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ABSTRACT

The aims of this study were to analyse the effect of chronic
strength training over concentric power (CON), eccentric pow-
er (ECC), ECC/CON ratio, and 20 m linear sprint performance in
elite young soccer players. Twenty young elite Spanish soccer
players were assigned to an experimental group (CPG) which
performed a front-step exercise using a conical pulley, 2-3 sets
of 6 repetitions each leg, during 9 weeks (CPG, n=10) in addi-
tion to its usual strength training, or to a control group (CG,
n=10). The improvements in the ECC mean power (36 %,
ES=1.61),and ECC | CON ratio (17 %, ES=1.77) were substan-
tially greater in the CPG than in the CG while the CON mean
power (16 %, ES=0.83) was substantially greater in the CG than
in the CPG. The sprinting time for 10m (2.8 %, ES=0.78) and
the 10 m flying time between 10-20m (1.72 %, ES=0.41) were
substantially enhanced in CPG and CG respectively. To be effi-
cient when defining a functional strength training and perfor-
mance increments using an inertial device, the mean power
output need to be measured during the CON and ECC phases
and an analysis of the ECC | CON ratio should be included.

Introduction

Sprintrunning acceleration is a key feature of physical performance in
team sports [1]. The main determinant of the sprint-acceleration pro-
file is the ability to produce high levels of mechanical power output
[2]. It has been recently shown that power output in this task primar-
ily depends on ground reaction forces in the postero-anterior direc-
tion but only if the tasks are performed at high contraction velocities
[1,2]. Most of the training methods used for sprint improvement
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(e.g., sled training, squats, and plyometric techniques) involve a high
degree of stimulation during the concentric (CON) phase, and it seems
that eccentric (ECC) contractions are under-activated [3,4]. The rota-
tory inertial devices have been designed to provide a maximal resist-
ance load during the CON phase, and they offer a substantially higher
ECC load than free weight exercises [5]. Training with these devices
elicits higher gains in terms of muscle power and sprinting efficiency,
when compared with traditional weight-stack exercises [6].
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Recently, De Hoyo et al. [7] analyzed the effects of an 8-week
(2 times per week) training programme, which included moderate
sled training, full squats, and plyometric exercise, on sprinting abil-
ities in young soccer players. Only the full squat training group was
able to improve their sprint performances (e. g., times between
10-20m), although improvements in 10 and 20 m sprints were not
significant. Otero-Esquina et al. [8] examined the effects of com-
bined sled training, full squats, and plyometric exercises with a leg
curl inertial device exercise that has a specific involvement of the
hamstring muscles during the ECC phase [9]. These authors showed
improvements in 20 m sprints in young soccer players after 7 weeks
of training but only in those subjects who trained 2 times a week
and notin those subjects who trained only once a week or the con-
trol group; therefore, it could be suggested the incorporation of
this inertial device may improve several abilities in young soccer
players. Recent studies using other inertial devices (e. g., the “con-
ical pulley”) have reported improvements in sprint abilities (from
0-25m) in team sports [10]; however, the results in young soccer
players are not conclusive [11].

The rotatory inertial device provides a source of linear resistance
from a tether wrapped around a vertical cone-shaped shaft. The
tether winds around the cone, and the CON action unwinds the
tether, whereas the ECC action occurs during rewinding. The kinet-
icenergy from the CON portion of the exercise is transferred to the
ECC portion; an equal ECCimpulse is necessary to halt the rotation
of the disc [5]. The use of the conical pulley device for training tends
to be most efficient when the athlete applies force throughout the
course of the full CON phase at maximal velocity [5]. Nevertheless,
the athlete can halt the rotation during the ECC phase by: a) increas-
ing the damping time in the eccentric phase so that this load will
be attenuated; b) equalizing the time of the CON and ECC phases,
which would result in similar concentric and eccentric loads; and
¢) reducing the time of the ECC phase with respect to that of the
CON phase, which can be achieved by an accompanying movement
without a slowing of the movement in the first portion, as well as
by reducing the energy of the cone only at the end of the action.

