants were required to perform
three successful attempts, with a
self-prescribed rest period betwe-
en attempts. The furthest jump
was used for the statistical analy-
sis. The %TE in HJ testing has been
reported as 2%%.

Overhead medicine ball throw
Participants were instructed to
face the opposite way to the di-
rection of the throw with their
feet placed comfortably apart.
The participants were required to
begin the overhead medicine ball
throw (MBT) with the ball held at
overhead with straight arms. The
participants were then required
to perform a countermovement,
bringing the medicine ball down
between their legs, before force-
fully extending through a triple ex-
tension pattern to throw the ball
overhead. The participants were
instructed to throw for distance.
The arms were required to remain
straight throughout the throw.
Males were required to throw a 6
kg medicine ball, whilst females
were required to throw a 4 kg me-
dicine ball, corresponding to 7 and
5% of body mass respectively. The
distance was measured from the
heel of the participant in their ini-
tial start position, to the point the
medicine ball made first contact
with the floor. Throw distance was
recorded by the same investiga-
tor throughout the data collection
period. Participants were requi-
red to perform three successful
attempts, with a self-prescribed
rest period between attempts.
The furthest throw was used for
the statistical analysis. The MBT
has previously been considered to
have good test-retest reliability,
based on an intraclass correlation
coefficient of 0.996%.
Weightlifting performance
Weightlifting performance was
established from a competition
held within two weeks prior to
completing the testing battery.
All competitions attended by the

participants were required to have
been scheduled into a training
plan for a minimum of 12 weeks,
and had to be officiated by quali-
fied BWL referees. Absolute lifts
and totals, lifts and totals scaled
to body mass (ratio), and lifts and
totals scaled to body mass raised
to the power of 0.67 (allometric)
were all included in the statistical
analysis. To assess the predictive
capability of the testing battery,
weightlifting competitive perfor-
mance was considered as the Sin-
clair total. The Sinclair total is the
product of the absolute total and
the Sinclair coefficient. The Sin-
clair coefficient for 2013-2016 is
calculated as:

Sinclair coefficient=10"

Where:
A(male)=0.794358141
A (female) =0.897269740

x=log,, (<)

Where:

X=body mass
b(male)=174.393

b (female) = 148.026

STATISTICAL

ANALYSIS

Statistical analysis was carried out
using IBM SPSS 22 (IBM Corpora-
tion: Armonk, NY). A Shapiro-Wilk
test was used in combination with
visual inspection of Q-Q plots to
assess normality of all variables.
A Pearson’s product-moment cor-
relation (r) was used to determine
the relationships between the HJ,
VJ, 30 m sprint, MBT, and the mea-
sures of weightlifting performan-
ce. Correlation coefficients were
defined as trivial when r <0.10,
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=1

E Table 1. Participant characteristics, including weightlifting performance

2

e Clean

£ pacpm Massosth gl Sth gup gone Skrk Toul ol g (g

E” g 9 (ko) (Ratio) ~wic) 9 tio) metrig dain)

% 1(F) 83 35 45 042  0.54 1.81 2.33 80 096 414 912

g 2 (F) 104 62 72 0.60 0.69 2.77 3.21 134 1.29 5.98 140.7

E 3(F) 105 62 78 0.59 0.75 2.75 3.46 140 1.34 6.21 146.6

£ 4(F) 52 40 60 0.77 1.15 2.83 4.25 100 1.92 7.08 153.2

2 5 70 50 90 0.71 1.29 2.90 5.22 140 2.00 8.13 186.6

% 6(F) 58 60 75 1.03 1.29 3.95 494 135 2.33 8.89 190.1

) 7 95 93 100 098 105 440 473 193 203 913 2192

EE: 8 123 100 145 0.81 1.18 3.98 5.77 245 1.99 9.75 255.5

é’ 9 94 100 131 1.06 1.39 4.76 6.24 231 246 11.01 2635
10 82 105 126 1.28 1.54 5.48 6.58 231 282 1206 2811
11 85 110 138 1.29 1.62 5.61 7.03 248 292 1264 2964
12 79 130 153 1.65 1.94 6.96 8.19 283 358 15.15 3514

Mean 86 79 101 093 120 402 516 180 214 918 2146

: 20 31 3 035 041 150 171 66 075 316 765

F = female. Absolute results are measured in kg, ratio results are reported as multiples of body mass, allometric results
are reported as multiples of body mass raised to the power of 0.67. Sinclair total is the product of the absolute total and
the Sinclair coefficient

Table 2. Testing battery results

Participant 30ST /] H) MBT
Number (s) (cm) (cm) (cm)
1(F) 5.53 25.4 135 590

2 (F) 5.39 32.7 183 740
3(F) 4.83 35.5 190 940
4(F) 481 46.7 216 985

5 4.44 43.4 229 726
6(F) 4.18 47.6 231 610

7 4.24 42.3 249 1235

8 4.59 55.7 257 1430

9 4.65 48.0 243 990

10 4.46 56.3 264 750
11 4.28 52.8 259 1080
12 4.29 57.9 266 960
Mean 4.64 45.4 227 920
S 0.44 10.1 40 252
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small when r=0.11-0.30, modera-
te when r = 0.31-0.50, large when
r=0.51-0.70, and very large when
r>0.71%.95% confidence intervals
(95% CI) were also calculated for
the correlation coefficients. Predi-
ctors of weightlifting competitive
performance (Sinclair total) were
identified using a stepwise regres-
sion analysis. Only the best single
variable model was accepted due
to the sample size. As the partici-
pants were drawn from an oppor-
tunity sample, a post hoc power
analysis was carried out using R
(package “pwr”, with extension
“powerSurvEpi”)®3. Alpha was set
at 0.05, and beta at 0.20.

RESULTS

Visual inspection of Q-Q plots and
the results of the Shapiro-Wilk
test indicated none of the data
violated assumptions of normali-
ty. The weightlifting performances

are provided in table 1, and the re-
sults of the testing battery for all
participants are provided in table
2. The coefficient of variation (CV)
for all weightlifting performance
measures were between 33 and
39%, indicating a wide range of
competitive standards. The resul-
ts of the correlational analysis are
presented in table 3. The MBT was
not significantly related to any
of the weightlifting performance
measures, however demonstrated
a large significant relationship to
absolute clean & jerk performance
(r=10.58; 95% Cl [0.01, 0.87]). The
VJdemonstrated verylarge signifi-
cant relationships to all measures
of weightlifting performance, but
was most strongly related to Sin-
clair total (r = 0.89; 95% Cl [0.65,
0.97]). The HJ test demonstrated
very large significant relation-
ships to all measures of weightli-
fting performance, and was also

most strongly related to Sinclair
total (r=0.90; 95% CI [0.67,0.97]),
shown in figure 1. Results from
the 30ST, VJ, and HJ tests were en-
tered into a stepwise regression
analysis, using Sinclair total as the
dependent variable. The results of
this analysis indicated the HJ was
the strongest predictor of weight-
lifting performance, accounting
for 79% of the variation in Sinclair
total (SEE = 35; F = 42.5; p <0.001).
The equation predicting weightli-
fting performance from the HJ is
included in figure 1. The post hoc
power analysis was conducted on
the lowest and highest significant
correlationtoweightlifting perfor-
mance (Sinclair total). Using this
sample of 12 participants (where
alpha was set a priori at 0.05, and
beta at 0.20), a Pearson’s product
moment correlation coefficient of
-0.72 and 0.90 return powers of
0.80and 0.99, respectively.

350 1
300 o (o}
S 250 +
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= 200 -
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= 150 4
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€ 100 - .
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50 7 Sinclair Total =-177.2 + (HJ x 1.73)
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=1
e}
ED Snatch  Clean&  Snatch ngfl?(l:ig- (:“z:;:_ JE:I??ASIL- Total Total  Total(Al-  Total
% (kg) Jerk (kg) (Ratio) tio) tri)  lometric) (kg) (Ratio) lometric) (Sinclair)
5 -0.58 -0.61 -0.73 -0.78 -0.70 -0.75 -0.60 -0.77 -0.74 -0.72
z 30sT [-087, [088,  [-092,  [094, [091, [-093, [087, [093, [092  [091,
& -001] -0.05] -0.28) -037] -022] -032] -005] -0.36] -0.29]  -0.24]
E 0.76 0.83 0.83 0.91 0.83 0.92 0.81 0.89 0.90 0.89
f3 vi [032  [049, [0.49, [0.69, [0.48, [0.73, [0.44,  [063, [0.64,  [0.65,
7; 0.93] 0.95] 0.95] 0.97] 0.95] 0.98] 0.94] 0.97] 0.97] 0.97]
§ 0.81 0.85 0.83 0.87 0.84 0.90 0.84 0.86 0.89 0.90
:*g HI  [043, [054  [048  [059, [0.52, [0.68, [0.51, [0.57,  [0.64,  [0.67,
5 0.94] 0.96] 0.95] 0.96] 0.96] 0.97] 0.95] 0.96] 0.97] 0.97]
é 0.53 0.58 0.22 0.22 0.33 0.36 0.57 0.22 0.35 0.27
MBT [-0.07, [0.01, [-041, [041, [030, [028  [001, [040, [028 @ [017,
0.85] 0.87] 0.70] 0.70] 0.76] 0.77] 0.86] 0.71] 0.77] 0.81]

Values are provided as Pearson’s product moment correlation coefficient (r) with 95% confidence intervals in square

brackets. Confidence intervals that do not cross zero indicate significant correlations.

DISCUSSION

The purpose of this study was to
provide insight into the relevan-
ce of the BWL TID testing battery.
The relevance of these tests to
weightlifting performance, defi-
ned as Sinclair total, was assessed
using 12 weightlifters, all of whom
varied greatly in respect to cur-
rent performances and training
history. The findings of this study
demonstrate large and very large
relationships between the 30ST,
VJ, and HJ to weightlifting per-
formance. While the MBT was not
found to be significantly related to
weightlifting performance, it was
significantly correlated with abso-
lute clean and jerk (CJ) performan-
ce. Despite the common emphasis
of relationships between vertical
jumping and weightlifting perfor-
mance®, the results of our analysis
demonstrated HJ as the strongest
single predictor of weightlifting
performance, able to explain 79%

of the variance in Sinclair total.
The key finding of this study is the
strength of the HJ in predicting
weightlifting performance. The HJ
has been used as an assessment
tool in numerous athletic environ-
ments, and has been used to pre-
dict athletic performance across
a range of running distances,
long jump and triple jump, and
noted as an effective assessment
of lower body power', However,
the HJ has not been given much
attention in regards to its position
within power sports, unlike the VJ,
which has been found to be stron-
gly correlated with a number of
athletic power movements, such
as weightlifting, sprinting and
throwing*®. It should be noted
however, not only did the HJ and
VJ demonstrate practically com-
parable relationships with Sinclair
total (r = 0.90, and 0.89, respecti-
vely), but HJ and VJ were found
to be highly correlated with one

another (r = 0.94), and so are both
a demonstration of a common
physical competency. Unfortuna-
tely, accurate and reliable testing
of vertical jump performance re-
quires the use of force platforms
or contact mats, both of which mi-
ght be prohibitively expensive for
many smaller weightlifting clubs.
However, horizontal jump perfor-
mance measured by tape measure
has been found to be a valid per-
formance measure®, and might
provide a cheap and logistically
favourable method of assessing
lower limb impulse capabilities.

V] performance is a commonly
used surrogate measure of high
force and high velocity lower limb
extension capability, and is thou-
ght to correspond with weightli-
fting performance. The relevance
of the VJ to weightlifting perfor-
mance has been established from
studies assessing the underpin-
ning biomechanics*2% training
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studies”!®3, and investigations
of performance correlates*840,
Large relationships between VJ
and weightlifting performance (r
=0.71-0.83)*, the snatch (r = 0.60-
0.75)*%, and the clean and jerk
(r = 0.59-0.79)*%% 40 have previou-
sly been reported. The findings of
this study demonstrate very large
relationships between VJ and me-
asures of absolute weightlifting
performance, and relative weight-
lifting performance. In compari-
son, Vizcaya et al.** found very lar-
ge relationships between Sinclair
total and the deep squat jump
(r=0.83),thesquatjump(r=0.71),
and CMJ (r = 0.75). Whilst qualitati-
vely comparable, the coefficients
presented by Vizcaya et al.** are
slightly lower than the present
study. Thisis likely explained by the
fact that the sample group used
by Vizcaya et al.*® were of a higher
weightlifting standard (Sinclair
total = 287.7 vs. 214.6), and had
more homogenous performan-
ces (CV = 20.5% vs. 35.6%), than
the sample used here. This might
suggest that performances can
be better explained through dif-
ferent tests dependent on com-
petitive standard, likely as a result
of differences in underpinning
physical qualities and differences
in technical ability. The HJ is cur-
rently somewhat under-resear-
ched in terms of its use in talent
identification, and specifically for
weightlifting performance as-
sessment. However, our findings
demonstrate avery large relation-
ship between the HJ with absolute
weightlifting performance and
relative weightlifting performan-
ce. Outside of weightlifting, the HJ
has been found as a reliable tool

to predict athletic performance
in shotput (r = 0.72)}, and shown
to have a large correlation with
sprintacceleration

(r=0.61)*, peak sprint velocity (r
=0.67)*, and a very large correla-
tiontostrength

(r = 0.81)*. Additionally, it is no-
teworthy that Peterson, Alvar &
Rhea**foundalarge correlation to
sprint performance only in fema-
les (r = 0.61-0.66), with a weaker
correlation with males (r = 0.42-
0.48). This potentially highlights
sex differences in underpinning
biomotor qualities, which is worth
considering when providing exer-
cise selection for TID purposes.
Similar to the HJ, sprint tests and
weightlifting performances are
currently lacking depth in resear-
ch.Horietal.* reviewed the corre-
lation of the hang power clean and
change of direction, sprint and
jump performances. A large corre-
lation was noted from Hori et al.*®
between one-repetition maximum
hang power clean and 20 m sprint
performance (r = -0.58). Similar
findings are presented in this stu-
dy between the clean and sprint
performance. This study noted a
large correlation with sprint per-
formance and absolute weightli-
fting performance, and a stronger
relationship with relative perfor-
mance. Due to the strong relation-
ships previously noted between
measures of strength and sprint
performance®*3, itis unsurprising
that we see these correlations
between short distance high ve-
locity running and weightlifting
performance, which itself is hi-
ghly correlated with measures of
strength®. Whilst our study does
provide evidence that there is a
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strong relationship between wei-
ghtlifting and sprint performan-
ces, there was not enough unique
variation explained to warrant the
inclusion of the 30ST into the pre-
diction model.

The MBT has been used as an as-
sessment for power and validated
as a reliable test by Stockbrugger
& Haennel* who also demon-
strated a very large correlation
between MBT and VJ power index
(r=0.91).In the present study, the
MBT was able to provide a large
significant a correlation with the
clean & jerk, but failed to demon-
strate any significant correlations
with relative weightlifting perfor-
mance, or absolute performance.
As the MBT demonstrates the abi-
lity of the lower body, trunk, and
upper body to express power as a
working unit**#, the inclusion of
this the MBT as a test to predict
weightlifting performance initially
seemed appropriate. Considering
the sport of weightlifting is based
around the sequencing and coor-
dinated contributions of the legs,
trunk, and armsY, there would
have perhaps been an expectation
foragreaterrelationship between
MBT and performance than was
found in this study. A likely contri-
buting factor to this was the ar-
bitrary mass of the medicine ball
used in our testing. In line with the
BWL TID protocol, males were re-
quired to throw a 6 kg ball, whilst
femaleswererequiredtothrowa4
kg ball. Considering the difference
in mass between the heaviest and
lightest participants in our study,
it stands to reason that the re-
sulting difference in relative load
experienced by each participants
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may have impacted in the ability
of the test to differentiate perfor-
mances in this test. Future work
should aim to identify how this
test differentiates performancein
samples of similarly sized weight-
lifters.

The purpose of this study was to
establish the relevance of the
phase-one BWL TID testing bat-
tery against weightlifting perfor-
mance. To do this we purposefully
recruited male and female partici-
pants who were representative of
different weight categories, levels
of weightlifting experience, and
performance standards. Of cour-
se, the strength of relationships
between selected tests and mea-
sures of physical performance are
sensitive to the characteristics of
thesample,andtothe samplesize.
It is also important that future re-
search considers the relevance of
this TID testing battery to athletes
of a particular standard, athletes
from different weight categories,
using a larger sample, and asses-
sing their relevance to male and
female weightlifters separately.
In addition, it should be remem-
bered that these physical tests
only provide a snapshot of current
ability, not of potential. Any phy-
sical testing battery related to a
TID program should carefully con-
sider how these tests are able to
demonstrate underlying physical
traits and therefore future poten-
tial, rather than simply reflecting
their current training state. Final-
ly, each of the tests included in the
BWL TID testing battery have pre-
viously been demonstrated to be
correlated with maximal strength.
As such, future research should

include an independent measure
of strength alongside these tests,
in order to establish the extent of
the shared variance. It should be
noted that the results of this study
have already been considered as
part of an updated BWL TID proto-
col, and furtherresearchin optimi-
sing this approachisongoing.

CONCLUSIONS
AND PRACTICAL

APPLICATIONS

The results of this study provide
early evidence that the HJ can be
used as an appropriate predictor
of weightlifting performance for
adults. Due to the relatively small
sample size, generalisation and
extrapolation should be applied
cautiously. However, the results
of the post hoc power analysis
support the validity of the results
presented here. The limited requi-
rements of resources for the exe-
cution of the assessment provide
a logistical advantage over other
forms of assessment. However,
the practitioner should carefully
consider the relevance of this par-
ticulartesttothe athletes theyare
working with, with particular con-
sideration to performance stan-
dard, previous experience, and
sex. Furthermore, the relation-
ships demonstrated between VJ,
HJ, and 30ST with various measu-
res of weightlifting performance
provide additional evidence that
these movements all share similar
underpinning strength and power
requirements. Therefore, training
for enhanced high-force and hi-
gh-velocity actions could be opti-
mised by the inclusion of some, or
all, of the exercises presented in
this study.




HORIZONTAL JUMP PREDICTS WEIGHTLIFTING PERFORMANCE

ADAM SPENCE

References

1. Almuzaini, K. S., & Fleck, S. J. (2008). Modification
of the standing long jump test enhances ability to
predict anaerobic performance. Journal of Stren-
gth & Conditioning Research, 22, 1265-1272.
doi:10.1519/JSC.0b013e3181739838

2. Beckham, G. Mizuguchi, S. Carter, C. Sato, K. Ram-
sey, M. Lamont, ... Stone, M. (2013). Relationship
of isometric mid-thigh pull variables to weight-
lifting performance. Journal of Sports Medicine
and Physical Fitness, 53, 573-581. Retrieved from
http://www.minervamedica.it/en/journals/spor-
ts-med-physical-fitness/article.php?cod=R40Y-
2013N05A0573

3. Canavan, P. K,, Garrett, G. E., & Armstrong, L. E.
(1996). Kinematic and kinetic relationships betwe-
en an Olympic-style lift and the vertical jump.
Journal of Strength & Conditioning Research, 10,
127-130. d0i:10.1519/00124278-199605000-00014

4. Carlock, J. M., Smith, S. L., Hartman, M. J., Morris,
R. T, Ciroslan, D. A, Pierce, K. C,, ... Stone, M.
H. (2004). The relationship between vertical jump
power estimates and weightlifting ability: A field-
test approach. Journal of Strength & Co nditioning
Research, 18, 534-539. doi:10.1519/R-13213.1

5. Castro-Pinero, J., Ortega, E B., Artero, E. G., Gire-
la-Rejon, M. J., Mora, J., Sjostrom, M., & Ruiz, J.
(2010). Assessing muscular strength in youth: Use-
fulness of standing long jump as a general index
of muscular fitness. Journal of Strength & Con-
ditioning Research, 24, 1810-1817. doi:10.1519/
JSC.0b013e3181ddb03d

ADAM HAS BEEN A STRENGTH AND CONDITIONING
PRACTITIONER FOR OVER TEN YEARS. HE IS CURRENTLY THE

STRENGTH AND CONDITIONING COACH AT ROYAL HOLLOWAY
(UNIVERSITY OF LONDON), IN THE UK.

RICH J. KITE

RICH HOLDS A BSC

IN STRENGTH &
CONDITIONING AND
UNDERGOING A
MASTERS OF RESEARCH
IN SPORTS SCIENCE.

RICH IS CURRENTLY A
DEVELOPMENT OFFICER
AND REGIONAL TALENT
COACH FOR BRITISH
WEIGHT LIFTING.

6. Champely, S. (2016). Pwr: Basic Functions for Power
Analysis. R package version 1.2-0. Retrieved from
http://Cran.r-project.org/package=pwr.

7. Channell, B. T., & Barfield, J. P. (2008). Effect of
Olympic and traditional resistance training on
vertical jump improvement in high school boys.
Journal of Strength & Conditioning Research, 22,
1522-1527. d0i:10.1519/JSC.0b013e318181a3d0

8. Chelley, M. S., Hermassi, S., & Sheppard, R. J. (2010).

Relationships between power and strength of

the upper and lower limb muscles and throwing
velocity in male handball players. Journal of
Strength & Conditioning Research, 24, 1480-1487.
doi:10.1519/JSC.0b013e3181d32fbf

9. Chiu, L. Z. E, & Schilling, B. K. (2005). A primer
on weightlifting: From sport to sports training.
Strength & Conditioning Journal, 27, 42-48.
Retrieved from http://journals.lww.com/nsca-scj/
Abstract/2005/02000/A_Primer_on_Weightli-
fting From_Sport_to_Sports.8.aspx

10. Cleather, D. J. (2006). Who is strongest? Adjusting
lifting performance for differences in bodyweight.
Professional Strength & Conditioning, 3, 18-20.
Retrieved from uksca.org.uk/UKSCA-IQ

11. Cleather, D. J., Goodwin, J. E., & Bull, A. M. (2013).
Inter-segmental moment analysis characterises the
partial correspondence of jumping and jerking.
Journal of Strength & Conditioning Research, 27,
89-100. doi:10.1519/JSC.0b013e31825037ee

L10T 12qudd-12quiandag / § N




=1
=]
=]
I
=
Q
=l
L
B~
o0
5
&
=
=
20
=
=]
[+
5]
o
o
=
j=3
s3]
[
=
el
e
o
=
=]
=
j=3
2
—
.=
Q
=
o
=

HORIZONTAL JUMP PREDICTS WEIGHTLIFTING PERFORMANCE

References

12. Cohen, J. (1977). Statistical power analysis for the
behavioural sciences. New York: Academic Press.

13. Cushion, E. J., Goodwin, J. E., & Cleather, D. J.
(2016). Relative intensity influences the degree of
correspondence of jump squats and push jerks to
countermovement jumps. Journal of Strength &
Conditioning Research, 30, 1255-1264. doi:10.1519/
JSC.0000000000001211

14. Darrall-Jones, J. D., Jones, B., Roe, G., & Till, K.
(2016). Reliability and usefulness of linear sprint te-
sting in adolescent rugby union and league players.
Journal of Strength & Conditioning Research, 30,
1359-1364. doi: 10.1519/JSC.0000000000001233

15. Enoka, R. M. (1988). Load-and skill-related changes
in segmental contributions to a weightlifting move-
ment. Medicine and Science in Sports and Exercise,
20, 178-187. doi: 10.1249/00005768-198804001-
00013

16. Fry, A. C,, Ciroslan, D., Fry, M. D, LeRoux, C. D,,
Schilling, B. K., & Chiu, L. Z. (2006). Anthropo-
metric and performance variables discriminating
elite American junior men weightlifters. Journal of
Strength & Conditioning Research, 20, 861-866.
doi:10.1519/R-18355.1

17. Garhammer, J., & Gregor, R. (1992). Propulsion for-
ces as a function of intensity for weightlifting and
vertical jumping. Journal of Strength & Conditio-
ning Research, 6, 129-134. doi:10.1519/00124278-
199208000-00001

18. Hackett, D., Davies, T., Soomro, N., & Halaki, M.
(2015). Olympic weightlifting training improves
vertical jump height in sportspeople: a systematic

review with meta-analysis. British Journal of
Sports Medicine, 50, 865-872. doi:10.1136/bj-
sports-2015-094951

19. Hori, N., Newton, R. U., Andrews, W. A., Kawa-
mori, N., McGuigan, M. R., & Nosaka, K. (2008).
Does performance of hang power clean diffe-
rentiate performance of jumping, sprinting, and
changing of direction? Journal of Strength &
Conditioning Research, 22, 412-418. doi:10.1519/
JSC.0b013e318166052b

20. Hudgins, B., Scharfenberg, J., Tripplet, N. T., &
McBride, J. M. (2013). Relationship between
jumping ability and running performance in
events of varying distance. Journal of Strength &
Conditioning Research, 27, 563-567. doi:10.1519/
JSC.0b013e31827e136f.

