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Background: The aim of the study was to compare the impact of a 6-week program combined with football training and
strength training on strength and power parameters in highly trained soccer players. It was hypothesized that
6 weeks would be enough for the experimental group to improve their jumping ability and pushing power.

Material and methods: The study involved 34 female footballers playing in Ekstraliga (age 22 +5 years; body height 167 +5
cm; body weight 60 +8 kg). The contestants were divided into an experimental group and a control
group of 17 people in each group. The control group performed football trainings combined with 2
additional strength units (50% 1RM load) 3 times a week. The experimental group, apart from football
trainings, additionally performed 2 strength trainings per week (50-85% 1RM load).

Results: The results of the experiment show a significant improvement in the height of the vertical jump and bench
press while sitting in the experimental group CMJ (p < 0.05; p = 0.000029; ES: 1.00; 11%) CMJA (p < 0.05;
p = 000003; ES = 1.09; 13%) and LP (p < 0.05; p = 0.027681; ES = 0.48; 6%), while in the control group
the changes in the results after the training program were statistically insignificant CMJ (p > 0.05; p =
0.274000; ES: 0.07, 1%) CMJA (p > 0.05; p = 0.350958 ES = 0.27, 3%) and LP (p > 0.05; p = 0.130153;
ES = 0.27; 4%).

Conclusions: The presented research results suggest that a short, six-week training program including general
football training and strength training performed twice a week with loads gradually increasing during
the preparatory period may significantly improve the strength and jumping parameters of the lower
limbs in soccer players. Such information can be valuable at the stage of training in the field of special
skills training in footbal.
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INTRODUCTION

The most important factors influencing the result during the game are soccer/football®
skills, tactical and mental preparation and high motor skills: endurance, speed, strength
and coordination [1, 2]. When analyzing football players’ motor activities, we noticed
a recurring profile of work with short-term intense efforts, dynamic movements (e.g.
jump, slide, change of direction, contact situation with an opponent) [3, 4], which occurs
alternately with low-intensity efforts [3].

To prepare players well for league games, the preparatory period should be conducted
well and precisely. During this period, coaches have more time to introduce new tactical
elements, to improve the technique and cooperation in a team, and, most importantly, to
prepare for motor skills.

During the season, there is no time to improve the efficiency, it can only be maintained
at a high level with various additional exercises, which during the preparatory period
the athlete will gain through training. Therefore, so much attention is paid to motor
preparation in the preparatory period [1].

The motor preparation of women in football is of particular importance as women are
more prone to lower limb injuries, overloads and injuries of the musculoskeletal system
than men (e.g. damage to the anterior cruciate ligament ACL) [5-8]. This is mainly due to
anatomical, hormonal, biomechanical and neuromuscular factors [5,7]. Balanced motor
development, which is a combination of stability, endurance, mobility and muscle strength,
determines the effectiveness of movement and prevents contusion [9,10].

Developing a high level of muscular strength is a decisive goal in preparing a football
player for competition [11] as stronger athletes perform better [12]. Properly performed
strength training improves the maximum running speed, increases acceleration, improves
endurance, increases the jump height, improves the efficiency of changes in the direction
of running and the power of kicking the ball [13,14]. These aspects are very important
during the game when the player acyclically performs motor activities such as sprinting
with the ball, off the ball, lunges, accelerations, rapid changes of direction, jumps and
many others [3,4].

This study aims to compare muscle strength and power parameters before and after
the preparatory period using a 6-week program based on soccer training and soccer
strength training in highly skilled female soccer players. We hypothesized that a 6-week
training program was sufficient to correct neuromuscular factors (i.e., explosive power
of the lower limbs). Strength training was based on bilateral exercises strengthening the
neuromuscular factors, on exercises shaping muscle strength using movement patterns,
muscle power and body stability.

MATERIAL AND METHODS

The study was carried out at the Laboratory of Muscular Strength and Power at the Jerzy
Kukuczka Academy of Physical Education in Katowice. The study involved 34 female
footballers playing in the Polish Ekstraliga (age: 22 £5 years; body height: 167 £5 cm;
body weight 60 +8 kg). The contestants were divided into two groups, the experimental
and the control group, with 17 contestants in each group. Eleven competitors from each
group were randomly selected for the final tests.

! In this text, the authors use the terms soccer and football interchangeably - football in the sense of "association football".
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DESCRIPTION OF THE EXPERIMENT

The study of jumping parameters and power of the lower limbs was carried out at two time
intervals, before the beginning of the preparatory period and before the starting period,
both groups conducted a 6-week training plan between the tests. The test included the
leg press power test and the vertical jump power test.

