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KEYWORDS Abstract This study examines the effects of two strength training (ST) programs, one based on
Soccer; mean propulsive velocity (MPV) and another under the traditional method, the % one-repetition
Maximal power; maximum (1RM), on neuromuscular performance and muscle composition in girls who play soc-
Females; cer. Fifty players with an average age of 13.6 + 1.2 years participated in the study and were
Mean propulsive randomly assigned into three groups: a maximal execution velocity training group (VG, n=15),
velocity a maximal strength group (RMG, n=13), and a control group (CG, n=18). The study was devel-

oped for a period of twelve weeks during regular team training to prepare for the season. The
VG and RMG groups performed additional strength or muscle power training three times a week,
including movements of full squat and pedaling on a cycle ergometer. The two types of training
groups and the control group exhibited significant gains. However, the greatest increases were
achieved with VG training, with significant increases (p <0.000) in maximal strength, (p <0.000)
squat power, (p<0.000) velocity over 30m, (p <0.000) cycle ergometer power, and (p < 0.008)
lower limb muscle mass. Statistically significant differences were observed between VG and
RMG in countermovement jump (CMJ) (p <0.008) and squat power (p <0.01) tests, between VG
and CG in CMJ (p<0.01), squat power (p <0.000), and maximal squat strength (p <0.000), and
between RMG and CG in maximal squat strength (p <0.000) only. These findings might indicate
that high-velocity ST can be performed simultaneously with regular training to improve the
explosive actions of soccer players.
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Introduction

Power, velocity, and agility are fundamental aspects of a
soccer player’s performance because they are the basis for
performing different actions such as high-velocity and short-
duration movements (1-7s), sudden jumps, and changes in
direction.”? Mara et al.? observed the accelerations and
decelerations that occur during an official game involving
elite female soccer players (24.3 years of age), report-
ing that the players performed 423 (+126) accelerations
and 430 (+125) decelerations at different velocities per
game. The average time of accelerations and decelerations
was +5sand +4s, respectively, and the mean and maximum
distances traveled per effort were 1-4m and 2-8 m, respec-
tively, differing between each intensity category (p<0.001,
partial »2=0.753-0.908). It was also identified that high-
velocity movements constituted 1-11% of the total distance
traveled during a match. The crucial events in soccer are
mainly performed at high intensity, including linear sprints,
vertical jumps, changes in direction, passes, tackles and
many other actions that require increased strength and
power generation by the muscles of the lower limbs.? An
increase in muscle contraction force of the lower limbs
allows for better acceleration and velocity, which are the
basis for dribbling and other fundamental skills in soccer.” In
addition, greater power can be produced by increasing the
execution velocity of the force, which will be manifested
in higher velocity at the moment of execution of a sports
gesture.*

In this respect, several studies have demonstrated cor-
relations between maximal squat strength and jump height,
10-m sprint, and 30-m sprint performances. For example,
Wisloff et al.’ observed correlations (r=0.78 and 0.94)
between the one-repetition maximum (1RM) in squats and
in 10-m and 30-m sprint velocities in professional soccer
players, and Chelly et al.® identified significant correlations
between the 1RM in squats and velocity over a distance of
5m (r=0.66) in young soccer players (17-19 years). Addi-
tionally, Peterson et al.” identified a positive correlation
in school athletes between 1RM in squats and sprint veloc-
ity over 36 m (r=-0.60) as well as between the maximal
strength in the extensor muscles of the leg and velocity over
18 m (r=0.82) and 36 m (r=0.85). Conversely, other studies®
did not observe correlations between maximal strength and
velocity.

The positive effects of strength training (ST) on jump-
ing and sprinting abilities in adult soccer players have been
widely studied. ST has shown to have beneficial effects on
the muscular power and motor skill performance of ado-
lescent athletes. However, little information is available in
the literature concerning children who play soccer. Most of
the studies have been conducted with adolescent and adult
soccer players.’