21. Jaric, S., Mirkov, D., & Markovic, G. (1995).
Normalising physical performance tests for body
size: A proposal for standardization. Journal of
Strength & Conditioning Research, 19, 467-474.
doi:10.1519/R-15064.1

22. MacKenzie, S. J., Lavers, R. J., & Wallace, B. B.
(2014). A biomechanical comparison of the verti-
cal jump, power clean, and jump squat. Journal of
Sports Sciences, 32, 1576-1585. d0i:10.1080/0264
0414.2014.908320

23. Markovic, G., Dizdar, D, Jukic, I., & Cardinale, M.
(2004). Reliability and factorial validity of squat
and countermovement jump tests. Journal of
Strength & Conditioning Research, 18, 551-555.
doi:10.1519/00124278-200408000-00028

24. Magee, D. ]., Kachazewski, J. E., & Quillen, W. S.
(2007). Scientific foundations and principles of
practice in musculoskeletal rehabilitation. St.
Louis, USA: Saunders Elsevier.

25. Meylan, C., Cronin, J., Oliver, J., Hughes, M. &
McMaster, D. (2012). The reliability of jump
kinematics and kinetics in children of different



HORIZONTAL JUMP PREDICTS WEIGHTLIFTING PERFORMANCE

maturity status. The Journal of Strength & Conditio-
ning Research, 26, 1015-1026.

26. Moir, G., Shastri, P, & Connaboy, C. (2008). Interses-
sion reliability of vertical jump height in women and
men. Journal of Strength & Conditioning Research,
22,1779-1784. doi:10.1519/JSC.0b013e318185f0df

27. Narohuri, H., Newton, R. U.,, Andrews, W. A.,
Kawamori, N., McGuigan, M. R., & Nosaka, K.
(2008). Does performance of hang power clean
differentiate performance of jumping, sprinting,
and changing of direction? Journal of Strength &
Conditioning Research, 22, 412-418. doi:10.1519/
JSC.0b013e318166052b

28. Nuzzo, J. L., McBride, J. M., Cormie, P. & McCaulley,
G. O. (2008). Relationship between countermove-
ment jump performance and multi-joint isometric
and dynamic tests of strength. Journal of Strength
& Conditioning Research, 22, 699-707. doi:10.1519/
JSC.0b013e31816d5eda.

29. Pearson, D. T., Naughton, G. A., & Torode, M. (2006).

Predictability of physiological testing and the role
of maturation in talent identification for adolescent
team sports. Journal of Science and Medicine in
Sports, 9, 277-287. doi:10.1016/j.jsams.2006.05.020

30. Peterson, M. D., Alvar, B. A., & Rhea, M. R. (2006).
The contribution of maximal force production to
explosive movement among young collegiate athle-
tes. Journal of Strength & Conditioning Research,
20, 867-873. d0i:10.1519/R-18695.1

31. R Core Team (2015). R: A language and environment
for statistical computing. R Foundation for Stati-
stical Computing, Vienna, Austria. Retrieved from
https://www.r-project.org/.

32. Robertson, G. E., Caldwell, G. E., Hamill, J., Kamen,
G., & Whittlesey, S. N. (2014). Research methods in
biomechanics. Champaign, USA: Human Kinetics.

33. Seitz, L. B,, Reyes, A., Tran, T. T., de Villarreal, E.
S., & Hafl, G. G. (2014). Increases in lower-body
strength transfer positively to sprint performance:

34. Stockbrugger, B. A., & Haennel, R. G. (2001).
Validity and reliability of a medicine ball

35. Stone, M. H., Sanborn, K., O’Bryant, H. S., Hart-

36

37

38

39

40

41

42

43

A systematic review with meta-analysis. Sports
Medicine, 44, 1693-1702. doi:10.1007/s40279-

014-0227-1.

explosive power test. Journal of Stren-

gth & Conditioning Research, 15, 431-438.
doi:10.1519/1533-4287(2001)015<0431:VARO-
AM>2.0.CO;2

Z
o
(o]
~
w
(0]
<
=+
5
o
]
7
o)
o
[«
[¢]
2
g
(2]
=
[\S]
(=]
—
~

man, M., Stone, M. E., Proulx, C,, ... Hruby, J.
(2003). Maximum strength-power-performance
relationships in collegiate throwers. Journal of
Strength & Conditioning, 17, 739-745. Retrieved
from https://www.researchgate.net/publica-
tion/6728048_Maximum_Strength-Power-Perfor-
mance_Relationships_in_Collegiate_Throwers

. Stone, M. H., Moir, G. L., Glaister, M., & Sanders,

R. (2002). How much strength is necessary?
Physical Therapy in Sport, 3, 88-96. doi:10.1054/
ptsp.2001.0102

. Stone, M. H,, Sands, W. A, Pierce, K., Carlock, J.,

Cardinale, M., & Newton, R. U. (2005). Rela-
tionship of maximum strength to weightlifting
performance. Medicine & Science in Sports

& Exercise, 37, 1037-1043. doi:10.1249/01.
mss.0000171621.45134.10

. Tricoli, V., Lamas, L., Carnevale, R., & Ugri-

nowitsch, C. (2005). The short-term effects on
lower-body functional power development:
Weightlifting vs vertical jump training programs.
Journal of Strength & Conditioning Research, 19,
433-437. d0i:10.1519/R-14083.1

. Tucker, R., & Collins, M. (2012). What makes

champions? A review of the relative contribu-
tion of genes and training to sporting success.
British Journal of Sports Medicine, 46, 555-561.
doi:10.1136/bjsports-2011-090548

. Vizcaya, E. ], Vlana, O., del Olmo, M. E, & Acero,

R. M. (2009). Could the deep squat jump predict
weightlifting performance? Journal of Strength
& Conditioning, 23, 729-734. doi:10.1519/JSC.
0b013e3181a04dc3

. Winter, E. M., Jones, A. M., Richard Davison, R.

C., Bromley, P. D., & Mercer, T. H. (2007). Sport
and exercise physiology testing guidelines. Oxon:
Routledge.

. Wisleff, U., Castagna, C., Helgerud, J., Jones, R.,

& Hoft, J. (2004). Strong correlation of maxi-
mal squat strength with sprint performance
and vertical jump height in elite soccer players.
British Journal of Sports Medicine, 38, 285-288.
d0i:10.1136/bjsm.2002.002071

. Wolstencroft, E. (2002). Talent identification and

development: An academic review. Edinburgh;
Sport Scotland.



=1
=]
=]
I
=
Q
=l
L
B~
o0
5
&
=
=
20
=
=]
<
5]
o
o
=
j=3
s3]
[
=
el
e
o
=
=]
=
j=)
2
—
.=
Q
=
o
=

PROTECTED:
ACHILLES
TENDON
RUPTURES
AND THE NFL

“The speed at which animals can turn depends on the
forces involved in cornering, and larger animals need
to produce greater forces for any given turn. Howe-
ver, larger animals can apply relatively less force than
smaller animals for turns and so cannot turn as rapi-
dly.” R.Wilson, I. etal 2015

BY ANDREW “BUD"” CHARNIGA
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Three essays (“Its all connected”
parts I-lll) dealt with various is-
sues relating to ubiquitous mis-
information inspired by the aca-
demic and medical communities,
research flawed by gender bias
and the possibility to employ a ‘re-
verse engineering’ concept to gain
insight into injury mechanisms in
sports, were elucidated.In an ef-
fort to gain objective insights into
some common sports injuries to
the lower extremities; the low inju-
ry rate of weightlifters principally
to the ankle joint, and, especially
among females were examined.
Most of the examples presented
were of female weightlifters, who
would be expected according to the
biased thinking of American aca-
demia, to suffer certain injury. The
non - injury events were explained

PROTECTED: ACHILLES TENDON RUPTURES AND THE NFL

within the context of special re-
active physical qualities acquired
through training for Olympic style
weightlifting competitions. It was
reasoned these reactive physical
qualities are injury prophylactic.
A general conclusion formed from
these essays was the all the too ap-
parent lacking of these qualities in
the preparation of many American
athletes; hence the highinjuryrate
of ankles and knees.

To continue along the same line of
reasoning of reverse engineering
mechanisms; this essay will focus
on one injury in particular, a rup-
ture of the Achilles tendon in pro-
fessional American football.

Is there a connection between pre-
disposition for injury and exercise
techniques?

The answer to the question as to
whether certain exercise tech-
niques, specifically, strength and
conditioning exercise techniques
popular in the training of football
players from high school to profes-
sional ranks can predispose one to
injuryisanunequivocal yes.

How To Go About Breaking
Biological Springs

“We run and jump in a similar
fashion, stretching our Achilles
tendons by about 5% as we stress
them with forces around seven
times our weight. We also store
energy in the tendons of our feet
themselves.” Steven Vogel, 1988.
It should be emphasized such a
simple assertion that strength and
conditioning exercise techniques
can predispose one to injury; must

FIGURE NO. 1

PROFESSIONAL FOOTBALL PLAYER RUPTURES ACHILLES TENDON CUTTING TO AVOID TACKLE IN OPEN FIELD. IN GENERAL,
STRENGTH AND CONDITIONING EXERCISES AND TECHNIQUES EMPLOYED FOR FOOTBALL PLAYERS FAIL TO TAKE INTO ACCOUNT
ACTUAL GAME CONDITIONS: TO PURSUE AND AVOID PURSUIT. SHARP CHANGES OF DIRECTION NECESSITATE LOWERING

BODY CENTER OF MASS AND SUBJECTING THE LOWER EXTREMITIES TO INCREASED LOADING TO PRODUCE THE CENTRIPETAL
ACCELERATION FORTILTING THE BODY AND AT THE SAME TIME PREVENT TOPPLING OVER (BIEWENER, 2007; WILSON, 2015).
THE VISCOELASTIC PROPERTIES OF THE TENDONS, ESPECIALLY THE ACHILLES, COME INTO PLAY TO ENHANCE THE BODY'S
ABILITY TO PRODUCE THOSE FORCES TO MAKE SHARP TURNS WITHOUT TOPPLING OVER.
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be inclusive the influences of the
medical community, the academic
community, the athletic training
and physical therapy professions
exert in the training room and on
the athletic field. For example, a
by no means comprehensive list of
sources which influence condition-
ing techniques and methods is pre-
sented below.

= Bodybuilding; Powerlifting
= The National Strength and Con-
ditioning Association (NSCA)

«  Equipment manufacturers

= Personal training associations
= Strongman competitions

= Exercise emporiums

= Professional athletic trainers

= Physical therapists and ortho-
paedic surgeons

= Questionable research: espe-
cially gender biased

= University sports medicine
programs and textbooks

= Olympic lifting

= Online gurus

Indeed, the influence of the various
sources are obvious from the amal-
gamation of strength and condi-
tioning exercises and techniques
to be found in school, university
and professional football weight
rooms; and, are part of the training
in certification programs:

Exercise technigues, especial-
ly strength training exercis-
es, tend to be choreographed
to conform to arbitrarily de-
fined limitations of movement
deemed ‘safe’;

Exercise techniques can be
based on rudimentary knowl-
edge of biomechanics and/or
kinesiology;

The ubiquitous presence of
equipment  manufacturers
dictates most of the types ex-
ercises and the equipment
used: racks; chains; benches;
machines; bands; ropes; tires;
balls, etc.;

The teaching and mastery of
complex motor skills in gener-
al, are antithetical to exercises
employed in weight rooms;
Exercise to fatigue and/or
prolonged straining over sin-
gle repetition in weightlifting
exercises are frequently em-
phasized in strength training
workouts for athletes.

A connection between the rather
high number of Achilles ruptures
suffered by NFL players, 13 for
instance, by the first week of the
2011 season, and a single predis-
posing factor is not possible. How-
ever, such a connection is possible
with the amalgamation of all the
above influences, acting together
over time. This conclusion is based
onanalysis of non - contactAchilles
ruptures where there is no obvious
predisposing factor such as anoth-
er player or players falling on the
injured or otherwise subjecting the
tendon to unusual strain. Accord-
ing to various sources in the litera-
ture (Khalid, Hsu, Shaginaw, Myer,
Siebert) the frequency of Achilles
tendonrupturesinthe NFLappears
tobe ontherise; even though accu-
rate data as to the precise number
of incidents is hard to come by. The
NFLisabusiness, not an open book;
even though the overall injury rate

is high; likewise the cost in human
and financial terms. Various misin-
formation can be ascertained rel-
ative to the etiology of such a dev-
astating injury. From the little data
available, approximately one third
of football players are unable to re-
turn to the game after suffering an
Achilles rupture. Many maore have
difficulty or are unable to return
to their pre - injury power capabil-
ities. The generally acknowledged
prevalence of at least 5 - 10 rup-
tures per year probably costs the
leaguein the tens of millions of dol-
lars. Surgery is usually necessary,
recovery can take up to a year; re-
placements have to be found while
the athlete is recovering or if the
injury is career ending. Viewpoints
vary as to how football players go
about breaking the body's largest,
strongest spring, but not widely so.
From the standpoint of the ortho-
paedic surgeon, the mechanism of
Achilles tendon rupture involves:
“Mechanisms leading to tendon
failure involve the rapid loading
of an already tensed tendon. Pro-
posed mechanisms of loading or
overloading that result in an Achil-
les tendon failure include a dor-
siflexion force to the ankle with a
strong contraction of the triceps
surae muscle, pushing off of the
weight-bearing foot with the knee
in extension, and a strong dorsi-
flexion force on the plantar flexed
ankle”. (Khalid, 2016)

This mechanism echos a viewpoint
of the Achilles rupture etiology
from athletic training:

“I saw a common mechanism for
most of them. The athlete takes
some kind of back step and as he
pushes off, his knee extends at
the same time. This combination
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FIGURE NO.2

FEMALE STILL IN MID - AIR BEFORE LANDING BACK - FOOT - FIRSTTO FIX 154 KG BARBELL, WITH EXTREMELY FLEXED ANKLE.
COMPARE THIS TO FOOTBALL PLAYER AT THE APPROXIMATE INSTANT OF RUPTURING ACHILLES TENDON AFTER PLANTING
FOOT WHILE CARRYING A 450 GRAM FOOTBALL.

of eccentric loading of the Achilles
followed by forceful plantar flexion
and knee extension may overload
the tendon causing rupture”. Justin
Shaginaw, (2015)

And, from another surgeon:
“Stepping backward onto the toes
in order to push off the ground to
suddenly start forward.”

“Pushing forward into opposing
players by standing on the toes and
driving the heel to the ground.”
“Stopping suddenly on the toes in
an attempt to quickly change direc-
tions.” Seibert, (2011)

What this technical gobbledigook
means is the body’s largest, stron-
gest spring blows apart as a result
of everyday, normal running, turn-
ing, jumping mechanics: extend-
ing the leg against a raised heel.
How one can run about a football
field, run and jump about a bas-

ketball court and so forth, without
straightening the knee, hip and
ankle without raising the heel, i.e.,
sans this biomechanics, is left to
the imagination. Even more to the
point, how can any explosive mo-
tion from the lower extremities be
effective without all the muscles,
tendons and ligaments working to-
getherin the just describe gobble-
digook manner? Consider the con-
trasting circumstances depicted in
the three photos of figure 2. A 75
kg youngwoman is jerking a 154 kg
barbell (205% of her bodyweight).
The Achilles tendon of the football
player’s right ankle ruptures at ap-
proximately the instant he pushes
off while running with the ball. The
difference between the massive
strain (normal for weightlifters) on
the lifter's tendons and that of the
football player’s Achilles, who suf-

fered a serious injury is the wom-
an’s ‘spring’ stretches, elongating
up to 5 - 6% of its length to store
strain energy. On the contrary, the
football player's tendon ruptures
as it resists by comparison a mod-
est, natural elongation. There is
nothing out of the ordinary or un-
usual about the conditions under
which the football injury occurred.
Tendons are designed to store and
release elastic energy, that is why
they are referred to as viscoelas-
tic. The weightlifter in the example
dissipates the combined forces of
the her bodyweight and the barbell
on her tendons while storing strain
energy. The elastic (strain) energy
from the stretch is released just
as a spring recoils, when the lifter
pushes off to straighten her legs.
More power is generated with this
recoil than is possible from mere
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FIGURE NO.3

FEMALE WEIGHTLIFTER LIFTING 154 KG, PUSHING OFF THE REAR FOOT FROM A EXTREME STRETCH OF ACHILLES AND OTHER
TENDONS AND LIGAMENTS OF THE ANKLE AND FOOT. CHARNIGA PHOTOS

muscular contraction. There is no
logical argument, no amount of
technical jargon which can demon-
strate the relatively low stress
tendon blow out circumstances of
the football player are at all com-
parable to those of the everyday,
massive strains on the weightlift-
er's tendons. The young woman's
Achilles tendon and indeed the an-
kle joint, are subjected to strain far
exceeding the rather modest forc-
es on the tendons of the football
player’s ankle; which resulted in se-
rious injury. “Whenever the Achilles
lengthens too much too sharply, it
canrupture.” (Seibert, 2011)

Were there any truth to the above
statement Achilles tendon rup-
tures would abound; especially in
weightlifting.

Another line of thinking about ten-
don rupture etiology is from the

standpoint of conditioning coach-
es. Since a lot of these injuries oc-
cur in preseason or training camps
it was reasoned (and this is echoed
by the surgeons) the players were
out of shape when they reported
to camp and may have “Exercise
deficitdisorder”; aterm used to de-
scribe young athletes: “who do not
have enhanced physical prowess
and necessary neuro - muscular
controlareatincreased risk of inju-
ry, as evidenced by epidemiological
reports on anterior cruciate liga-
ment injuries....” Myer et al, 2011
Consequently, the authors conclud-
ed the rash of injuries which oc-
curredinthe immediate aftermath
of the 2011 NFL lockout were due
to the players reporting to training
camp in the absence of sufficient
time training with the strength
and conditioning coaches, athletic

trainers and medical staff ‘to ease
them into the rigors of preparing
for the football season’. (Myer et al,
2011)

Prematurely aging the younger
athlete

In their review Myer, et all, 2011,
noted that research of NFL Achil-
les ruptures established an aver-
age age of 29. Whereas, Myer, et al,
found that of the rash of rupture
injuries in 2011 the average age
was 23.9 years. As already noted
the authors attributed this cata-
strophicinjurytoalack of time with
the amalgamation of condition-
ing coaches, trainers and physical
therapists; creating a sort of “Ex-
ercise deficit disorder”. A far more
plausible explanation for the reju-
venation of rupture victims is the
cumulative effects from an earlier
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onset of bodybuilding/powerlift-
ing exercises and techniques in
strength training, ankle taping, i.e.,
restrictive range of motion exercis-
es and supported taping, already,
in high schoal. Surgeons typically
see this type of injury with “40 - 60
year old” male weekend warriors
playing pick up basketball and such
(Stone, K., 2015).

The common thread between the
NFL and the middle age rupture
victims, unequivocally, is a loss off
muscle-tendon elasticity. The foot-
ball players have been ‘stiffened’
with bodybuilding/powerlifting ex-
ercises and a general lack of bend-
ingthe hip, knee,and, especiallythe
ankle through a large amplitude of
motion; roughly equivalent to what
happens to the weekend warriors:
aging and lack of conditioning.
Were the assessment of Myer, et
al, at all plausible there would be
sufficient evidence to demonstrate

PROTECTED: ACHILLES TENDON RUPTURES AND THE NFL

Achilles ruptures were a common
injuryinthemorethan 100year his-
tory of American football. And, with
advent of the strength and condi-
tioning coach, athletic trainers tap-
ing ankles and knees, taping shoes
toankles, knee braces, and so forth;
the rate of Achilles ruptures would
naturally decline because the play-
ers with “Exercise deficit disorder”
would have begun to disappear,
i.e., the ankles of young athletes
would be better ‘conditioned’ and
protected with tape and braces.
On the contrary, sans data preced-
ing the appearance of the weight
coach and ankle taping practi-
tioners; most observers acknowl-
edge the rate is rising. Further-
more, since when did this disease
known as “Exercise deficit disor-
der” make its appearance?

The high rate of injury to the low-
er extremities, especially Achil-
les ruptures, strongly suggests

FIGURE NO.4

PROFESSIONAL FOOTBALL PLAYER RUPTURES ACHILLES TENDON AVOIDING
PURSUIT WHILE ‘PURSUERS' LIKEWISE MUST ALTER LINEAR MOVEMENTS TO

TACKLE RUNNER.

something is radically wrong
with the training and general
preparation of football players
A logical explanation, with an ex-
traordinarily high probability, is
the etiology of such an unusual,
devastating injury to young elite
athletes can be traced to heavy re-
liance on bodybuilding/powerlift-
ing exercises and methods in the
strength and conditioning of foot-
ball players. These practices are all
the more problematical because
they are coupled with the mability
altering use of taping/bracing of
joints. This type of strength train-
ing over time produces ‘linear ro-
bots’; capable of running linear-
ly; which in actuality, contradicts
the typical demands of the game.
“At first glance, tendon looks like
a poor spring. We've been talking
it about it here as an inextensible
spring, and a spring must stretch
to be of any use. In reality, though,
tendon can be stretched, just not
very much; it breaks when elon-
gated beyond about 8 percent.”
Steven Vogel, 1988. Based on this
statement by highly acclaimed
biologist Steven Vogel, tendons
are biological springs, the func-
tion and purpose of which is to
stretch and recoil. These biologi-
cal springs allow animals and hu-
mans to generate forces to jump
further and run faster than is pos-
sible from contraction of all the
muscles involved in these actions.
A tendon can rupture when it is
stretched up to 8% of its length.
That being the case, it is highly
unlikely the rupture injuries com-
mon to the NFL involve stretching
the body's main springs to 8%.
Why? Because very, very few if
any of the players ever elongate
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their Achilles in weight room ex-
ercises or on the field remotely
close to that of the young female
weightlifter in the illustrations.
Consequently, after many years of
powerlifting/bodybuilding weight
room exercises, taping and spat-
ting ankles, knees and so forth
and normal playing conditions
where the knee and ankles do not
bend through a large amplitude of
motion; the average NFL player's
range of motion, and especially the
muscle - tendon elasticity of the
lower extremities deteriorates.
In all probability the tendon rup-
tures because this loss of elasticity
creates internal resistance to what
should be normal coordination of
muscles and elongation of tendons
and ligaments from hip to foot.