Usually, improvements in inertial device performance are eval-
uated based on the increases in the mean and maximal power val-
ues during the CON and ECC phases of the inertial exercise [12]. If
the athlete halts the rotation during the ECC phase in a different
manner, each manner could influence the ability to generate power
in the concentric phase of the next repetition. Thus an analysis of
the evolution of the training process, based on the concentric or
eccentric power values, without an analysis of how they are relat-
ed, could generate a loss of valuable information for training con-
trols. Accordingly, the aims of this study were to analyze the effects
of inertial chronic strength training on concentric power (CON),
eccentric power (ECC), ECC/CON ratio, and 20 m linear sprint per-
formances in elite young soccer players.

Materials and Methods

Subjects

Twenty young, elite, Spanish soccer players (values in mean+SD;
age: 17 £1 years, height: 178.1+2.3 cm, body mass: 62.8 +6.6 kg,
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and 1-RM full-squat: 105.3 £ 23.7 kg) were recruited to participate
in this study. One CON repetition maximum (1-RM) from the full
squat exercise was determined according to the guidelines pro-
posed by de Hoyo et al. [13]. The barbell was attached to a dynam-
ic measurement system (T-Force System, Ergotech, Murcia, Spain).
The athletes belonged to a first Spanish soccer division (Liga San-
tander) club academy squad. All of the participants were involved
in the typical soccer training regimen, with a similar weekly train-
ing volume (4-5 sessions/week of 60-90 min and 1 match per
week). The study was conducted according to the Declaration of
Helsinki [14], the protocol was fully approved by the local research
ethics committee before the recruitment of the players, and meets
the ethical standards of the journal [15].

After a detailed explanation of the aims, benefits, and risks in-
volved in this investigation, all of the participants and their parents
provided written informed consent.

Procedures

Each participant visited the gym facility and completed a familiar-
ization session 7 days before the pre-test. During the familiariza-
tion session, a full explanation of the experimental protocol was
provided to the participants, and they were permitted to practice
all of the tests. Players preformed one testing session by perform-
ing tests in the following order: a 20 m linear sprint test and a low-
er-limb power test. Tests were separated by 3 min rest periods.
After 9 weeks, a post-test was performed under the same condi-
tions as the pre-test. To compare the effects of 9 weeks of the ad-
dition of a weekly conical pulley training regimen to the usual
strength training regimen, including moderate sled training, full
squats, and plyometric exercises (as described by Otero-Esquina
et al. [8]), participants were randomly allocated to: a) the experi-
mental group (CPG, n=10), which included the addition of the
aforementioned strengthening programme with an one-step-ac-
celeration exercise by using the conical pulley device, as described
by De Hoyo et al. [13]; and b) a control group (CG, n=10), which
only performed the usual strength training sessions during the
training period.

After a standardized warm-up period, the CPG group performed
a weekly, one-step-acceleration exercise with a conical pulley de-
vice, in addition to the usual strength training sessions. This exer-
cise consisted of 2-3 sets of 6 repetitions of each leg at loads that
elicited the MP CON phase. The strength training sessions involved
an increasing volume programme, as shown in » Table 1.

20-metre linear sprint test

Subjects were assessed in a 20-m linear sprint test, and times were
recorded with the use of photoelectric cells (Racetime2, Micro-
gate®, Bolzano, Italy) at distances of 0, 10, and 20 m. The preferred
front foot was placed 0.5 m behind the first timing gate, and play-
ers started the sprints when they were ready, with an avoidace of
the reaction time. Subjects were given two practice trials after a
warm-up, to familiarize them. After 3 min of passive rest, four tri-
als were completed, and the best 20 m performance trial was used
for the subsequent statistical analysis. The sprinting time for 10m
(T10m) and 20 m (T20m) sprints, as well as the 10 m flying time
(T10-20 m) were also considered for further analysis. Two min of
passive rest was permitted between the trials.
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> Table 1 Descriptive characteristic of the strength training.

