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Abstract
The purpose of this study was to determine the effects of a 12-week strength training programme on aerobic 
and anaerobic power in female soccer players. Twenty-four female soccer players (U-20) volunteered to 
participate in the study. The participants were tested with strength tests as well in aerobic and anaerobic 
power. 1RM bench press (BP), squat (SQ), leg extension (right leg – LER and left leg – LEL) and leg flexion 
(right leg curl – LCR and left leg curl – LCL) measured strength, while VO2max and 300y shuttle run test 
assessed aerobic and anaerobic power. A two-way ANOVA with repeated measures was used to determine 
pair wise effect. In addition post hoc procedure located difference between the means. Positive effects of 
strength training were determined in all tests. The largest effect was determined for the variable right leg 
curl (LCR) where the improvement was 10.7% as well as in the variable squat – 9.7%. After 12 weeks of 
strength training aerobic power of female soccer players has improved by 4.3% and anaerobic power by 
2.8%. The data suggest that our 12-week strength training improved both the aerobic and the anaerobic 
power in female soccer players. 
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Introduction 

The length of high intensity running during a soccer 
game in elite female players (0.71 – 1.71 km) is 
significantly different from that of male players (1.9 
– 2.4 km) (Krustrup et al., 2001; Krustrup et al., 
2005). On top of it all, gender differences can be 
seen in running performance or aerobic capacity 
(VO2max). Female soccer players have lower VO2max

(43.4 – 56.8 ml/kg/min) than male players (55 –
67 ml/kg/min). It is important to emphasize that 
male soccer players tend to have a better ratio of 
lean body mass and body fat than female players 
(25), which eventually affects the endurance of 
female players. Strength, power and endurance 
have proven to be of importance in soccer. Maximal 
strength is one of the basic qualities that influence 
power performance. The increase in maximal 
strength is usually connected with improvement in 
relative strength, and therefore, with the 
improvement of power abilities (Hoff et al., 2004). 
Female soccer players must not postpone strength 
training because it not only offers injury prevention 
(Yap et al., 2002), but it also improves aerobic 
endurance performance by means of improved 
work economy (Siegler et al., 2003; Hoff et al., 
2002; Johnston et al., 1997). Moreover, it is 
reported that neuromuscular training reduces 
gender-related differences in force absorption, 
active joint stabilization, muscle imbalances and 
functional biomechanics (Myer et al., 2005;
Gettman et al., 1981; Holloszy et al., 1976). 
Strength training, involving intermittent exercise of 
short duration using high resistance, results in 
muscle hypertrophy and increased strength (Komi 
et al., 1979; MacDougall et al., 1979) with little or 
no changes in VO2max (Hickson et al., 1980; Hirley 
et al., 1984).

Circuit weight training using lighter resistance, a 
higher number of repetitions per set, and shorter 
rest periods results in increases in VO2max of 
approximately 5 to 10 percent, and improvement in 
strength of 7 to 32 percent (Gettman et al., 1981). 
Hickson’s (1980) research results showed that 
combined strength and endurance training 
compromised strength gains compared with 
strength training alone. It is apparent that 
endurance training may limit the ability to produce 
force (Dudley et al., 1985; Hickson, 1980) and 
explosive movement (Ono et al., 1981). Since 
metabolic and neuromuscular demands placed on 
skeletal muscle by endurance and strength training 
result in specific biochemical adaptation, it might be 
expected that both strength and endurance would 
be compromised by a combined training, especially 
in elite athletes. However, Hickson et al. (1988) 
showed that the addition of heavy resistance 
training to the training routines of well-trained 
cyclists and runners improved endurance 
performance. The studies (Dudley et al., 1985; 
Hickson, 1980) suggested that the compromise of 
the ability to produce force during high velocity 
movement is due to differences in the pattern or 
efficiency of motor unit recruitment during strength 
or endurance training. Strength training places a 
large amount of tension on muscle fibres. 
Endurance training does not result in higher tension 
development but stimulates oxidative metabolism 
to a greater extent. Therefore, these two types of 
training may activate to different degrees various 
anabolic or catabolic processes which are 
modulated by endocrine responses to exercise and 
training.
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Past research indicates that muscular strength and 
anaerobic power may be important for increased 
running performance through neurological and 
muscular changes (Abernethy, 1994; Sale, 1988). 
These positive muscular adaptations may include 
increased anaerobic enzyme activity, increased 
force production, increased intramuscular glycogen, 
or shifts within major fibre type groups. Neural 
adaptations may include improved motor unit 
recruitment and synchronization, improved force 
development rate, and improvements in the 
stretch-shortening cycle. But, little is known about 
the influence of strength training on aerobic and 
anaerobic power particularly in female athletes. The 
purpose of this study was to determine the effects 
of strength training on aerobic and anaerobic power 
in female soccer players.

