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Abstract

The purpose of the study was to evaluate the developmental
changes in performance in a repeated-sprint ability (RSA) test in
young soccer players of contrasting maturity status. A total of 83
regional level Portuguese youth soccer players, aged 11-13 years
at baseline was assessed annually. Stature, body mass, 7x34.2-m
sprint protocol (25-s active recovery), 20-m multi-stage con-
tinuous shuttle endurance run and counter-movement jump
(CMJ) without the use of the arms were measured. Fat-free mass
(FFM) was determined by age and gender-specific formulas.
Developmental changes in total sprint time across ages were
predicted using multilevel modeling. Corresponding measure-
ments were performed on an independent cross-sectional sub-
sample of 52 youth soccer players 11-17 years to evaluate the
predictive model. CA, CA?, maturational status (SA-CA), body
size (mass and stature), FFM, aerobic endurance, lower limb
explosive strength and annual volume training significantly
improved the statistical fit of the RSA multilevel model. In ‘late’
maturing athletes, the best model for predicting change in RSA
was expressed by the following equation: 86.54 — 2.87 x CA +
0.05 x CA? -~ 0.25 x FFM + 0.15 x body mass + 0.05 x stature —
0.05 x aerobic endurance — 0.09 x lower limb explosive strength
— 0.01 x annual volume training. The best fitting models for
players who were ‘on time’ and ‘early’ maturing were identical
to the best model for late maturing players, less 0.64 seconds
and 1.74 seconds, respectively. Multilevel modeling provided
performance curves that permitted the prediction of individual
RSA performance across adolescent years in regional level
soccer players.

Key words: young athletes, multilevel modeling, growth, matu-
ration, short-term effort.

Introduction

Athletes competing in team sports are frequently required
to perform short-duration sprint-type actions (<10 sec-
onds) interspersed with brief recoveries (usually <60
seconds). The capacity to perform this exercise is labeled
repeated-sprint ability or RSA (Bishop et al., 2011; Buch-
heit et al., 2010a, 2010b; Girard et al., 2011). RSA is a
functional attribute that is dependent upon metabolic
(oxidative capacity, phosphocreatine recovery, H+ buffer-
ing) and neuromuscular (muscle activation, recruitment)

factors (Bishop et al., 2011; Glaister, 2005; Spencer et al.,
2005). Traditionally, soccer has been viewed as a sport
that demands a high level of aerobic capacity (Meckel et
al., 2009) but the ability to perform short bursts of inten-
sive activity (sprints) interspersed with less intense epi-
sodes is important (Rampinini et al., 2007). More re-
cently, however, a number of studies using time-motion
analyses have questioned the relative importance of high-
intensity activities to team performance in professional
(Carling et al., 2012) and international youth soccer
(Buchheit et al., 2010b) players. The extent to which
findings in these studies can be generalized to other ath-
letic groups or if they only represent play in certain teams
and/or Leagues requires investigation. A related issue is
how inter-individual differences in growth and matura-
tion, especially apparent in early- and mid-adolescence,
potentially affect RSA performance in youth soccer play-
ers.

Evidence drawn from longitudinal studies of youth
soccer players suggests that maximal gains in running
speed, agility, aerobic endurance and lower limb explo-
sive strength occur, on average, close to the time of peak
height velocity (i.e., the period of maximal height gain
during the adolescent growth spurt) (Philippaerts et al.,
2006). The mean age range for peak height velocity in
European boys is 13.8 to 14.2 years (Malina et al.,
2004a). There is good reason to believe that peak gains in
RSA will demonstrate a similar developmental trajectory.
In support of this argument, the total time for a RSA test
(6 x 30-m) improved progressively in elite youth soccer
players from U-11 to U-15 age groups with no further
significant improvements reported between the U-15 to
U-18 age groups (Mujika et al., 2009). Differences in
sprint performance are also strongly correlated with varia-
tions in body mass and stature between the age groups. In
soccer players of 13—14 years, training history, stature,
the sitting height to height ratio (proportions) and adipos-
ity accounted for 48% of the variance in the fastest sprint
of seven trials (Figueiredo et al., 2011). Inter-individual
variability in RSA may also result as a consequence of
differences in the timing and tempo of biological matura-
tion, particularly during mid-puberty (Figueiredo et al.,
2009b; Malina et al., 2004b). If this is the case, then ma-
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turity associated variation in RSA might have important
implications for success and, ultimately, the selection of
youth players. Youth soccer players 11-12 and 13-14
years who moved to a higher level (elite) reported supe-
rior performance in a repeated sprint protocol (7 sprints)
compared to peers of the same age who persisted at the
same level or who dropped out of the sport (Figueiredo et
al., 2009a).

