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Abstract

Study Background: The within-season variation in fitness
measures of elite youth female soccer players (<18 years of age)
has not been investigated previously. Further knowledge of this
area could allow more effective periodization of training, whilst
also enabling coaches to design appropriate long-term athlete
development models. This study investigated the within-season
variation of fitness test performance in elite youth female soccer
players.

Methods: Nineteen elite youth female soccer players aged 11—
14 from two age group soccer teams (under 13 (U13) [n=10] and
under 15 (U15) [n=9] corresponding to year of birth) participated
in this study. A within-players design was used to investigate the
variation of selected fitness parameters. The players completed a
fitness testing protocol pre-, mid- and post-season, which tested 5
m acceleration, 20 m sprint, repeated-sprint (RSA) and change-of-
directional (CoD) performance. Test-retest reliability for these tests
was also investigated.

Results: Substantial performance decrements were observed
in 5 m acceleration, 20 m sprint and CoD performance at both mid-
and post-season when compared to pre-season, with greatest
decrements observed in the U13 players. For both groups the most
substantial decrements were observed in CoD Performance (6.9
and 10.1% for U13 and U15s, respectively), and 5 m acceleration
(8.0 and 3.6% for U13 and U15s, respectively) performance at the
mid-season point. RSA was improved post-season in the U13s in
comparison to pre- and mid- season. Test-retest reliability for the
20 m sprint, CoD and RSA tests was satisfactory (r>0.68), the 5 m
acceleration test demonstrated poor reliability (r=0.24).

Conclusion: In elite youth female soccer players, acceleration,
sprintand CoD performance decreased over the course of a season,
whilst RSA performance improved in U13 players. Coaches should
consider the impact of physiological preparation on performance
when working with youth female soccer players, implementing
training interventions and recovery strategies accordingly to
prevent reduced performance capacity during competition.
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Introduction

Participation in women’s soccer has increased significantly in
recent times. It is estimated that women in 132 countries participate
in soccer, with up to 1.4 million alone in the UK playing at various
age groups and levels of competition [1,2]. Despite this, female soccer
players are seen as a specialist population [1]. The demands of elite
women’s soccer are reported to be similar to that of elite male soccer
regarding the mean match intensity (~85% of maximal heart rate), and
distance covered (~10 km) [3]. However, research has reported that
junior female players possess a significantly lower aerobic capacity
than that of elite senior players, indicating that the activity pattern of
youth soccer will differ somewhat from senior play [4]. Irrespective
of this, it would still appear that good anaerobic capabilities and well-
developed aerobic fitness are pre-requisites to successful performance
at elite level in women’s soccer, regardless of age [5].

Fitness testing throughout a competitive season is of great
importance for the identification of strengths and weaknesses of
individuals and sports teams [6]. More specifically, performance
level on soccer-specific tests has been found to correlate with match
performance in terms of the distance covered at high-intensity-a key
determinant of physical match performances-emphasizing the value
of such tests to soccer performance [5,7]. The variation in fitness over
the course of a season has been investigated extensively in male soccer
players of different playing standard, age and nationality [6,8-11]. In
general, the existing research on male players has indicated that over
the course of a season aerobic performance is improved mid-season,
after which a decline is reported; whilst sprint and agility performance
improve throughout the competitive season [6,8-11]. However, much
of the research has focused on only few components of fitness, which
does not present a holistic evaluation of the players in the respective
studies. Furthermore, the existing research has not tested at regular
intervals throughout a season, only testing pre and post, or pre and
mid-season. To successfully evaluate the within-season variation
in fitness it is important to test regularly, to identify how different
phases of training may affect performance and how key components
of fitness vary at different points of a season.