Methods

Experimental Approach to the Problem
Female players underrun a twelve-week strength 
training programme. We hypothesized that, due to 
the nature of strength training and the interval type 
of sport such as soccer, both the aerobic and the 
anaerobic power performance in female soccer 
players would improve. The study was done done 
during pre-season. Start was in January (in Croatia 
there are two competition periods during the 
season, and the study was done during the second 
preparation period because it lasts from November 
to March). During the preparation period the 
subjects had 6 practice sessions per week, and 
each session lasted from 90 to 105 minutes. A 
friendly game was also played and during this 
game each player has played only one half, i.e. 45 
minutes). Strength training was conducted in a 
gym three times a week, each practice lasting 90 
minutes (a 30-minute warm up was followed by 40 
minutes of strength training and the practice ended 
with 20 minutes of stretching exercises). Technical 
and tactical practice was done twice a week during 
the second preparation period, and intensity was 
set at 75% of VO2max. The intensity of the technical 
and tactical practice was monitored using polar 
heart rate monitors (Polar S-610; Polar Electro, 
Kempele, Finland).

Table 1. Conditioning programme – the overview 
for pre-season training (a 12-week strength 

intervention)

Morning session 
(from 9-11 am)

Afternoon session 
(from 18-20 p.m.)

Monday strength-training

Thursday
technical-tactical 

training

Wednesday strength-training

Thursdays
technical-tactical 

training

Friday strength-training

Saturday friendly game

Sunday day off rest

Table 2. Strength training distribution during 14 
weeks

Weeks
Number 
of sets

Number of
repetitions

Intensity 
%

1 testing
2 3 8 70
3 3 8 70
4 3 8 70
5 3 8 70
6 4 10 75
7 4 10 75
8 4 10 75
9 4 10 75
10 5 12 80
11 5 12 80
12 5 12 80
13 5 12 80
14 testing

All workouts were supervised both by a team coach 
and by a conditioning coach. The subjects were first
tested in the 1RM bench press, squat, leg extension 
and leg flexion. After strength testing aerobic and 
anaerobic power was measured. The volume and 
the intensity of the training sessions were adjusted 
according to the training plan which was designed 
by applying the progressive overload principle. The 
main part of each training session consisted of 
strength exercises in the following order: sit-ups 
with legs up and with plate back extensions on the 
fit ball, bench press, squat, dead lift (Romanian), 
lat pull-down and shoulder press. The rest period 
between sets lasted 1 minute and between 
exercises 2 minutes. During the break the players 
performed technical drills. The intensity of training 
was determined as the percentage of one repetition 
maximum (1RM) for bench press (BP), squat (SQ), 
leg extension (LE) and leg curl (LC). Sit-ups and leg 
extensions were done in 60 seconds. 

Subjects
Twenty-four elite female soccer players, members 
of a first league team, volunteered to participate in 
the study. Twelve subjects were also members of 
the Croatian national team. All participants have 
signed a written consent after they were fully 
informed about all experimental procedures. The 
protocol of the study was approved by the Ethical 
Committee of the Faculty of Kinesiology, University 
of Zagreb, according to the revised Declaration of 
Helsinki. The sample comprised 5 defenders, 12 
midfield players, 4 forwards and 3 goalkeepers. All 
players had more than 3 years of playing 
experience in the First Croatian League (Table 3).