Although the importance of ST has a long history in sports
training and a number of studies confirm this, the most effi-
cient and appropriate method for its development remains
controversial. This is due to the fact that the set of factors
comprising the ST load are diverse (e.g., % 1RM, number of
sets and repetitions, type and order of exercises, duration
of breaks between sets and repetitions, and velocity of exe-
cution) and that neuromuscular and structural adaptations
will differ according to the way each of them is handled.°

In this regard, there is contradiction with the velocity
and %1RM at which the movement must be executed.'"
Moreover, the adaptation mechanisms that occur at a certain
velocity of training and their transfer to other types of move-
ments are unclear. Several studies have indicated that ST at
high velocities and low loads (30-60% 1RM)°~'"1718 generates
better performance results in vertical jump, sprint ability,
maximal aerobic speed than does training at low velocities
and high loads (70-95% 1RM).% 19,20

Therefore, the basis of the problem is associated with the
gaps that exist in knowledge about the effects of training
velocity' and the need for studies that analyze the effects
of ST on different physical abilities in children who play soc-
cer. The present study aims to analyze and compare the
effects of two types of ST (high velocity-low load vs low
velocity-high load) on muscle structure and athletic perfor-
mance in jumping and velocity of movement in children who
play soccer.

Despite the importance of strength and speed in soc-
cer, as far as we know, no study has compared the types
of strength training and the changes that these produce in
different fitness indicators girls’ soccer players

The purpose of this study was to compare the effects of
two types of strength training, one based on the VMP and
the other in the traditional method with loads of 80% 1RM,
on the strength and maximum power of lower limbs, sprint
ability, the vertical jump, pedaling power and muscle mass,
in a group of girls soccer players.

Methods

Subjects

The population was composed of 50 children who played
soccer in Bogota, with an average age of 13.6+1.2 years,
height of 1.57 £ 6.6 m, body mass of 46.7. +£5.3 kg and BMI
of 17.6 +1.4, who voluntarily agreed to participate in the
study. The participants were randomly distributed into three
groups: a group that trained at 80% of 1RM (RMG, n=16),
a group that trained at maximal execution velocity (VG,
n=16), and a control group (CG, n=17). The study is in
accordance with the Helsinki ethics protocols, and it was
approved by the ethics committee of National Pedagogical
University (Colombia). Initially, a meeting was held with the
coaches, players, and parents, with the purpose of inform-
ing them about the objectives, methodology, benefits, and
possible risks of the study. After the meeting, the parents
signed informed consent. None of the players who partici-
pated had experience in strength training. During the study,
three players in RMG and one in VG dropped out of the study
because they were excluded from the team, for final sample
sizes of n=13 for RMG and n=15 for VG.

Procedures

Days before the evaluations, the participants were carefully
familiarized with the procedure and technique of each of
the maximal strength and muscular power tests. The assess-
ment of power and maximal strength was performed in three
sessions, with an interval of four days between each. Param-
eters evaluated in the first session were body composition,
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vertical jump, velocity over 30m, and pedaling power. Max-
imal squat strength was evaluated on day 2 and peak power
and MPV in squats on day three. Before the tests, the players
performed a 10-min warm-up developed at low velocity on
a treadmill or stationary cycle ergometer with a workload
that could be comfortably maintained with 5 min of specific
repetitions of each exercise before training. For full recov-
ery, 10min of active recovery were allowed between the
tests. Because of the effects of circadian rhythms on neuro-
muscular performance, the tests were always performed at
the same time (16:00h).

The vertical jump was evaluated through the counter-
movement jump (CMJ). The participants were asked to
support their hands on their hips throughout the execu-
tion of the movement that started with knee flexion up
to 90°, followed by a vertical jump of maximum effort,
keeping the knees extended during the flight phase of the
jump and ending upright. Each attempt was separated by
three minutes of active rest. Five jumps were performed
and recorded for subsequent analysis.”?’ The heights of
the jumps were calculated using an infrared timer sys-
tem (OptoJump, Microgate®. Germany, 1/1000s accuracy)
that uses the flight time to calculate the following equa-
tion: h=(g x ft?)8, where *'¢’’ is the acceleration of gravity
(9.81ms?) and **ft’’ is the flight time.