The actions described above of
football players extending lower
extremities are normal movements
and are precisely how humans and
animals achieve power outputs un-
attainable by mere contraction of
muscles.

False notions of what constitutes
acceptable movement amplitude
in strength and conditioning exer-
cises, taping, bracing and so forth,
coalesce to ultimately to increase
the vulnerability of the ankle joint
tendons and ligaments in sports
like American football

The idea that the ability to turn the
ankle (inversion) rapidly could be
part of a complexreaction; aninjury
prophylactic; does not exist in the
world of athletic training

The ankle joint is full of Biologi-
cal springs - called ligaments and
tendons. That being said, it is illog-
ical to arbitrarily determine ‘safe’

and ‘unsafe’ motions for the ankle;
and of course it goes without say-
ing; to likewise go about taping or
otherwise restricting motion in
joints which are set up to move in
harmony, interconnected and in-

ter-conditionally to all other joints.
See illustrations in figures 6-8:
“A human or animal body is a com-
plex structure whose parts move
relative to each other.” R. McN. Al-
exadner, 1988

FIGURE NO.5

DIALECTICAL CONTRADICTIONS ARISE WHEN SERIOUS NON - CONTACT FOOTBALL
INJURIES TO THE LOWER EXTREMITIES ARE CONTRASTED WITH NORMAL, NON

= INJURY INDUCING WEIGHTLIFTING EXERCISES; THIS, DESPITE SIGNIFICANTLY
GREATER STRESS ON THE ‘UN - PROTECTED’ LOWER EXTREMITIES OF
WEIGHTLIFTERS. CONTRASTING CIRCUMSTANCES ARE DEPICTED ABOVE OF INJURY
WITH NORMAL HIGH STRESS ON LOWER EXTREMITIES. FROM LEFT TO RIGHT:
A'SERIOUS KNEE INJURY OCCURS FROM NON - CONTACT RUNNING; A FEMALE
EXECUTES ANORMAL MAXIMUM BENDING IN ANKLE JOINT WHILE FIXING 220% OF
BODYWEIGHT OVERHEAD IN THE CLEAN AND JERK; AN ACHILLES TENDON RUPTURE
FROM NON - CONTACT MOVEMENT IN FOOTBALL..

FIGURE NO.6

NOTE: PERCEIVED EXTREMELY NARROW ‘SAFE' RANGE OF MOVEMENT OF THE
ANKLE JOINT ILLUSTRATED IN THE PICTURE ON THE LEFT AND THE OBVIOUS
SOLUTION TO ‘PROTECT' THE ANKLE BY ‘SPATTING' THE FOOT AND ANKLE JOINTTO
THE SHOE.
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Football-injurya

Bodybuilding/powerlifting movements constitute
the majority of exercises and techniques to be found
in the high school, college and professional weight
rooms. In general these exercises are not performed
with full range of motion in joints; are performed
slowly with heavy weights and/or become slow in one
set with multiple repetitions. These exercises are low
skill movements, relatively simple in motor structure;
or, in the case of weight machines, movement
constitutes antithetical = skill.Furthermore, with
heavy weights or prolonged contractions through

FIGURE No.7

THREE PHOTOS DEPICT FEMALE AND
MALE WEIGHTLIFTERS TWISTING ANKLES.
IN EACH CASE THE ATHLETE TWISTED

THE ANKLE HOLDING A HEAVY BARBELL
OVERHEAD, WITHOUT CONSEQUENCE.

multiple repetitions this type of training is almost
indistinguishable from isometrics. Strength training
in this manner over a long period of time has been
shown to reduce muscle - tendon elasticity. Hence,
Russian sport scientists who studied the negative
effect of bodybuilding/powerlifting exercises for
strength training athletes in dynamic sports note:
“Allofthishasanegative effecton muscleelasticity,on
their ability to stretch and relax, and an unfavorable
effect on those sport exercises which require speed
strength and precise movement coordination.”A.l
Falameyey, 1985

FIGURE NoO. 8

THE SINGLE WORST IDEA EVER CONCEIVED IN THE REALM OF ATHLETIC TRAINING: ‘TIGHTER LIGAMENTS', AND THE
DISASTROUS AFTERMATH IT HAS SPAWNED. FOOTBALL LINEMEN WEARING KNEE BRACES WITH HIGH TOP SHOES AND NO
DOUBT, ANKLES TAPED FOR ADDITIONAL SUPPORT TO PREVENT INJURY. A STARK CONTRAST BETWEEN FOOTBALL LINEMEN
REQUIRED TO “TIGHTEN" JOINTS WITH BRACES WITH FEMALE WEIGHTLIFTER SUBJECTING THE LOWER EXTREMITIES TO
EXTREME LOADING SNATCHING 103 KG; SANS ANY SUPPORT OTHER THAN BONE, MUSCLES, TENDONS AND LIGAMENTS.
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FIGURE No.9

ELITE COLLEGIATE FOOTBALL PLAYER SUFFERS SEASON ENDING KNEE INJURY ATTEMPTING TO DECELERATE; HIS RIGHT

LEG IS INJURED WITH HEEL STRIKE FIRST, IN PURSUIT OF OPPOSING RUNNER WHO IS CUTTING TO AVOID TACKLE. MORE
THAN SUFFICIENT EVIDENCE OF THE MYRIAD INFLUENCES AFFECTING THE TRAINING OF FOOTBALL PLAYERS FROM THE LIST
PROVIDED CAN BE FOUND IN NUMEROUS WEIGHT ROOM VIDEQS POSTED BY UNIVERSITIES AND PROFESSIONAL TEAMS.

»  www.youtube.com/watch?v=e-jopcihzmm
Inthisvideo the athleteis ‘coached’ to perform slow grinding half squats chained to a resistance machine;

= www.youtube.com/watch?v=3zzVLRARNMo
In this video athletes perform powerlifting type squats with heavy weights, inside rack with depth of
bending controlled, employ machines etc.;

= www.youtube.com/watch?v=vtxsW8yydac
The coach in this video instructs athletes to squat, pointing out that he has good ankle flexibility.
Aclassic example of the blind leading the blind, he sits back in half squat with shins vertical.

«  www.youtube.com/watch?v=xWBSf4BfKRk

ACLinjury preventionvideo demonstrates techniques to prevent knee injury. The concepts presented to
bend a certain way with feet aligned with shin and so forth contradict the un-choerographed demands
on the athletes lower extremities on the field.

»  www.youtube.com/watch?v=x7BI7rMGQxc
This video is a vivid example of the utter lack of any conceptual understanding of flexibility, suppleness,
muscle tendon elasticity and so forth. How else can this be described other than a ‘carnival barker' lead-
ing players ‘stretching’ boards at a lumberyard.
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Compounding the “stiffening”
effect of bodybuilding/powerlift-
ing training in the football weight
room; add the athletic trainer tap-
ing ankles, knees, shoes to ankles
and so forth and over time, ‘linear
robots’ emerge. Consequently, it is
precisely when the players report
to training camp that these muscle
-tendon - joint stiffening influenc-
es coalesce. When players’ whose
muscles have been ‘stiffened’ by
bodybuilding/powerlifting move-
ments and machine exercises,
take the field and are expected to
perform dynamic, explosive move-
ments with taping and bracing they
are confronted with what the Rus-
sian sport scientists call ‘internal
resistance’. The agonists/antag-
onists involved in @ motor action
have to ‘cooperate’ in order to min-
imize internal resistance to move-
ment and maximize power output.
Furthermore, this ‘cooperation’
allows athletes to react to unantic-
ipated conditions and avoid injury.
Consider the quote below refer-
ring to this concept of lessening
internal resistance by training with
movements of large amplitude.

“It is easy to stretch the muscle
antagonists and thereby lessen
the resistance to the power of the
muscle agonists, the contraction
of which perform the movement,
if one possesses large movement
amplitude.” A.N.Vorobeyev, 1988

It is rare if any football player ex-
ercises the knee, hip and ankle
through a large range of move-
ment. This, out of fear of bending
the knee and ankle so far as to
stretch ligaments and tendons, i.e.,
theinfluence of strengthand condi-
tioning coaches, trainers, academ-
ics, medical staff, etc. Consequent-

PROTECTED: ACHILLES TENDON RUPTURES AND THE NFL

FIGURE No.10-10.B-10.C

A CONTACT ‘NON - INJURY' IN WEIGHTLIFTING.
WEIGHTLIFTER DROPS 178 KG ON HIS SHANK
WITHOUT SUFFERING INJURY DESPITE ABSORBING
THE FULL WEIGHT OF THE BARBELL. THE ELASTICITY OF
THE LIFTER'S MUSCLES AND ESPECIALLY THE ACHILLES
TENDON DISSIPATE THE ENERGY OF THE FALLING MASS
WHICH UNDER ANALOGOUS CONDITIONS ONE WOULD
EXPECT SOMETHING LIKE THIS TO LAY WASTE TO A
WHOLE FOOTBALL TEAM.
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ly, the axiom from Biology ‘use it or
lose it’, applies to the prospect of
losing range of motionin joints and
especiallymuscle tendon elasticity;
after years joint stiffening exercis-
es, taping and bracing of joints.

CONCLUSIONS
Weightlifters subject the lower

extremities, especially the ankle
joint and Achilles tendon, to forc-
es far exceeding those of football
players at any level; yet experience
exceptionally low rates of injury
to ankle and almost non - existent
to Achilles tendon. Weightlifters
train such that all the muscles,
tendons and ligaments of the low-
er extremities perform as a single
leg spring. The unrestricted move-
ment of all the supple weightlift-
er's joints, muscles, tendons and
ligaments of the leg spring are
interconnected, interdependent
and of course, inter-conditional.

The same cannot be said of the
football players’ lower extremities;
the elasticity of their muscles, ten-
donsandligaments can be compro-
mised over time by bodybuilding/
powerlifting, ie., slow exercises
lacking full range of motion. Fur-
thermore, the elastic mobility of
the leg spring can be the compro-
mised by artificially compartmen-
talizing the interconnected links,
i.e., restricting movement of joints;
with tape and supports.

There is sufficient anecdotal evi-
dence that the strength training
regimens of football players is
made up of a preponderance of
bodybuilding/powerlifting exercis-
es and techniques. Over the long
term of more than eight years,
from high school to professional
ranks, this has to adversely affect
muscle tendon elasticity. This in
turn, makes these athletes more
susceptible to what should be an
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THE USE OF COMPLEMENTARY EXERCISES TAKEN FROM OLYMPIC WEIGHTLIFTING

INTRODUCTION

Medically Unexplained Symptoms,
known as MUS, are symptoms that
do not belong to a pathological pic-
ture, but express the non-specific
discomfort that precedes it from
a minimum of six months to a few
years. People with MUS present
have specific features such as:
FATIGUE

difficulty when waking up, loss of
strength, fatigue not proportional
to the effort exerted.

EMOTIONAL DISORDERS

anxiety, apathy, melanchaly, fear,
compulsive behaviour, sadness, dis-
comfort in relationship with others,
difficulties in relationships, etc.
THERMOREGULATION

hands and feet permanently cold,
shivers, the need to wrap up warm
in order to feel well, constant suf-
fering from the cold.

INSOMNIA

difficulty falling asleep, difficulty
sleeping, waking at night, waking
earlyinthe morning, light sleep, ex-
tended but non-restorative sleep.
APPETITE

changes in appetite, compulsive
hunger, lack of appetite, hunger
disproportionate to requirement,
initial hunger but inability to finish
meal or hungerin between meals.

STOMACH

stomach acid, stomach aches,
belching, acid belching, bloating af-
ter meals, nausea.

COLON

constipation, diarrhoea, bowel
movement changes, colon pain, me-
teorism, urgent need to evacuate,
painful evacuation of bowels.
PERSPIRATION

sweating not proportional to move-
ment, sweating alterations, diffi-
cultyin sweating during movement,
excessive sweating even in the ab-
sence of movement.

DESCRIPTION

The greater the symptoms, the
greater the imbalance in metab-
olism, body composition and the
Neuro-Vegetative System (HRV).
Their absence, on the other hand,
reflects a state of health and psy-
cho-physical performance.

Who can suffer from MUS?

Individuals with stress and chronic
low-grade inflammation: from the
professional athlete to sedentary
types, from children to the elderly,
we are basically all potentially at
risk. The literature on physical ac-
tivity and health is now extensive
and consolidated. Numerous sci-
entific works have proven that the

conservation and quality of Skeletal
Muscle Mass is an excellent index of
health, prevention, longevity and
anti-aging. Loss of muscle mass is
often associated with several is-
sues such as: chronic fatigue, loss
of strength, myalgia, slow recovery
from disease, sarcopenia, cachexia,
delay in wound healing, low basal
metabolic rate (BMR), physical dis-
ability, poor quality of life and high
health costs. All are related to Medi-
cally Unexplained Symptoms (MUS).
Physical activity that is capable of
recovering the quantity, but above
all, the quality of Skeletal Muscle
Mass becomes fundamental. Today
there is extensive literature linking
Skeletal Muscle Mass and heavy
strength training as a tool for func-
tional and physiological recovery.
In this study, we shall evaluate the
functional difference in body com-
position between individuals suf-
fering from MUS and those without
MUS, compared to COMPETITIVE
WEIGHTLIFTERS without MUS, and
weshallassess how, and if, addition-
al exercises from Olympic Weight-
lifting, which have been scientifical-
ly recognised, can be a part of the
recovery method from MUS, and the
recovery of the functional and con-
stitutional Skeletal Muscle Mass.
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MATERIALS AND METHODS

To subdivide the case studies (population with presence of MUS, males and females, population with no MUS,
males and females, WEIGHTLIFTERS without MUS, male and female), the following questionnaire was submitted
all subjects, regardless of age, sex, physical and working activity:

MUS SELF-ASSESSMENT FORM

Please mark your answers with an X yes no

Have you been suffering from excessive tiredness or persistent fatigue?

Have you been suffering from mood swings?

Have you been suffering from persistent insomnia or night-time waking?

Have you been feeling sleepy during the day?

Have you been feeling anxious?

Have you been feeling listless?

Do you suffer from panic attacks?

Have you noticed changes in your heart rate (irreqular beats, increase in beats) when at rest?
Have you noticed any changes in your appetite (excessive hunger or lack of appetite)?

Do you have night-time hunger pangs?

Have you been suffering from stomach acidity and aches, a feeling of fullness, bloating after
meals, nausea?

Have you been suffering from irritable bowel syndrome?

Do you suffer from periods of persistent constipation or changes in bowel movement?
Are your hands and feet often cold?

Do you experience changes in perspiration while asleep?

Do you often wake up in a bad mood?

Do you frequently feel a sense of unjustified quilt?

Do you have difficulty finding pleasure or relief as a consequence of positive facts?

Have you lost a significant amount of weight in recent months?
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THE USE OF COMPLEMENTARY EXERCISES TAKEN FROM OLYMPIC WEIGHTLIFTING

TOTAL subjects: 680, 80% women
and 20% men, average age 35years
Both subjects with MUS and sub-
jects without MUS had not been
engaged in physical activity for at
least 6 months.

Subjects with MUS

(Male and Female):

320, of which 80% women and 20%
men. The average age was 35.2
years. The average number of MUS
experienced was 10, including:

tiredness or persistent fatigue
persistent insomnia or night-time
waking drowsiness during the day
apathy changes in appetite acidity,
stomach aches, feeling of fullness
after meals and/or bloating cold
hands and/or feet night sweats
waking up oftenin bad mood

Subjects without MUS

(Male and Female):

290, of which 80% women and 20%
men. The average age was 34.9
years. The number of MUS was 0.

Competitive Weightlifters

(Male and Female):

80subjects made up of 80% women
and 20% men. The average age was
32 years. They trained on average 3
times aweek for a total of 6 hours a
week. Training took place between
2 pm and 7/8 pm. The participants
did not specify the presence or ab-
sence of diseases and the intake or
otherwise of medication. All sub-
jects voluntarily attended gyms or
fitness/personal training centres
with the purpose of “getting in
shape” or improving their perfor-
mance; the subjects were either
sedentary individuals, amateur

sportsmenandwomen, orathletes.
BioTekna BIA-ACC (Bioelectric Anal-
ysis Spectrometry) tools were used
for the Functional Evaluation of
body composition, and the follow-
ing parameters were considered:

HPA axis index (PA°): the PA° phase
angle parameter in bioelectrical
impedance diagnostics, that rep-
resents the integrity of cell mem-
branes and a correlation with the
circadian rhythm of cortisol (HPA
axis). A particularly low value is as-
sociated with low integrity of cellu-
lar membranes with low-quality of
muscle activity.Value less than 2.5:
absence of circadian rhythm of cor-
tisolwith elevation in the evening
From 2.5 to 3.5: absence of circadi-
an rhythm of cortisol;

Greater than 3.5: physiological cir-
cadian rhythm of cortisol;
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HSMI: the instrumental value indi-
cating muscle density. Normal val-
ue: min. 5.5 Kg/me in females and
7.2 Kg/me in males.

S-score: or sarcopenia score, the
instrumental value that indicates
the standard deviation of the mus-
cle from a healthy statistical ref-
erence sample between 25 and 30
years. Normal values: S-score from
-1 at positive values.
Pre-sarcopenia: S-score between
-land-2

Sarcopenia: S-score lessthan-2
Sarcopenia with loss of muscle
strength: S-score less than -2 and
alterations in muscle quality

DATA ANALYSIS

HPA AXIS INDEX (PA°)

GREATER THAN 3.5: PHYSIOLOGICAL
CIRCADIAN RHYTHM OF CORTISOL;
FROM 2.5T0 3.5: ABSENCE OF
CIRCADIAN RHYTHM OF CORTISOL;
VALUE LESS THAN 2.5: ABSENCE OF
CIRCADIAN RHYTHM OF CORTISOL
WITH ELEVATION IN THE EVENING

B witHMUS

T-score: instrumental value of BIA-
ACCindicating the stability of bone
density. It is the standard deviation
compared to a healthy statistical
sample between 25 and 30 years.
Reference T-scores are:

values less than -2.5: probable os-
teoporosis. Between -1 and -2.5:
probable osteopenia. Above -1:
standard values

FM%: Fat Mass; represents the to-
tal amount of lipids present in the
human body, minus the essential
fatty acids (EFA).

Range of normality: minimum 12%,
maximum 30% per females; mini-
mum 7%, maximum 25% for males.

B noMus

MuSCLE DENSITY
NORMAL VALUE: MIN. 5.5 KG/M2
FEMALES AND 7.2 KG/M2 MALES

IMAT%: percentage of intramus-
cular fat. normal values: max 2% of
BW, ideal <1.5% BW.

FFM% (Fat Free Mass): represents
all the parts of the body minus the
body parts less the fat mass.
Skeletal Muscle %:

The minimum skeletal muscle mass
to ensure longevity and maintain a
good state of health is:30% of FFM
for females, 35% of FFM for males

After the initial evaluation, subjects
with MUS were asked to work out at
the gym doing standard exercises
from OLYMPIC WEIGHTLIFTING + 1
POWER LIFT EXERCISE (Flat bench).

. LIFTERS

S-SCORE

NORMAL VALUES:S-SCORE
FROM -1 AT POSITIVE VALUES
PRE-SARCOPENIA: 5-SCORE
BETWEEN -1 AND -2
SARCOPENIA: 5-SCORE LESS
THAN -2
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B witHMUS

T-SCORE

VALUES LESS THAN -2.5: PROBABLE
OSTEOPOROSIS /BETWEEN -1 AND
-2.5: PROBABLE OSTEOPENIA/
ABOVE-1 STANDARD VALUES

FFM%
MINIMUM 75% BW

B vomus

I LIFTERS

FM%

MINIMUM 12%, MAXIMUM
30% FOR FEMALES.
MINIMUM 7%, MAXIMUM
25% FOR MALES.

SKELETAL MUSCLE %
MINIMUM 30% FFM
MINIMUM 35% FFM

IMAT%
MAX 2% BW, IDEAL
<1.5% BW.

The choice of the exercises was
carried out in accordance with
the following criteria:

OBJECTIVITY/SUBJECTIVITY: Ex-
ercises that produce tangible
results both objectively and
subjectively (e.g. Squat, Dead-
lift, Flat bench etc.).
RELIABILITY: there must be a
standard execution for every-
one, making only minor modi-
fications based on posture and
subject mobility.
REPEATABILITY OVER TIME: the
exercises must produce contin-
uous results over time and not
just partial/temporary results.
VALIDATION: the exercises
must be scientifically rec-
ognised.
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The individuals trained for 3
months, on average 3 times aweek,
performing the following exercises:

- DEADLIFT

- CLEANPULL

- SQUAT WITH BARBELL/STICK
OVER HEAD, WIDE GRIP, ARMS
STRETCHED

- FLATBENCH

- SQUAT WITH BARBELL (depend-

RESULTS Bl BEFORE

+70%

MINIMUM 75% BW FROM
2.5T0 3.5: ABSENCE OF
CIRCADIAN RHYTHM OF
CORTISOL; GREATER THAN
3.5: CIRCADIAN RHYTHM OF
PHYSIOLOGICAL CORTISOL;
LESS THAN 2.5: ABSENCE
OF CIRCADIAN RHYTHM OF
CORTISOL WITH ELEVATION
IN THE EVENING.

+6,6%

NORMAL VALUE: MIN. 5.5
KG/M2 FEMALES AND 7.2
KG/M2 MALES

ing on the individual's charac-
teristics, the exercise could be
performed asaFRONT squat, or
as a squat with the barbell be-
hind the head).

3 sets of 4-6 reps from 75% to 85%
of 1RM, 1 sec concentric phase,
2-3 seconds eccentric phase, 3-5

minutes recovery between both
sets and exercises. The training

B AFTER

+9%

LESSTHAN -2

PRE-SARCOPENIA: 5-SCORE
BETWEEN -1 AND -2
SARCOPENIA: 5-SCORE

sessions took place between 7am
- 3pm. From a nutritional point of
view, no strict diet was imposed,
the participants were simply been
asked to have a generous break-
fast, a mid-morning snack, a lunch
with complex carbohydrates and
vegetables, fruit for snack, and a
dinner of proteins and vegetables,
without introducing carbohy-
drates of any kind.

+12,5%

VALUES LESS THAN
-2.5: PROBABLE

INFLAMMATION) RISK OF
OSTEOPOROSIS

BETWEEN -1 AND -2.5:
PROBABLE OSTEOPENIA
GREATER THAN -1: VALUES
WITHIN STANDARD RANGE

OSTEOPOROSIS (IF CHRONIC
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B BEFORE B AFTER
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-13% -15% +9% +11%

MAX 2% BW, MINIMUM 75% MINIMUM 30% FFM
IDEAL <1.5% BW. MINIMUM 35% FFM
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MUS SELF-ASSESSMENT FORM ﬂn

Have you been suffering from excessive tiredness or persistent fatigue? X

Have you been suffering from mood swings?

Have you been suffering from persistent insomnia or night-time waking? X X
Have you been feeling sleepy during the day? X X
Have you been feeling anxious? X X
Have you been feeling listless? X

Do you suffer from panic attacks?

Have you noticed changes inyour heart rate (irregular beats, increase in beats) when at rest?

Have you noticed any changes in your appetite (excessive hunger or lack of appetite)? X

Do you have night-time hunger pangs?

Have you been suffering from stomach acidity and aches, a feeling of fullness, bloating after .

meals, nausea?

Have you been suffering from irritable bowel syndrome?

Doyou suffer from periods of persistent constipation or changes in bowel movement?