Procedures
The initial testing took place in January, one week 
before the beginning of the experimental strength 
programme, while the final testing was done after 
12 weeks of strength training programme 
intervention. To prevent unnecessary fatigue 
accumulation, the players and coaches were 
instructed to avoid intense exercise for a 24-hour 
period before each testing session. Also, before 
each testing the subjects performed a standard 25-
minute warm-up. During the testing procedure air 
temperature ranged from 22°C to 25°C. The testing 
always began at 10 a.m. and finished by 1 p.m. All 
tests were performed indoors. Before the 1RM test, 
all participants followed a standard warm-up 
routine composed of one set of 10 repetitions with
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Table 3. Descriptive statistical parameters of female soccer players

Mean±SD
(n=24)

Goalkeepers
(n=3)

Attackers
(n=4)

Midfielders
(n=12)

Defenders
(n=5)

Age (years) 18.3±0.6 19.1±0.5 17.4±0.4 18.3±0.7 18.5±0.6
Experience (years) 10.1±2.3 11.2±1.3 10.2±1.6 9.8±1.1 10.5±1.3
Body weight (kg) 58.3±4.6 64.4±4.2 63.6±4.1 56.0±4.8 56.3±4.9
Body height (cm) 165.6±4.2 172.5±4.6 165.0±4.2 164.0±4.3 165.8±3.9
Percentage of body fat (%) 21.3±1.5 20.7±1.2 20.3±1.7 21.6±1.8 21.8±0.9

Table 4. Mean ± standard deviation of strength and endurance tests

Initial testing Final testing Absolute 
change

Percentage 
changeBP(kg) 35.75 ± 5.31 37.66 ± 4.74  # 1.91 5.3%

SQ (kg) 55.97 ± 12.26 61.13 ± 12.48 # 5.16 9.2%

LER (kg) 42.75 ± 8.60 44.70 ± 8.41 # 1.95 4.5%

LEL (kg) 40.20 ± 8.13 42.33 ± 8.27 # 2.13 5.2%

LCR (kg) 26.04 ± 5.51 28.83 ± 5.32 # 2.79 10.7%

LCL (kg) 24.79 ± 5.61 26.41 ± 5.02 # 1.62 6.5%

VO2max (ml/kg) 47.21±4.33 49.24±4.32# 2.03 4.3%

300y (s) 68.42 ± 4.42 66.53 ± 4.17 # 1.89 2.7%

#  statistically significant differences between the initial and the final testing  (p<0.05)
Legend: bench press (BP); squat (SQ), leg extension (LE; right leg extension – LER; left leg extension –
LEL) in the sitting position and leg curl (LC; right leg curl – LCR; left leg curl – LCL) from the lying 
position. Aerobic power (VO2max) Anaerobic power was evaluated using the 300y test (300y). 