Relationships among growth, maturation and func-
tional capacities of youth soccer players, and their poten-
tial implications for athlete selection and development are
often discussed in the context of talent identification
(Coelho e Silva et al., 2010; Figueiredo, et al., 2009a).
The available research pertaining to maturity associated
variation in the physical and functional capacities of
youth soccer players is, however, largely limited to cross-
sectional studies. Furthermore, inter-individual differ-
ences in biological maturation (status or timing) are rarely
considered in longitudinal studies (Huijgen et al., 2010).
The maturity-related differences in the performances of
adolescent males in tests of strength, power and speed
tend to follow a gradient of early > on time > late matura-
tion (Malina et al., 2004a). Corresponding data regarding
the performances of adolescent soccer players are more
variable. Portuguese players 11-12 and 13-14 years of
contrasting maturity status did not differ in speed, agility,
and power and performance in four soccer skills (Fi-
gueiredo et al., 2009b); only aerobic endurance assessed
by a 20-m intermittent shuttle run protocol differed (late >
on time = early). It is important to recognize, however,

that these findings are based on cross-sectional data and,
as a result, may not reflect maturity associated changes in
the physical and functional aptitudes of youth soccer
players. Longitudinal data evaluating functional capacities
of youth soccer players, specifically RSA, relative to
growth and biological maturation are limited. With this in
mind, the purpose of this study was to evaluate the longi-
tudinal development of performance in a test of RSA in
soccer players from ages 11 to 17 years with specific
emphasis on the contributions of chronological age, skele-
tal maturation, body size, composition, aerobic capacity,
lower limb explosive strength and training as potential
explanatory variables in a multilevel modeling design.

Methods

Participants and procedures

The present sample included 135 youth soccer players. 83
players aged between 11 and 13 years at baseline were
followed on an annual basis, on 3 to 5 occasions (i.e.,
mixed-longitudinal). An additional independent cross-
sectional sample of 52 players 11-17 years was observed
on a single occasion (Table 1). The cross-sectional sample
served to test the statistical fit of the model derived from
the mixed-longitudinal series.

Players were recruited from five local clubs in the
midlands of Portugal. Goalkeepers were not included. The
clubs participated in a 9-month competitive season (Sep-
tember-May) regulated by the Portuguese Soccer Federa-
tion. Teams had 3-5 training sessions (90-120

Table 1. Number of measurements and number of players per age group and maturity status.

Longitudinal data set

Number of measurements

Control group

Age Maturity status 3 4 5 Total measurements (1-measurement)
11 years Late 0 4 2 6 2
On Time 3 7 13 23 4
Early 0 2 9 11 2
Total 3 13 24 40 8
12 years Late 0 4 5 9 2
On Time 3 12 18 33 4
Early 1 2 12 15 3
Total 4 18 35 57 9
13 years Late 1 5 5 11 2
On Time 7 17 24 48 5
Early 3 5 16 24 3
Total 11 27 45 83 10
14 years Late 1 5 5 11 1
On Time 4 17 24 45 6
Early 3 5 16 24 3
Total 8 27 45 80 10
15 years Late 1 1 5 7 1
On Time 4 10 24 38 6
Early 2 3 16 21 1
Total 7 14 45 66 8
16 years Late 0 1 3 4 0
On Time 0 5 11 16 3
Early 0 3 7 10 1
Total 0 9 21 30 4
17 years Late 0 0 0 0 0
On Time 0 0 6 6 2
Early 0 0 4 4 1
Total 0 0 10 10 3
Number of measurements 33 108 225 366 52
Number of players 11 27 45 83 52
Late 1 5 5 11 8
On Time 7 17 24 48 30
Early 3 5 16 24 14
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min-session”) and played one competitive game per
week, usually on Saturday. The players also participated
in national level of competitions and could be described
as a developmental pool for talent identification. Years of
formal participation in soccer was obtained from each
player and verified by club records. The Portuguese Soc-
cer Federation records the training history of all players
and the corresponding data are publicly available. Annual
volume of training was estimated from weekly participa-
tion forms completed by each head coach.