Are your hands and feet often cold? X

Do you experience changes in perspiration while asleep? X

Do you often wake up in a bad mood? X

Do you frequently feel a sense of unjustified guilt?

Do you have difficulty finding pleasure or relief as a consequence of positive facts?

Have you lost a significant amount of weight in recent months?

70% less MUS

CONCLUSIONS

The absence of MUS in individuals
practicing physical activity using
the methodology of exercises tak-
en from Olympic Weightlifting is
related to body composition, es-
pecially to the variables of body
composition that determine the
quality of Skeletal Muscle Mass.
In individuals suffering from MUS
(after practising complementary
exercises from Olympic Weightlift-

ing), a change in body composition
variables, and a 70% decrease in
MUS perception was observed.
The remaining MUS may be associ-
ated with an INCOMPLETE recovery
of circadian rhythms, as well as the
HPA (Hypothalamus- Pituitary-Ad-
renal) axis, in so far as the short
training period (3 months) did not
allow for a full recovery. This short
period is, however, sufficient to im-

prove the perception of well-being,
and consequently the style and
quality of life. It can be concluded
that the complementary exercises
taken from Olympic Weightlifting
and powerlifting are a very useful
tool for the recovery of MUS and of
body composition, in both qualita-
tive and quantitative terms.
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INTRODUCTION

Exercises that involve high rates of
force development (RFD), such as
the clean and snatch, are benefi-
cial for improving an athlete’s phy-
sical preparedness (9,11,12,14-
17,22,26,36).

Additionally, previous research has
demonstrated that weightlifters
produce greater peak force, hi-
gher velocities, and peak power in
comparison to powerlifters (22).
Acknowledging these findings,
weightlifting movements and their
derivatives are popular resistance
training exercises that are prescri-
bed by many strength and condi-
tioning practitioners. The transfe-
rability of the full clean and snatch
hinges on proper movement execu-
tion. Incidence of injury may increa-
se if the technique is not refined or
revisited during the training year
(8). To decrease the complexity of
the movement and reinforce pro-
per technique, weightlifting deri-
vatives used to teach the full wei-
ghtlifting movement can also be
usedintraining (3-6,31-33).

TYPE OF EXERCISE

The power clean from the knee (CK)
and power snatch from the knee
(SK) weightlifting derivatives are
complex multijoint exercises that
can be used to train lower-body
muscular power and strength at
key positions during the transition
into the peak power position and
the subsequent triple extension of
the hip, knee, and ankle joints.
Concurrently, these exercises also
provide the athlete with an oppor-
tunity to enhance their ability to
complete the catch phase using
movements that are less complex
than the full clean and snatch. The
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CK and SK may be performed from
a static position off of technique
blocks or with the bar lowered to a
hang position at the knee.

MUSCLES INVOLVED

The CK and SK involve muscles that
have been previously described
during similar weightlifting move-
ments (3-7,32,33).

1. Staticstabilityin the starting
position

e Gruppo Erector spinae group
(iliocostalis, longissimus, and
spinalis), rectus abdominis,
transverse abdominis, exter-
nal obliques, internal obligues,
quadratus lumborum, triceps
brachii (long head), deltoid,
subscapularis, latissimus dor-
si, brachioradialis, trapezius,
splenius capitis, splenius cer-
vicis, infraspinatus, serratus
posterior inferior, rhomboid
major, rhomboid minor, and
the supraspinatus.

2. Transition, second pull, and ca-
tch phases of the CKand SK

* Upper extremities: trapezius,
splenius capitis, splenius cervi-
cis, levator scapulae, rhomboid
minor, rhomboid major, serra-
tus posterior superior, poste-
rior deltoid, teresminor, teres
major, erector spinae group
(iliocostalis, longissimus, and
spinalis), rectus abdominis,
transverse abdominis, external
obliques, andinternal abliques.

* Lower extremities: quadriceps
group (rectus femaoris, vastus
lateralis, vastus medialis, and
vastus intermedius), gluteus
maximus, hamstrings group
(biceps femoris, semimembra-
nosus, and semitendinosus),

gastrocnemius, soleus, tibialis
posterior, flexor digitorum, pe-
roneus longus, and the pero-
neus brevis.

BENEFITS

OF THE EXERCISE

The CK and SK weightlifting deri-
vatives are skill-transfer exercises
that strength coaches can pre-
scribe to improve their athlete’s
development of weightlifting mo-
vements. Initially, the CK and SK aid
in the strengthening of the muscu-
lature used during the execution of
the full weightlifting movements.
In addition, these movements al-
low the athlete to focus on a pro-
per transition into the peak power
position and the triple extension of
the hips,

knees, and ankles, while also pro-
viding the additional stimulus of
culminating the lift with the catch
phase. Furthermore, these deriva-
tives can serve as transitional exer-
cises in learning the full weight-
lifting movements by integrating
previously described partial move-
ment derivatives (3-6,10,32,33). As
such, the CK and SK accompany the
short-to-long principle, or partial
to fullrange of motion, approach to
training the full weightlifting mo-
vements. In the practical setting,
the CK and SK involve both eccen-
tric and concentric muscle actions
that allow the athlete to efficient-
ly transition into the proper peak
power position and accelerate the
bar using a full-body triple exten-
sion movement while eliminating
the added stress of properly pul-
ling the

weight from the floor. For this re-
ason, the CK and SK can be used as
teaching tools to progress the te-
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chnigue of an athlete into the full li-
fts. In addition, these exercises can
also be used to enhance the RFD
and resultant competitive prepa-
redness through mechanical spe-
cificity. Specifically, commonalities
exist between an athlete’s position
inthis liftand common sporting mo-
vements (e.g., shot put, jump shaot,
tennis serve, maxvelacity sprinting,
and bobsled start) (29). In theory,
the static start of these movemen-
ts may allow for a large transfer of
training effect in athletes who are
required to produce high RFD and
power from a static starting posi-
tion (e.g., sprintersintrackand field
and American football linemen).
Finally, the CK and SK could theore-
tically be used as potentiating mo-
dalities because of the creation of
high

RFD during the movements. Pre-
vious research has incorporated
weightlifting derivatives into stren-
gth-power potentiating complexes
(1,23-25). Because of the decrea-
sed range of motion and ability to
overload the triple extension move-
ment, the CK and SK may be used as
part of a strengthpower potentia-
ting complex.

STARTING

POSITION

e In preparation to perform ei-
ther the CK or SK, technique
boxes or the safety bars of a
squat rack should be placed
so that the baris at the appro-
priate height relative to the
athlete’s anthropometrics.
Specifically, the bar should be
positioned directly in front of,
but not touching, the patella
just above the proximal attach-
ment of the patellar tendon.

FIGURE NoO.1

STARTING POSITIONS FOR THE POWER CLEAN FROM THE KNEE (LEFT) AND THE
POWER SNATCH FROM THE KNEE (RIGHT). NOTE THAT THE STARTING POSITION OF
THE ATHLETE MAY VARY SLIGHTLY BASED ON THE ATHLETE'S ANTHROPOMETRICS.

After the bar has been posi-
tioned properly, the athlete
should address the bar with his
or her feet approximately hip
width apart. The bar should be
positioned above the midfoot,
and the athlete’s toes should
be pointing slightly outward to
maintain consistent foot posi-
tioning with other weightlifting
derivatives (3-6,32,33).
Following foot placement, the
athlete should properly posi-
tion his or her hands on the bar.
The appropriate hand place-
ment will be based on whether
the athlete is performing the
clean or snatch variation (10).
The “hook grip” (fingers over
thumb) should be used for both
the CK and SKexercises to pre-
vent grip being a limiting factor
of performance. Because loads
in excess of @ maximum clean
or snatch may be used during
the CK and SK, respectively, ath-
letes may consider the use of
lifting straps.

Following the acquisition of
proper hand and grip place-

ment, the athlete should flex
forward at the hip while crea-
ting a normal lordotic curve in
the lumbar spine by isometri-
cally contracting the erector
spinae musculature to “raise”
the chest. Concurrently, the
athlete should flex the knee
until aslight stretch in the ham-
string is felt. The athlete’s shins
should beverticaland perpendi-
culartothe floorwhile his or her
shoulders should be positioned
ahead of the bar (Figure 1.

The athlete should then be
cuedThe athlete should then be
cued to internally rotate his or
her shoulders and “turn his or
her elbows out” to ensure that
a stable arm position exists for
the active pulling portion of
the CK and SK. This will assist in
preventingthe elbow joint from
prematurely bending (flexing)
during the pulling phase of the
exercises.

The athlete should be in-
structed to “sit on his or her
heels” in the starting position
to maximize his or her ability to
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produce the greatest possible
forces through the platform
during the initiation and conti-
nuation of the lift. This cue will
also allow the athlete to main-
tain the correct foot pressure
during the transition to the
peak power position and also
allow greater control and im-
proved bar speed.

TRANSITION
TO THE PEAK
PDWER POSITION

Before initiating the CK or SK
from the static starting posi-
tion, the athlete should create
a “tight” torso by developing
tension in the muscles of the
midsection by inhaling deeply.
The athlete should also main-
tain the lordotic curvature of
his or her lumbar spine to main-
tain the appropriate hip angle
to maximize the force produced
into the platform.

After achieving the set starting
position, the athlete should ini-
tiate the CKand SK by engaging
his or her hamstrings, glutes,
and erector spinae muscles to
beginto move the barvertically.
During the transition phase of
the CKand SK, the athlete must
transition the bar to the peak
power position (4,13,21) to
maximize the force and power
produced during the later se-
cond pull phase of the move-
ment. The transition of the bar
from the starting position to
the peak power position is ac-
complished by the athlete by
extending his or her backwhi-
le simultaneously moving the
hips and knees forward at the
same instant and tempo. At
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this point, the athlete should
be moving into a dorsiflexed
position at the ankle joint.
During the transition phase to
the peak power position, the
path of the bar should always
be moving vertically “up and
into” the body.

The bar should remain as close
as possible to the body without

athlete to continue to accele-
rate the bar without additional
frictional influences.

THE SECOND PULL

The second pull phase of the CK
and SK begins when the athle-
te reaches the power position.
As the athlete transitions to
the power position, he or she

should use the momentum the
first pullto build up theintensi-
tyinto an explosive pull.

touching the thighs until rea-
ching the peak power position
(Figure 2). This will allow the

FIGURE NoO.2

POWER POSITIONS FOR THE POWER CLEAN FROM THE KNEE (LEFT) AND THE
POWER SNATCH FROM THE KNEE (RIGHT). NOTE THAT THE POSITION OF THE
BARBELL MAY VARY SLIGHTLY BASED ON THE ATHLETE'S ANTHROPOMETRICS.

FIGURE No.3
THE SECOND PULL OF THE POWER CLEAN FROM THE KNEE (LEFT) AND THE
POWER SNATCH FROM THE KNEE (RIGHT).
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Upon reaching the power po-
sition, the bar should make a
“brushing” contact with the
thighs before the triple exten-
sion movement occurs. The
athlete should continue to
engage his or her erector spi-
nae musculature and keep his
or her elbows extended and
externally rotated to prevent
early bending (flexing) of the
elbows during the pull.

Atthis point, the athlete should
perform the triple extension
movement by explosively ex-
tending his or herhips, knees,
and ankles. Simultaneously,
the athlete should shrug their
shoulders to maximize barbell
velocity (Figure 3).

In addition to the shrug, the
athlete should be taught to sli-
ghtly flexthe wrists to keep the
barbell close to his or her body.
Following the pull, the athlete
should control the bar's de-
scent to the midthigh position.
The athlete can then either
lower the bar onto the tech-
nique boxes or power rack or
lower the bar to the hang posi-
tion at the knee in preparation
forthe next repetition.

E CATCH FOR
E POWER CLEAN
OM THE KNEE

Once the full triple extension
and shrug have been execu-
ted, the elbows should “break”
(bend/flex). The athlete should
be cued to “lead with the el-
bows” to further elevate the
bar as a continuation of the se-
cond pull.

The athlete should then be in-
structed to aggressively drive

the elbows forward and up
“through the bar.” The athlete
should rotate his or her elbows
around the bar from a vertical
position (above the bar) into a
horizontal position (in front of
the bar).

During the rotation of the el-
bows, the coach should direct
the athlete to “relax” his or her
grip, which will allow greater
flexibility of the wrists when re-
ceiving the weight on his or her
shoulders.

Simultaneously, the athlete
should flex the knees or “drop”
into a quarter squat position
to receive the weight as it
lands on his or her shoulders
(Figure 4). During the descent,
the athlete’s feet may leave
the ground and move slight-
ly outward to create a more
comfortable and stable posi-
tion to receive the bar.

The shoulders of the athlete
should make contact with the
bar at the same moment the
bar changes from ascension
to descension to avoid the bar
“crashing” on his or her shoul-
ders. The proper timing of this
chain of events is to prevent
the accumulation of unneces-
sary stress on the body.

When receiving the bar, or “ca-
tching the bar,” the athlete
should maintain a contracted
and braced midsection to pro-
vide optimal control of the wei-
ght and prevent an injury that
could occur through a deviated
trunkangle.

While in the catch position, the
athlete should continue to flex
the knees while activating his
or her quadriceps, hamstrings,

and gluteal muscles to apply
vertical forces to bring the de-
scension of the bar to a halt.
The athlete should then return
to an upright position comple-
ting the lift.

To properly return the barbell
to the technique boxes or rack,
the athlete should drop the
elbows and maintain an iso-
metric contraction of the mid-
sectionand posterior muscula-
ture to avoid any unnecessary
anterior pelvic tilt as the bar
descends to the midthigh po-
sition. The athlete can then ei-
ther lower the bar onto the te-
chnique boxes or power rack or
lower the bar to the hang posi-
tion at the knee in preparation
forthe next repetition.

Before initiating the next repe-
tition, the athlete should fully
return to the starting position
asdisplayedinFigure 1.

THE CATCH FOR
THE POWER SNATCH
FROM THE KNEE

After the completion of the

triple extension movement
and once the shrug has been
executed, the elbows should
“break” (bend/flex). The athle-
te should be cued to “lead with
the elbows” to further elevate
the barasacontinuation of the
second pull.
The athlete should then be in-
structed to rotate the hands
and elbows “around the bar.”
The elbows should appear to
rotate from a vertical position
above the bar into a position
thatis below the bar.

Simultaneously, the athlete
should flex the knees or “drop”
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into a quarter squat position
(Figure 4).

The athlete’s feet may leave
the ground during the “drop”
and move slightly outward to
a more comfortable and stable
position.

Atthis point, the athlete should
maintain contact with the pla-
tform through the whole foot.
This will allow for improved
control in the reception and
recovery during this transitory
phase.

The athlete should pressup un-
til the elbows are locked in full
extension. The athlete can be
cued to “push through the bar”
or “pull the bar apart” to main-
tain this extended position.
Just as described in the catch
for the CK, the athlete should
attempt to attain the receiving
position just as the bar chan-
ges direction from ascension
to descension to avoid the bar
“crashing” onto them.

When receiving the bar, or “ca-
tching the bar” the athlete
should maintain a contracted
and braced midsection to pro-
vide optimal control of the wei-
ght and prevent an injury that
could occurthrough a deviated
trunkangle.

While maintaining this position
with the weight overhead, the
athlete should have continued
knee flexion while applying ver-
tical forces until the descent
of the bar has stopped. Once
in control, the athlete should
then ascend into an upright
position completing the lift.

To return the barbell to the te-
chnique boxes or power rack,
the athlete should allow the
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FIGURE NO. 4

POWER POSITIONS FOR THE POWER CLEAN FROM THE KNEE (LEFT) AND THE
POWER SNATCH FROM THE KNEE (RIGHT]. NOTE THAT THE POSITION OF THE
BARBELL MAY VARY SLIGHTLY BASED ON THE ATHLETE'S ANTHROPOMETRICS.

weight to descend in a con-
trolled motion from overhead
to the midthigh position. Du-
ring this process, the athlete
should continue to maintain
an isometric contraction of
the midsection and posterior
musculature to avoid any un-
necessary anterior pelvic tilt
as the bar descends to the mi-
dthigh position. The athlete
can then either lower the bar
onto the technique boxes or
power rack or lower the bar to
the hang position at the knee
in preparation for the next re-
petition.

Before initiating the next repe-
tition, the athlete should fully
return to the starting position
asseeninFigure 1.

COMMON MISTAKES OF
THE POWER CLEAN AND
POWER SNATCH FROM
THE KNEE

The transfer of the training sti-
mulus produced by the CK and SK
hinges on proper movement execu-
tion. Moreover, if technique is not
reinforced during the training year,

theincidence of injuries may incre-
ase (8).

The athlete may begin the
movement without his or her
shoulders retracted and a
rounded back, which may re-
sult in an improper transition
to the peak power position and
may place excess stress on the
athlete’s lower back.
The athlete may not shift to a
fully upright position with the
shoulders, hips, and midfoot
in line before beginning the
second pull, causing the chest
and shoulders toremain ahead
of the bar.

The athlete may not allow the
hips and knees to shift forward
once the barbell passes the
knees (transition phase) as a
result of the athlete pulling
forward rather thanvertically.
The athlete may begin the se-
cond pull phase too early. Spe-
cifically, the athlete will begin
the second pull by performing
the triple extension motion
when the bar is visually too
low on the athlete’s thigh. This
would result in the athlete not



THE POWER CLEAN AND POWER SNATCH FROM THE KNEE

properly reaching the neces-
sary power position for maxi-
mum force production.

The athlete may “dip” (i.e., drop
under the bar) before comple-
ting the triple extension move-
ment.

The athlete may push his or
her hips too far forward during
the transition and second pull
instead of continuing to drive
vertically through the midfoot,
likely resulting in a looping of
the baraway from the athlete’s
body.

The athlete may transition his
or her body weight to his or her
forefoot too early, likely resul-
ting in the improper vertical
transference of force through
the midfoot before the triple
extension movement during
the second pull.

Premature elbow flexion may
prevent maximum transferen-
ce of generated force to the
bar before the second pull.
The athlete may not complete
the full triple extension move-
ment of the hips, knees, and

ankles, ultimately preventing
maximum vertical force pro-
duction.

The athlete may complete the
shrugging motion before the
fulltriple extension movement.
The athlete may not aggres-
sively shrug at the top of the
second pull, which may pre-
vent maximum bar velocity. Al-
though failing to aggressively
shrug at the top of the second
pull may notimpact lower-body
power development, it may im-
pact the transfer of the pulling
technique of the CKand SK.
During the CK, the athlete may
not elevate the elbows and up-
per arms high enough during
the catch, resulting in the wei-
ght resting on the wrists and
elbows instead of the shoul-
ders.

During the CK, the athlete may
lean forward during the catch,
causing rounding of the thora-
cic spine, which would lead to
greater weight distribution on
thetoesand unwanted pressu-
re on the wrists and elbows.

* During the SK, the athlete may
not keep his or her elbows
“locked” during the catch, whi-
ch may result in having to per-
form a partial press to regain
complete extension.

* During the SK, the athlete may
failto “push the head forward,”
which would result in the wei-
ght being slightly ahead of
the torso. This would prevent
the athlete from being able
to maintain the barbell in an
overhead position.

e During the SK, the athlete may
allow the barbell to travel too
far behind his or her head, whi-
ch may prevent him or her from
stabilizing the load in the cor-
rect position.

PRACTICAL
APPLICATION

The CK and SK weightlifting varia-
tionsareresistance training exerci-
ses that can be used in most blocks
of training. Like other weightlifting
derivatives, the CK and SK are pri-
marily used to enhance RFD, power
development, and explosive speed
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during the triple extension move-
ment. The CK and SK to a lesser ex-
tent may be used to overload the
triple extension movement; howe-
ver, other weightlifting derivatives
may be more effective as an over-
load stimulus (31). Practitioners
should be aware that the method
of performing the CK and SK may
change the training stimulus expe-
rienced by the athlete. Specifically,
ifthe CK or SKwere performed from
training blocks or a power rack, the
completion of the exercise may re-
quire greater RFD because the ath-
lete would have to overcome the
inertia of the training load from a
dead-stop position.

This variation of the CK and SK may
present more benefits to athletes
who perform an explosive move-
ment with RFD from a static star-
ting position (e.g., sprintersintrack
and field and American football
linemen). In contrast, a CK or SK
performed from the knee without
the assistance of training blocks
or a power rack could theoretically
require greater positional strength
inthe initial starting position.
Thisvariation of the CK or SK may be
appropriate for athletes with suf-
ficient levels of strength. Practitio-
ners may consider implementing
the CK and SK into maximal stren-
gth and strength-power training
blocks, where the primary goals are
to enhance maximal force output
and RFD. These types of training
blocks typically use reduced volu-
mes (335to333)and heavier trai-
ning loads (2,27,28). Previous re-
search suggests that the training
loads for the CK and SK will likely be
lower than that of the power clean
and power snatch from the floor
(19). However, athletes may be able
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to use loads comparable to those
used with the hang power clean
(18,20,30,35), considering the si-
milar displacement of the load. It
should be noted that the CK and
SK do not include a countermove-
ment that is characteristic of the
hang power clean or hang power
snatch, and thus, there may not be
as much preactivation of the ham-
strings. During a maximal strength
or strength-power training block,
the CK and SK can also be used to
reinforce technique before transi-
tioning to future training blocks in

which the full weightlifting move-
ments may be prescribed. The CK
and SK exercises may also be used
during speed-strength or explosive
speed training blocks. The primary
goalin speed-strength or explosive
speed training blocks is to enhan-
ce peak power output. Because
the CK and SK require the bar to be
“turned over,” they are speed-de-
pendent movements that require a
higher level of technical proficiency
compared with other partial move-
ments(31,34).The primarysetsand
repetitions thatwould be used with
these exerciseswould be, for exam-
ple, 3 sets of 5 repetitions during
a speedstrength block and even
lower for explosive speed blocks (3
33,332,and232)(2,27,28).Apau-
city of research on the optimal load
for peak power production during
the CK and SK exists. Thus, practi-
tioners must consider the loading
recommendations based on pre-
vious studies that have examined
similar weightlifting derivatives to
make evidence-based decisions on
loading for the CK and SK. As pre-
viously mentioned, it is likely that
theloadsusedduringthe CKand SK
may be comparable to those of the

hang power clean and hang power
snatch.

Previous research has suggested
that the optimal load of the lifter
plus bar system during the hang
power clean occurs at approxima-
tely 70-80% 1 repetition maximum
(RM) (18,20), whereas other stu-
dies indicated that greatest peak
power of the lifter plus bar system
occurred at 65% 1RM (30,35). Be-
cause of the similarities of the CK
and SK to the hang power clean
and hang power snatch, it is likely
that similar loads may be prescri-
bed with modifications for athlete
proficiency and strength as ne-
eded. Weaker or less technically
proficient athletes should focus on
improving peak power through li-
ghter loads, whereas heavier loads
may be prescribed for a stronger,
more technically proficient athlete.