Although the existing literature on women’s soccer has
focused on either the activity pattern of the game, the relationship
between performance on a number of tests, or the variation in
performance across age groups [3,5,12], the application of this
knowledge to training and physical performance over the course of
a season remains unexplored. The within-season variation in fitness
parameters of elite youth female soccer players (<18 years of age) has
also yet to be investigated. This may be due to younger female players
also being seen as a specialist population, or the fact that women’s
soccer within younger players has only received more attention in
recent times [1,12]. Along with the evaluation of the effectiveness
of training interventions, periodic fitness testing of youth soccer
players may provide important information for coaches regarding the
identification of fatigue, in addition to facilitating the construction of
appropriate long-term athlete development models [13]. Therefore,
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the aim of this study was to assess the within-season variation of
physical performance in two age-group teams of elite youth female
soccer players. A secondary aim was to investigate the test-retest
reliability of the fitness testing battery used within this study.

Materials and Methods

Experimental approach

A within-players design was used to investigate the within-season
variation of selected fitness measures in two groups of elite youth
female soccer players. A fitness testing protocol was performed by the
players at three points across the competitive season.

Participants

A total of nineteen elite youth female soccer players aged 11-
14 from two age-group soccer teams (Under 13 (U13) [n=10] and
Under 15 (U15) [n=9] corresponding to year of birth) belonging to an
‘English FA Girls Centre of Excellence’ playing at the highest level of
domestic competition available for youth female players, participated
in this study. An initial sample of 32 (fourteen Ul3 players and
eighteen U15 players) players were selected, however due to injury
and non-attendance at the testing sessions, this was reduced. Any
players who had suffered musculoskeletal injuries in recent history
(as defined by the ‘Centre of Excellence’ physiotherapist) or suffered
from any other medical condition which may be affected by maximal
exercise were excluded. All players participated in the same training
programme, participating in two technical/soccer-specific sessions
and one specific conditioning session per week. The competitive
season extended from August 2011 through to April 2012. The players
and their guardians were required to provide informed consent
prior to commencement of the testing period. Ethical approval was
obtained from the University ethics board and the study was run in
accordance with the declaration of Helsinki.

Procedures

Peak-height velocity (PHV) refers to the period of most rapid
growth in height during adolescence and may influence performance
in various tasks [14]. Prior to the pre-season testing session
anthropometrical details (Table 1) were measured for each of the
players, allowing for the occurrence of PHV to be predicted using
a sex-specific multiple regression equation based on body mass,
height, sitting height, limb length and age [14]. The testing protocol
was performed pre-season (August), mid-season (December: prior to
the winter break) and post-season (May: ten days post-season). These
testing points were chosen with the following rationale; pre-season
testing followed the main training phase, mid-season testing allows
evaluation of the impact of early season training and match loads
on the players, and post-season testing allows analysis of how the
measures of fitness were affected over the entire season. During the
season the players participated in a total of 29 competitive matches
(0.8 games per week between pre- and mid-season; and 0.9 games per
week between mid- and post-season).

Table 1: Participant characteristics for U13 and U15 soccer teams at the initiation
of the testing period.

u15 uU13
Age (y) 13.4+0.5 11.8+0.7
Predicted age at PHV (y) 125+0.7 12.3+0.3
Height (cm) 1575+ 8.0 148.1+£8.7
Weight (kg) 48.8+11.6 38.9+7.6

doi:http://dx.doi.org/10.4172/2324-9080.1000102

Testing protocol

The testing protocol consisted of three maximal tests, which
were selected based on the findings of previous literature, which
demonstrated each component to be strongly related to match
performance and/ or is performed to a high level by elite soccer players
[7,12,15-17]. Acceleration, speed, repeated sprint ability (RSA) and
change-of-directional (CoD) performance were monitored over the
course of a season. Prior to the testing sessions the players completed
the same standardized warm-up procedure consisting of light jogging,
change of directional drills, and short sprints.

5 m acceleration and 20 m sprint performance

All players performed two 20 m sprints in an indoor sports hall,
with the fastest time being recorded. Timing gates were placed at 0,
5, 10, 15 and 20 m, respectively to obtain split times, with all sprint
times being recorded to the nearest 0.01 s using a light gate timing
system (Smart speed, Fusion Sport, Australia). The first 5 m split was
used as a measure of acceleration. All sprints were completed from a
standing start, 0.5 m behind a starting line. The players were required
to commence sprinting as soon as a green light was displayed on the
timing gates and were encouraged to run through the finish line.