The present research was approved by the Portu-
guese Foundation for Science and Technology
[PTDC/DES/121772/2010]. Parents or guardians of the
young athletes provided informed consent and players
provided assent. Players were informed that participation
in the study was voluntary and that they could withdraw
at any time.

The data was collected annually within a 2-week
period under standard conditions at an indoor facility at
the University of Coimbra. Assessments were performed
at the same time each day (6:00 PM to 7:00 PM) and were
scheduled during school Easter holidays.

Biological maturation
Chronological age (CA) was calculated as the difference
between date of birth and date of the hand-wrist radio-
graph which was used to assess skeletal age (SA). Poste-
rior-anterior radiographs of the left hand-wrist were taken
and films were rated using the Fels method for the as-
sessment of SA (Roche et al., 1988). The protocol assigns
grades to specific maturity indicators for the radius, ulna,
carpals, metacarpals plus phalanges of the first, third and
fifth rays, and utilizes ratios of linear measurements of the
widths of the epiphysis and metaphysis of the long bones.
The presence (ossification) or absence of the pisiform and
adductor sesamoid bones is also noted. Grades and ratios
are entered into a program (Felshw 1.0 Software, Lifespan
Health Research Center, Departments of Community
Health and Pediatrics, Boonshoft School of Medicine,
Wright State University, Dayton, Ohio) to derive a SA for
each subject. The statistical protocol weights the contribu-
tions of specific indicators, depending on CA and sex, in
calculating an SA and its standard error of estimate (a
confidence interval for the assessment). The difference
between SA and CA (SA minus CA) was used to classify
players into three contrasting maturation categories at the
baseline (Malina, 2011; Malina et al., 2010; 2012):

o late (delayed), SA younger than CA by > 1.0 yr;

e average (on time), SA + 1.0 yr CA; and

e carly (advanced), SA older than CA by > 1.0 yr.

Anthropometry

A single individual trained in anthropometric assessment
measured body mass, stature and two skinfolds (i.e., tri-
ceps and subscapular) following standard procedures
(Lohman et al., 1988). Stature was measured to the near-
est 0.1 cm with a Harpenden stadiometer (model 98.603,
Holtain Ltd, Crosswell, UK) and body mass was meas-
ured to the nearest 0.1 kg with a SECA balance (model
770, Hanover, MD, USA). Skinfolds were measured to
the nearest mm using a Lange caliper (Beta Technology,

Ann Arbor, MI, USA). Technical errors of measurement
for body mass (0.47 kg), stature (0.27 cm) and skinfolds
(0.47-0.72 mm) were well within the range of errors in
several health surveys in the United States and a variety
of field surveys (Malina, 1995). Percentage body fat was
estimated from triceps and subscapular skinfold thick-
nesses (Slaughter et al., 1988). FFM was derived in kg.