The technique and application di-
scussed in this article should serve
as baseline information for those
interested in performing and im-
plementingthe CKand SKexercises.
The CK and SK may be used in the
teaching progression of the clean
and snatch exercises because they
emphasize positional strength du-
ring the transition phase, use the
double knee bend technique, and
train the triple extension of the hip,
knee, and ankle joints. Only general
recommendations may be made
on how best to implement the CK
and SK exercises because of the li-
mited amount of current research.
Future research should consider
examining the loading effects on
performance variables during the
CK and SK so that more specific re-
commendations can be made.
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MUSCLE ACTIVATION PATTERNS DURING DIFFERENT SQUAT TECHNIQUES

INTRODUCTION

Bilateral squats are a staple exer-
cise in most sport performance
and knee rehabilitation programs.
Despite its popularity in gyms and
sports medicine clinics, thereis litt-
le research on muscle activation
patterns during an unloaded bo-
dyweight bilateral squat other
than its use to strengthen the
quadriceps. Previous researchers
(4,18,24) have noted high quadri-
ceps activation and little hamstring
activation during the descending,
holding, and ascending phases of
the squat, supporting the use of
the bilateral squat for quadriceps
strengthening in rehabilitation and
performance programs. Althou-
gh the squat is a widely accepted
exercise to strengthen the thigh
musculature, sports medicine and
performance professionals teach
a variety of technigues, most com-
monly changing the stance width
and depth of the squat. Foot ab-
duction driven by hip rotation and
stance width generally vary among
practitioners and practice, howe-
ver no significant differencein qua-
driceps muscle activation patterns
have been noted when comparing
narrowand wide stanceandvarying
foot positions (12,32).

However, increased adductor lon-
gus and gluteus maximus activity
during a wide stance squat have
been reported (32). This suggests
that different stance widths do not
change the use of the squat as a
quadriceps strengthening exerci-
se, however they may help target
adjacent muscles. Another squat
techniquevariation, the deep squat
where maximal knee flexion is en-
couraged, may result in increased
gluteus maximus activation during

the ascending phase of the squat
(4), howeverincreased squat depth
using relative loads may not incre-
ase gluteal activation (6). Althou-
gh the full squat may not increase
hip involvement, poorly performed
squats have been associated with
altered gluteal activation (7), indi-
cating that changes in squat per-
formance may alter muscle invol-
vement. A poorly performed squat
may result in altered lower extre-
mity alignment such as increased
knee valgus which may expose the
lower extremity joints to excessive
torques that may require adaptive
muscle activation strategies to sta-
bilize the lower extremity joints.

Although many sports medicine
and performance professionals are
comfortable instructing patients to
execute proper squats, there is litt-
le information regarding differen-
ces in muscle activation patternsin
the lower extremity muscles during
squats with varying alignments.
Furthermore, strength and condi-
tioning coaches often design client
programs based on performance
on functional screenings and as-
sessments, including the bilateral
and single-leg squat (2,7,20). Un-
derstanding if different lower ex-
tremity alignments during a squat
change muscle activation patterns
in the lower extremity will provide
an evidence-based approach to
coaching patients on appropriate
squat alignment and designing ef-
fective strengthening programs.
Consideration for lower extremi-
ty alignment during the bilateral
squat is also important because of
the potential for increased patello-
femoral contact forces during knee
flexion (3,33,39,41). Some models

have predicted peak force during
the squat to be around 90-1008 of
knee flexion (14,15), which is com-
mon during squat exercises. Becau-
se the knee deviates from neutral
alignment near peak knee flexion,
different patterns of muscle activa-
tion may be necessary to attenua-
te the increased patellofemoral
forces and stabilize the knee joint.
For example, decreased vastus la-
teralis and increased gastrocne-
mius muscle activation have been
reported during squats with medial
knee displacement compared with
a neutrally aligned squat (29,36).
However, little is known about the
muscle activation patterns in the
rectus femoris and knee flexors
during knee joint deviations while
squatting. Increased knee flexor
activation during bilateral squats
may increase ligamentous strain to
stabilize the knee joint (37).

Therefore, bilateral squat positions
that increase muscle activation in
the hamstrings may increase knee
injury risk. This is particularly im-
portant given the growing popula-
rity of the ballet plie” squat where
clients purposefully lift their heels
off the ground and squat with wei-
ghtattheirtoesdespitealackofin-
formation about the way the lower
extremity musculature stabilizes
the knee joint during the increa-
sed anterior displacement. The-
refore, the purpose of this study
was to compare lower extremity
electromyographic muscle acti-
vation during a neutrally aligned
squat compared with antero-po-
sterior (AP) malaligned and me-
dio-lateral (ML) malaligned bilate-
ral squats. We hypothesized that
malaligned squats would result in
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increased quadriceps, hamstring,
and gastrocnemii activity compa-
red with control squats.

METHODS

Experimental Approach

to the Problem

A descriptive, repeated measures
laboratory study was used to com-
pare muscle activation patterns du-
ring the control, AP malaligned, and
ML malaligned bilateral squats. The
experimental approach provided
unique information about the mu-
scle activation patterns during
each squat technique to assist
sports medicine and performan-
ce professionals with information
about differences in lower extre-
mity muscle activation patterns
and strategies during commonly
performed malaligned squats. The
independent variable in this study
was the squat technique (control,
AP and ML aligned squats). The de-
pendent variables were lower ex-
tremity muscle activation pattern
during the squat cycle measured
with surface electromyography.

Subjects

Twenty-eight healthy, recreational-
ly active participants (19 women, 9
men) without self-reported history
of lower extremity injury volunte-
ered (21.56 3 years, 170 6 8.4 cm,
65.7 6 11.8 kg). All participants
were familiar with the squat exer-
cise. Exclusion criteria included
history of lower extremity injury
within previous 6 months, history
of low back pain or lower extremi-
ty joint surgery, pregnancy, known
muscular  abnormalities, and
known degenerative joint disease.
All participants signed informed
consent approved by the universi-
ty'sinstitutional review board.

Instrumentation

A wireless surface electromyo-
graphy (EMG) system (Trigno Sen-
sor System, Delsys Inc., Natick, MA,
USA: interelectrode distance = 10
mm, 80 dB common mode rejection
rate) was used to record lower ex-
tremity muscle activity. Electromyo-
graphy datawere sampled at 2,000
Hz. Maximal voluntary isometric
contractions were exported using
EMGworks Analysis software (ver-
sion4.1.1.0; Delsys Inc.). An electro-
magnetic motion-analysis system
(Ascension Technology Corpora-
tion, Burlington, VT, USA) was used
during collection. Kinematic data
were sampled at 144 Hz. Threedi-
mensional joint angles and EMG
data were synchronized, reduced,
and exported using MotionMonitor
software (Innovative Sports Trai-
ning, Chicago, IL, USA).
Electromyography Electrode
Placement

The electrodes for the quadriceps
muscles were placed on the distal
third of the participant’s vastus la-
teralis and vastus medialis and the
proximal third of the participant’s
rectus femoris. The lateral and
medial gastrocnemius electrodes
were placed at 20% of the distan-
ce of the shank from the knee joint
line to the lateral malleolus (36).
The electrode on the biceps femo-
riswas placed halfway between the
ischial tuberosity and the lateral
epicondyle of the tibia (19).
Procedures

Participants reported to the labo-
ratory for a single session wearing
athleticshoesandathleticclothing.
Electromyography electrodes were
placed over the muscles of interest
on the participant’s dominant leg,
defined as the preferred kicking

leg, after the skin was shaved, li-
ghtly abraded, and cleaned with
alcohol. After electromagnetic sen-
sors were attached, participants
placed the dominant leg within the
boundaries of a single force plate
embedded in the floor and the con-
tralateral leg on the floor, outside
of the force plate (13) (Figure 1).
The participant practiced bilateral
squats to parallel to become ac-
customed to the wires from the
electromagnetic motion capture
system. The participant was asked
to stand with feet shoulder width
apart, toes pointing forward and
was instructed to perform 5 squa-
ts to 908 of flexion with knees col-
lapsing inward (ML malaligned), 5
squats to 908 of flexion while lifting
heels off the floor (AP malaligned),
and 5 squats to 908 of flexion while
keeping heels on the floor and kne-
esinline with feet (control) (Figure
1). Feedback was only given during
the control squat and was stan-
dardized to include the following
statements: Sit back at your heels
like you're sitting in a chair; push
your knees out in the bottom of
the squat; keep your toes pointing
forward.

Normalization Procedures
Maximal voluntary isometric con-
tractions (MVICs) were collected
before the participant completed
any squats. Maximal voluntary iso-
metric contractions for the vastus
lateralis, vastus medialis, rectus
femoris, and biceps femoris were
collected in short sitting with the
knees flexed to 908 using a gait
belt around the distal third of the
shank during both isometric knee
extension and knee flexion. Ninety
degrees was used to normalize
quadriceps and hamstring activa-
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FIGURE No.1

PARTICIPANTS PERFORMED 5 MEDIO-LATERAL MALALIGNED SQUATS (A, D
FOLLOWED BY 5 ANTERO-POSTERIOR MALALIGNED SQUATS (B, E) FOLLOWED BY
5 CONTROL SQUATS (C, F). PARTICIPANTS RESTED FOR 1 MINUTE BETWEEN EACH
SQUAT REPETITION. NO FEEDBACK WAS PROVIDED DURING ANY OF THE SQUAT
TECHNIQUES OTHER THAN THE CONTROL SQUAT.

FIGURE No.2
PEAK KNEE JOINT EXCURSION FROM FULL KNEE EXTENSION AT THE BEGINNING OF
THE SQUAT.

tion to maximal activity during peak
knee flexion. Maximal voluntaryiso-
metric contractions for the lateral
and medial gastrocnemius were
collected withthe subject lying pro-
ne and 108 of plantarflexion. Knee
flexion and ankle plantarflexion
were measured using a goniome-
ter. Three 5 second MVIC trials were
collected in each position, avera-
ging the middle 3 seconds of each
trial for the individual muscles. All
muscle activity was normalized and
expressed as a percentage of MVIC.
Statistical Analyses

The raw EMG data were filtered and
exported using the MotionMonitor
software, utilizing a bandpass fil-
ter (10-450 Hz) with a 60 Hz notch
filter and a 50 milliseconds window,
moving average, root mean square
algorithm. The EMG and kinematic
data were synchronized and re-
duced to 100 points to represent
100% of the squat cycle, where
50% represents peak knee flexion
and 0 and 99% represent full knee
extension (27). Initial and final de-
scentwere defined as 0-24and 25-
49%, respectively. Initial and final
ascent were defined as 50-74 and
75-99%, respectively. After being
reduced to 100 points, data were
smoothed using a 3-point moving
average window and 90% confiden-
ce intervals were calculated about
the mean of each percentage
point. Means and 90% confidence
intervals were calculated for each
muscle during each squat techni-
que. Areas in which the confidence
intervals did not overlap for more
than 3 consecutive percentage
pointswere considered statistically
significant (9,21). Mean differences
and associated pooled standard
deviations were calculated for each
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muscle during periods of the squat
cycle when squat techniques were
significantly different. Cohen’s d
effect sizes using mean differen-
cesand pooled standard deviations
were calculated for each muscle.
Effect sizes were interpreted as
weak (,0.2), small (0.21-0.39), mo-
derate (0.4-0.7), large (0.71-0.99),
andverylarge (.1.0).

RESULTS

Medio-Lateral Malaligned Squat
Participants demonstrated in-
creased anterior and medial knee
displacement compared with the
control squat (Figure 2). The ML
malaligned squat resulted in si-
gnificantly increased dorsiflexion,
ankle inversion, knee flexion, knee
abduction, and hip adduction du-
ring approximately 10-85% of the
squat cycle compared with the
control squat.Participants also
demonstrated significantly decre-
ased hip flexion during 14-71% of
the squat cycle compared with the
control squat (Figure 3).

Vastus Lateralis. The vastus latera-
lis had decreased activation during
final ascent (96-99%) of the squat
cycle in the ML malaligned squat
compared with the control squat
(Figure 4). Effect size was very lar-
ge (26.21) for the significant diffe-
rence during the squat cycle for ML
malalignment (Figure 5).

Vastus Medialis. Vastus medialis
activation decreased during the
final phase of ascent (92-98%) of
the squat cycle in the ML malali-
gned squat compared with the con-
trol squat (Figure 4). Effect size was
verylarge (23.78) for the difference
in activation (Figure 5).

Rectus Femoris. Rectus femoris
activation decreased during the

FIGURE NoO.3

DIFFERENCES IN KINEMATICS DURING THE MEDIO-LATERAL MALALIGNED SQUAT

(GREY LINE), ANTERO-POSTERIOR MALALIGNED SQUAT (VERTICAL LINES), AND

CONTROL SQUAT (BLACK LINE) ACROSS THE SQUAT CYCLE WITH 90% CONFIDENCE

INTERVALS. AREAS IN WHICH CONFIDENCE INTERVALS DID NOT OVERLAP FOR 3

OR MORE CONSECUTIVE POINTS WERE CONSIDERED STATISTICALLY SIGNIFICANT.

FIGURE NO.4

DIFFERENCES IN MUSCLE ACTIVATION PATTERNS DURING THE MEDIO-LATERAL
MALALIGNED (GREY LINE) AND CONTROL (BLACK LINE) SQUAT ACROSS THE

SQUAT CYCLE WITH 90% CONFIDENCE INTERVALS. AREAS IN WHICH CONFIDENCE

INTERVALS DID NOT OVERLAP FOR 3 OR MORE CONSECUTIVE PERCENTAGE
POINTS WERE CONSIDERED STATISTICALLY SIGNIFICANT.

initial (15-18%) and final phase
of decent (28-48%) of the squat
cycle in the ML malaligned squat
compared withthe control squat.
The rectus femoris also displayed
decreased activation in the ML ma-
laligned squat during the final pha-
se of ascent (85-99%) of the squat
cycle (Figure 4). Effect sizes were
very large (Range = 24.90, 21.72)
for all differences during the squat
cycle (Figure 5).

Biceps Femoris. The biceps femo-
ris activation increased during the

initial phase of descent (11-21%)
and beginning of the final phase
of descent (25-28%) during the ML
malaligned squat compared with
the control squat (Figure 4). Effect
sizeswereverylarge (Range=4.71,
13.14) for all differences in the ML
malaligned squat (Figure 5).

Lateral Gastrocnemius. The late-
ral head of the gastrocnemius was
more active during the ML malali-
gned squat compared with the con-
trol squat in the initial (51-69%)
and final phase of ascent (71-82%,

Z
o
(o]
~
w
(0]
<
=+
5
o
]
7
o)
o
[«
[¢]
2
g
(2]
=
[\S]
(=]
—
~



=1
=]
=]
s
=
QL
=
L
B~
o0
5
&
=
=
20
=
=]
[+
5]
o
o
=
j=3
s3]
[
=
=]
e
o
=
=]
=
j=3
2
—
.=
Q
=
o
=

MUSCLE ACTIVATION PATTERNS DURING DIFFERENT SQUAT TECHNIQUES

85-90%, 96-99%) during the squat
cycle (Figure 4). Effect sizes were
very large (Range = 3.90, 11.53) for
all differences between the ML ma-
laligned and control squat during
the squat cycle (Figure 5).

Medial Gastrocnemius. The medial
head of the gastrocnemiuswas less
active during the initial (1-7%) and
final phases of descent (29-32%)
of the ML malaligned squat compa-
red with the control squat (Figure
4). During the ascending phases
of the squat cycle, the medial ga-
strocnemius was more active in
the ML malaligned squat (65-69%,
75-78%, 85-94%) compared with

the control squat (Figure 4). Effect
sizes were very large (Range =
21.97, 13.53) for all differences
between the ML malaligned and
control squat during the squat
cycle (Figure 5).

Antero-Posterior

Malaligned Squat

Antero-posterior malaligned squa-
ts increased anterior knee displa-
cementand decreased lateral knee
displacement compared with the
control squat (Figure 2). Partici-
pants demonstrated significant-
ly less dorsiflexion during the AP
malaligned squat during 21-95%

FIGURE N0.5

EFFECT SIZES FOR SIGNIFICANT
DIFFERENCES BETWEEN MEDIO-
LATERAL MALALIGNED AND CONTROL
SQUAT. VERTICAL ERROR BARS
REPRESENT 95% CONFIDENCE
INTERVALS FOR THE EFFECT SIZE
POINT ESTIMATE. THE HORIZONTAL
LINE REPRESENTS THE DURATION
ACROSS THE SQUAT CYCLE WHERE
CONFIDENCE INTERVALS DID NOT
OVERLAP.

of the squat cycle compared with
the control squat. The AP malali-
gned squat increased knee flexion
from 22 to 80% of the squat cycle
and decreased hip flexionfrom 5 to
77% of the squat cycle compared
with the control squat. Ankle inver-
sion increased from 10 to 92% of
the AP malaligned squat compared
with the control squat. Participan-
ts demonstrated decreased knee
adductionduring 15-75% of the AP
malaligned squat compared with
the control squat (Figure 3).

Vastus Lateralis. The vastus late-
ralis had decreased activation in
the AP malaligned squat compared

FIGURE NO.6

DIFFERENCES IN MUSCLE ACTIVATION PATTERNS DURING THE ANTERO-POSTERIOR MALALIGNED (GREY LINE) AND CONTROL
(BLACK LINE) SQUAT ACROSS THE SQUAT CYCLE WITH90% CONFIDENCE INTERVALS. AREAS IN WHICH CONFIDENCE INTERVALS
DID NOT OVERLAP FOR 3 OR MORE CONSECUTIVE PERCENTAGE POINTS WERE CONSIDERED STATISTICALLY SIGNIFICANT.
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withthe control squatduringinitial
descent (2-13%) and final ascent
(87-99%) of the squat cycle. Vastus
lateralis had increased activation
during the AP malaligned squat du-
ring initial ascent from peak knee
flexion, 59-66% of the squat cycle
(Figure 6). Effect sizes were very
large (Range = 22.29, 3.47) for all
significant differences during the
squat cycle for AP malalignment
(Figure 7).

Vastus Medialis. The vastus media-
lis had decreased activation during
the initial (11-31%) and final de-
scent (39-48%) of the AP malali-
gnment squat compared with the
control squat (Figure 6).

Vastus medialis activation also de-
creased during the final ascent of
the squat cycle (81-98%) of the AP
malaligned squat compared with
the control squat (Figure 6). Effect

sizes were moderate to very large
(Range = 20.69, 22.44) for all dif-
ferences during the AP malaligned
squat during the squat cycle (Figu-
re7).

Rectus Femoris. Activation of the
rectus femoris decreased du-
ring the initial phase of descent
(8-21%) and final phase of ascent
(82-99%) in the AP malaligned
squat compared with the control
squat. The rectus femoris activa-
tionincreasedin the AP malaligned
squat during the initial phase of
ascent (52-71%) (Figure 6). Effect
sizes were large toverylarge (Ran-
ge = 21.68, 1.26) for all differences
during the AP malaligned squat (Fi-
gure 7).

Biceps Femoris. The biceps femo-
ris had increased activation in all 4
phases of the AP malaligned squat
compared with the control squat

FIGURE No.7

EFFECT SIZES FOR SIGNIFICANT
DIFFERENCES BETWEEN ANTERO-
POSTERIOR MALALIGNED AND
CONTROL SQUAT. VERTICAL ERROR
BARS REPRESENT 95% CONFIDENCE
INTERVALS FOR THE EFFECT SIZE
POINT ESTIMATE. THE HORIZONTAL
LINE REPRESENTS THE DURATION
ACROSS THE SQUAT CYCLE WHERE
CONFIDENCE INTERVALS DID NOT
OVERLAP.

FIGURE NO.8

DIFFERENCES IN AVERAGE
QUADRICEPS (VASTUS LATERALIS,
VASTUS MEDIALIS, AND RECTUS
FEMURIS) ACTIVATION PATTERN
WITH 90% CONFIDENCE INTERVALS
BETWEEN SQUAT TECHNIQUES.

(Figure 6). Effect sizes were very
large (Range = 1.66, 7.94) for all
differences during the AP malali-
gned

squat (Figure 7).

Lateral Gastrocnemius. The lateral
gastrocnemius activation also in-
creased during the AP malaligned
squat during all phases of descent
andascent (1-95%) compared with
the control squat (Figure 6). Effect
size was very large (3.24) for the
difference in activation during the
AP malaligned squat (Figure 7).
Medial Gastrocnemius. The medial
gastrocnemius was more active
during the AP malaligned squat
during all phases of descent and
ascent (0-99%) compared with the
control squat (Figure 6).

Effect size was very large (6.24) for
the difference in activation during
the AP malaligned squat (Figure 7).
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DISCUSSION

The main purpose for the inclusion
of the body weight squat in trai-
ning and rehabilitation programs
istoincrease strength at the thigh,
hip, and back musculature (10). The
activation patterns of the vastus la-
teralis, vastus medialis, and rectus
femoris during the control squatin
this study are similar to those pre-
viously reported (8,11,24,28), sup-
porting that the squat exercise fo-
cusesonquadriceps activation. The
resultsin this study supportthe no-
tion that the quadriceps are most
active during the concentric phase
of the exercise (35,40). The results
in this study also support that ma-
laligned squats, both in the sagittal
and frontal planes, significantly
alters quadriceps activation. The
decreased quadriceps activation
associated with ML malalignment
indicates that frontal plane devia-
tions during a squat alter muscle
activation strategy to stabilize the
lower extremity during a bilateral
squat (Figure 8). Our study agrees
with prior findings that the rectus
femoris is less active than the va-
stus medialis and lateralis during a
control squat (12); however, frontal
plane malalignment further decre-
ased rectus femoris activation du-
ring descent into peak knee flexion
and increased activation in the
knee flexors. The decreased rectus
femoris activity during frontal pla-
ne malalignment may suggest that
increased medial knee displace-
ment during squats changes the
nature of the exercise, decreasing
quadriceps activation and increa-
sing hamstring and gastrocnemii
activity. Further research should
continue toinvestigate the influen-
ce of medial knee displacement on

rectus femoris activation during
closed-chain knee exercises.

Inthe current study, bothAP and ML
malaligned squats increased ga-
strocnemius activation compared
with the control squat. The medial
and lateral gastrocnemii activation
during the descending and ascen-
ding phase of the squat was similar
to that previously reported during
squatting (36). The increased ga-
strocnemii activation during ML
malaligned squats was also simi-
lar to increased gastrocnemii acti-
vation in individuals with passive
medial knee displacement during
squatting (36). Participants in this
study were instructed to purpo-
sefully squat into a malaligned
position, which may not represent
muscle activation patterns during
passive malalignment.

The similarities in gastrocnemi
activation during passive medial
knee displacement indicate that
both the medial and lateral ga-
strocnemii are more active during
frontal plane malalignment even
with the slight medial knee excur-
sion seen in this study. Increased
coactivation of the gastrocnemii
during closed kinetic chain exer-
cises stabilizes the ankle during
flexed knee stance and decreases
the strain at the anterior crucia-
te ligament by pulling the femur
backwards (22,26,34). The increa-
sed coactivation of the gastrocne-
mii during both malaligned squats
may indicate an unstable knee joint
position with increased anterior
and medial knee displacement.
These findings support the impor-
tance of sagittal plane alignment
squat form when patients and
clients display even minimal knee
abduction especially when the goal

of the squat is to strengthen the
quadriceps muscle group.