Sprint velocity was evaluated over a distance of 30m
on a soccer field." Infrared-light photocell systems (model
WL34-R240, Sick®, Germany) were used for recording and
were located at the starting line and at 30 m. Each partici-
pant performed two trials, separated by a recovery interval
of three minutes, and the highest velocity between the two
values was recorded. The participant started in the high
position with the dominant foot on the starting line and the
non-dominant foot behind, such that the trunk did not inter-
fere with the infrared signal; the participant then began
to sprint. All participants were asked to exert maximum
effort in each sprint. Before starting the test, a warm-up
was performed that incorporated several 30-m sets with
progressively faster acceleration.

The maximal strength of the lower limbs was assessed
using the 1RM method by means of the squat test with deep
flexion of the legs until exceeding the horizontal of the thigh
relative to the floor, then continuing to full extension of
the knee. The exercise was performed on a Smith machine,
which allows vertical displacement of the bar along a fixed
path, with a very low friction force between the bar and the
support rails. The Smith machine did not have any type of
counterweight mechanism, acting identically to free weights
(i.e., isoinertial loading).?? Prior to the evaluation, a warm-
up of three sets of five repetitions was performed with only
the weight of the bar, such that the athletes could learn the
movement and use of the machine. To determine 1RM, the
athletes started with a load of 20kg; four repetitions were
performed, and they were asked to execute them at the
maximum possible velocity in order to identify their calcu-
lated 1RM. Three minutes of recovery time were allowed,
and then progressive increments of 5kg were performed
until the MPV reached less than 0.5ms™"; two repetitions
were performed. Subsequently, the load was adjusted with
smaller increments (1-2 kg), according to each subject, until
only one repetition was performed with a mean concentric
velocity not higher than 0.20ms~". This was considered to

be the 1RM value for that player. Thus, 1RM could be deter-
mined with great precision.®?* An average of four sets was
performed to reach the RM. A linear velocity transducer
(T-FORCE Dynamic Measurement System2, Ergotech Consult-
ing, S.L., Murcia, Spain) was used to record and control the
displacement velocity of the bar.

Assessment of maximal lower limb power was achieved
by means of two protocols. The first protocol was performed
by means of the Wingate test, which consisted of pedaling
for 30s at maximal velocity against a constant resistance
equivalent to 5.3% of body weight. The test began without
a load, pedaling as fast as possible to achieve the maximal
velocity expressed in RPM (revolutions per minute), after
which the load was placed.

A Monark 835E cycle ergometer (Monark Exercise, Var-
berg, Sweden) was used in this study. The saddle was
adjusted to the height of the iliac spine, and the athletes
were instructed to remain seated throughout the test. The
athletes warmed up for five minutes at 40 RPM, with a load
of 2% of their body weight. They then sprinted for 5s at 2-, 3-
, and 4-min marks; after 3 min of recovery, the participants
performed the test.

The athletes warmed up for three minutes at a pedaling
speed of 40 RPM, with a load of 2% of their body weight and
performed maximum accelerations in the last 5s of minutes
1, 2 and 3. After three minutes of recovery, the participants
performed the test.

The second protocol was performed by means of the
squat test, with deep flexion of the legs. The participants
performed two executions at the highest velocity possi-
ble with loads of 30%, 40%, 45%, 60%, 70%, and 80% of
the 1RM obtained previously, with the purpose of obtain-
ing MPV, maximal velocity, and maximal power values.'
Throughout the procedure, the athletes were encouraged
to perform the execution at maximal velocity, and the
best time was recorded. Five minutes of recovery were
allowed between sets. To obtain the MPV, maximal velocity,
and maximal power, a linear velocity transducer was used
(T-FORCE Dynamic Measurement System2, Ergotech Consult-
ing, S.L., Murcia, Spain, with a sampling rate of 1000Hz
and an accuracy of 0.0002 m), which automatically calcu-
lates the relevant kinematic parameters of each repetition
and provides real-time auditory and visual feedback of the
velocity.??