~| a = a

EE =) [

=) Q| 0 Ni|z|w©

~ of X 1O x
o

80“{30\0 mzz

Mol 2o = n

S|l Tm|R m[=|m
= a £ ol a
2l e S gle

0 ) Nlz|lo| <

X~ of x 1O x| x

V]lo |+ | QO |« | +

glm LIRS |2la| &G

S|= T|m|R Mm|Z|[m|m
=% ol o
=S| o E | o
=z| = o o= | =
¢ | o N|l=z|lo|<

N >

X~ ol x E8><><

e~
8%Tﬁc\° olal2l@

;.vmo 2 ala
- 1 |m|K M= |m
= o £ ol a
=l e = g|e

© IR Nlzlo|<
~ ol x ;8><><

AEREIER G NEIE:

)| 2| o = vl v
2= T|m|R N2 [~

= o £ o
EE o <]

n RN 2%0

~ o| x <
o
8OTﬁo\° muw

M|l 2o M=
Sl T|m|R N[= |

o £ ol a

S| e =) L e

< x| O Nlz|lo|<
R x X1O| x| x

ﬁ o + QO |« | +

o
8[e R %2 |2]2]9|%
Sl m|2 <t |[Z2Z [

s

;% o £ ol a
m“l" © Nlzlo|<
x| — x X1O| x| x
gle gl= |2|98|%

- 2 | tn bt ol n
2= M| - M2~

o £ ol a

—_

S| 2 o ple
~N x| < Nlz|lo|<
~ Q| x X1O| x| x
(7] ol + | w0 QlO |« |+

o
ol SR A A vialgl8
Sl=dm|2 MmN~

o =%

~| £ E S

S| = o =
- | < N|lz|o
~ | x X1O| x
V]|lo O | a|lu| «
ﬂv;"?&f,\., Yial| &
Sl m|2 N2~

=

I~

o? vl >l oD ol

. |E|S5|E|E|E|E

& |g|22|5|8|5|S

s S|eZ|S|E|I=|>

<)

] £ g =
ol £ = b=
HE g E|l |8
S|T ) © 1=
x| QG [= =
w | 2] V) a

MPV: Mean Propulsive Velocity (m/s); %RM: Percentage of Repetition Maximum.
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Lower limb power test

Participants were placed into a front-step position, and they per-
formed a one-step, horizontal acceleration by unwinding the teth-
er until the end of the step (i. e., the CON phase), after which they
returned to the initial position while rewinding the tether (i. e., the
ECC phase). They also applied force throughout the course of the
full CON phase at maximal velocity (> Fig. 1). The incremental test
was performed on a conical pulley device (Costa Mesa, CA, USA;
speed/force ratio level 1:3) and consisted of 3 sets of 6 maximal
repetitions with different moments of inertia (i4:0.14, i5:0.18, and
i5:0.22 kg/m?) for each leg. The three best CON power repetitions
in the best set of the tests were selected for an analysis of the fol-
lowing variables: the mean power output in the CON phase
(MPCON), the mean power output in the ECC phase (MPECC), and
the ECC/CON ratio (ECC/CONrat). The power output was measured
by using a rotatory encoder that recorded at a sampling frequency
of 100 Hz (SmartCoach™ SmartCoach Europe AB, Stockholm, Swe-
den) and its associated software (SmartCoach®v.5.2.0.5). The re-
liabilities of the measures was assessed using the intraclass corre-
lation coefficient (ICC) and the coefficient of variation (CV) and
showed good reliability for all measures: ICC (0.80-0.81) [16] and
CV (8.3-10.4%) [17]. The smallest worthwhile changes for MPCON,
MPECC, and ECC/CONrat were 3.4 % (CL: 2.5-5.5%), 3.8 % (2.8-
6.3%),and 3.8% (2.8-6.3%), respectively.