The increased eccentric activa-
tion of the knee flexors during
malaligned squats may be in an
effort to stabilize the knee joint
when quadriceps activation de-
creases and when contact forces
are highest. Previous researchers
(3,14,15,33,39,41,43) have noted
that patellofemoral contact for-
ces are high around 908 of knee
flexion, whereas tibiofemoral con-
tact forces are largest when the
knee is close to full extension. Du-
ring both malaligned squats, co-
contraction of the biceps femoris
and gastrocnemii during parts of
the squat cycle when contact for-
ces are highest may be a strategy
to stabilize the hip and knee joint
(1,8). Hamstring cocontraction du-
ring knee flexion also decreases
anterior translation and internal
rotation, whereas cocontraction
of the gastrocnemius decreases
strain at the anterior cruciate li-
gament (16,30), supporting that
increased activation of the ham-
string and gastrocnemius muscles
during malaligned bilateral squats
may be a stabilizing technique. Fur-
thermore, the increased activation
in the hamstring and gastrocnemii
during malaligned squats changes
the nature of the exercise, targe-
ting muscles that are considerably
less active during a squat with neu-
tral alignment. Further research
comparing neutral and malaligned
squats should also include gluteus
maximus, semitendinosus, and
semimembranosus activation. Al-
though gluteus maximus activation
reportedly increases with squat
depth (4), this may not represent
gluteal activation during an unlo-
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aded squat to 908 of knee flexion
(5) with neutral and malaligned te-
chnigues. In contrast to the decre-
ased quadriceps activation during
the ML malaligned squat, the AP
malaligned squat increased vastus
lateralis and rectus femoris acti-
vation during initial ascent. Fur-
thermore, the decreased vastus
medialis activation during the AP
malaligned squat may be in effort
to decrease tibial internal rotation
and patellofemoral contact pressu-
re (42). Previous researchers (33)
have noted increased patellofe-
moral contact forces during flexion
with increased quadriceps activa-
tion, which may lead to the increa-
sed eccentric activation of the knee
flexors during the AP malaligned
squat. Although restricting ante-
rior knee displacement can result
in increased thoracic motion and
forces at the hip and back during
squats (17,27), too much anterior
knee displacement may lead to
increased patellofemoral contact
forces (33,38,39). The knee joint
displaced approximately 0.17 m
anteriorly compared with neutral-
position during control squats in
our study; however, the biceps fe-
moris and gastrocnemius had little
activity throughout the squat cycle.
Both the ML and AP malaligned
squats increased anterior knee di-
splacement by approximately 0.07
and 0.15 m, respectively (Figure
2), which may explain the increase
in biceps femoris activation we ob-
served during initial descent and
increase gastrocnemius activation
duringinitial and final ascent of the
squat cycle (Figures 4 and 6).
There is no established “safe zone”
for anterior excursion at the knee
during squats that can be recom-

mended from the data in the cur-
rent study. However, we have iden-
tified altered muscle activation
patternswhenalignmentis altered
during a squat. Further research
should explore optimal anterior
knee displacement during bilateral
squatting to ensure that the spine,
hip, and knee are not exposed to
risk during the exercise.

There were some limitations to this
study including the lack of stan-
dardization of knee flexion angle,
squatvelocity,and reliability of EMG
findings. Although knee flexion an-
gle was not standardized, all par-
ticipants received the same verbal
instructions and these instructions
were interpreted in a similar man-
ner given the tight confidence
intervals. Squat velocity was not
standardized; however, both the
descending and ascending phases
of the squat were reduced to 50
points in order to standardize each
squat based on kinematic events.
Future research using this techni-
que should standardize squat ve-
locity to further minimize changes
in muscle activity. Although we did
not assess reliahbility of EMG in the
current study, reliability of surface
EMG using a repeated measures
design has been well documen-
ted during functional tasks in both
healthy and pathological popula-
tions (23,25,31). Lastly, the order
of squat performance was not
counterbalanced, with the control
condition performed last. This was
an active decision to limit any fee-
dback during squat performance
until malaligned squats were com-
pleted. Participants were also gi-
ven adequate rest between squats,
limiting the influence of the pre-
vious squat. Future researchers

using this design should consider
counterbalancing the order of the
malaligned squat technique to
further limit the influence of one
squatvariation on another.

The results of this study support
that malaligned squats in the fron-
tal and sagittal plane significantly
alter muscle activation patterns
in the lower extremity, increasing
activation in hamstring and ga-
strocnemius muscles compared
with a control squat. Frontal and
sagittal plane knee excursion also
significantly alter quadriceps acti-
vation patterns during squatting,
changing the demands of the task
on the knee musculature. Despite
the altered activation strategies
during malaligned squats, activa-
tion in the hamstring and gastroc-
nemius decreased during the con-
trol squats using basicinstructions
and feedback. The simple cues used
in this study may help guide clients
and patients to activation in the
quadriceps and decrease activa-
tion in the hamstring and gastroc-
nemius during bilateral bodywei-
ght squats.

PRACTICAL
APPLICATIONS

The bilateral squat exercise is a
commonly used exercise for stren-
gthening the quadriceps. Oftenti-
mes, the exercise is not executed
properly without initial instruction
from a practitioner. Two common
malalignments during a bodywei-
ght bilateral squat are medial and
anterior knee displacement; howe-
ver, thereis little information about
the changes in muscle activation
patterns resulting from these ma-
lalignments.

The results in this study support
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MUSCLE ACTIVATION PATTERNS DURING DIFFERENT SQUAT TECHNIQUES

that medio-lateral and antero-po-
sterior malalignments alter muscle
activation patterns in the lower
extremity, specifically increasing
activation of the hamstrings and
gastrocnemii, which have relatively
low activity in a neutrally aligned
squat. Increased cocontraction of
the knee flexors and gastrocnemii
during malaligned squats may be
in an effort to stabhilize the ankle,
knee, and hip during flexed knee
stance, indicating that malaligned
knee positions may be potentially
injurious. The increased quadri-
ceps activation with increased
anterior knee excursion around
peak knee flexion should also be a
consideration in strength and con-
ditioning programs and inclusion
of squats similar to the ballet plie’
squat should be cautioned. Fur-
thermore, the results of this study
support the use of the bilateral
squat as an assessment tool for
clients and patients who complain
about tightness and pain in the
hamstring or gastrocnemii.
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B-alanine has become one of the
more popular supplements be-
ing used by competitive strength/
power athletes today. p-alanine
is a non-proteogenic amino acid
(e.g., does not stimulate protein
synthesis), and is one of the two
constituents of carnosine (the
amino acid histidine is the second
constituent), and appears to be
the rate limiting step in carnosine
synthesis (Harris et al., 2006). Car-
nosine is found in skeletal muscle
of all vertebrates (Harris et al,
1990), but the carnosine content
of skeletal muscle in mammals that
rely on anaerobic metabolism to
fuel their activity is quite high. The
relationship between carnosine
content and muscle buffering ca-
pacity is strongly positive across
all species (Harris et al., 1990; Abe,
2000), with a significantly greater
concentration of carnosine found
in type Il compared to type | mus-
cle fibers (Harris et al., 1998). Car-
nosine’s primary physiological role
in muscle is to serve as a pH buffer
(Harrisetal., 2006). High carnosine
concentration within muscle could
serve to delay fatigue and prolong
highly intense exercise lasting
1-5 minutes. Thus, the purpose
of p-alanine supplementation is
to maximize carnosine content in
skeletal muscle for improving an-
aerobic activity.

Diet does appear to have an effect
on muscle carnosine concentra-
tions. Muscle carnosine concentra-
tions in carnivares are significantly
higher than that seen in vegetari-
ans (Evaraert et al., 2011). In veg-
etarians muscle carnosine content
could only be elevated by hepatic
B-alanine synthesis through uracil
degradation. This is a very ineffi-

[3-ALANINE SUPPLEMENTATION FOR THE COMPETITIVE ATHLETE

cient process and dietary intake
of meat, chicken and turkey are
required to elevate muscle car-
nosine concentrations (Harris et
al., 2007). Ingestion of - 200 g of
chicken breast meat, or 150 g of
turkey breast meat, would resultin
the plasma bioavailability of an 800
mg B-alanine supplement (Harris
et al, 2006). Considering that the
daily dose of -alanine ranges from
1.6t06.4 g, that would require one
to consume between-400g - 1600
g of chicken breastor-300g-1200
g of turkey breast perday. Thus, the
use of p-alanine as a supplement
appears to be more effective than
dietary intake only in elevating
muscle carnosine concentrations.

Dose - Response for B-Alanine
Ingestion and Muscle Carnosine
Synthesis.

It has been suggested that a daily
dosing regimen of 1.6 - 6.4 g-day™
can cause significant increases in
muscle carnosine concentrations
(Stellingwerff et al., 2012a). Dos-
es higher than 6.4 g-day! have
generally not been examined due
to the greater risk of symptoms
of paresthesia occurring. Howev-
er, vast majority of those studies
were conducted prior to the use of
sustained release formulations of
B-alanine, which may minimize the
appearance of paresthesia (Harris
and Stellingwerff, 2013). The in-
crease in carnosine content within
muscle, subsequent to p-alanine
supplementation, appears to be
dependent upon several factors
that include training history, dose
and duration of use. Stellingwerff
and colleagues (2012b) appear to
be the only study to directly com-
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pared multiple dosing strategies
and demonstrated that a higher
dose (total ingestion of 134.4 g) of
B-alanine resulted in a greater in-
crease in carnosine contentin both
fast-twitch (gastrocnemius) and
slow-twitch (tibialis anterior) mus-
cle fibers than a lower dose (total
ingestion of 89.6 g) in an 8-week
supplementation study. Stellingw-
erff and colleagues (2012b) also
reported that muscle carnosine
levels are significantly increased
with as little as 1.6 g-day™* follow-
ing only 2 weeks of supplementa-
tion. Other studies have generally
not compared different dosing
schemes. Baguet and colleagues
(2009) provided 4.8 g-day! for
5 - 6 weeks and reported a 23%
increase in carnosine content of
the gastrocnemius of recreation-
ally trained men. In a following

up study, the same research team
investigating elite athletes ingest-
ing a higher dose (5.0 g-day?) for a
slightly longer duration (7-weeks)
reported anincrease in muscle car-
nosine content of 28% in the gas-
trocnemius (Baguet et al., 2010).
This study though used rowers,
who primarily rely on their upper
body during training and competi-
tion. Derave and colleageus (2007)
examining track and field athletes
reported a 37% increase in car-
nosine content in the gastrocne-
mius following 4.8 g-day* for 4 - 5
weeks. Interestingly, Hoffman and
colleagues (2015a) examining elite
combat soldiers ingesting 6.4 g--
day? of sustained release tablets
for 4-weeks reported a 28% in-
crease in the carnosine content of
the gastrocnemius muscle. Thus,
doses ranging in amounts of 4.8 -
6.0g-day*for4-7weekswill result
inanincrease in carnosine content
in the gastrocnemius ranging from
23-28%inrecreationallytrainedin-
dividuals, but possibly higherlevels
in competitive athletes, suggest-
ing a potential a synergistic effect
from training. The combination of
training and pB-alanine ingestion
appears to have a greater effect
than p-alanine ingestion alone on
increasing muscle carnosine con-
tent. The increased sensitivity in
trained muscle was recently sup-
ported by Bex et al., (2013). In that
study, the investigators compared
non-athletes to competitive ath-
letesand showed muscle carnosine
increases greater in the exercised
muscles in athletes compared to
non-exercised muscle in non-ath-
letes.  Specifically, 23-days of
B-alanine supplementation at 6.4
g-day* was reported to increase

carnosine content in the deltoid
muscle 82% in swimmers but only
63% in the non-athletes. Oth-
ers have examined the effects of
4-weeks of B-alanine ingestion (6.4
g-day?) on trained and untrained
vastus lateralis muscle (Kendrick et
al., 2009). Subjects served as their
own controls (i.e. one leg was ex-
ercised, while the other remained
sedentary). Increases in muscle
carnosine concentrations of 52.2%
were reported in the trained leg,
and only a 28.3% increase was ob-
served in the untrained leg. These
measures were obtained through
amuscle biopsy, whereas the previ-
ous measures have used magnetic
resonance spectroscopy (MRS)
to determine muscle carnosine
content. Improvements reported
in muscle carnosine content as-
sessed using muscle biopsy proce-
dures appear to be larger in mag-
nitude the changes reported from
MRS assessments (Stellingwerff et
al,, 2012a).

Most supplement studies exam-
ining p-alanine ingestion have
generally used an absolute dose
for an ingestion protocol. Hill and
colleagues (2007) examining 25
physically active male subjects
used a dosing protocol beginning
with 4.0 g-day™ for the first week
and increasing it 800 mg per week
until week 4, and then maintained
a 6.4 g-day! for an additional
6-weeks. This was reported to be
an equivalent to a relative does
of approximately 50 - 80 mg-kg
l.day? reported a 58.8% increase
in muscle carnosine concentration
following 4-weeks of ingestion and
anadditional 21% increase seen by
week 10 (Hill et al., 2007). Similar-
ly, Kendrick and colleagues (2008)
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reported increases in muscle car-
nosine concentrations (53.5%) in
physically active physical educa-
tion students following 10-weeks
of supplementation using a 6.4
g-day*for the entire supplementa-
tion period. The relative dosing was
similarto the Hilletal. (2007) study.
Thus, increases in carnosine con-
tent appear to be rapid during the
initial stages of ingestion, but the
rate of carnosine elevation begins
toslow as ingestion is maintained.
Large variability of carnosine con-
tent exists between Type Il and
Type | fibers, Harris and colleagues
(1998) indicated that these dif-
ferences may be up to two-fold,
and likely impact the potential of
these muscle toincrease carnosine
content. Derave and colleagues
(2007) provided 4.8 g-day™* for 4-5
weeks in track and field athletes
and reported a47%increasein car-
nosine content in the soleus mus-
cle, a predominantly slow twitch
fiber,butonlya 37%increasein the
gastrocnemius, a predominantly
fast twitch muscle. Baguet and
colleagues (2010) reported nearly
a two-fold difference in the mag-
nitude of carnosine content eleva-
tion between the soleus and gas-
trocnemius in elite female rowers
ingesting 5.0 g-day™ for 7 weeks.
Even when the absolute increase
in carnosine content is similar, the
relative increase may be different
due to baseline carnosine levels
(Stellingwerff et al., 2012b). Based
upon alinear regression model de-
veloped by Stellingwerff and col-
leagues (2012a) a —50% increase
inmuscle carnosine, a total of —230
g of p-alanine must be consumed
(assuming a 1.6 - 6.4 g-day*inges-
tion dose). This model demonstrat-

ed alinear dependency (R°=0.921)
on the total amount of p-alanine
consumed and the increase in mus-
cle carnosine content. This was
showntobeindependent of muscle
type. In a meta-analysis published
by Hobson et al., 2012), data anal-
ysis indicated that supplementa-
tion with a total ingestion of 179
g of p-alanine (the median dose
across all studies) resulted in a me-
dian performance improvement of
2.85% compared with a placebo.

CARNOSINE WASHOUT

Cessation of p-alanine ingestion
will result in a gradual return of
muscle carnosine concentrations
to baseline levels. In one study
20 young physically active males
were divided into two groups that
received either 4.8 g-day™* of p-ala-
nine or placebo for 6 weeks. Three
weeks after supplement cessation
the mean carnosine concentra-
tions in three muscles was report-
ed to have decreased by 31.8%
(Baguet et al., 2009). Following
nine weeks of B-alanine ingestion
muscle carnosine concentrations
returned to baseline levels. The
degree of muscle carnosine de-
crease may be dose dependent.
Participants who were reported to
be high responders (saw a greater
accumulation of muscle carnosine
content) required a greater wash-
outtimetoreturntobaselinelevels
(—15 weeks) than participants that
were reported to be low respond-
ers (—6weeks). Stellingwerff et al.
(2012b) demonstrated that a 1.6
or 3.2 g-day* for 8 weeks in healthy
but untrained males increased ab-
solute muscle carnosine content
by average 2.01 mmol-kg™, . This
absolute change was equivalent to
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a relative —30 - 45% increase (de-
pending upon fiber type) in muscle
carnosine content. Cessation of
B-alanine ingestion resulted in a
slow washout time (—15-20 weeks)
with a rate of decay approximate-
ly 2% per week. This decay period
was slower than that reported by
Baguet et al., (2009), and may have
been related to the higher base-
line levels reported in latter study.

ERGOGENIC PROPERTIES

OF B-ALANINE
SUPPLEMENTATION

The ergogenic role of B-alanine is
not seen by the direct actions of the
amino acid, but in its ability to com-
bine with histidine within muscle
tissue to form carnosine. However,
the evidence supporting the ergo-
genic benefit of elevating muscle
carnosine concentrations is strong.
In a meta-analysis study, Hobson et
al. (2012) found that the greatest
ergogenic potential for elevated
carnosine concentrations occurs
during high intensity exercise last-
ing 60- 240 seconds in duration.
Overall, significant (p<0.001) differ-
ences in performance were found
between the B-alanine and the pla-
cebo groups. The analysis included
360 subjects (174 with p-alanine
supplementation and 186 with pla-
cebo) from 15 published manu-
scripts. No significant benefit in
B-alanine ingestion was noted in
performance durations lasting <60
seconds compared to placebo in-
gestion.  In placebo-controlled
studies, p-alanine supplementa-
tion has been consistent in demon-
strating significant performance
benefits in both recreational and
competitive athletic populations
performing high intensity activity
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(Hill et al., 2007; Hoffman et al,
2006; 2008a; 2008b; Kendrick et al.,
2008; Stout et al., 2006; 2007). Ina
double-blind, placebo controlled
study, ingestion of 6.4 g-day* and
3.2 g-day! of p-alanine (days 1-6
and days 7-28, respectively) in 12
untrained young men for 4-weeks
(high dose was titrated to the low
dose following the first week of in-
gestion) was shown to improve
physical working capacity at fatigue
threshold (PWC_) by 14.5% (p <
0.05) in the B-alanine group (Stout
etal., 2006). This difference was sig-
nificantly (p<0.004) greater than
the placebo group that showed no
changein physical working capacity.
Stout and colleagues (2007) con-
ducted a follow-up study, recruiting
22 untrained college-aged women
in another placebo controlled, dou-
ble-blind protocal. The active group
were supplied with 3.2 g-day*and
6.4 g-day! of p-alanine (days 1-7
and days 8-28, respectively) for
4-weeks. The investigators report-
ed a 12.6% (p<0.001) improvement
in PWC, and a 2.5% (p<0.05) in-
crease in time to exhaustion during
a graded exercise cycle ergometry
test than the placebo supplement-
ed group. Studies in trained, com-
petitive athletes supplemented
with B-alanine for similar durations

have reported similar results. Der-
ave and colleagues (2007) in a dou-
ble-blind, placebo controlled study,
reported that 4-weeks of p-alanine
supplementation (4.8 g-day?) in 15
male 400-m sprinters was signifi-
cantly (p<0.05) able todelay fatigue
inrepeated bouts of isokinetic exer-
cise (5 sets of 30 maximal voluntary
knee extensions). Another dou-
ble-blind, placebo controlled study
provided 4.8 g-day™* of B-alanine or
placebo for4-weeks to experienced,
resistance trained strength/power
athletes (Hoffman et al., 2008b).
The difference in training volume
(total number of repetitions per-
formed in the squat exercise per
workout) reported as the difference
between workouts performed at
week 0 and week 4 of the study was
significantly (p<0.05) greaterin the
athletes using p-alanine (9.0 = 4.1
repetitions) compared to the place-
bo (0.3 = 7.8 repetitions). In addi-
tion, the average mean power out-
put per repetition for each set was
significantly (p<0.05) higher in the
athletes supplementing with -ala-
nine than those ingesting the pla-
cebo. Hoffman and colleagues
(2008a) provided 4.5 g-day™ of B-al-
anine forfourweeks to college foot-
ball players. Initial performance
testing which occurred following

two weeks of supplementation re-
vealed no significant differences in
sprint times or fatigue rates during
repeated (total of three) shuttle
runs (30 - 35 second per run with a
2-min rest between each sprint).
However, a strong trend (p = 0.07)
was noted in fatigue rate during a
60-second Wingate anaerobic pow-
er test. As supplementation contin-
ued, examination of the player’s re-
sistance training logbooks showed
further trends (p = 0.09) towards a
higher (9.2 %) volume of training
(load x repetitions) in those ath-
letes supplementing with -alanine
compared to placebo. Although the
inability to see any effect on repeat-
ed sprints of approximately 30 - 35
seconds appears to be consistent
with the results of Hobson and col-
leagues (2012), it is also likely that
the two week supplementation pe-
riod (only 63 g of B-alanine ingest-
ed)intrained athletes may not have
been sufficient to significantly in-
crease muscle carnosine content.
The trend towards an improved fa-
tigue rate in a 60-second maximal
intensity bout of exercise is consis-
tent with the physiological role that
p-alanine supplementation has a
possible effect onimproved buffer-
ing capacity during prolonged (>60
seconds) high intensity exercise
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(Hobsonetal., 2012). Studies exam-
ining longer supplementation peri-
ods of p-alanine during perfor-
mance events lasting more than
60-seconds in duration have also
reported significant benefits. Ba-
guet and colleagues (2010) provid-
ed 5 g-day® of B-alanine in elite,
competitive  rowers.  Following
7-weeks of supplementation, ath-
letesingesting B-alaninewere 2.8+
4.8 seconds fasterduringa 2,000 m
rowing time trial performance than
their pre-supplement times. The
placebo group was 1.8 + 6.8 sec-
onds slower than their pre-supple-
ment times. Although these differ-
ences were not statistically
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significant (p = 0.07), these results
dosuggestastrongtrendinanelite
group of athletes that may have
practical significance. Furthermore,
intramuscular carnosine content in
the experimental group was signifi-
cantly (p < 0.05) higher by 45% and
28% in the soleus and gastrocne-
mius, respectively, and the change
in muscle carnosine content was
significantly correlated (r = 0.498, p
= 0.042) to performance improve-
ment in the rowing time trial. High
intensity exercise performedimme-
diately following a prolonged bout
of endurance exercise may also
benefit from B-alanine supplemen-
tation. In a double- blind, placebo

controlled study, Van Thienen and
colleagues (2009) provided 17
trained cyclists f-alanine in gradat-
ed doses from 2 - 4 g-day! for
8-weeks. Performance testing in-
cluded avariedintensity[50%-90%
of maximal lactate steady state
(MLSS)] 110-minute cycle ergome-
ter time trial followed by a 10-min-
ute time trial at 100% of their MLSS,
which was followed by a 30-second
sprint. The 9 athletes consuming
pB-alanine show a significant 11.4%
(p<0.0001) and 5.0% (p<0.005) im-
provement in both peak and mean
power, respectively during the
30-second sprint performance,
which was higher than the group
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that consumed the placebo (n = 8).
The authors concluded that B-ala-
nine supplementation can signifi-
cantly enhance sprint performance
at the end of an exhaustive endur-
ance exercise bout. There have only
been a limited number of studies
examining the effects of p-alanine
ingestion and endurance perfor-
mance. Jordan and colleagues
(2010) reported that following
4-weeks of p-alanine ingestion (6.0
g-day?) a delay in blood lactate ac-
cumulationwas seenin participants
who were not trained aerobically
during the supplement period; ade-
crease in aerohic capacity was also
noted. Thisisnot surprising consid-

ering the physiological role of car-
nosine in muscle does not provide a
strong mechanism for enhancing
endurance performance. Never-
theless, Smith et al. (2009) report-
ed significant (p<0.05) improve-
ments in VO,peak, time to fatigue
and total work performed during
endurance performance in recre-
ationally active males following
6-weeks of high intensity interval
training (5 - 7 sets of 2-minute in-
tervals at 90% max power output,
with 1-minute rest between each
interval) and B-alanine ingestion
(6.0 g-day*for 21 days followed by
3.0 g-day*for another 21 days). Al-
though improvements were noted
in both the supplement and place-
bo groups in these measures fol-
lowing 3 weeks of training, only the
p-alanine group had significant
(p<0.05) aerobic improvements af-
ter the 6-weeks of training. These
results were confirmed by a subse-
quent study by Walter and col-
leagues (2010) examining recre-
ationally active women.  Even
though thereis nodirect physiolog-
ical benefit of B-alanine supple-
mentation for endurance and aero-
bic performance, the combination
of anaerobic high intensity inter-
vals training and B-alanine likely
improved the quality of the high in-
tensity sprints, indirectly affecting
aerobic capacity and cardiovascular
fitness.