Body mass was assessed by dual-energy X-ray absorp-
tiometry (DXA) using a General Electric® Lunar Prodigy
densitometer and ENCORE® 2009 version 13.0 software.
Information was obtained on total body mass, height, fat
mass, bone mass, and muscle mass both of the entire
body and of the lower limbs. The developmental stage of
sexual maturation was determined using secondary sexual
characteristics by applying the Tanner scale (Fig. 1). A ques-
tionnaire was delivered and explained to the parents, who
completed it together with the girls.

Intervention: In addition to daily soccer training, VG
and RMG performed ST for a period of 12 weeks, with
a frequency of three times a week, performing four sets
of squats on the Smith machine and four velocity sets
on the cycle ergometer (Monark 835E, Monark Exercise,
Varberg, Sweden), with 3-min recovery between sets.
Soccer training commenced immediately after this proto-
col.



56

J.A. Fernandez Ortega et al.

AR A

1.0

0.0

TDB TDPH DB TDPH DB TDPH DB TDPH
ALL MPV RM CG

Figure 1
scale.

Development stage according to Tanner’s puberty

Protocol I. VG performed squat three sets with deep
flexion of the legs according to the previously described pro-
tocol, with a load equivalent to 65% of 1RM; which moved
at a speed of 0.70ms~" during the concentric phase and
0.50ms~" during the eccentric phase of each repetition
(17)." In each set, an indeterminate number of repeti-
tions was performed until a maximum loss of 20% of the
concentric MPV was presented.?* The velocity of each rep-
etition was controlled throughout the training with a linear
velocity transducer (T-FORCE Dynamic Measurement Sys-
tem2,Ergotech Consulting, S.L., Murcia, Spain).

In cycle ergometer sets, four repetitions were performed
at maximal velocity, with 65% of the load applied in the
initial assessment until there was a loss of more than 20%
of the maximal RPM obtained in the initial evaluation. The
RPM was controlled by the panel of the cycle ergometer.

Protocol Il. RMG performed three sets of ten repetitions
of squats under the same protocol described above, with a
load equivalent to 80% of 1RM performed at maximal veloc-
ity during the concentric phase (MPV+0.47ms"') of each
repetition.'” The velocity of each repetition was controlled
throughout the training with a linear velocity transducer
(T-FORCE Dynamic Measurement System2, Ergotech Consult-
ing, S.L., Murcia, Spain).

In cycle ergometer sets, four repetitions were performed
at maximal velocity, with 80% of the load applied in the
initial assessment up to an 80% loss in velocity. The RPM was
controlled by the panel of the cycle ergometer.

Protocol lll. The CG performed only the daily soccer train-
ing, which was the same as that of the VG and RMG.

Every four weeks and according to the results of the train-
ing follow up, the load was increased for each participant so
that the same training speed determined at the beginning
was maintained.

Statistical analysis

Statistical analysis of the results was conducted using SPSS
software version 23.00. In the descriptive analysis, mea-
sures of central tendency, such as the mean and standard
deviation, were determined for each of the variables of
the groups. All variables were adjusted to normality crite-
ria using the Shapiro-Wilk test. Levene’s test was used to

evaluate the homogeneity of the variance among the groups.
Subsequently, multiple analysis of variance (MANOVA) was
performed (3 groups x 2 times x 8 variables), and the val-
ues were adjusted by analysis of covariance (ANCOVA)
using fat-free lean mass as a covariate for all groups,
considering assumptions of linearity, homogeneity, and inde-
pendence. Differences between the groups before and
after training were compared, and Bonferroni adjustment
was performed to determine the P value of the compar-
isons. Statistical power was calculated using values between
0.75-0.80, and p<0.05 was considered statistically sig-
nificant. Two dropouts were recorded in RMG during the
post-test assessment stage. The square eta (%) and eta ()
were calculated from the following formula: (7%)=sum of
the squares between groups/total of the sum of squares
and this was provided as a measure of the effect size in
the ANOVA. A value of 0.2 for a small effect size, 0.5 for a
medium one, 0.8 for a large one and 1.3 for a very large one
will be taken into account.