RSA and CoD performance

A 6x40 m RSA test was used as detailed by Impellizzeri et al. [18].
The players were given a 5 s countdown prior to each sprint. Timing
gates were placed at 0, 15, 25 and 40 m of the shuttle sprint to obtain
split times. Prior to the RSA test a criterion run was performed, which
was followed with a five-minute rest period. The first sprint of the
test was required to be within 2.5% of the criterion run to ensure
maximal effort was being given. In the instance where this was not the
case, players were given further rest, which occurred with only two
individuals throughout the three testing sessions. Mean sprint time
was recorded for the participants. CoD performance was recorded as
the time taken to complete the 10 m section of the 40 m shuttle sprint
between 15 and 25 m, where a 180 degree turn occurred. The best
time taken from the criterion run and first sprint to complete this 10
m section of the test was used as a measure of CoD ability.

Reliability of the 5 m acceleration, 20 m sprint, CoD and RSA
tests was examined during the pre-season phase using a test-retest
experimental design, whereby participants completed two trials
separated by 7 days. Testing was performed at approximately the
same time of day. For the reliability study, 23 players completed
both RSA trials. Thirty five players completed both trials for the 5 m
acceleration, 20 m sprint and CoD tests. Times recorded during the
second trial acted as the pre-season score for each of the players.

Statistical Analysis

Data are presented as the mean + SD. Using a custom-made
spreadsheet [19], all data were log transformed and then back
transformed to obtain the percent difference, with uncertainty
of the estimates expressed as 90% confidence intervals, between
performances on the pre-, mid-,and post-season fitness tests. Thisis the
appropriate method for quantifying changes in athletic performance
[20]. Inference was then based on the disposition of the confidence
interval for the mean difference to the smallest worthwhile effect;
the probability (percent chances) that the true population difference
between trials was substantially beneficial, harmful (>0.2 SDs) or
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trivial was calculated as per the magnitude-based inference approach
[21]. These percent chances were qualified via probabilistic terms
assigned using the following scale: <0.5%, most unlikely or almost
certainly not; 0.5-5%, very unlikely; 5-25%, unlikely or probably not;
25-75%, possibly; 75-95%, likely or probably; 95-99.5%, very likely;
>99.5%, most likely or almost certainly [20]. For the purposes of this
manuscript beneficial was replaced with the term ‘faster’ and harmful
replaced with ‘slower’. All reliability measures were calculated using a
custom-made spreadsheet [22].

doi:http://dx.doi.org/10.4172/2324-9080.1000102

Results

For all players, test-retest reliability was satisfactory for the 20
m sprint, CoD and RSA tests (Table 2). The 5 m acceleration test
demonstrated low test-retest reliability. The players’ performances for
the four fitness measures across the duration of the soccer season are
displayed in figures la-d.

There were substantial performance decrements in acceleration
time during both the mid- and post-season tests when compared
to the pre-season tests (Figure 1, Table 3), with the magnitude

Table 2: Test-retest reliability data for the four performance variables used in this study.

5m 1.19 1.16 -0.03 5.9 0.24 0.23
acceleration +0.09 +0.07 (-0.06 to 0.00) (4910 7.5) (-0.04 to 0.48) (-0.04 to 0.48)

20 m 3.56 3.56 0.00 2.6 0.82 0.83
sprint +0.21 +0.22 (-0.04 to 0.04) (2210 3.3) (0.70 to 0.90) (0.71 to 0.90)

CoD 2.66 2.73 0.07 35 0.68 0.71
+0.17 +0.17 (0.04 to 0.11) (29t0 4.4) (0.49 t0 0.81) (0.53 t0 0.82)

RSA 8.44 8.38 -0.05 1.4 0.86 0.86
+0.32 +0.31 (-0.12 t0 0.01) (1.2t0 1.9) (0.72 t0 0.93) (0.73 t0 0.93)

Table 3: Percentage difference, along with the 90% confidence interval and practical inferences, for the between test comparisons (pre-, mid-, and post-season) on

performance measures in U13 (n = 10) and U15 (n = 9) female youth soccer players.