SAFETY

The only side effect reported with
B-alanine supplementation is par-
esthesia (Harris et al., 2006). Par-
esthesia is a sensation of numbing
or tingling in the skin. It has been
commonly experienced when con-
suming non-sustained release

doses (>800 mg-kg?) of B-alanine
(Harris et al., 2006). Reports of par-
esthesia have not been reported in
studies that use sustained-release
formulations. Symptoms of pares-
thesia generally disappear within
60 - 90 min following supplemen-
tation (Stellingwerff et al., 2012b).
Investigations reporting potential
side effects from prolonged (great-
erthan 15 weeks) supplementation
protocols have not been seen. How-
ever considering that B-alanineis a
naturally occurring amino acid with
an important physiological role
in the body, it is likely a very safe
supplement to use. Nevertheless,
the long term effect of B-alanine
supplementation and the combina-
tions with other supplements are
unknown.

SUMMARY

When B-alanineisingested, wheth-
erthrough food oras adietary sup-
plement, it combines with histidine
to form carnosine. Physiologically,
elevations in muscle carnosine will
increase intra-cellular buffering
capacity. The efficacy of B-alanine
supplementation has been sup-
ported through several studies
examining sustained, high inten-
sity exercise in competitive and
recreational athletes. Based on
current research, B-alanine sup-
plementation appears to be effica-
cious during high intensity activity
lasting 60-300 seconds. Research
examining P-alanine ingestion
and competitive athletes provides
strong evidence that supplement-
ing with B-alanine will increase
muscle carnosine levels, which are
associated with significant perfor-
mance improvements during sus-
tained, high intensity activity.
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EDITORIAL GUIDELINES FOR
AUTHORS OF ORIGINAL RESEARCH
WORK TO BE PUBLISHED STRENGTH
& CONDITIONING. THE SCIENCE OF
HUMAN MOVEMENT (S&C).

EWEF Scientific Magazine (hereafter SM ) is a
scientific journal published by the European
Weightlifting Federation (EWF). SM publish-
es surveys and research reports, systematic re-
views, reviews, collections of studies, research
notes and technical and methodological re-
ports - both original and those drawn from
the most Authorized international scientific
literature available (with particular but not
exclusive reference to the three magazines of
the Strength and Conditioning Association of
the United States of America: the Journal of
Strength and Conditioning Research, Strength
and Conditioning Journal and NSCASs perfor-
mance training journal), which contribute to
promoting knowledge on physical training as
a whole and on strength training in sport and
physical activity in particular. All original type-
scripts, accepted for publication, must present
either concrete and practical applications for
the professional who works in the strength
training sector, or provide the basis for fur-
ther applied research in the specific field. The
original typescripts are subjected to “double
blind” peer-reviews by at least two reviewers
who are experts in that particular field. Edito-
rial decisions are taken based on the quality of
the work presented, the clarity, the style and
the importance of the presentation regarding
the aims and objectives of SM. Suggestions
for the drafting of a paper to be published on
SM can be found at http://www.nsca-li- ft.org/
publications/JSCRtips.shtml. Authors are invited
to carefully read this interesting document,
which is very useful for the preparation of any
manuscript to be published.

EDITORIAL MISSION STATEMENT

The editorial mission of EWF Scientific Mag-
azine (SM ) is to work to advance knowledge
of the movement and training of mankind, on
the assumption that the first is always, and in
any case, the expression of muscle strength and
that the second constitutes a lifestyle and ethics
entrusted to skilfully and thoroughly trained
professionals with vast knowledge of the facts,
as well as specific competence. Since its first
appearance, SM has had the ambitious goal of
bridging the gaps and misunderstandings be-
tween the scientific laboratory and those work-
ing in the field, enhancing both the practical
experience of the coaches and the results of
research, especially applied research. For this
reason, it makes - as an editorial rule - constant
reference to the practice and the inclusion of
recommendations for the implementation of
research results in the practice of movement
and sport.

The process of improving the overall psycho-
physical condition through the implemen-
tation of appropriate exercise programmes
covers a wide range of people: from children to
senior citizens, through all ages, from novices
to professional athletes, at all possible levels.
For the professional it is important to have an
in-depth knowledge of the process of training
and to realise how it can be supported by other

practices and other areas of knowledge, such
as nutrition, rehabilitation and re-education,
psychology, technology, special exercise tech-
niques and biomechanics.

Original research

SM  publishes studies and research covering
both the effects of exercise programmes on
performance and on the human body as well
as the underlying biological basis. It includes
research stemming from the many disciplines
whose aim is to increase knowledge about
movement in general and sport in particular,
their demands, their profiles, workout and
exercise, such as biomechanics, exercise phys-
iology, motor learning, nutrition, psychology,
rehabilitation and re-education.

One of the primary goals of SM is to provide
a scientific basis for qualified and updated
programmes of physical training and sports
training.

Type of articles and their total length

Due to space limitations, SM normally pub-
lishes articles no longer than = pages, includ-
ing bibliography, figures and images (approx-
imately 4 pages of text with line spacing 1 is
equivalent to 14,000 characters, including
spaces, + 1 page of bibliography + one page
of images and figures and graphs). Works of
greater length can naturally be accepted for
publication, but may be divided into parts or,
with particular reference to the bibliography
may be suitably posted on the website www.
calzetti-mariucci.it .

SM publishes studies and collections of stud-
ies and research, systematic reviews, reviews,
methodological reports, technical reports and
research notes that are associated with and re-
lated to the mission of the magazine. A collec-
tion of studies is a group of articles by different
Authors that address an issue from various
perspectives. The reviews should provide a
brief critical review of the literature and inte-
grate the results of previous research to inform
the reader about the basic aspects and appli-
cations of the subject. As noted above, SM is
mainly concerned with the practical aspects of
the literature reviewed and published.

Furthermore, the Author or Authors of the
texts submitted for publication must have ex-
perience and knowledge in the given area en-
abling them to declare themselves experts in
the field and to ensure credibility to their find-
ings and their recommendations. SM strongly
recommends the presentation of material that
illustrate methodologies to advance the studies
on muscle strength and overall training of the
same.

GUIDELINES FOR THE PRESENTATION
OF ORIGINAL RESEARCH WORK TO BE
PUBLISHED

1. A portion of the texts published by SM, as a
specific editorial choice, are versions in Italian
of highly accredited work already published
elsewhere, carefully selected among the many
papers available in literature. It is also an ed-
itorial policy to include research from young
up and coming Authors or those in training.
Articles may be submitted by e-mail, in the
form of files in Microsoft Word format (.doc),
to dir@calzetti-mariucci.it, following the in-

structions below. Authors are required to at-
tach the declaration of assignment of copyright
for paper and digital publication, which may
be downloaded from www.calzetti-mariucci.it.

2. The assignment of copyright is granted free
of charge.

3. Articles will be evaluated for publication,
provided they have been submitted exclusively
to SM and, therefore, have not already been
published and will not be published elsewhere
in whole or in part. Manuscripts containing
data that have already been published on the
Internet, available for public inspection, can-
not - as a rule - be considered for publication.

4. As required by law, articles will be printed
in compliance with the original version and
with the name of the Author. Any matters not
expressly provided for in these editorial notes
and by the act of transfer of copyright attached
to the article, shall be subject to the laws and
customs regulations in force. All disputes aris-
ing between the parties regarding the interpre-
tation and application of these editorial notes
and/or the act of transfer of copyright, shall be
resolved exclusively by the competent Court of
Perugia.

5. The material submitted for publication must
be accompanied by a brief resume of the Au-
thor or Authors.

6. SM adopts standards for the protection of
living beings, with regard to testing on animals
and humans. In this regard, the Authors of
the work submitted for publication must have
received appropriate approval from their insti-
tutional control bodies or if necessary, must
demonstrate to have obtained the appropriate
consent under the applicable laws. All submis-
sions must include a statement to that effect, in
the Methods section of the document present-
ed. Failure to do so will result in the paper not
being considered for publication.

7. All texts should be double-spaced, and an
extra space between paragraphs. The paper
must include margins of at least 2.5 cm and
include the page numbers in the upper right
corner beside the current title. Authors should
use terminology that is based on the Interna-
tional System of Units (SI).

8. The Authors of the texts are invited to use
non-sexist language and to show that they are
sensitive to the appropriate semantic descrip-
tion of people with chronic illness and disabili-
ty (as pointed out - for example - in an editorial
of Medicine & Science in Sports & Exercise®,
23 (11), 1991). As a general rule, only abbre-
viations and codified symbols should be used.
If unusual abbreviations are used, they must
be explained from their first appearance in the
text. The names of trademarks must be writ-
ten with a capital letter and their spelling is to
be carefully checked. The names of chemical
compounds and generic names must precede
the trade name or abbreviation of a drug the
first time that it is used in the text.



PREPARATION OF MANUSCRIPTS
1. Title page

The title page should include the title of the pa-
per, the current title in short, the laboratory or
laboratories where the research was conduct-
ed, the full name of the Author or Authors, the
department, the institution, full postal address
of the corresponding Author, phone number,
fax number and email address; furthermore,
a declaration of any funding received for the
work carried out must be included.

Title page without the name of the Authors

A second page should be enclosed containing
only the title of the paper. This page will be
used to send the paper to the Reviewers for the
double-blind review process.

3. Summary and Keywords

A separate sheet must contain a summary of
the paper in not more than 250 words, fol-
lowed by a minimum of 3 to a maximum of
= keywords, not used in the title. The summa-
ry must be structured in sentences (not titles)
related to the purpose of the study, methods,
results, conclusions and practical applications
arising from the work presented.

4. Text

The text must be composed, as a rule, of the
following sections with titles in uppercase and
in the following order:

A. Introduction. This section is a careful de-
velopment of the hypotheses of the study that
led to the implementation of the survey. It is
advisable not to use subtitles in this section
and try to limit it to 4-6 paragraphs, written in
a concise manner.

B. Methods. The following subtitles are re-
quired in the Methods sections in the following
order: “Experimental approach to the problem,”
where the Author or Authors of the study show
that the approach can prove the hypotheses de-
veloped in the introduction, and can offer some
basic principles for the choices made regarding
the independent and dependent variables used
in the study; “Subjects’, where the Authors in-
sert the approval of their project by the control
bodies, if any, and the appropriate informed
consent obtained. All the characteristics of the
subjects that are not dependent variables of
the study are to be included in this section and
not in the “Results”; “Procedures” includes the
methods used, bearing in mind the concept of
the possibility of a “replication of the study”;
“Statistical Analysis”, is the section that clearly
states the statistical approach to the analysis of
the series or of the data series. It is important
to include the a level of significance (e.g., P <
0.05). Authors are requested to include in the
paper the statistical power for the size and re-
liability of the measures used with intra-class
correlation coefficient (ICC). Additional subti-
tles may be used, but their number must be as
limited as possible.

C. Results. The results of the study are present-
ed in this section. The most important findings
must be presented in the form of tables and fig-
ures and the less important should be included
in the text itself. Do not insert data that are not
part of the experimental project or have been
already published.

D. Discussion. In this section, the results of the
study are elaborated. They must be related to
the literature that currently exists; all hypothe-
ses therefore must be covered.

It is recommended that statements such as
“further research will be necessary, etc. etc...
be avoided.

Practical applications. In this section, it is es-
sential to indicate to the coach or the sports
professional how to apply and use the data
contained in the article. It is a distinctive fea-
ture of SM, also in compliance with the editori-
al mission (see above), to try to bridge the gaps
between the professional laboratory and the
professional field.

5. Bibliography

All references must be listed in alphabetical or-
der by last name of the first Author and num-
bered. References in the text must be made
with numbers [e.g. (4, 9)]. All bibliographic
entries listed should be cited in the paper
and indicated by numbers. Please carefully
check the accuracy of the bibliography, main-
ly to avoid - during the preparation of proofs
- changes in bibliographic entries, especially
regarding the numerical order in which the
citations appear.

6. Acknowledgements

In this section, information may be included
regarding identification of funding sources,
updated contact information of the Author
and acknowledgements to others involved in
the execution of the experiment, if it was an ex-
periment. In this part of the document, infor-
mation must be included relating to conflicts
of interest. In particular, the Authors should:
1) declare the professional relationship with
other companies or producers who benefit
from the findings of the study and 2) cite the
specific grant funding in support of the study.
Failure to disclose such information could re-
sult in the rejection of the article submitted for
publication.

7. Figures

The legends of the figures should be submit-
ted on separate pages, and each figure should
appear on a separate page. Each work should
be accompanied by a set of figures. Electronic
photographs copied and pasted in Word and
PowerPoint will not be accepted. The images
must be scanned at a minimum of 300 pixels
per inch (ppi). The Line art should be scanned
at 1200 ppi. Please specify the file format of the
graphs. TIFF or EPS formats will be accepted
for both Macintosh and PC platforms. We also
accept image files in the following native appli-
cation file formats:

Adobe Photoshop (.psd)
Tllustrator (.ai)
PowerPoint (.ppt)
QuarkXPress (.qxd)

If a digital camera is used to take pictures for
printing, maximum resolution with less com-
pression must be set. As digital camera man-
ufacturers use terms and different file formats
for capturing high-resolution images, please
refer to the manual of the actual camera used
for more information.

Layout. Ensure that all figures and tables have
been mentioned in the text. Indications must
be given as to their position between para-
graphs, for example: Figure 1 is to be inserted
at this point, or the Table 1 in the latter; etc.

8. Tables

Tables should be typed double-spaced on sepa-
rate pages and include a short title. Ensure that
there is adequate space within the tables and
use the least possible number of layout rules of
the rows. When tables are necessary, the infor-
mation must not be a duplicate of data already
in the text. All figures and tables must include
standard deviations or standard errors.

Costs for Authors

SM does not charge the Authors with any fees
for presentation or per page. It is precisely for
this reason that it is assumed that once the
manuscript has been accepted for publication
and sent to the printers, it is in its final form.

Terminology and measurement units

Under the terms of the Scientific Committee
of SM and in order to promote uniformity and
clarity in all scientific journals, the Authors are
invited to use the standard generally accepted
terms in the field of sports sciences and sports.
The Scientific Committee of SM accepts the
use of the following terms and units. The units
used will be those of the International System
of Units (SI). Exceptions allowed: heart rate:
beats per minute; blood pressure: mm Hg;
gas pressure: mm Hg. The Authors may refer
to the British Medical Journal (1: 1334-1336,
1978) and the Annals of Internal Medicine
(106: 114-129, 1987) to properly express oth-
er units or abbreviations. When using units of
measurement, please place the multiplication
symbol in the middle of the line to avoid con-
fusion with a full stop; e.g. ml e min-1 « kg-1.

Among the simple units and those derived
most commonly used in research reports of
this magazine are:

Mass: gram (g) or kilograms (kg); force: New-
ton (N); distance: metres (m), kilometre (km);
temperature: degree Celsius (° C); energy, heat,
work: joule (J) or kilojoules (kJ); power: watt
(W); time: Newton per meter (N o m); Fre-
quency: hertz (Hz); pressure: Pascal (Pa); time:
second (s), minutes (min), hours (h); volume:
litre (1), millilitre (ml); and the quantity of a
particular substance: moles (mol), millimoles
(mmol).

Conversion factors selected:

o 1 N =0.102 kg (force);

e 1J=1N em =0.000239 kcal = 0.102 kg « m;
e 1kj=1000 N ¢« m =0.239 kcal = 102 kg » m;
e1W=1Jes-1=6.118 kg e m ¢ min.

When using the nomenclature for the types of
muscle fibres, please use the following terms.
The types of muscle fibres can be identified us-
ing the methods of histochemical classification
or by gel electrophoresis. The histochemical
staining of the ATPase is used to separate the
fibres in the forms of type I (slow-twitch), type
IIa (fast-twitch) and type IIb (fast-twitch). The
work of Smerdu et al. (AJP 267: C1723, 1994)
indicates that the fibres contain the type IIb
myosin heavy chain type IIx (typing fibres by
gel electrophoresis). To meet the need for con-
tinuity and to reduce confusion on this point,
it is reccommended that the Authors use IIx to
indicate what were called IIb fibres (Smerdu V,
Karsch-Mizrachi I, Champion M, Leinwand L,
and S. Schiaffino , Type IIx myosin heavy chain
transcripts are expressed in type IIb fibers of
human skeletal muscle. Am J Physiol 267 (6 Pt
1): C1723-1728, 1994).
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ABSTRACTS

P=¥ panish resumenes

EL SALTO HORIZONTAL
COMO FORMA DE PREDECIR
EL RENDIMIENTO DEL
LEVANTAMIENTO DE PESAS.
UN ESTUDIO PILOTO: EL
SALTO HORIZONTAL PREDICE
EL RENDIMIENTO DEL

LEVANTAMIENTO DE PESAS

Rich J. Kite, Adam Spence

SM (ing), n.° 8, afio III, septiembre-diciembre de
2017, pags. 4-17

El proceso de identificacion de talentos a menu-
do conéprende una serie de pruebas fisicas cuyos
resultados permitirdn asignar de forma estratégica
deportistas y recursos. Una parte del conjunto de
pruebas del British Weight Lifting (entidad brita-
nica de halterofilia; BWL por su sigla en inglés)
para identificar talentos comprendia un esprint
de 30 m (30ST), un salto vertical (V]), un sal-
to horizontal (HJ) y el lanzamiento de un balén
medicinal por encima de la cabeza (MBT). La fi-
nalidad del presente estudio es evaluar las relacio-
nes existentes entre el protocolo de pruebas de la
BWL para identificar talentos y el rendimiento del
levantamiento de pesas. Participaron de forma vo-
luntaria 12 levantadores de pesas (media + s; masa:
86 + 20 kg; total ajustado con el coeficiente de Sin-
clair: 214,6 + 76,5). Los participantes asistieron a
una simulacién de las pruebas de identificacion de
talentos dos semanas antes de una competicion.
Los datos se analizaron mediante una correlacion
del momento-producto de Pearson. Para determi-
nar la prueba que mejor predice el rendimiento
del levantamiento de pesas, se utiliz un analisis
escalonado de regresion multiple. Se encontraron
relaciones significativas entre el rendimiento del
levantamiento de pesas (total ajustado con el co-
eficiente de Sinclair) y el 30ST (r = -0,72; intervalo
de confianza 95 % [-0,91; -0,24]), el V] (r =0,89; IC
95 % [0,65; 0,97]) y el HJ (r = 0,90; IC 95 % [0,67;
0,97]). La distancia en el MBT no mostré ninguna
correlacion significativa con el rendimiento (r =
0,27; IC 95 % [-0,17; 0,81]). Gracias a un analisis
escalonado de regresion, se descubrio que el HJ es
el factor predictivo mas fuerte para el rendimiento
del levantamiento de pesas (R2 ajustado = 0,79; EE
de la estimacion = 35; F = 42,5; p < 0,001). A pesar
de la fuerte relacion existente entre el 30ST, el V],
el HJ y el rendimiento del levantamiento de pesas,
los resultados de este estudio senalan que el HJ
puede utilizarse como un buen factor predictivo
del rendimiento del levantamiento de pesas para
los adultos.

ROTURA DEL TENDON DE
AQUILES Y LA LIGA DE FUTBOL

DE ESTADOS UNIDOS

Charniga Andrew “Bud”

SM (ing), n.° 8, afio III, septiembre-diciembre de
2017, pags. 18-29

El autor expone el problema relativo a la frecuen-
cia de las lesiones en las extremidades inferiores
que son comunes en algunos deportes, pero no
en el levantamiento de pesas, en especial en las
mujeres, donde cabria esperar un alto indice de
accidentes. El autor, que se refiere sobre todo a
los jugadores de la liga de futbol americano y a la
rotura del tendén de Aquiles, pone de relieve la
falta de cualidades reactivas en la preparacién de
estos deportistas, mientras que dicIl)las cualidades
estdn totalmente presentes en el entrenamiento
de la halterofilia y, por ende, en los gestos tipicos
del levantamiento de pesas. Asimismo, aporta una
serie de datos y testimonios a fin de comprobar la
hipdtesis de que un entrenamiento deficiente en-
trafia un riesgo elevado de lesion.

UTILIZACION DE EJERCICIOS

COMPLEMENTARIOS
DERIVADOS DE LA
HALTEROFILIA OLIMPICA
COMO METODO DE
RECUPERACION DE
SINTOMAS INEXPLICABLES
MEDICAMENTE

Boschiero Dario, Vaudagna Danilo, Pederzolli
Sergio, Marro Michele, Fantina Mattia, Bonaci-
na Matteo, Monaco Carmine, Apelgantes Elena,
Urso Antonio

SM (ita), n.° 8, ano III, septiembre-diciembre de
2017, pags. 30-41

La ﬁnaligad de este estudio es determinar si pue-
de ser util realizar ejercicios complementarios,
derivados de la halterofilia olimpica y el levanta-
miento de potencia, para eliminar o disminuir la
percepcion y el niumero de sintomas inexplicables
meédicamente. Estos sintomas son en gran parte
inexplicables, es decir, no se relacionan con nin-
guna causa, patologia o trastorno concretos. Las
personas con sintomas inexplicables médicamen-
te presentan caracteristicas bien especificas, como
fatiga crénica, trastornos del suefio o del apetito,
colon irritable, estrefiimiento, trastornos del esta-
do de animo o sindromes de dolor inespecifico. A
largo plazo estos sintomas crean desequilibrios en
la composicién corporal y el sistema neurovege-
tativo. Cualquier persona puede desarrollar sinto-
mas inexplicables médicamente: desde deportistas
profesionales hasta personas sedentarias y desde
nifios hasta ancianos, y tales sintomas no depen-
den del sexo. Las publicaciones especializadas han
demostrado con certeza que la actividad fisica y la
conservacion de la masa de musculo esquelético
son buenos indicios de salud general, longevidad y
antienvejecimiento. La pérdi§a de masa muscular
amenudo se asocia con problemas diversos, como
la fatiga cronica, la pérdida de fuerza, mialgias,
recuperacion lenta de enfermedades, sarcopenia,
caquexia, retraso en la curacion de heridas, bajo
metabolismo basal, discapacidad fisica o escasa
calidad de vida, ademas de elevados costos sani-
tarios. Todo ello guarda relacién con los sintomas
inexplicables médicamente. Por consiguiente, la
actividad fisica dirigida a recuperar la cantidad,
pero sobre todo, la calidad de la masa de musculo
esquelético es fundamental. De este estudio se des-
prende que los ejercicios complementarios deriva-
dos de la halterofilia olimpica y el levantamiento
de potencia son un instrumento 6ptimo para re-
cuperar la calidad y la cantidad de masa muscular
y para reducir la percepcion de los sintomas inex-
plicables médicamente.

LA CARGADA DE POTENCIA
(POWER CLEAN) Y LA

ARRANCADA DE POTENCIA
(POWER SNATCH) DESDE LA

RODILLA

Timothy ] Suchomel, Brad H Deweese

SM (ing), n.° 8, afio III, septiembre-diciembre de
2017, pags. 42-51

LA CARGADA DE POTENCIA Y LA ARRAN-
CADA DE POTENCIA DESDE LA RODILLA
PUEDEN UTILIZARSE EN LA PROGRESION
DE APRENDIZAJE DE LOS EJERCICIOS DE
CARGADA Y ARRANCADA PORQUE ENFA-
TIZAN LA FUERZA POSICIONAL DURANTE
LA FASE DE TRANSICION, UTILIZAN LA
TECNICA DE LA FLEXION DOBLE DE LAS
RODILLAS Y EJERCITAN LA TRIPLE EXTEN-
SION DE LAS ARTICULACIONES DE LAS CA-
DERAS, LAS RODILLAS Y LOS TOBILLOS.