Results

Table 1 shows the descriptive characteristics of the differ-
ent variables evaluated in each of the study groups before
and after the twelve weeks of training. The training gener-
ated significant positive changes in the three groups. In VG,
these changes were between <0.000 and <0.008 in all muscle
strength and power tests and also in lower limb lean mass
(LLLM). The RMG showed significant changes between <0.000
and <0.007 in the variables PMaxC, SJ, 1RMS, and LLLM,
and the CG exhibitedchanges between <0.000 and <0.003
in PMaxC, PMaxRC, CMJ, SJ, PMaxS, and 1RMS.

According to the Tanner scale of physical development,
there were no significant differences between the groups in
either of the two components (development of breasts or
pubic hair), which places all the girls at a similar stage of
sexual maturation. Fig. 1 shows the results for each group
and the consolidated results.

Regarding intergroup differences in the post-test results,
statistically significant differences were observed between
the VG and RMG (p<0.008) in CMJ (Fig. 2) and squat power
(p<0.01) tests (Fig. 3), between the VG and CG (p<0.01) in
CMJ (Fig. 2), squat power (p<0.000) (Fig. 3), and maximal
squat strength (p<0.000), and between the RMG and CG in
maximal squat strength (p <0.000) only (Fig. 4).

An important element that stands out in this research
is the efficiency of the training. Each participant of the
VG group on average developed a total training volume of
15,921.3 kg vs. 27,648 kg of the RMG group, indicating 42%
less in the total volume training, of equal and achievement
and greater increases in the set of variables observed in the
study, than the RMG group, which is of the utmost impor-
tance in the context of ST.

Discussion

Several studies have shown a clear relationship between
absolute and relative strength and performance in sprint
velocity and jumping in adult athletes. However, this rela-
tionship has not been well studied in younger athletes.?
According to a literature review of this topic in the



Table 1 Changes in the variables of strength, power, and muscle composition between pre- and post-test after training in each of de groups.

Variables VG (n=15) RMG (n=13) CG (n=18) Effect sizes
Pre-test Post-test P value Pre-test Post-test P value Pre-test Post-test P value %)

Weight (kg) 47.1 £ 5.7 42.9 £ 2.6 0.049 48.0 £ 5.5 457 £5.5 45.6 £5.2 42.5+5.9

Height(cm) 156.7 + 5.7 156.5 + 5.3 160.1 £ 7.7 157.4 £ 5.4 155.7 £ 6.5 153.0 £ 5.8

BMI(kg/m?) 17.9 £ 1.7 17.3 £ 0.8 17.4 +£ 1.6 18.1 £ 1.2 17.4 + 1.1 17.8 £ 1.5

FMI(kg/m?) 4.8 £ 0.9 444 0.4 48 +2.0 4.5+ 0.7 4.4+ 0.6 4.6 £1.0

FFMI (kg/m?) 12.4 + 1.0 12.4 + 0.6 12.2 + 1.1 12.9 +£ 0.8 0.049 12.4+ 1.0 12.8 +£ 0.7 0.251

LLMM (Kg) 11.7 £ 1.6 12.3 + 1.4 0.009 1.9+ 1.4 12.5 + 1.1 0.014 11.6 + 1.4 11.9 £ 1.6 0.328

BMC(g) 781.6 + 113.7 801.4 £+ 101.1 0.0001 808.3 & 115.7 813.4 & 85.5 752.8 & 106.7 766 £ 81.6