5 m Acceleration
u13
Mid - Pre 8.0% 4.9% to 11.3% 1.00 “Most likely” slower
Post - Mid -2.8% -6.6% to 1.2% 0.80 “Likely” faster
Post - Pre 5.0% 1.9% to 8.2% 0.98 “Very likely” slower
u1s
Mid - Pre 3.6% -0.2% to 7.6% 0.88 “Likely” slower
Post - Mid -1.6% -3.6% to 0.5% 0.71 “Possibly” faster
Post - Pre 2.0% -2.4% t0 6.6% 0.66 “Possibly” slower
20 m Sprint
U13
Mid - Pre 3.1% 0.7% to 5.6% 0.94 “Likely” slower
Post - Mid -2.7% -4.9% to -0.5% 0.93 “Likely” faster
Post - Pre 0.3% -1.1% to 1.8% 0.66 “Likely” trivial
u1s
Mid - Pre 1.5% 0.0% to 2.9% 0.86 “Likely” slower
Post - Mid -1.4% -3.4% 10 0.7% 0.75 “Likely” faster
Post - Pre 0.1% -2.6% t0 2.9% 0.38 “Possibly” slower/ trivial
CoD
u13
Mid - Pre 6.9% 3.6% to 10.3% 1.00 “Most likely” slower
Post - Mid -2.2% -6.7% to0 2.5% 0.73 “Possibly” faster
Post - Pre 41% 1.6% to 6.6% 0.98 “Very likely” slower
uU15
Mid - Pre 10.1% 5.2% to 15.2% 1.00 “Most likely” slower
Post - Mid -5.7% -9.0% to -2.3% 0.98 “Very likely” faster
Post - Pre 4.2% 0.1% to 8.6% 0.90 “Likely” slower
RSA
u13
Mid - Pre 0.2% -1.1% to 1.6% 0.69 “Likely” trivial
Post - Mid -1.6% -2.9% to0 -0.2% 0.83 “Likely” faster
Post - Pre -1.3% -2.3% t0 -0.3% 0.80 “Likely” faster
u1s
Mid - Pre 1.7% -0.3% to 3.8% 0.84 “Likely” slower
Post - Mid -1.0% -3.2% t0 1.1% 0.65 “Possibly” faster
Post - Pre 0.4% -0.9% to 1.8% 0.48 “Possibly” trivial
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Figure 1: 5 m acceleration (a), 20 m sprint (b), CoD (c) and RSA (d) times
for the U13 (open circles) and U15 players (closed circles) on pre-, mid- and
post-season fitness tests.

of the decrements being greater for the Ul3 players. A substantial
improvement was observed in acceleration time on the post-season
test when compared to the mid-season test; the magnitude of this
improvement was again greater for the U13 players. Twenty meter
sprint performance was substantially slower during the mid-season
test when compared to the pre-season test. Slower 20 m sprint times
were also observed during the post-season test, although these
performance changes were less clear. When compared to the mid-
season test, 20 m sprint performance was substantially improved
post-season in both groups, with the magnitude of the improvement
being greater for the U13 players.

For both the U13 and U15 players there were clear, substantial
performance decrements in CoD performance during both the
mid- and post-season tests when compared to the pre-season test.
Performance on this test improved substantially during the post-
season test when compared to the mid-season test; the magnitude
of the improvement was greater for the U15 players. Times on the
RSA test were substantially faster for the U13 players during the post-
season test when compared to pre- and mid-season tests, with a trivial
difference between the pre- and mid-season tests. The Ul5 players
recorded slower times during the mid-season test when compared to
the pre-season test. Post-season test performance was faster, although
this difference was less clear as was the post-pre-season comparison.