Statistical analysis

Data are presented as the means = SDs. The reliability analysis was
performed by using a two-way random ICC, with the absolute
agreement, 90 % confidence intervals, and the CV. Such an analy-
sis was performed via the selected repetitions (i. e., the three best
concentric MP) during the lower-limb tests. All of the data were
log-transformed for the analysis, in order to reduce the bias arising
from non-uniformity errors, after which the data were analysed for
practical significance by using magnitude-based inferences [18].
The effect sizes (ES, 90 % confidence limit [19]) of the selected var-
iables were calculated by using the pooled pre-training SDs. The
threshold values for the Cohen ES statistics were>0.2 (small),>0.6

> Fig. 1 One-step horizontal acceleration in Conical Pulley device.
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(moderate), and>1.2 (large) [18]. The chance that any difference
was better/greater (i. e., greater than the smallest worthwhile
change, or SWC [0.2 multiplied by the between-subject standard
deviation based on the Cohen’s d principle, ES]), similar or worse/
smaller than that of the other group was subsequently calculated.
The quantitative chances of beneficial/better or detrimental/poor-
er effects were qualitatively assessed as follows [18, 20]: < 1%, most
likely not;>1-5%, very unlikely; >5-25 %, unlikely; >25-75, possi-
ble;>75-95%, likely; >95-99 %, very likely; and >99 %, most likely.
If there was a chance that the true value was>25 % beneficial
and>0.5% harmful, then the clinical effect was considered to be
unclear [18]. However, the clinical inference was declared to be
beneficial when the odds ratio of benefit/harm was>66 [18].

Results

The between-groups pre-test analysis showed no substantial differ-
ences in any of the variables with the lower limb power test. Never-
theless, the CG had a substantially better T10m (%:-2.9 [90 %
CL:-5.4;-0.8],ES=-0.83[90% CL: - 1.52;-0.14],94 %[5 %/ 1 % with
changes for lower/[similar/greater values, respectively), T10-20m
(%:-4.3[90% CL:-7.3;-1.3], ES=-1.02[90% CL:1.74;-0.3],
97 %/3 %|1 % with changes for lower/similar/greater values, respec-
tively),and T20m (%:-3.6[90% CL:-5.8;-1.3],ES=-1.26 [90% CL:
2.07;-0.45], 79%/0%/21 % with changes for lower/similar/greater
values, respectively) than the CPG during the pre-test.

The relative changes and qualitative outcomes from the within-
groups analyses are shown for the CPG and CG in » Table 2. Sub-
stantial improvements were observed in MPCON and MPECC dur-
ing the lower limb power test in both groups compared to those of
the pre-test. Furthermore, the ECC/CONrat, the T10 and T20m
were also substantially enhanced in the CPG, whereas the T10-20m
and T20m were substantially enhanced in the CG.

The percentages of change between-groups are shown in > Table 3.
The improvements in the MPECC (%: 51.5 [90%CL: 3.2; 75.7]), and
ECC/CONrat (%: 38.4[90%CL: 14.9; 55.5]), were substantially great-
er in the CPG than in the CG. Additionally, the MPCON (%: 101.6
[90%CL: 7; 279.7]) was substantially greater in the CG than in the
CPCG.

Discussion

The aims of this study were to analyse the effects of inertial chron-
ic strength training on the CON power, ECC power, ECC/CON ratio,
and 20 m linear sprint performance in elite young soccer players.
The main findings of this study were: a) the improvements in the
MPECC and ECC/CONrat were substantially greater in the CPG than
in the CG; and b) the addition of a weekly, one-step horizontal ac-
celeration exercise (with the use of a conical pulley device) to the
usual strength training session, based on sled training, full squats,
and plyometric exercise, improved accelerations when starting
from a stopped position, but seemed to be insufficient into achiev-
ing greater improvements in the ability to sprint 20 m compared
to the performance of typical strength training exercises alone.
Usually, a coach or physical trainer tends to associate the use of
aninertial device with an increase in power output during the CON
or ECC phases of movement used in training [12]. Based on the re-
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> Table 2 Change in performance after training in CPG and CG.
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> Table 3 Pre-post increased of CPG compared to CGC.