BMD(g) 1.2 £ 0.1 1.2 £ 0.1 0.0001 1.2 £ 0.1 1.2 £ 0.0 1.1+ 0.2 1.2 £ 0.1

VMax30 (s) 5.1 +£ 0.2 4,9 + 0.1 0.000 5.1 £ 0.1 5.15 + 0.2 5.3 +0.2 5.2 £ 0.1 0.547

PMaxC (watts) 244.8 4 58.3 299.1 &+ 60.9 0.000 256.5 &+ 51.9 299.4 & 26.0 0.002 250.5 & 22.2 294.3 & 12.3 0.000 0.449

VMaxC (RPM) 121.1 &+ 16.3 153.2 + 29.2 0.002 125.9 4+ 15.0 132.4 £ 9.4 122.5 £ 9.2 132.8 £ 5.2

PMaxRC (W/kg) 3.3+0.5 2.6 0.3 0.000 3.4+ 0.5 3.3£0.6 3.5+ 04 3.1 £0.2 0.003 0.448

CMJ(cm) 23.6 £ 2.3 27.1 £ 3.2 0.000 23.8 £ 2.7 24.2 £ 1.8 24.7 £1.2 26.5 + 3.4 0.000 0.351

SJ(cm) 21.5 + 3.3 24.2 + 3.3 0.001 19.5 + 3.1 22.3+2.2 0.002 20.8 + 3.7 23.2+2.5 0.003 0.179

PMaxS(watts) 200.3 &+ 39.5 251.8 +45.4 0.000 160.0 &+ 14.4 172.1 £ 10.6 156.8 + 19.3 182.6 + 18.3 0.000 0.555

ApvS(m/s) 0.9 + 0.1 1.0 £ 0.2 0.002 0.8 £ 0.0 0.8 + 0.1 0.8 + 0.1 0.8 + 0.1 0.308

1RMS (kg) 31.5 + 5.1 50.6 + 9.9 0.000 32.0+£ 5.8 49.2 + 6.3 0.000 28.2 + 3.4 37.8 £ 3.7 0.000 0.785

Data are mean + SD.

BMI, body mass index; FMI, fat mass index; FFMI, fat-free mass index; LLMM, lower limb muscle mass; BMC, bone mineral content; BMD, bone mineral density; VMax30, maximal
velocity over 30 metres; PMaxC, maximum power on the cycloergometre; VMaxC, maximum velocity on the cycloergometre; PMaxRC, relative maximal power on the cycloergometre; CMJ,
countermovement jump; SJ, squat jump (without counter movement); PMaxS, maximal power in squats; ApvS, average propulsive velocity in squats; 1RMS, one-repetition maximum-maximal

squat strength.
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SPORTDiscus, PubMed, EBSCOhost, JSTOR, Ovid, ProQuest,
ScienceDirect, Taylor & Francis, and Wiley Online Library
databases, this is the first study to analyze the effect of
two training programs on improving muscle power in chil-
dren who play soccer, and it is also the first to include
high-intensity sprint training in cycle ergometer sets.

The main finding of this study is that participants of the
VG who performed strength and pedal training at high speed
showed better results in all physical performance variables
analyzed (lower limb strength, jumping, running) as well as
in muscle mass. The results from this study suggest that
only 12 weeks of training combined with typical tactical-
technical soccer training could provide greater gains in

performance than could ST with high loads or typical soccer
training.

The VG and RMG demonstrated increases in LLLM. Train-
ing with loads of 80% of the maximal strength led to a slightly
greater increase in muscle volume than did velocity train-
ing (5.7% vs 5.4%). Nonetheless, it is important to note that
the VG performed 45% fewer repetitions than the RMG and
obtained similar increases in the total muscular volume of
the lower limbs. The greater number of repetitions per-
formed by the RMG during the entire training period resulted
in different metabolic and neural stresses,?® which may have
a greater impact on the processes of muscular hypertrophy.

The results of this study are even more impressive if we
consider that deep squat and bicycle sprint training was only
performed for 12 weeks (36 sessions).