Discussion

The aim of this study was to assess the within-season variation
in 5 m acceleration, 20 m sprint, repeated-sprint ability (RSA) and
change-of-directional (CoD) performance in elite youth female
soccer players. The test-retest reliability of each of the tests was also
investigated. Our main findings were that performance decrements
were observed in all of the fitness measures at the mid-season test in

doi:http://dx.doi.org/10.4172/2324-9080.1000102

comparison to pre-season test. With the exception of RSA in the Under
13 (U13) players, performance remained below pre-season levels in
both age-groups at the post-season test, with the most substantial
decrements being observed in the U13 players. Performance on the 5
m acceleration and CoD tests elicited the most substantial differences
over the course of the season. RSA in the U13 players was improved
post-season in comparison to both pre- and mid-season. Test-retest
reliability for the 20 m sprint, CoD and RSA tests was high, whilst the
5 m acceleration test was shown to have below satisfactory reliability.

Fitness testing enables sports scientists and coaches to analyze the
training status of their players and use the information to provide
individual profiles of players’ respective strengths and weaknesses
[23]. Whilst our study provides novel descriptive data for elite
youth female soccer players, the main focus of our study was to
evaluate within-season changes in selected measures of fitness.
The existing literature has reported that power, speed and agility
remains unchanged over the course of a season in male soccer players
[8,24]; our study provided contrasting findings with performance
decrements in acceleration, sprint and CoD performance. It is possible
that these decrements may be a consequence of reduced training
time or increased focus on the technical aspect of performance as
oppose to physiological preparation following the pre-season phase
[25]. Without monitoring the players’ training loads, however, this
cannot be confirmed. The diminished performance level in these
measures of fitness could be related to the effect of maturation (as
measured via PHV) on the players, as performance can be negatively
affected around the peak growth period i.e. PHV - this occurs around
the age of 11-13 in females, which can cause a disturbance in motor
coordination abilities [13,26-28]. However, a limitation of our study
was that maturation was measured only once during the study period.

RSA was improved post-season in the U13 players, with only
small decrements observed in the under 15 (U15) players; however
it is unclear why RSA improved despite performance decrements
in sprint and CoD performance. Improvements in aerobic capacity
have been reported to lead to a reduced sprint decrement on a RSA
test, which is manifested via improved mean sprint times [29,30].
However, research in this area has provided equivocal findings [24],
and a further limitation of our study was that we were unable to
report any measures of aerobic fitness for the players.

The performance decrements observed in acceleration and CoD
performance in particular are meaningful as these components are
important to successful performance. Although high speed activities
make up only a small proportion of the total activity performed
during a game (~11%), this is said to be performed during the most
vital moments of a game [31]. The fact that performance on the RSA
test was improved in the Ul3s is important, as existing research
demonstrates a strong relationship between RSA and the amount of
high-intensity running and sprints performed during a game [7,18].
Although there is a paucity of research investigating the relationship
of acceleration, sprint and CoD performance with match running
performance, it is highly likely that reduced performance in any of
these components will negatively impact match physical performance.

The stochastic nature of team sports dictates that fitness tests are
used as indicators of fitness as opposed to predictors of performance
[23]. Nonetheless, when monitoring progression of an athlete
with performance or other fitness tests, it is important to take into
account the magnitude of the smallest worthwhile enhancement
in performance and the uncertainty or noise in the test result [32].
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With this in mind our test-retest reliability data provides important
information for both researchers and practioners alike for the
interpretation of meaningful changes in test performance on an
individual level. The typical error reported in our study for 20 m sprint
performance and RSA mean was slightly higher than that reported
in the previous literature (1.3% and 0.8%, respectively) [18,33], but
nonetheless provides further support for the reliability of these tests.
Previous research does not appear to have used a similar protocol
for measures of acceleration or CoD therefore the data presented
is novel, and therefore we offer a viable test for CoD performance,
whilst providing important information for the measurement of
acceleration in young female soccer players.

In summary, fitness testing across a season is a valuable tool
for coaches to assess the fitness levels of soccer players and allow
appropriate interventions and/or recovery strategies to be putin place.
Our findings demonstrate that during a season, maximal performance
levels in certain measures of fitness can be reduced in young female
soccer players. This may be due to the effect of the training stimulus
imposed on the players, or possibly changes in maturation status.
Coaches must consider how the training load imposed on young
players throughout a season may affect performance in competition,
and it is important that training programs devised for youth female
soccer players provide adequate attention to maintaining acceleration
speed and CoD in particular. Although RSA was improved in the
Ul3s and only affected minimally in the Ul5s, it is possible that
this could have been further developed had pre-season performance
levels in sprint, acceleration and CoD performance been maintained
or improved throughout the season. However, further research is
required to support such a supposition.