EsT oN Keizer AIR300 Lec PRress, BoTH [LP]

The test consisted of pressing the load while sitting. The adjustable sitting position
protected the lower back, keeping it stabilized, which allowed the gluteal muscles to
stretch better and allowed them to be more active during the exercise. First, 1 RM was
established and 5 minutes later, a test was conducted where the competitor pressed both
times with a weight of 60% 1RM. This test examined the maximum concentric force of
the lower extremities divided by the athlete's body weight (W/kg).

EST ON A FORCE PLATE

The test is performed on the AMTI force plate. The aim of the study is to assess the height
and power of the lower limbs during counter movement jump with arm swing (CMJA) and
without (CM]) based on the measured ground reaction force.

6-WEEK TRAINING PLAN FOR THE CONTROL GROUP AND EXPERIMENTAL GAME

The surveyed team took part in a 6-week preparation for the main games in women's football.
One week consisted of 3 soccer training units, including one friendly match and two strength
training units. All players playing in different positions together with the goalkeepers
participated in the same strength training. In the first training session, the maximum strength
level of each competitor was determined in each exercise using the CM (maximum weight)
test. Football training sessions were held on an artificial pitch 3 times a week, and consisted
of small and large games of high intensity (mixed zone). Strength training took place twice
a week, one of which was used as the base training for strength. The second training, on
the other hand, included prophylaxis, correction and equalization of pathological muscle
imbalance. The last training unit of the week was a control game, i.e. the friendly match.

STRENGTH TRAINING

The 6-week training plan prepared by a coach of motor preparation was aimed at regaining
the correct muscle balance, improving central stabilization and preventing the most
common injuries in women. The training was based on energy systems: a 4-week plan to
build the maximum muscle strength (glycolytic system), a 1-week plan with a predominance
of fast glycolysis and a 1-week advantage of the phosphagen system.

The players in the experimental group performed a 60-minute circuit training at 8 stations
twice a week. In the first and second training sessions, the stations included 3 different
bilateral exercises for the lower limbs, 3 stabilization exercises and 2 exercises for the
upper limbs. 10 repetitions at a 2-0-1-0 rate and at 70% 1RM (week 1), 75% 1RM (week
2), 80% 1RM (week 3), and 85% 1RM (week 4). In the following week the weight was
changed to maintain the dynamics of the movement (50% 1RM, 8 repetitions in week
5, and 6 repetitions in week 6, at the pace of movement 4-0-1-0) [Tab.1,2]. The rest
period between series was 30-60 seconds. The stations in the first and second training
consisted of 3 different exercises for the lower limbs (back squat with the barbell, front
squat, deadlift, forward drop of the torso while kneeling, lifting the hips with the barbell,
rolling the fitness ball while lying back), 3 exercises stabilizing (front and side platform)
and 2 exercises for the upper limbs (pull-ups, push-ups, moving the dumbbell behind the
head while lying on the back, Spiderman push-ups). The control group followed the same
training program, but the load ranged from 50-60% 1 RM and with 6-8 repetitions for
each limb in the series.
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Table 1. Summary of the strength training program of the experimental group on Monday

MONDAY st W 2nd W 3w 4t W 5t W 6t W
(70% (75% (80% (85% (50% (50%
1RM) 1RM) 1RM) 1RM) 1RM) 1RM)
Back squat 6 6 6 6 8 8 3
2 Basic plank uT UT+15 UT+20 UT+30 uT uTt 3
sec sec sec
3 Hiptrust - 10 8 6 - - 3
Swiss Ball Leg Curl 12 30 sec 30 sec 3
4 Side plank LS ut UT+15 UT+20 UT+30 ut ut 3
sec sec sec
5  Lying Dumbbell Pullover 12 12 12 12 10 8 3
to Extension
6  Romanian deadlift 8 8 8 8 10 8 3
Spider-man push- ups 6 8 10 12 8
8  Side plank RS ut UT+15 UT+20 UT+30 ut ut 3
sec sec sec

note: UT - until tearing; LS - left size; RS - right size; W - week; RM - repetition maximum

Table 2. Summary of the strength training program of the experimental group on Wednesday