approximately 50% of the anticipated 1RM load, 
followed by 3–5 repetitions with approximately 
75% of the 1RM. After the warm-up protocol, the 
subjects performed their first 1RM attempt with a 
load slightly lower than their anticipated maximum 
weight. Trained research assistants supervised the 
testing and dictated the resistance of each 1RM 
attempt. A minimum rest interval of 5 minutes was 
strictly enforced between 1RM attempts. Most 
subjects achieved their true 1RM weight within 
three to five attempts. 1RM was measured for 
bench press (BP); squat (SQ), leg extension (LE; 
right leg extension – LER; left leg extension – LEL) 
in the sitting position and leg curl (LC; right leg curl 
– LCR; left leg curl – LCL) from the lying position. 
The leg extension and the leg curl tests were 
performed both with the left and with the right leg. 
The bench press and the squat were performed 
with free weights. Aerobic power was determined 
by incremental test. It was performed on a motor-
driven treadmill (Run race, Technogym, Italy), with 
a 1.5% inclination. Quark b2 “breath-by-breath” 
gas analysis system (Cosmed, Italy) was used for 
respiratory gas exchange monitoring. Heart rate 
was monitored using a Polar Vantage NV (Polar 
ElectroOi, Finland) heart rate monitor. The maximal 
exercise test was interrupted when the plateau of 
oxygen consumption was observed or when the 
subject perceived volitional fatigue. VT was 
assessed by a nonlinear increase in carbon dioxide 
to oxygen consumption ratio (V-slope method).
Anaerobic power was evaluated using the 300y test 
(300y) (Ivanjko et al., 2005). Skin-fold thickness 
was obtained using a Lange skin-fold calliper at the 
calf, chest, thigh, triceps and sub scapular regions. 
Three trials were performed and the median value 
was used in further analysis. The skin-folds 
recorded at the chest, thigh and sub scapular 
regions were also used for the estimation of body 
density (Jackson et al., 1978).

Statistical Analyses
Data analysis was performed using the Statistical 
Package for Social Sciences (v13.0, SPSS Inc., 
Chicago, IL). Descriptive statistics were calculated 
for all experimental data. In addition, to test the 
normality of distribution, the Kolmogorov-Smirnov 
test was conducted on all data before the analysis. 
Statistical power was calculated using the G-power 
software. T-test for dependant samples was used to 
determine differences between initial and final 
measurement. The correlation between all tested 
variables was determined using the Pearson 
product-moment correlation coefficient. Statistical 
significance was set at p<0.05.

Results

The Kolmogorov-Smirnov test showed that the data 
were normally distributed. The statistical power was 
0.95. ICCRs for all variables ranged from 0.78 to 
0.88. Positive effects were determined among all 
tests (Table 4). Negative correlation was 
determined between body fat percentage and 
VO2max (r=-0.43) and 300y (r=-0.55). Positive 
correlation was determined between the variables 
bench press and squat (r=0.44). Also, a positive 
correlation was determined between squat strength 
and leg extension and leg flexion strength with 
right and left leg (ranging from 0.46 to 0.64), and
between the variables squat and VO2max (r=0.44).

The improvement in strength ranged from 2.7 to 
10.7% in the variables. The largest effect was 
determined for the variable LCR where the 
improvement was 10.7 % as well as for the 
variable squat (9.7%). After 12 weeks of strength 
training aerobic power has improved by 4.3% and 
anaerobic power by 2.8%. 
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Discussion

The purpose of this study was to investigate the 
effects of strength training on aerobic and 
anaerobic power in female soccer players. Three to 
five sets of 8-12 repetition were performed for all 
exercises. The major findings of this study were the 
improvement of muscular strength as well as the 
improvement of aerobic and anaerobic power after 
12 weeks of strength training in female soccer 
players. The shortcoming of this study is the lack of 
the control group, due to the coaches’ 
disagreement with suggested. But, to the authors’ 
knowledge, this is one of the rare studies which 
deal with aerobic and anaerobic power 
improvement after a strength training programme 
in female athletes. In most studies the authors 
were interested in how strength training would 
improve subject’s strength parameters (Hennessy,
1994; Hoff et al., 2004; Stø len et al., 2005). 
However, for soccer and other team sports it is 
very important to realize how the development of 
one’s ability – in this particular case strength – may 
influence the other ability, e.g. aerobic and 
anaerobic power. In soccer one usually talks about 
endurance, strength, agility, flexibility, etc. The 
question is, however, how all these abilities can be 
improved when the training programmes for the 
development of each of them take place 
simultaneously. Further, how can the development 
of one’s ability influence all other abilities? When 
analysing the training process we must always keep 
in mind that athletes participate in every training 
session with all their abilities, so that it is very 
difficult for coaches to know how the development 
of one’s ability can influence the development of 
other abilities of an athlete and in what percentage 
this can be done. The second problem is that fewer 
researches into female soccer players were done in 
comparison to the number of researches done into 
their male colleagues. After 12 weeks of strength 
training, bench press strength improved by 5.3% 
and squat strength improved by 9.2%. The 
improvement in bench press strength was different 
from the improvement observed by Brazell-Roberts 
(Brazell-Roberts et al., 1989) who reported the 
improvement in bench press strength by 12.4% 
after 12 weeks of strength training. Herrick & Stone 
(1996) reported the improvement of upper body 
strength of 31.9% after 15 weeks of strength 
training. Stone & Coulter (1994) reported the 
18.9% improvement in upper body strength, which 
was similar to Boyer (1990) who reported the 
15.3% improvement in upper body strength. The 
only study that reported a lower improvement in 
bench press strength was the one performed by 
Marx et al. (2001) who reported the 2.1% 
improvement in bench press strength. Similar 
results to ours were detected for squat strength 
improvement. Brazell-Roberts et al. (1989) 
reported the improvement in squat strength by 
33.0% after 12 weeks of strength training. Herrick 
& Stone (1996) reported the 53.5% improvement 
in lower body strength after 15 weeks of strength 
training. Stone & Coulter (1994) reported the 
33.0% improvement, whereas Boyer (1990) 