SISTEMAS DE ACTIVACION
MUSCULAR DURANTE

DIFERENTES TECNICAS DE

SENTADILLA
Slater V Lindsay & Hart Joseph M
SM (ing), n.° 8, afio III, septiembre-diciembre de
2017, pags. 52-63
Las sentadillas bilaterales son ejercicios que se
utilizan con frecuencia en programas de rendi-
miento deportivo. La activacion de los musculos
de las extremidades inferiores puede cambiar en
funcion de la alineacién de las rodillas durante la
ejecucion del ejercicio. La finalidad de este estu-
io es comparar los patrones de activacion de los
musculos de las extremidades inferiores durante
diferentes técnicas de sentadilla. Participaron de
forma voluntaria 28 personas sanas sin lesiones
(19 mujeres y 9 hombres, de 21,5 + 3 afos, 170 +
8,4 cm, 65,7 + 11,8 kg). Se les colocaron electrodos
para realizar una electromiografia en los musculos
vasto lateral, vasto medial, recto femoral, biceps
crural y gastrocnemio de la pierna dominante. Los
participantes realizaron cinco sentadillas a la vez
que desplazaban de forma intencional la rodilla
anteriormente (desalineaciéon anteroposterior),
cinco sentadillas mientras desplazaban de forma
intencional la rodilla medialmente (desalinea-
cién medial) y cinco sentadillas con control de
la alineacion (control). Los datos normalizados
(contraccién isométrica voluntaria maxima) del
electromiograma se redujeron a 100 puntos y
se representaron como un porcentaje del ciclo
de sentadilla en el que el 50 % correspondia a la
méxima flexién de la rodilla y el 0 % y el 99 %,
a la extension total. La actividad de los musculos
vasto lateral, medial y recto femoral disminuyo
en la sentadilla con la desalineacién mediolateral
en comparacion con la sentadilla de control. En la
sentadilla con la desalineacién anteroposterior, la
actividad de los musculos vasto lateral, medial y
recto femoral disminuyé durante las fases de des-
censo inicial y ascenso final; sin embargo, la acti-
vacion del vasto lateral y el recto femoral aumentd
durante la fase de ascenso inicial en comparacion
con la sentadilla de control. Los musculos biceps
crural y gastrocnemio mostraron un aumento de
la activacién durante ambas sentadillas con desali-
neacion en comparacion con la sentadilla de con-
trol. En conclusion, los participantes habian alte-
rado los patrones de activacion muscular durante
las sentadillas con una desalineacion deliberada en
los planos frontal o sagital, tal como demuestran
los cambios producidos en la activacién del cua-
driceps, el biceps crural y el gastrocnemio durante
el ciclo de la sentadilla.

APORTE COMPLEMENTARIO
DE B-ALANINA PARA EL

DEPORTISTA DE COMPETICION
Jay R. Hoffman, Ph.D., FNSCA, FACSM
SM (ing), n.° 8, afio III, septiembre-diciembre de
2017,(§>égs. 66-75
Cuando se ingiere -alanina, bien a través de la co-
mida, bien en forma de complemento alimenticio,
esta se une a la histidina para formar carnosina.
En el plano fisioldgico, el aumento de la carnosina
en el muasculo incrementard la capacidad de amor-
ti]guacién intracelular. La eficacia del aporte com-
plementario de B-alanina se ha podido constatar
mediante varios estudios en los que se analizo el
ejercicio prolongado de alta intensidad en depor-
tistas de competicién y aficionados. Sobre la base
de los estudios actuales, el aporte complementario
de B-alanina parece ser eficaz durante la actividad
de alta intensidad con una duracion de 60-300 se-
undos. Los estudios que analizan la ingestion de
-alanina y los deportistas de competicion arrojan
resultados solidos que apuntan que la p-alanina
aumenta la concentracion de carnosina en los
musculos, lo que estd relacionado con mejoras
significativas del rendimiento durante la actividad
prolongada de alta intensidad.



IIPBDKOK B [IVIMHY KAK
ITPENCKA3ATEJIb PE3Y/IBTATOB

B TSDKE/TOU ATTTETUKE:
SKCITEPMMEHTAJIbHOE
VICCIIEDOBAHUE

Rich J. Kite, Adam Spence

SM (ing), n.° 8, anno III, settembre-dicembre
2017, pp . 4-17

ITporecc mowcka cropruBHoro ramanra (TID)
YacTO BKIOYAET B ce0s1 cepuio PM3MIeCKIX TeCTOB,
PY3Y/IBTaThl KOTOPBIX IO3BOJIAIOT —OIPEE/NTD
IPaBUIbHYIO CTPATETIIO TPEHNPOBKI CIIOPTCEHOB
U pastpefieieHtsi pecypcoB. YacTb GpUTAHCKOro
kommyiekTa TtectoB (TID) British Weight Lif-
ting (BWL) BxmovaeT: 30-M1 MeTPOBBII CIIPMHT
(30ST), BeptukanbHblii PbDKOK (V]), MPHDKOK
B mmuy (HJ), 6pocox men6oma (MBT). Llenb
VICCTIENOBAHNST  3aK/IIOYA/IaCh B OTIPEJeIeHIN
B3aVIMOCBS3M MeX/Y IIPOTOKOIOM TeCTUPOBAHIS
BWL TID n pesynbratamu B TSKEON aTIeTHKE.
JIBeHa/IIaTh TSDKEIOATIETOB (CpefHee 3HaUeHNe +
s; Macca 86 * 20 kr; CKOpFeKTI/I OBAHHBbIIT 06T
nokasatenb Sinclair, Sinclair adjusted total: 214 +
76,5) mami B0OGPOBONIBHOE COI/IACHE Y4aCTBOBATD
B 9KCIIepyMeHTe. bBblma opraHmsoBaHa ceccus
tectoB TID cuMymMpoBaHHasA B TeYEHNMM JIBYX
Heflentb OT copeBHOBaHMIL. Ilo/ydyeHHble JaHHbIE
ObUIM  IPOAHA/IM3MPOBAHBI  UCIONB3YSl  TECT
KOppe/sILiMM  CMEIIaHHOr0 MoMeHTa IlmpcoHa
(Pearson’s product moment correlation). st
OLIEHKM HAWTY4IIIero OAMHOYHOTO IIpeficKasaTens
pesy/bTaTa TSDKETOAT/IeTIIeCKOrO BBICTYIUICHIS
B KOMJIEKCE TECTOB MCIIO/Ib30BAJICS TIOLIATOBbII
MHO)KECTBEHHBII ~ PErpecCHOHHBII  aHaJM3.
Bbima obOHapy>keHa 3HAUMTENbHAS KOPPEIALA
MEX/y TOKasaTeaMyl BBICTYIUIEHVA B TSKENON
arrerrke (Sinclair adjusted total) n pesynbratamn
B 30-u merpoBoM cmpunre, 30ST (r = -0.72;
95% poseputenbHbll yHTEpBan [-0.91, -0.24]),
B BEpPTMKaJIbHOM IIpbDkke, V] (r = 0.89; 95%
CI [0.65, 0.97]), u B mpbbkke B mmuy, HJ (r =
0.90; 95% CI [0.67, 0.97]). Pesynbratsl B 6pocke
OTATOIIEHHOTO MA4a He ITOKa3a/I CYIIeCTBEHHYIO
KOppesiLyio ¢ 3¢ (eKTHBHOCTDIO BBIIOTHEHIS
TSDKEIOATIETNYeCKNX  ypaxHenmit (r = 0.27;
95% CI [-0.17, 0.81]). CormacHo moIIaroBomMy
perpeccBHOMY aHajmM3y, IpbDKOK a mmmHy (HJ)
ABJIACTCSA CAMBIM YOEMTEIbHBIM IpecKasarerneM
9 EeKTUBHOCTY ~ BBIIOJIHEHUS]  YIPAKHEHMI
TOKENOM  aTneTnky  (CKOpPpeKTMpOoBaHHbI R2
= 0.79; SEE = 35; F = 42.5; p <0.001). Hecmorps
Ha TO 4TO ObIIa YCTaHOBJIEHA BBICOKAS CBS3b
Mexpy pesymbratamu B Tecrax 30ST, V], HJ c
Ppes3yabTaTaMi BBITIOTHEHVIA TAKEMOAT/IeTUIECKITX
yHOpaKHeHnl, TokKasarenu B TecTe  HJ
(IpBDKOK B [UIMHY) MOTYT MCIIO/Nb3OBATBCS B
KavyecTBe Hambo/mee HaAEKHOTO IIpefcKas3aTesist
BBICTYIUIEHVIA B3POCTIBIX TsDKENIOATIETOB.

PA3PbIB AXVJIVZTIOBA CYXOXWNINA

M JIUTA NFL (HAIIVIOHAJIbHASA
®YTBOJ/IbHAS JIUTA, H®JT)

Charniga Andrew “Bud”

SM (ing), n.° 8, anno III, settembre-dicembre 2017,
pp . 18-29

ABrop sarparuBaer 1pOGJEMy  CBSI3aHHYIO
C YacTOTONl TPaBM HIDKHUX KOHEYHOCTell
PCIIPOCTaHEHHBIX B HEKOTOPBIX BUIAX CIIOPTA,
HO He B TDKEION arieTnke (OCOOEHHO Cpenu
KEHILVH), IJie Ka3a/10Ch Obl JO/DKEH BCTPeYaTbCs
Gotee BBICOKMII IIPOLIEHT STUX IOPAKEHMIl.
ABrOp, MMesisi B BUJY B OCHOBHOM MIPOKOB
Jlurn amepukanckoro ¢ytéona 1M aHaIU3UPYS
PaspbIB  axWIOBA CYXOXWINS, IOFYEPKIBAET
9TO B TPEHNUPOBKE ITHX CIIOPTCMEHOB OTCYTCTBYT
HEKOTOpble  97IEMEHTB IOATOTOBKM KOTOpbIE
JMMeOT MeCTO B IIOITOTOBKE TSKENOATIETOB,
pedb WIET O BBHIIOJHEHUM >KECTOB TUIMYHBIX
UISL TSDKETION aT/IeTUKI. ABTOP TIPUBOIUT CEPUIO
JaHHBIX Y CBUJIETE/IECTB, KOTOPBIE [IOTBEPXKAAI0T
ToT (JaKT YTO HEZOCTATKM B TPEHUPOBKE
TOBBIIIAIOT PYUCK TPABM.

ABSTRACTS

ussian

VICIIOJIb3OBAHMUE .
JOOITOIbHUTE/IbHBIX YIIPAJKHEHUN
OJIMMIINNCKOM TAKETOU

ATJIETUKU KAK METOJOIOTUI
BOCCTAHOBJ/IEHUS ITOCJIE MYC (ME-
DICALLY UNEXPLAINED SYMPTOM,
MUS), KOTOPbIN XAPAKTEPU3YETCS
HEOIIPEIETEHHBIMI U
HECHHPEIVOMYECKNMU
CUMIITOMAMUI

Boschiero Dario, Vaudagna Danilo, Pederzolli
Sergio, Marro Michele, Fantina Mattia, Bonacina
Matteo, Monaco Carmine, Apelgantes Elena, Urso
Antonio

SM (ita), n.° 8, anno III, settembre-dicembre 2017,
pp - 30-41

Llenp sroro wmccnemoBaHus —3aKaOyYasach B
OLIeHKe TOrO KaK JIOIO/IHUTE/IbHBIE YIIPAKHEHIS,
VCIIONb3yeMble B OMMMIIMIICKON  TSDKEION
aT/IeTVKe 1 B MOLIHOCTHBIX MOBEMAX, MOTYT 6aTh
HO7Ie3HBIMI VIS YCTPAHEHUS WIM yMeHbIIeHMA
BOCHIPMATUS ¥ KOMM4YecTBa cuMToMOB MYC
(Medically Unexplained Symptom, MUS) nm
JKe  HEONpPENENEHHBIX 1  HecrermpudecKmx
CUMTOMOB.  BONBIIMHCTBO — 9TMX  CUMTOMOB
OCTaéTcsA HEOOBSICHUMBIM, TO €CTh He VIMeeT
TOYHOI OOBACHUMOJ HPUYMHBL: OONE3HN VTN
paccrpoiicTBa. JIIoM Y KOTOPBIX HaGMIOAI0TCA
cumroMbl MYC 0TMevaloT BecbMa crieryiduaeckue
MPU3HAKIL: XPOHMYECKAs] YCTAlOCTh, HAPYIIEHVs
CHa I alllleTUTa, Pa3fPAXUTETBHOCTD TOJICTOI
KUIIKM, 3alOopbl, PacCTPONICTBA HACTPOEHM,
Hecrenydrdeckyie 60meBble CHHAPOMSI 1 T. A. Co
BpeMeHeM 3T CMTOMbI IPOBOLPYIOT AucOanaHc
COCTaBa Te/la ¥ HEPBHOII BEreTaTVBHON CUCTEMBI.
Cumrombl MYC MOTyT pasBUTBCS Y TOOBIX JTIOZIET,
Y CIIOPTCMEHOB U Y MaJIOTIOABIDKHBIX CYO'BEKTOB, Y
TieTei1 ¥ Y OXXIIBIX JTIOfiel, BHE 3aBUCHMOCTH OT
non1a. JlaHHbIe HAYYHOI! IMTEePaTyphl yOeIUTETbHO
TeMOHCTPMPYIOT 4TO (pU3MYECKasA [ieATeTbHOCTD
M XOpolllee COXpaHEH)e MBIUIEYHOl MacChl
ABJIAIOTCA OINITMA/IbHBIMI MOKa3aTeIAMI
00IIero  COCTOSHMSL ~ 3[OPOBbSI,  JONTOETHS
u  HectapeHus. IloTeps MBINIEYHON MAacChl
YacTO CBfI3aHA C Pa3HBIMM IPOoOIeMamit, Kak
HaIIpyIMep XPOHMYECKAs YCTAIOCTD, TIOTePs CUJIBI,
MbIIlIeYHble OO, MEJIEHHOE BOCCTAHOBJIEHME
1oc/te 60JIe3HM, CAPKOIIEHIs], KAXEKCIIs, 3aepKKa
3KVBJIEHVs PaH, HUBKMIl ypPOBeHb 6a30BOro
merabommama (RMR wm BMR), ¢usnaeckas
VHBA/IMJHOCTb, HU3KOE KayeCTBO JKM3HU U T.
I. ¥ BBICOKME 3aTpaThl Ha 3IPaBOOXPAHIMHIE.

Bcé 9r10 CBA3aHO C  HeOIpeHeNéHHBIMU U
Hecrenmduyeckumyt  cumnromamu  (MYC).
CrnenoBarenibHo  (pusndeckas — JeATETbHOCTD

HAaIpaB/ieHHAasd Ha BOCCTAHOB/ICHME KOMMYECTBA
U TpeXAe  BCEr0  KayecTBa  MbILICUHO
CKeJIeTHOM Macchl ABNAeTcsA (PyH/[AMEHTATbHOIL.
ITpencTaBeHHOE MCCTIENOBaHIE TOKA3BIBAET, UTO
TOLOTHUTE/IbHbIE YIIPaXKHEHNA U3 OJIIMITVIICKON
TSDKEION aT/IETUKIU U U3 MOIHOCTHBIX HOBEMOB
ABMAIOTCA ~ OTIMYHBIM ~ MHCTPYMEHTOM  UIA
BOCCTAHOBJIEHMSI ~ KadecTBa M KOMUMYECTBA
MBIIIEYHO! MACChl U CHUDKEHUS BOCHPUATUA
cumromoB MYC.

CHJIOBOVI PBIBOK 3 ITOJTYITPVICEJTA
(POWER SNATCH) HAYMHASI C KOJIEHA
Timothy J Suchomel, Brad H Deweese

SM (ing), n.° 8, anno III, settembre-dicembre 2017,
pp - 42-51

CuoBoe B3ATME HA TPyAb M3 IIOTYIpPUCENa
(power clean) 1 ciIOBOJT PBIBOK M3 HOMYIIPUCERA
(power snatch) moryt 6FI)>ITI> UCIIONb30BAHbI B
nporecce OOYYEeHUS YINPaOKHEHUAM TOMYEK I
PBIBOK HOTOMY YTO B HUX [€/TAC€TCA AKLEHT Ha
MO3ULMOHHYIO CUy BO BpeMs IIePeXORHOI
(basbl, UCIONB3ys TEXHUKY CTMOAHMA KOMEHHBIX
CYCTaBOB, M Pa3BMBAETCA pasrubaHue CyCTaBOB
Genpa, KoreHa 1 TOJIeH .

CUMIOBOE B3ATUE HATPYIb 13
IIOTYIIPUCEJA (POWER CLEAN) 1
CXEMBI AKTUBAIIVIV MBIIIIT BO BPEM:

TTPVICEJAHI C OTATOIEHVAMU
(SQUAT) PA3IMYHOTO TUIIA

Slater V Lindsay & Hart Joseph M

SM (ing), n.° 8, anno III, settembre-dicembre 2017,
pp.52:63

B criopruBHBIX IIpOrpaMMax 4acTo UCIOIB3YIOTCS
IBYXCTOPOHHME IPYCEJAHNsA. AKTUBALVS MBILILY
HIDKHMX KOHEYHOCTe/l MOXKeT WU3MEeHATCA B
3aBMCHMOCTM OT BBIPABHMBAHUA KOJIEHAa BO
Bp€MA BbIIIOTHEHNIA yl'[pa)KHeHI/IH. ]_le]'[b JMTAaHHOTO
UCCTIeNOBAHNA 3aK/TI0YA/IACh B CPABHEHII MOJieTIelt
aKTUBALMY MBIIIL] HIDKHIX KOHEYHOCTEl BO BpeMs
TPYICEJAHNIT BBIIIONHAEMBIX C PA3HON TEXHMKOIL.
,U,l;anuaTb BOCEMb CIIOPTCMEHOB (19 >KeHINNH,
9 my>xumH; Bospact: 21,543 roga; poct: 170+8,4
cM; Bec: 65,76+11,8 kr) 6e3 TpaBM, BBI3BAINCDH
JZOOPOBOJIBHO ~ y4acTBOBaTb B  9KCIEPVMEHTE.
Onexrtponsl  anerpomyorpaduu, IMIT (EMG)
ObUIV TTOMEIIeHbI Ha CTE/yIOIye MBIIIIIBL: Vastus
lateralis (yraTepanbHas MIMpOKass MbIIIIA), Vastus
medialis (MemyanpHas UMpoKas MbIIIIA), rectus
femoris (npsimasi GenpeHHas Mpluia), biceps fe-
moris (gByrnaBas mpliia Gepa), u Ha gastroc-
nemius (MKpOHOXHAs MBIIIIIA) JOMUHMUPYIOLIest
HOTYM. YYaCTHMKM BBINOMHAMM 5 NPUCEJAHNIA
LieJIeHAIIPAB/IEHHO HAINPAB/IAsL KOJIEHO BIIEPEN
(ML malaligned) u 5 npricefiacmit ¢ KOHTPOIBHBIM
BbIpaBmBanueM (control). HopmanusuposanHsie
manuabie OMI (MVIC) 6bumn Begennt go 100
0alIoB M IIPEACTaBlCHHBl B IPOLEHTAX OT
mmra  npcefanna  (50%  COOTBETCTBOBAM
MaKCUMajIbHOMy crubanmio xonmeHa u 0% u
99% monHOMy  pasrubaHuio).  AKTMBHOCTD
CleyIomMx MbIm: vastus lateralis, medialis u rec-
tus Re"I?IOriS YMeHbIIanach BO BPeMs MeMalbHO-
JIATePAIBHOTO NPCEAHMs. 10 CPAaBHEHMIO C
KOHTPOJIBHBIM IIpMcefianyeM. Bo Bpems mepejte-
3a/IHEr0 IPUCEJaHNs aKTMBHOCTb MBIIIL] Vastus
lateralis, medialis u rectus femoris ymeHbIramaco
BO BpE€MsA HAYa/JIbHOIO CHYCKa n CbI/IHaHbHOFO
MObEMA; OITHAKO BO BPeMsI HaYa/IbHOTO MOIbEMa
yBEMYMBA/IAch aKTMBAIMA MbII vastus lateralis
u rectus femoris 0 CpaBHEHMIO C KOHTPOJIbHBIM
npucenaneM. Mpiupl biceps femoris u gastroc-
nemius  IPOJEMOHCTPUPOBA/IA  IOBBIIIEHHYIO
aKTUBAIMIO BO BpeMfA OOOMX IpeJHAMEePEeHHO
MOZVUIIMPOBAHHBIX IPUCEAHNII TT0 CPABHEHIIO
C KOHTPOJIbHBIM IMpUCefaHNeM. B sakmouennn
YYACTHMKI M3MEHI/IN CXeMbI (pattern) akTMBalum
MBIIII BO BPeMs1 IPYCEeJaHMIi C peHaMePeHHO
(pOHTAIbHOI 1 CarnTTaNIbHON MommbuKaryeri,
4TO0 OBUIO HPOJEMOHCTPUPOBAHO M3MEHEHIEM
akTyBanmy My quadriceps, biceps femoris, n
gastrocnemius BO BpeMsI IMK/Ia PUCEJaHNA.

IJOBABKI BETA-AJTTAHMHA

Y IIPOOECCUOHAJIBHBIX
CIIOPTCMEHOB

Jay R. Hoffman, Ph.D., FNSCA, FACSM

SM (ing), n.° 8, anno III, settembre-dicembre 2017,
pp - 66-75

[lpunsitne Gera-ajaHnHa, Yepe3 MLy WM B
KayecTBe IMIEBOI [J0OaBKM, NMPUBOLUT K €ro
COYETaHMIO C TUCTUAMHOM ¥ K 06pasoBaHMIO
kapHosuHa. C  (U3MONOIMYECKON  TOYKM
3peHIsI TIOBBILIEH)E MBIIIEYHOTO KAaPHO3VHA
NOBBIIIAET  BHYTPUK/IETOUHYIO  OydepHyio
CIIOCOOHOCTb. AddexTnBHOCTD Gera-
QTAHMHOBBIX JI00aBOK Obifja IOf[BEpXKJieHa B
HEKOTOPBIX UCC/IE[OBAHISX B KOTOPBIX M3Y4a/ICs
9 deKT BBICOKOMHTEHCUBHBIX YIIPaXKHEHMI
podeCcCHOHANIbHBIX CIIOPTCMEHOB My JTIOfieN
3aHMMAIOLINXCS CIIOPTOM B cBoGoziHOE BpemsA. Ha
OCHOBE Pe3y/IbTaTOB COBPEMEHHBIX NCC/IEOBAHMIT
MOYKHO CKa3arhb 4T0 J06aBKM 6eTa-a/laHiHa MOTyT
6bITh 3¢ PEKTUBHBIMI IS BHICOKOMHTEHCUBHOII

JIeATeIbHOCTY ITPOJIOTDKUTETBHOCTBIO 60-
300 cexynn. JccnemoBamma — m3ydaromiue
yrnorpebrneHne Gera-aJlaHMHA  CIOPTCMEHAMM
npocg)eccmorlanamn yOenuTeIbHO MOKA3BIBAIOT

4TO J06aBKM OeTa-a/laHNHA MOBBIIIAIOT YPOBEHD
MBIIIEYHOrO  KapHO3MHA, YTO CBSI3aHO  CO
3HAYUTEIBHBIM  y/Iy4dileHreM 9¢GeKTIBHOCTY
BbICOKOMHTEHCUBHOJ MBIILIEYHOI eATeTbHOCTI.
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