WEDNESDAY 1t W 2M W 3dW 4th W 5t W 6t W
(70% (75% (80% (85% (50% (50%
1RM) 1RM) 1RM) 1RM) 1RM) 1RM)
1 Backsquat 6 6 6 6 8 6 3
2 Basic plank uT UT+15 UT+20 UT+30 uT uT 3
sec sec sec
Hip trust 12 12 14 16 12 10 3
Side plank LS ut UT+15 UT+20 UT+30 ut ut 3
sec sec sec
5  Lying Dumbbell Pullover 6 6 8 10 8 6 5
to Extension
6  Romanian deadlift 6 6 8 10 8 6 5
Spider-man push- ups 12 (2) 12(2) 14(2) 16(2) 10 (2) 8(2) 3
8  Side plank RS ut UT+15 UT+20 UT+30 ut ut 3
sec sec sec

note: UT - until tearing; LS - left size; RS - right size; W - week; RM - repetition maximum

STATISTICAL ANALYSIS

The test results were initially processed in MS Excel and then analyzed in STATISTICA.
Student's T-test for dependent samples was used to assess the significance of changes in
the power strength of the players before and after the training protocol. The statistical
significance level for the t-test was set at p < 0.05. The size of the difference or effect size
(ES) was calculated according to Cohen’s d and interpreted as small (> 0.2 and < 0.5),
medium (= 0.5 and < 0, 8) or large (= 0.8) [15].

RESULTS

LEG PRESS

The results of the test in the experimental group on the Kaiser leg press (LP) device
testing the power of the lower limbs before the beginning of the preparatory period (mean
22.88 +£3.12 W/kg) changed, and the competitors improved the result obtained after the
preparatory period (mean 24.23 *+2.46 W/kg). The differences were statistically significant
(p < 0.05; p = 0.027681; ES = 0.48; 6%). There was no significant improvement in the
results of peak power in the control group (p > 0.05; p = 0.130153; ES = 0.27; 4%).
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CMJA ano CM)

In the experimental group, the counter movement jump without arm swing (CM]J) before
(mean 31.24 +3.7 cm) and after (mean 34.71 +3.2 cm) the preparatory period changed
and was statistically significant (p < 0, 05; p = 0.000029; ES: 1.00) (Fig. 1, Table 2)
compared to the control group, where the results were statistically insignificant (p > 0.05;
p = 0.274000; ES: 0.07; 1%) (Table 3).

Table 3. The results of the student's t-test for dependent samples for CMJ, CMJA and LP in the experimental group
|

Mean PRE SD PRE Mean SD POST  difference t p <0.05 Cohen's d ES
POST [%]
CM) 31.25 3.73 34.72 3.20 11% -6.5111  0.000029 0.998 large
CMJA 34.55 4.20 39.20 4.29 13% -6.48912 0.00003 1.094 large
Leg Press 22.88 3.12 24.23 2.47 6% -2.5046  0.027681 0.48 small

CM] (cm) - counter movement jump, CMJA (cm) - counter movement jump with arm swing, LP (W / kg) - leg press, SD - standard deviation,
t - test result, df - number of degrees of freedom, p - probability level, ES - effect size

The explosive power of the lower limbs in the CMJA jump test before the preparatory
period was lower (mean 34.55 *= 4.2) than in the results after the preparatory period
(mean 39.2 = 4.29) in the experimental group (Fig. 1). This means that the female players
improved their swing jump by an average of 13%, and the differences were statistically
significant (p <0.05; p = 0.000030; ES: 1.09). In the control group, the improvement was
not statistically significant (p > 0.05; p = 0.350958 ES = 0.27; 3%) (Table 4).

Table 4. The results of the student's t-test for dependent samples for CM], CMJA and LP in the control group
|

Mean PRE SD PRE Mean SD POST  difference t p < 0.05 Cohen's d ES
POST [%]
CM) 30.99 3.85 31.28 4.09 1% -1.15742 0.274000 0.07 small
CMJA 34.16 3.54 35.23 4.29 3% -0.978387 0.350958 0.27 small
Leg Press 20.97 2.82 21.81 3.31 4% -1.64905 0.130153 0.27 small

CM] (cm) - counter movement jump, CMJA (cm) - counter movement jump with arm swing, LP (W / kg) - leg press, SD - standard deviation,
t - test result, df - number of degrees of freedom, p - probability level, ES - effect size

Comparing CM]J and CM]JA in the experimental group, it can be seen that the mean CMJA
jump before the 6-week period (34.55 cm) is similar to the mean CM]J jump after the
preparatory period (34.71 cm). This means that the players jumped up without a swing
almost the same as 6 weeks before with the swing (Fig. 1).