Although there is a consensus that ST leads to muscle
hypertrophy, controversy remains with regard to which type
of training generates a better response.” Gains in mus-
cle mass have been reported in several studies in which
increases in muscle mass were indicated by measuring the
circumference of the upper arm'? or by bioimpedance.?’-%°
Nimphius et al.>* implemented strength, power, and move-
ment velocity training for 20 weeks in female softball players
aged 18.1 years and observed changes in the character-
istics of muscle architecture through magnetic resonance,
which correlated with the percentage of variation in maxi-
mal strength, movement velocity, and jumping. In contrast,
another study indicated no significant gains in muscle mass.®

Overall, changes produced by ST in preadolescent popu-
lations are a topic of debate. Despite observing significant
improvements in muscle strength, Ramsay et al.?' did not
identify muscle hypertrophy (as measured by computed
tomography) in prepubertal boys. (9-11 years) after a 20-
week high-intensity ST program. This would indicate that
observed gains in peak power are due to neuromuscular
adaptations, such as selective activation of the motor units,
enhanced recruitment of motor units, and better synchro-
nization.

Sufficient evidence exists of acute responses of anabolic
hormones in men and women, regardless of age. Although
any type of resistance exercise appears to stimulate secre-
tion of anabolic hormones, a substantial hormonal response
has not been shown, especially for GH, after high-intensity
exercises with few repetitions.*? Goto et al.** evaluated GH
responses at different exercise levels (50-90% of 1RM). The
results indicated that the exercises performed at 50% of 1RM
caused marked increases in lactate and GH concentrations in
the blood. These results support the observation that the VG
achieved a greater increase in muscle mass than the other
groups.

Although the three groups showed increases in maximal
squat strength after 12 weeks of training at high speed, a
maximum loss of speed of 20% resulted in a gain of 60.7% in
maximum squat strength, which is significantly higher than
the gains obtained by the other two groups (54% for the
RMG and 25% for the CG), despite the fact that as indicated
previously, the VG had a lower total volume per work session.
These results are consistent with the increase in muscle mass
of the lower limbs in the VG and RMG.

The gains in maximal strength obtained in the present
study are consistent with those reported in the literature.'
Regardless, the conclusions are not convincing. Some
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studies reported greater strength gains when training was
performed at high velocities,'®"'"* whereas others did not
observe differences in strength gains between groups train-
ing at low or high velocities.'®

Several studies have compared the effects of training at
different velocities (low and high) for strength development
but do not reach a consensus about the effect of movement
velocity on strength increases associated with ST'%-'? due
to the number of variables (weight, sets, repetitions, exe-
cution velocity) that interact in the response to training;
thus, the results are heterogeneous among studies.?* It is
also likely that this discrepancy is influenced by methodolog-
ical differences among studies. A plausible explanation of
why several studies did not find greater strength gains with
high-velocity training may be because repetitions were per-
formed until muscle failure, which leads to a progressive and
involuntary decrease in the velocity of the final repetitions'’
thus, the velocity of the final repetitions becomes very sim-
ilar between high- and low-velocity groups, with a tendency
to equal the average training velocity."

It is also important to note that although the three groups
showed improvements in all tests, the VG presented the best
results in power tests compared to the other two groups.
In vertical jump height (CMJ), we observed an increase of
14.8% in the VG vs 1% in the RMG and 6.4% in the CG, and in
squat power, we observed an increase of 30.4% in the VG vs
5.1% in the RMG and 14.1% in the CG.

In the tests of sprinting over 30 m, and power on a cycle
ergometer, despite not identifying significant differences
among the three groups, the VG obtained better results for
velocity over 30m (the VG exhibited an increase of 2.96% vs
0.49% in the RMG and 1.13% in the CG) and in power on the
cycle ergometer (the VG exhibited an increase of 22.3% vs
16.32% in the RMG and 15.03% in the CG).