Functional capacities

A soccer-specific RSA test known as the Bangsbo Sprint
Test (Bangsbo, 1994) was used. The protocol included
seven successive 34.2-m maximal sprints (including a
slalom). The subject was positioned behind the starting
line with the lead foot positioned 0.3 m behind the line.
Following each sprint there was a period of active recov-
ery consisting of jogging (25 s to cover the distance of 40
m back to the starting line). Verbal feedback was given at
5, 10, 15, and 20 s across the recovery period. Subsequent
sprints were initiated after the end of the recovery interval
with the subject positioning the lead foot 0.3 m behind the
starting line. The time for each sprint was recorded to
0.01 s with a digital chronometer connected to photoelec-
tric cells (Globus Ergo Timer Timing System, Codogné,
Italy). A pair of photocells was positioned along the start-
ing line and another pair was positioned on the finish line,
0.8 m above the floor. Due to discrepancies across studies
and absence of a golden standard formula to express the
rate of decrement across repeated-sprint tests, perform-
ance in the RSA tests was expressed as the sum of the
seven sprints (i.e., total sprint time).

All participants performed one familiarization trial
of the RSA test in the week before the first and subse-
quent observations. The best sprint of the familiarization
session was retained and participants who failed to
achieve at least 95% of the time of the best sprint in the
first run in the final testing session were excluded in order
to avoid pacing during the test (Bishop et al., 2001;
Meckel et al., 2009). All players met the inclusion crite-
rion. Coefficients of reliability for replicate tests of 32
players within one week were 0.86 for ideal time and 0.91
for total time.

Aerobic endurance performance was measured us-
ing the 20-m multi-stage continuous shuttle endurance
test (Leger et al., 1988) that included a series of runs
following a cadence set by an audio metronome. The time
between runs was systematically reduced, thus increasing
the effort required to keep the pace. The objective of the
test was to perform as many shuttles as possible following
the cadence; the test was stopped when the athlete was no
longer able to maintain the required pace. The number of
fully completed 20-m runs (shuttles) was recorded for
analysis. Participants were familiar with the protocol as
the test is included in the Portuguese physical education
curriculum as part of the FITNESSGRAM battery. Based
on a test-retest protocol (one week apart) with 21 players,
the coefficient of reliability was 0.86.

Three trials of the counter-movement jump were
performed using the ergo-jump protocol (Bosco et al.,
1983). The best score was retained for analysis. Partici-
pants were instructed to keep the hands on hips from the
starting position through counter movement phase, jump
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and end of the flight trajectory. The reliability for repli-
cate tests derived from 32 players evaluated within 1
week apart was 0.86.

Statistical analysis
Means and standard deviations for years of training, an-
nual volume training, stature, body mass, estimated FFM,
sum of 7 sprints, aerobic endurance and counter-
movement jump were calculated by year for the mixed-
longitudinal sample. Development changes in the total
sprint time were investigated using multilevel modeling
(MLwiN 2.02). The technique is an extension of multiple
regression analysis and is appropriate for analyzing hier-
archically structured data. A simple two-level model was
defined using the repeated measures (level 1) nested with-
in individual players (level 2). Chronological age at first
observation and number of observations (average 4.4
observations per player) were not the same for all athletes
(Table 1). The interval between observations was within
a two week period separated by one year. Moreover, it is
common in longitudinal studies for some individuals to
miss a test and for some to drop-out. The multilevel mod-
el has an advantage since the number of observations and
temporal spacing between measurements can vary among
subjects; all available data can thus be incorporated into
the analysis. The analysis performed in the current study
did not require the same number of measurements occa-
sion per individual. The condition of random dropout was
observed and maximum likelihood in MLwiN for Normal
data was used as a full information estimation procedure
to ignore missingness (Rasbash et al., 1999).

The hierarchical linear model permitted construc-
tion of the developmental model of RSA from 11 to 17
years as CAs ranged from 11-13 years at baseline and 13-
17 years at the close of observations. Total sprint time
was modeled with an additive polynomial model (Nevill
et al., 1998; Rasbash et al., 1999) where all parameters
were fixed except for the constant and CA, which were
allowed to vary randomly between individuals (level 2).
A forward stepwise approach was used to derive the pre-
dictive model for RSA performance. The first step was to
obtain a model that fits non-linear chronological age-
related changes. The quadratic term of age squared was
the best estimate available to allow for the nonlinear rela-
tionship of functional capacities and age (Baxter-Jones et
al., 1993). Thus, CA and CA?* were used. Skeletal matur-
ity status at baseline (late, on time, early) was incorpo-
rated as an indicator variable. The second step in the
multilevel model involved testing the inclusion, one step
at a time, of additional explanatory variables (anthropom-
etry, aerobic endurance, lower limb explosive strength,
years of training) in order to improve the fit of the multi-
level model. Changes in the —2 Log Likelihood (deviance)
statistic indicated whether the improvement or reduction
in the statistical fit of the model was significant after
inclusion or exclusion of a predictor variable. Predictor
variables were accepted as significant if the estimated
mean coefficient was greater than twice the standard error
of the estimate (p<0.05). If the retention criteria were not
met, the predictor variable was discarded. The final model
included only variables that were significant independent