Variables VPG mean + SD CG mean + SD % Diff (CL) ES (CL) Chances % Qualitative

magnitude
MPCON 69.57+70.61 99.75+£107.12 101.62 (7.08; 279.65) 0.71 (0.07; 1.35) 94/4/2 Likely
MPECC 78.71+36.96 41.54+49.04 -51.52 (- 75.71;-3.24) -1.38(-2.71;-0.06) | 3/5/92 Likely
ECC/CONrat 0.39£0.04 0.27+0.11 -38.47 (-55.52;-14.91) -3.94(-6.57;-1.31) | 0/4/96 Very likely
T10m (s) -0.05%0.05 -0.02+0.03 -45.90 (-78.28; 34.78) -0.64(-1.59;0.31) | 12/1/87 Unclear
T10-20m (s) -0.01£0.03 -0.02+0.03 -4.8 (-49.98; 119.28) 0.05 (-0.80; 0.90) 54/2/45 Unclear
T20m (s) -0.06%0.05 -0.04+0.04 ~29.86 (- 55.86; 9.45) 0.70 (- 1.58; 0.18) 8/3/89 Unclear
NOTE:. CL=confidence limits 90 %; ES = effect size; Chances = percentage chance of having better/similar/poorer values; MPCON: Mean Concentric
Power; MPECC: Mean Eccentric Power; ECC/CONrat: Ratio MPECC/MPCON, T10m: The time for the 10 m sprint, T10-20m: The time between 10 and
20 m sprint, T20m: The time for the 20m sprint.

sults of our study, the CPG obtained an increase in MPECC, which
was substantially higher than that of the CG, whereas the CG sub-
stantially improved its MPCON more than the CPG. It is possible
that the tendency of CG athletes to reproduce the patterns of
movement of their usual training systems (i. e., sled training) when
using a conical pulley device, allows them to produce a higher
MPCON than the athletes of the CPG. Conversely, athletes who
trained with the CP device tended to improve energy storage dur-
ing the ECC phase, which allowed them to produce a higher MPECC
than CG athletes. These results are in agreement with previous find-
ings for the use of inertial devices, wherein the use of the conical
pulley allowed for a greater mean eccentric force than the use of
free-weight exercises, whereas the concentric force was higher with
the use of free-weights than with the use of the conical pulley [21].
Notwithstanding, the MPCON and MPECC outcomes were im-
proved in both groups (i. e., the CPG and CG); therefore, we cannot
clearly state that this improvement is exclusively produced by train-
ing with the conical pulley. The ECC/CONrat was only substantially
improved in the CPG. We could assume that the relationship be-
tween ECC and CON power outputs would be an outcome to con-
sider when defining a functional strength training regimen with the
use of a conical pulley.

The velocity of ECC contractions has a high correlation with sports
performance, and the athlete’s ability to sequence stiff muscles and
compliant tendons for power production depends on the ECC utili-
zation ratio [22,23]. Thus, it could be inferred that the increase in
the mean ECC/CONrat reported in the present study would provide
added training benefitsin 10 and 20 m sprints. In our study, the CPG
substantiallyimproved the T10m (- 2.8 %, ES=0.78). These improve-
ments are very similar to those obtained by Gonzalo-Skok et al. [10],
who utilized a biweekly training programme of 8 weeks of squat VP
exercises (—2.8%, ES=0.70) and multidirectional VP exercises
(-2.4%, ES=0.43). However, the T10m of our players (1.69s) was
significantly lower than that reported by Gonzalo-Skok et al. [10]
(unidirectional, 1.82s; multidirectional, 1.81s) before starting the
training, and only one of the six exercises carried out by the multidi-
rectional training group is identical to that proposed in our study. De
Hoyo et al. [13] analysed the effects of training (based on an exercise
identical to the one proposed in this study) for a group of active sub-
jects who trained for 6 weeks (3 times a week). They observed that
the T10m (- 0.01 s) was significantly lower than that obtained in our
study (0.04s), although the athletes appeared to start from a simi-
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lar initial level. It is possible that the usual training routine for our
CPG, based on the uses of full squat exercises, moderate sledding,
and plyometric exercises, could have an additional effect of improv-
ing the ability to accelerate within 10 m., although the CG exhibited
no improvements in the T10m. These results are similar to those ob-
tained by De Hoyo et al. [7], who used a protocol in which the differ-
ent exercises included within our training routine were compared
separately. Nevertheless, our results do not correspond to those ob-
tained by Otero-Esquina et al. [8], wherein participants performed
aroutine similar to the one proposed in this study, but with the ad-
dition of an exercise (YoYo™ leg curl) with special emphasis on the
ECC phase of the hamstring muscle, thus allowing the T10m (- 1.4 %,
ES=0.43) to improve but only in the group that trained two times a
week. Itis possible that the application of this device twice a week in
the ECC phase of the hamstring musculature could be animportant
factor in the improvement of the acceleration capacity in the 10m
sprint, although this effects has currently only been demonstrated
for distances of 20 m [24] and 30 m [9]. Our study did not demon-
strate substantial differences between the groups in T10m, but the
results exhibited a noticeably greaterimprovement than the results
from another study with young soccer players [8]. It is possible that
the lower capacity to accelerate from the CPG to the CG in the pre-
test could explain these differences, which indicate a greater capac-
ity forimprovement in the CPG; therefore, further research concern-
ing the influence of the conical pulley ECC/CONrat on the sprint per-
formance is needed.