A possible explanation for this result may be that the
higher number of repetitions performed by the RMG group
at low speed (MPV<0.40m/s) could be responsible for a
significant reduction in faster fibers.3> Strength and speed
decreased between repetitions of the same set, which is
concomitant with an increase in the degradation of purine
nucleotides as individuals approach muscle failure, leading
to a loss of strength.?*

These results coincide with those of other studies, such
as that of Chelly et al.,® who reported similar results with a
significant increase in the peak power obtained on a bicycle,
in CMJ height, and in the velocity of movement, in a group of
young soccer players. Pareja-Blanco et al.'® also indicated
that ST performed at high velocities in a group of men (23
years) lead to improved stimuli that induce neuromuscu-
lar adaptations compared to ST with high loads and at low
velocity. In a group of soccer players (17 years), Kotzamani-
dis et al.” observed the effects of combined strength and
speed training for 13 weeks, with a frequency of three times
a week, and reported that combined strength and veloc-
ity training results in significant positive effects in strength,
velocity, squat jump, and CMJ.

The mechanisms by which training velocity influences
strength adaptations were not investigated in this study,
but other authors have indicated that such mechanisms
may include changes in the type of muscle fiber,*® the
expression of Types IIX to IIA myosin heavy chains,’” or a
greater ability to selectively recruit fast-twitch motor units.

Fast-velocity training leads to higher rates of discharge
in motor units and to an increase in the frequency of
stimulation®; these improved responses may even be due
to neuromuscular adaptations in response to the specificity
of the tests used in training. These phenomena might be the
basis of the greater response to training.

Studies with young soccer players have commonly used
high-load repetitions (70-95% 1RM) to improve strength and
power.%20:38 However, ST with high loads can induce exces-
sive fatigue, which does not allow players to have effective
ball practice immediately after this type of training. More-
over, training with high loads is not transferable to sprint
velocity performance because the nervous system cannot
learn and control the levels of strength or muscle mass
acquired in very fast movements

The recent review by Silva et al.,*® in which 22 studies
on ST in soccer players of different ages(mostly older than
20 years) were considered, indicates that strength/power
training independent of the players’ normal training led
to increases, ranging from 11% to 52%,in the 1RM of well-
trained players during the squat exercise.

They also noted that the average increase of 24.4% of 1RM
in squats leads to an increase in the CMJ and SJ of approxi-
mately 6.8% and that increases of 23-26% in the 1RM resulted
in average improvements of 1.9% in 40-m running speed,
which indicates that the large increases in 1RM cannot be
translated into superior improvements in sprint performance
in high level players.

This series of movements has important practical implica-
tions for explosive sports such as soccer. A meta-analysis of
38 studies conducted by Harries et al.*’ aimed to determine
the effectiveness of endurance training programs on muscle
power and athletic performance in adolescent athletes. The
results indicated that ST improves jumping performance and
sprint velocity.

The findings of the present study suggest that when no
maximum losses of 20% of the MPV are allowed in each
series, the applied force and speed will be greater in each
repetition, leading to an increase in the average speed of the
training® and resulting in neuromuscular adaptations nec-
essary for sports that involve power actions such as soccer.

Perspective

This study is one of the first to examine the effects of two
ST programs, one based on VMP and the other at 80% of 1RM,
on the neuromuscular performance and muscle composition
of girls who play soccer. The findings contribute to consol-
idate the evidence observed by several authors in relation
to the positive effects of the speed of execution in a ST
program,?>3> which distorts the hypothesis that intensity is
determined solely by the magnitude of% 1RM. The results
indicate, on the contrary, that the execution speed is a
fundamental component of the ST intensity.

In conclusion, the results of the present study suggest
that strength training performed at high speed (0.70ms~")
compared to one performed at low speed (0.47ms") is
more efficient and produces excellent stimuli that would
lead to induce better neuromuscular adaptations. They also
seem to indicate that high loads and many repetitions are
not required to significantly improve maximum strength and,
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more importantly, sports performance. High-speed training
generated more effective gains than low-speed training, at
maximum squat strength, CMJ, short-distance sprint and
muscle mass.
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