predictors. The validity of the RSA multilevel regression
model was evaluated by comparison of predicted and
actual RSA scores in the cross-sectional sample of 52
players. Paired sample t-tests were used. Alpha level was
set at 0.05.

Results

The distribution of players in the mixed-longitudinal and
cross-sectional samples by age and skeletal maturity sta-
tus is summarized in Table 1. The majority of players in
all age groups were classified as “on time” or average in
skeletal maturation, but the proportion of players ad-
vanced in maturation (early) increased while the propor-
tion of players delayed in maturation (late) decreased with
age. Descriptive statistics for years and volume of train-
ing, body size, estimated FFM, total sprint time, aerobic
endurance and lower limb explosive strength by chrono-
logical age group in the mixed-longitudinal sample are
summarized in Table 2. As expected, mean values gener-
ally improved with age (lower scores for total sprint time
indicates better performance).

Predicted RSA scores derived from the multilevel
model are summarized in Table 3. After a sequence of 11
steps, the following effects were selected as significant
contributors in the final model (Log Likelihood =
1500.47): CA (p <0.01), CA? (p < 0.01), skeletal maturity
status (p < 0.01), FFM (p < 0.01), body mass (p < 0.01),
stature (p < 0.05), aerobic endurance (p < 0.01), lower
limb explosive strength (p < 0.01) and annual volume
training (p < 0.05). The random slopes improved the
model fit (p < 0.01) suggesting that the relationships
among CA, maturity status and RSA performance varied
across individual players.

Equations for the three skeletal maturity groups at
baseline were also derived. The best fitting model for
RSA in late maturing players was expressed in the follow-
ing equation: sum of seven sprints (in seconds) = 86.54 —
2.87 x CA + 0.05 x CA? — 0.25 x FFM + 0.15 x body
mass + 0.05 x stature — 0.05 x aerobic endurance — 0.09 x
lower limb explosive strength — 0.01 x annual volume
training. The best models for players on time and early in
maturity status were the same as for late maturing players
less 0.64 and 1.74 seconds, respectively.

It was also possible to predict improvements over
time using the multilevel model. Independent of maturity
status, total repeated-sprint time of the youth soccer play-
ers decreased (i.e., improved) by about 2.87 £ 0.06 sec-
onds (mean = SD) per year from 11 to 17 years.

Predicted mean RSA times derived from the multi-

level model are plotted by skeletal maturity status at the
baseline within age group in Figure 1. Performance im-
proved from 11 to 17 years for each maturity group but
differences among maturity groups were significant only
at 12 to 14 years of age (p < 0.05).
Cross-validation of the RSA prediction equations in the
independent control group is summarized in Table 4.
Allowing for variation in sample sizes within CA groups,
actual and predicted RSA times of players did not signifi-
cantly differ for the total sample or among players of
contrasting maturity status within CA groups.
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Table 2. Mean scores (+ SD) of the mixed-longitudinal data set for training experience, anthropometric variables, repeated-
sprint ability, aerobic endurance and lower limb explosive strength, by age group.