reported the improvement in squat strength similar 
to that obtained in our study (9.2 percent), namely, 
11.2%. It is difficult to compare Boyer’s (1990) 
study to our study because the resistance in 
Boyer’s study was used by the nautilus machine, 
and in all other researches free weights were used. 
The right and left leg extension strength 
improvement was 4.5% and 5.2%, respectively. 
This improvement was expected because extensor 
exercise and squat exercise were highly correlated 
(r=0.64), and the muscles responsible for good 
exercise results were the same, i.e. the quadriceps. 

In comparison to leg extension strength 
improvement, leg flexion strength improvement 
was different as regards the comparison in strength 
increase between the left and the right leg. LCR 
increased by 10.7 percent while LCL increased by 
only 6.5 percent. The right leg proved to be the 
dominant leg in the female players who participated 
in this analysis. Therefore, the inter-muscular 
coordination can be said to have been better in the 
right than in the left leg, so that the female soccer 
players were able to activate a large number of 
motor neurons and were able to produce greater 
force. The improvement in leg flexor strength 
(hamstring muscles) could be said to have been in 
correlation with the influence of the dead lift 
exercise. However, the influence of this exercise on 
leg flexor strength was smaller than the influence 
of squat exercise on leg extension strength – the 
correlation of squat and leg extensor was 0.64, and 
for the leg flexion and squat it was 0.46. The 
sample in our study was comprised of well trained 
female athletes, whereas the subjects in the cited 
studies were mostly college women or untrained 
population with large age variance. It is well known 
that the top-level athletes who have reached their 
top-level performance improved their abilities, and 
in particular strength and endurance, more difficult 
and to a smaller extent than the untrained 
population. When we consider the correlation 
between the variables bench press and squat
(r=0.44), the conclusion could be drawn that in 
female athletes the strength of upper extremities is 
related to the strength of lower extremities. One of 
the most interesting correlations is the correlation 
between the squat and the VO2max. Since soccer 
itself is a stop-go sport with quick changes of 
direction, leg strength is important both for 
successful play and for a satisfactory level of 
aerobic power.