Acknowledgements

We acknowledge Paul Kreczak, Mikhel Laas and Vicky Evans for their
assistance. No external financial support was required for this project.

References

1. Rosenbloom CA, Loucks AB, Ekblom B (2006) Special populations: the
female player and the youth player. J Sports Sci 24: 783-793.

2. The Football Association (2011) Women and Girls football (available at: http://
www.thefa.com/womens/players; accessed 14 August 2012).

3. Krustrup P, Mohr M, Ellingsgaard H, Bangsbo J (2005) Physical demands
during an elite female soccer game: importance of training status. Med Sci
Sports Exerc 37: 1242-1248.

4. Mujika |, Santisteban J, Impellizzeri FM, Castagna C (2009) Fitness
determinants of success in men’s and women'’s football. J Sports Sci 27: 107-
114.

5. Mohr M, Krustrup P, Andersson H, Kirkendal D, Bangsbo J (2008) Match
activities of elite women soccer players at different performance levels. J
Strength Cond Res 22: 341-349.

6. Gravina L, Gil SM, Ruiz F, Zubero J, Gil J, et al. (2008) Anthropometric and
physiological differences between first team and reserve soccer players aged
10 — 14 years at the beginning and end of the season. J Strength Cond Res
22:1308-1314.

7. Rampinini E, Bishop D, Marcora SM, Ferrari Bravo D, Sassi R, et al.
(2007) Validity of simple field tests as indicators of match-related physical
performance in top-level professional soccer players. Int J Sports Med 28:
228-235.

8. Caldwell BP, Peters DM (2009) Seasonal variation in physiological fitness of
a semiprofessional soccer team. J Strength Cond Res 23: 1370-1377.

9. Kalapotharakos VI, Ziogas G, Tokmakidis SP (2011) Seasonal aerobic
performance variations in elite soccer players. J Strength Cond Res 25: 1502-
1507.

10.

1

-

1

N

1

w

14.

1

)]

16.

1

~

1

©

1

©

2

o

2

-

2

N

23.

24,

25.

26.

27.

28.

2

©

30.

3

=

3

N

3!

w

doi:http://dx.doi.org/10.4172/2324-9080.1000102

Magal M, Smith RT, Dyer JJ, Hoffman JR (2009) Seasonal variation in
physical performance-related variables in male NCAA Division Il soccer
players. J Strength Cond Res 23: 2555-2559.

. Ostojic SM (2003) Seasonal alterations in body composition and sprint

performance of elite soccer players. J Exerc Physiol 6: 24-27.

. Vescovi JD, Rupf R, Brown TD, Marques MC (2011) Physical performance

characteristics of high-level female soccer players 12-21 years of age. Scand
J Med Sci Sports 21: 670-678.

. Philippaerts RM, Vaeyens R, Janssens M, Van Renterghem B, Matthys D,

et al. (2006) The relationship between peak height velocity and physical
performance in youth soccer players. J Sports Sci 24: 221-230.

Wild CY, Steele JR, Munro BJ (2012) Musculoskeletal and estrogen changes
during the adolescent growth spurt in girls. Med Sci Sports Exerc.

. Mujika |, Spencer M, Santisteban J, Goiriena JJ, Bishop D (2009) Age-related

differences in repeated-sprint ability in highly trained youth football players. J
Sports Sci 27: 1581-1590.

Polman R, Walsh D, Bloomfield J, Nesti M (2004) Effective conditioning of
female soccer players. J Sports Sci 22: 191-203.

. Little T, Williams AG (2005) Specificity of acceleration, maximum speed, and

agility in professional soccer players. J Strength Cond Res 19: 76-78.

. Impellizzeri FM, Rampinini E, Castagna C, Bishop D, Ferrari Bravo D, et al.