Years of Annual volume
training training
(yrs) (h)

Stature

Age n (o)

Body
mass

(kg)

Lower limb
explosive
strength
(cm)

Fat-free Sum of 7 Aerobic
mass sprints endurance

(kg) O] (m)

11 years 40
12 years 57
13 years 83
14 years 80
15 years 66
16 years 30
17 years 10

25(09) 111.7(25.8)
35(1.2)  141.7(33.2)
45(1.1) 1477 (52.5)
55(1.1)  167.1(49.2)
6.6(1.1)  168.9 (48.7)
73(14) 1852 (46.8)
82(1.1)  187.9 (40.8)

143.1 (6.0)
149.3 (7.1)
158.0 (8.1)
164.9 (7.6)
169.9 (6.4)
172.5 (5.2)
173.7 (4.2)

36.4(5.3)
40.5 (6.4)
47.4 (8.6)
53.7(8.5)
59.9 (8.6)
64.4 (9.6)
68.0 (9.4)

322(38) 62.1(3.4) 630 (360)
356(49) 592 (3.1) 960 (360)
414 (6.5)  57.6(3.1)  1140(320)
46.7(64)  55.1(2.3)  1320(380)
51.4(54)  53.7(22) 1520 (320)
542(56)  52.0(24) 1620 (220)
568 (6.1)  51.4(2.2) 1720 (120)

25.6 (4.2)
27.8 (5.0)
30.6 (5.3)
32.9 (5.0)
35.3 (4.7)
37.3(5.6)
35.9 (2.6)

63— Maturity Status
~== Late

~ = On Time
- Early

RSA Score (s)

Age (years)

Figure 1. Estimated RSA scores in young soccer players by
skeletal maturity groups.

Discussion

Developmental changes in performance in a RSA test
across adolescence were evaluated in youth soccer play-
ers, taking into account chronological age, skeletal matur-
ity status, measurements of body size, lower limb explo-
sive strength and training experience. Total sprint time

improved progressively with age. Performance also varied
with skeletal maturity status at baseline and followed a
gradient of early > on time > late. This observation is
consistent with maturity-associated changes in the stature,
body mass, static and functional strength, power and
running speed of youth soccer players (Figueiredo et al.,
2009b; Malina et al., 2000; 2004a). The apparent inde-
pendent effect of chronological age and skeletal maturity
status contrasted observations from cross-sectional studies
that emphasized height and body mass as predictors of
inter-individual variability in RSA (Mujika et al., 2009).

The results of the current study also suggest that
the effect of body size and muscle mass on short-term
power output may be attributable to variance in skeletal
maturity status. Moreover, aerobic endurance perform-
ance and training were also found to be independent pre-
dictors of improved RSA performance across adoles-
cence.

The age-related trend towards the success and/or
selection of early in contrast to late maturing males is
consistent with previous research in soccer (Hirose, 2009;
le Gall et al., 2010; Malina, 2011) and in other sports with
the exception of gymnastics (Malina, 2011). In the present
study, late and early maturing boys were, in general,
equally represented among youth players 11 and 12 years.
With increasing age through adolescence, the present
players who were on time (average) and/or advanced in

Table 3. Multilevel model for the repeated-sprint ability (366 measurements).

. Log At Final Step
S0 LI G RIS Likelihood Coefficient SE

1 Intercept (constant) 2065.16 86.54 6.76

2 Chronological age 1604.11 <.01 -2.87 1.11

3 Chronological age® 1595.37 <.01 .06 .04

4 Late 0
On time —.64 .60
Early 1585.85 <.01 -1.74 .70

5 Lean body mass 1578.69 <.01 -.25 .07

6 Body mass 1554.02 <.01 15 .05

7 Height 1549.64 <.05 .06 .04

8 Aerobic endurance 1518.04 <.01 —-.05 .01

9 Lower limb explosive strength 1505.35 <.01 —-.09 .03

10 Training experience 1503.03 13 N.E.

11 Annual volume training 1500.47 <.05 -.01 .00
Random Effects Variance SE
Residual variance (level 1) 2.22 21
Intercept slope variance (level 2) 37.07 15.10
Deviance from the empty model 564.69

p <.001

SE (standard error); N.E. (not entered).
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Table 4. Validity of the model based on the difference between real scores (= SD) and predicted scores (x SD)

for the repeated-sprint ability of the control group.