To achieve a good level of aerobic power in female 
soccer players a good level of basic leg strength 
and upper body strength (r=0.44) is necessary. 
The results of our study have shown that 12 weeks 
of strength training may improve aerobic power by 
4.6 percent. These results are similar to the results 
of Getteman & Pollock (1981) who reported the 
improvement in VO2max of approximately 5 to 10 
percent. Similar results were also reported by 
Hickson (1980) and Hurley et al. (1984). This 
information is vital for coaches since strength 
training can have positive effects on aerobic power 
in female soccer players.
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The data in our research suggest that our training 
programme caused improvement in muscular 
endurance. However, it is important to 
acknowledge that not all subjects in the present 
study had at least a moderate level of resistance 
training experience before the intervention, so that 
the exercise learning effect may have contributed 
to the increased performance in addition to the 
increase in muscle function. The lowest 
improvement was detected in anaerobic power –
namely, the results in the 300y test improved by 
2.7 percent. This was expected since the type of 
training used in this study influences muscle 
strength but mostly muscle endurance and to be 
successful in the 300y, the muscles should be more 
trained for power (Ivanjko et al., 2005). It is known 
that anaerobic power is one of the abilities which is 
the most difficult to develop. Tolerance to high 
blood lactate concentration is also closely 
correlated with motivation. In the authors’ opinion, 
it is possible that the subjects did not give their 
best. This is one of the problems when analysing 
the training effects, i.e. it is impossible to have the 
similar conditions both in the initial and in the final 
testing. Additionally, the player’s motivation is very 
rarely measured. Also, it is very difficult to control 
the subject’s activities after practice. The question 
that needs to be addressed regardless if we have 
detected changes in number of kilogram that 
players could lift or in seconds in which they run 

faster is: are there any changes – significant 
changes occurring in the players ability, because 
the question is rightfully raised whether the 
improvement of 5.3 percent in the bench press or 
the 1.91 kilogram improvement in bench press 
means that it is strength that has improved, or that 
the improvement in both aerobic and anaerobic 
power has occurred. This is generally a 
methodological problem of quantitative studies, 
namely that they cannot detect changes in abilities. 
To do so, we need more qualitative analyses to see 
if the changes in motor abilities can be noticed. The 
most important finding of this study is that the 12-
week strength training could improve the aerobic 
and anaerobic power in female soccer players. 

Conclusion

Strength training has positive effects on aerobic 
and anaerobic power. After 12 weeks of strength 
training, the aerobic power of female soccer players 
has improved by 4.3% and the anaerobic power by 
2.8%. These data suggest that our training 
programme has caused the improvement in 
muscular endurance and that strength training of 
the 12-week duration improved both the aerobic 
and anaerobic power in female soccer players. 
These observations may point to potential changes 
so the coaches are encouraged to use more 
strength training with female soccer players.
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UČINCI TRENINGA SNAGE NA AEROBNI I ANAEROBNI
RAD NOGOMETAŠICA

Sažetak

Svrha ovog istraživanja bila je utvrđivanje učinaka 12-tjednog programa treninga snage na aerobni i 
anaerobni rad kod nogometašica. Dvadeset i četiri nogometašice (selekcija U-20) dragovoljno su sudjelovale 
u istraživanju. Ispitanice su testirane testovima snage kao i aerobnog i anaerobnog rada. Testovi: 1RM bench 
press 8Bp), squat (SQ), ekstenzija noge (desna noga LER i lijeva noga LEL) i fleksija noge (desna noga curl –
LCR i lijeva LCL) mjerili su snagu, dok su VO2max i 300y shuttle run mjerili aerobni odnosno anaerobni rad. 
Dvosmjerna ANOVA s ponovljenim mjerenjima je korištena za utvrđivanje dvostrukih učinaka. Nadalje, post 
hoc postupak je primjenjen za otkrivanje razlika aritmetičkih sredina. Pozitivni učinci treninga snage su 
utvrđeni u svim testovima. Najveći učinak je utvrđen za varijablu desna noga curl (LCR) gdje je napredak bio 
10.7 % kao i u varijabli squat – 9.7 %. Nakon 12 tjedana treninga snage aerobni rad nogometašica je 
poboljšan za 4.3 % a anaerobni za 2.8 %. Podaci sugeriraju da 12-tjedni trening snage poboljšava i aerobni i 
anaerobni rad kod nogometašica.

Ključne riječi: nogometašice, aerobni rad, anaerobni rad
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