(2008) Validity of a repeated-sprint test for football. Int J Sports Med 29: 899-
905.

. Hopkins WG (2006) Spread sheets for analysis of controlled trials, with

adjustment for a subject characteristic. Sportsci 10: 46-50.

.Hopkins WG, Marshall SW, Batterham AM, Hanin J (2009) Progressive

statistics for studies in sports medicine and exercise science. Med Sci Sports
Exerc 41: 3-13.

. Batterham AM, Hopkins WG (2006) Making meaningful inferences about

magnitudes. Int J Sports Physiol Perform 1: 50-57.

. Hopkins WG (2010) Analysis of reliability with a Spreadsheet. Sportsci.

Svensson M, Drust B (2005) Testing soccer players. J Sports Sci 23: 601-
618.

Da Silva SG, Osiecki R, Arruda M, Moura JA, De Campos W (2001) Changes
in anthropometric variables and in anaerobic power and capacity due to the
training season in professional Brazilian soccer players. Med Sci Sports
Exerc 33: S158.

Mohr M, Krustrup P, Bangsbo J (2003) Match performance of high-standard
soccer players with special reference to development of fatigue. J Sports Sci
21:519-528.

Davies PL, Rose JD (2000) Motor skills of typically developing adolescents:
awkwardness or improvement? Phys Occup Ther Pediatr 20: 19-42.

Spencer M, Pyne D, Santisteban J, Mujika | (2011) Fitness determinants of
repeated-sprint ability in highly trained youth football players. Int J Sports
Physiol Perform 6:497-508.

Ford P, De Ste Croix M, Lloyd R, Meyers R, Moosavi M, et al. (2011) The long-
term athlete development model: physiological evidence and application. J
Sports Sci 29: 389-402.

. Thébault N, Léger LA, Passelergue P (2011) Repeated-sprint ability and

aerobic fitness. J Strength Cond Res 25: 2857-2865.

Bishop D, Edge J (2006) Determinants of repeated-sprint ability in females
matched for single-sprint performance. Eur J Appl Physiol 97: 373-379.

.Reilly T, Bangsbo J, Franks A (2000) Anthropometric and physiological

predispositions for elite soccer. J Sports Sci 18: 669-683.

. Hopkins W (2004) How to interpret changes in an athletic performance test.

Sportsci 8: 1-7.

. Gabbett T, Kelly J, Pezet T (2007) Relationship between physical fitness and

playing ability in rugby league players. J Strength Cond Res 21: 1126-1133.