Control group Model
Maturity status RSA real score (s) Predicted score (s)  Difference (s) t p
Late 59.01 (3.30) 59.10 (3.90) —.09 (1.06) -.23 n.s.
On Time 56.17 (3.61) 56.28 (3.69) —.10(1.29) — .44 n.s.
Early 55.54 (4.05) 55.40 (4.30) 15 (79) .70 n.s.
Total 56.44 (3.79) 56.47 (4.00) —.03 (1.13) -.21 n.s.

n.s. nonsignificant

SA were more likely to be represented, whereas boys late
in SA were underrepresented in the sample. This trend
may reflect selective retention and/or exclusion (self
and/or coach) in youth soccer. Among Portuguese youth
players, boys who moved to elite status were more ad-
vanced in SA than those who remained with the same
club who in turn were more advanced in SA than those
who dropped out of the sport (Figueiredo et al., 2009a).
Selected Japanese youth players were advanced in SA
compared to those not selected (Hirose, 2009). The trend
was also evident in a cross-sectional study comparing 135
Portuguese elite youth soccer players 10-16 years of age
(Malina et al., 2000).

Comparison of RSA among players of contrasting
maturity status was concentrated at 12-14 years for the
sum of seven sprints and 13-15 years for the lower limb
explosive strength, which was also a predictor of the
developmental changes in RSA. This may reflect individ-
ual differences in the timing of adolescent spurts in body
size, fat-free and muscle mass, running speed, and power
(Malina et al., 2004a). Though data are limited to a longi-
tudinal study of Belgian boys, explosive power of the
lower extremities (vertical jump) attains maximal growth
velocity after peak height velocity, whereas peak gains in
a shuttle run occur prior to peak height velocity (Beunen
and Malina, 1988). Unfortunately, the present data set
does not permit estimates of the timing of maximal
growth (peak velocities) in height, repeated sprints and
explosive power of the lower extremities.

Previous longitudinal studies have highlighted the
influence of changes in stature and body mass on mean
and peak power assessed by a short-term power outputs
(Armstrong and Welsman, 2000; Falk and Bar-Or, 1993).
In the current study, total body mass, estimated FFM and
stature were significant predictors of developmental
changes in RSA performance in youth soccer players.
Mean relative fatness (densitometry, total body water) of
four samples of elite young adult soccer players ranged
from 6.2+1.9% to 9.7+£3.0% (Malina, 2007), while an
estimate for adolescent players (mean 16.8 yrs) was 9.6%
(Malina and Geithner, 2011). Players who attained better
performances in sprint tests tended to have a lower per-
centage of body fat (Reilly et al., 2000), and by inference
a higher FFM percentage. Of relevance, estimated FFM
significantly improved the statistical fit of the multilevel
model. From 11 to 17 years, each unit increase in FFM (in
kg) corresponded to an improvement of 0.25 seconds in
predicted total sprint time. One should note, however,
FFM was derived from percentage fat predicted from
skinfold thicknesses. Mean relative fatness of samples of
youth soccer players about 11-18 years ranged from
11.3% to 15.8% (Malina and Geithner, 2011) and were

consistently higher than estimates based on more direct
methods for estimating body composition.