The CPG did not exhibited improvements in the T10-20 m. Itis
known that a conical pulley strength training regimen improves
ground reaction forces at high velocities while moving in multiple
planes [25].To be effective with this device, the subject must apply
force throughout the course of the CON phase of the movement,
thus producing force for a longer time period than in other systems
[21]. Itis possible that this greater time period of force application
would not provide additional training benefits when the time of
the application of the force tends to be minimal (e. g., T10-20 m).
The CG had an improvement in T10-20m (- 1.72%, ES=0.41).
These results are very similar to those obtained by Otero-Esquina
etal.[8] (- 1.8%, ES=0.52) with the use of similar protocols; how-
ever, De Hoyo et al. [7] isolated each of the proposed exercises, and
showed a substantial improvement only for the group that trained
with full squats (- 1.9%, ES=0.61). In our study, both groups ex-
hibited improvements in T20m, without substantial between-
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groups differences. However, de Hoyo et al. [7] did not demonstrate
an improvement in the T20m in any of the exercises proposed in
our typical training routine, and Otero-Esquina et al. [8] showed a
reduction (- 1.5s, ES=0.47) that was significantly lower than that
of the CPG; therefore further research concerning the influence of
the CP ECC/CONrat on the force application sequence is needed.

This study had a limitation that should be acknowledged. The
CPG performed an exercise to a greater degree than the CG during
the training routines. It is possible that more work could explain
the greater amount of results or higher levels of fatigue. However,
this study analysed the effects of the addition an exercise that had
aunique impact on the ECC phase of the movement, compared to
its usual strength training session based on sled training, full
squats, and plyometrics. This usual strength training session, com-
bined with an exercise that had a unique impact on the ECC phase
of the movement, showed improvements in the sprints of young
soccer players [8], but no analyses were performed on the isolated
effects of addition of the ECC exercise. Therefore, the current de-
sign was needed, in order to analyse the isolated effect of the ad-
dition of the ECC exercise.

This study provides very important practical implications for
those physical trainers who intend to use a rotating inertial device,
such as the conical pulley device. The use of conical pulley horizon-
tal acceleration exercises optimizes the mean power outputsin the
CON and ECC phases, but mainly optimizes the relationship be-
tween the ECC/CON. The application of this device once a week
does not appear to be enough to fully benefit from this device; how-
ever, the producing force for a longer time period than in other sys-
tems [20], could be animportant factorin the improvement of the
short acceleration capacity (e.g., T10m), and would not provide
additional training benefits when the time of the application of the
force tends to be minimal (e.g., T10-20 m).

Conclusions

To be efficient when defining inertial chronic strength training, the
mean power outputs need to be measured during the CON and ECC
phases and an analysis of the relationship between the ECC and
CON power outputs should be included. Adding a weekly, one-step-
acceleration exercise with a conical pulley device provides insuffi-
cient data for an improvement in the ability to sprint in 10 m and
20 m with the used of the conical pulley device, compared to
strength training with the use of sled training, full squats, and ply-
ometric exercises.
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