e Page 50f5 e


http://www.ncbi.nlm.nih.gov/pubmed/16766506
http://www.ncbi.nlm.nih.gov/pubmed/16766506
http://www.ncbi.nlm.nih.gov/pubmed/16015145
http://www.ncbi.nlm.nih.gov/pubmed/16015145
http://www.ncbi.nlm.nih.gov/pubmed/16015145
http://www.ncbi.nlm.nih.gov/pubmed/19058090
http://www.ncbi.nlm.nih.gov/pubmed/19058090
http://www.ncbi.nlm.nih.gov/pubmed/19058090
http://www.ncbi.nlm.nih.gov/pubmed/18550946
http://www.ncbi.nlm.nih.gov/pubmed/18550946
http://www.ncbi.nlm.nih.gov/pubmed/18550946
http://www.ncbi.nlm.nih.gov/pubmed/18545174
http://www.ncbi.nlm.nih.gov/pubmed/18545174
http://www.ncbi.nlm.nih.gov/pubmed/18545174
http://www.ncbi.nlm.nih.gov/pubmed/18545174
http://www.ncbi.nlm.nih.gov/pubmed/17024621
http://www.ncbi.nlm.nih.gov/pubmed/17024621
http://www.ncbi.nlm.nih.gov/pubmed/17024621
http://www.ncbi.nlm.nih.gov/pubmed/17024621
http://www.ncbi.nlm.nih.gov/pubmed/19620929
http://www.ncbi.nlm.nih.gov/pubmed/19620929
http://www.ncbi.nlm.nih.gov/pubmed/21427609
http://www.ncbi.nlm.nih.gov/pubmed/21427609
http://www.ncbi.nlm.nih.gov/pubmed/21427609
http://www.ncbi.nlm.nih.gov/pubmed/19910819
http://www.ncbi.nlm.nih.gov/pubmed/19910819
http://www.ncbi.nlm.nih.gov/pubmed/19910819
http://faculty.css.edu/tboone2/asep/ostojic3.pdf
http://faculty.css.edu/tboone2/asep/ostojic3.pdf
http://www.ncbi.nlm.nih.gov/pubmed/21917018
http://www.ncbi.nlm.nih.gov/pubmed/21917018
http://www.ncbi.nlm.nih.gov/pubmed/21917018
http://www.ncbi.nlm.nih.gov/pubmed?term=Van Renterghem B%5BAuthor%5D&cauthor=true&cauthor_uid=16368632
http://www.ncbi.nlm.nih.gov/pubmed?term=Matthys D%5BAuthor%5D&cauthor=true&cauthor_uid=16368632
http://www.ncbi.nlm.nih.gov/pubmed/22843105
http://www.ncbi.nlm.nih.gov/pubmed/22843105
http://www.ncbi.nlm.nih.gov/pubmed/19967589
http://www.ncbi.nlm.nih.gov/pubmed/19967589
http://www.ncbi.nlm.nih.gov/pubmed/19967589
http://www.ncbi.nlm.nih.gov/pubmed/14998097
http://www.ncbi.nlm.nih.gov/pubmed/14998097
http://www.ncbi.nlm.nih.gov/pubmed/15705049
http://www.ncbi.nlm.nih.gov/pubmed/15705049
http://www.ncbi.nlm.nih.gov/pubmed/18415931
http://www.ncbi.nlm.nih.gov/pubmed/18415931
http://www.ncbi.nlm.nih.gov/pubmed/18415931
http://www.ncbi.nlm.nih.gov/pubmed/19092709
http://www.ncbi.nlm.nih.gov/pubmed/19092709
http://www.ncbi.nlm.nih.gov/pubmed/19092709
http://www.ncbi.nlm.nih.gov/pubmed/19114737
http://www.ncbi.nlm.nih.gov/pubmed/19114737
http://www.ncbi.nlm.nih.gov/pubmed/16195009
http://www.ncbi.nlm.nih.gov/pubmed/16195009
http://www.ncbi.nlm.nih.gov/pubmed/12848386
http://www.ncbi.nlm.nih.gov/pubmed/12848386
http://www.ncbi.nlm.nih.gov/pubmed/12848386
http://www.ncbi.nlm.nih.gov/pubmed/11293913
http://www.ncbi.nlm.nih.gov/pubmed/11293913
http://www.ncbi.nlm.nih.gov/pubmed/21937759
http://www.ncbi.nlm.nih.gov/pubmed/21937759
http://www.ncbi.nlm.nih.gov/pubmed/21937759
http://www.ncbi.nlm.nih.gov/pubmed/21259156
http://www.ncbi.nlm.nih.gov/pubmed/21259156
http://www.ncbi.nlm.nih.gov/pubmed/21259156
http://www.ncbi.nlm.nih.gov/pubmed/21912345
http://www.ncbi.nlm.nih.gov/pubmed/21912345
http://www.ncbi.nlm.nih.gov/pubmed/16612646
http://www.ncbi.nlm.nih.gov/pubmed/16612646
http://www.ncbi.nlm.nih.gov/pubmed/11043893
http://www.ncbi.nlm.nih.gov/pubmed/11043893
http://www.ncbi.nlm.nih.gov/pubmed/18076242
http://www.ncbi.nlm.nih.gov/pubmed/18076242

	Title
	Corresponding author
	Abstract 
	Keywords
	Abbreviations
	Introduction
	Materials and Methods 
	Experimental approach 
	Participants

	Procedures
	Testing protocol 
	5 m acceleration and 20 m sprint performance 
	RSA and CoD performance 

	Statistical Analysis  
	Results
	Discussion
	Acknowledgements
	Table 1
	Table 2
	Table 3
	Figure 1
	References