Consistent with results in the current study, lower
limb strength has been shown to produce a positive influ-
ence on the speed of changing direction over short dis-
tances (Negrete and Brophy, 2000). Meantime, the aero-
bic energy system is considered an important determinant
in recovery rate from intense activity and therefore assists
in power output maintenance during the repeated-sprint
test as performance relies on the limitations of the energy
supply (Bishop et al., 2011; Girard et al., 2011; Spencer et
al., 2005). Recent reviews on the relationship between
aerobic fitness and RSA in athletes from team sports have
produced contrasting results, which varied from non-
significant to moderate associations (0.42 <r < 0.68; p <
0.05) (Bishop et al., 2011; Glaister, 2005). Other studies,
showed that the duration of recovery time between sprints
influenced oxygen uptake during RSA activities (Aziz et
al., 2007; Meckel et al., 2009), but results were inconsis-
tent. The studies used different protocols which may have
influenced the results. The first study (Aziz et al., 2007)
used a shorter sprint length (20 meters) and a shorter
recovery time between sprints (e.g. 20 seconds) which
may not have permitted sufficient time for aerobic me-
tabolism to exert a large influence of phosphocreatine
repletion within the muscles. However, the aerobic sys-
tem is more related to power maintenance in an intermit-
tent activity with a high number of short repetitions (12 x
20 meters) compared to a protocol with a low number of
repetitions (6 x 40 meters) (Meckel et al., 2009). Also, the
mode of recovery (passive or active) can potentially affect
subsequent high-intensity performance, since oxygen
uptake and phosphocreatine resynthesis during these
efforts are markedly restricted by active recovery (Dupont
et al., 2004). Although many issues remain unresolved,
the present study suggested that the level of aerobic en-
durance performance is a significant and independent
predictor (see Table 3, step 8) of the total sprint time of
youth soccer players.

Several limitations associated with this study
should be noted. First, the sample size was relatively
small and only represented players who had agreed to
participate in the study. It should be noted, however, that
any selection bias would have been minimized by the
high response rate. Also, the simultaneous inclusion of
players who were and were not selected by trainers for the
regional team might enable the use of the performance
curves at more elite levels of practice. Additional research
is needed to examine the fitness of the performance
curves in other groups of youth soccer players by playing
position and competitive level. Another potential meth-
odological limitation was the use of the 20-m multi-stage
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continuous shuttle run as an indirect indicator of aerobic
performance. Nevertheless, recent findings suggested that
directly measured VO,,,x was not a sufficiently sensitive
indicator of aerobic fitness in soccer players (Edwards et
al., 2003). Finally, players were not studied beyond 17
years so that continued improvement in RSA performance
in late adolescence and into young adulthood could not be
addressed. The trends derived from the model (Figure 1)
suggested that development of RSA performance pro-
ceeded in a more curvilinear fashion with a smaller rate of
improvement with increasing age. Whether this develop-
ment barely improves after the 17 years of age, is un-
known. This needs to be addressed in a sample of youth
players that continues into later adolescence and perhaps
early adulthood. On the other hand, players identified as
being the most ‘talented’ during early-adolescence may
fail to meet future expectations as late-maturing peers
who persist in the sport catch-up in size, strength and
power (Malina et al., 2004a). The latter, of course, as-
sumes late maturing youth continue in the sport, a trend
that was not quite evident in this sample (Table 1) and
other samples of youth soccer players (Malina, 2011).

Conclusion

The present study assessed the total sprint time develop-
ment of individual players in a mixed-longitudinal design
that considered several factors that contribute to the per-
formance in a RSA test across adolescence (i.e. CA, CA?,
skeletal maturity status, FFM, body mass, stature, acrobic
endurance, lower limb explosive strength and annual
volume training). The utility of multilevel modeling was
evident in the cross-validation with the cross-sectional
sample in which a difference of only 0.03 s was observed
between predicted and actual total sprint time scores.
Thus, the performance curves based on the multilevel
model provided a potentially valuable reference against
which performance in individual soccer players can be
compared. This may be useful to trainers and coaches in
advising training protocols for individual players.
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Key points

e Repeated-sprint ability tests are a valuable sport-
specific field test of sprint performance in youth
soccer players. Here, the test had reasonable reliabil-
ity and can be useful to trainers and coaches in the
assessment of young athletes and in monitoring
changes over time.

e The total sprint time of youth soccer players ad-
vanced in biological maturation improves more, on
average, than that of players who are on time (aver-
age) and late in maturation. The performance differ-
ence between early and late maturing players is con-
sistent after about 13 years of age.

e Multilevel modeling is a promising statistical tech-
nique for analyzing the development of functional
capacity in a sport. It has the potential to provide
useful information to assist trainers and coaches in
evaluating and facilitating the development of indi-
vidual players.
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