415 -
Control Experlmentalag.m

40.0
group
385 group

35.23
T 355 34.16 372 3455

£
B35 30993128 31.25
=

) A Ch CMIA

mean pretest Mean posttest

Fig. 1. Arithmetic means of vertical jumps CM) and CMJA before and after the preparation period
|

Note: CM]J - counter movement jump; CMJA - counter movement jump with arms
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The results of the est in the experimental group on the Kaiser leg press (LP) device,
testing the power of the lower limbs before the beginning of the preparatory period (mean
22.88 3.12 W/kg) changed, and the competitors improved the result obtained after the
preapratory period (mean 24.23 2.46 W/kg) (Fig. 2).

Control Experimental
26.0 group group
245 2423
=] 2288
=230
= 2181
m 215 2057
=
=]
o200
18.5
17.0
Leg Pres Leg press
m Mean pretest Mean pogitest

Fig. 2. Arithmetic means of peak bench press power while sitting on the leg press machine before and after the
preparation period

DISCUSSION

The purpose of this study was to evaluate parameters related to explosive power during a six-
week strength and soccer program in soccer players. In line with our initial hypothesis, this
program improved vertical jump performance and peak leg power in professional soccer players.

In the current study, the test of the maximum power parameters on a leg press device in the
experimental group changed significantly (p < 005; ES = 0.48). Soccer players improved their
pre-season performance by 6%. The CM] stroke height increased by 11% and the CMJA by 13%.

Others have also documented improvement after 6 weeks of additional strength training.
Marques et al. [16] noted that in young footballers 6 weeks’ of strength training combined
with plyometric exercises and football training resulted in an increase in jump efficiency
by 7.7% in comparison to football training alone. Styles et al. [17] determined that a 6-week
strength training program increased the squat strength of professional soccer players,
which could result in improvements in sprinting and jumping.

In our research, in the experimental group, the female athletes performed strength
training based on multi-joint complex exercises, which resulted in an increase in jumping
parameters and explosive power.

Similar changes were also noticed by de Hoyo et al. [18] who, after 10 weeks of strength
training based on the maximum concentric and eccentric load with a combination of exercises
— leg-curl exercise and half squat (squat with a barbell) — observed an improvement in
CM] tests (ES: 0.58). A year later, the same authors, de Hoyo et al. [19], found that a half-
squat exercise improved jumping and sprint skills more than running or plyometric training.
Hammami et al. [20] observed that performing an 8-week program of additional strength
training (back half-squat - 70-90% 1RM / 3-5 sets / 3-8 reps) performed twice a week before
standard training sessions improved jumping performance (CM]) in young footballers.
The same author, Hammami [21], stated one year later that 8 weeks of strength training
improved key performance components (maximum power) in younger players compared to
standard seasonal training. Chelly et al. [22] proved that 2 sessions of squat exercises per
week improved sprint running, jumping and peak power in 17-year-old footballers.
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Earlier studies by other authors were conducted only on male subjects (amateurs, elite
footballers, young footballers) [11, 18,17, 19, 21]. In other authors’ studies on the effect of
strength training in women practicing other team games also improved power parameters.
Hammami [23] proved that 10 weeks of combined strength training influenced explosive
muscle performance in young handball players.

Differences between men and women may be important when comparing physical fitness,
for example. Lopes [24] found that in physical fitness tests men showed higher values of
power and strength of the lower limbs, as well as endurance than women. Morawetz [25]
found that eccentric training could have the same effect on women and men. In practice,
the possible greater loss of strength in women immediately after eccentric exercise would
be one potential gender difference.

Askow [26] noticed that, when strength was normalized, no significant differences between
the sexes were observed and concluded that differences between males and females may
appear sooner from strength than from biological sex. Walts [27] proved that strength
training does not alter subcutaneous or intermuscular fat, regardless of gender. Kossow
[17] found no significant interaction between the type of plyometric exercise and gender.
Thanks to these studies, it can be concluded that the increase in muscle power after
training is independent of gender.

However, there are also studies in which strength training did not bring the effect of
increasing maximum power. Bouteraa [28] noticed that additional 8-week balance and
plyometric training in young basketball players showed no significant differences in
jump height (CM]). It could be caused by many factors, e.g. selection of exercises, load,
number of repetitions or already high threshold of achieving maximum explosive power
in individual players.

CONCLUSIONS

Based on the results of this study, the following conclusions can be drawn about the power

parameters of female soccer players:

1. Female competitors in the experimental group significantly improved their power
parameters in all three tests compared to the control group

2. A 6-week program of football training sessions combined with 2 strength training
sessions a week with a changing load every week was enough to improve these
parameters.

3. The contestants improved the explosive power of the lower limbs by not performing
plyometric exercises.

4. Strength training was also used to prevent injury during the competition period.

Additional tests are recommended at the end of the competition period to check
whether the strength training performed during the preparatory period and the
competition period prevented injury.
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