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ABSTRACT

Söhnlein, Q, Müller, E, and Stöggl, TL. The effect of 16-week

plyometric training on explosive actions in early to mid-puberty

elite soccer players. J Strength Cond Res 28(8): 2105–2114,

2014—Plyometric training (PT) programs are widely used to

improve explosive actions in soccer players of various ages,

although there is debate about optimal training duration and

time course of improvement. Twenty-two early to mid-puberty

elite soccer players were assigned to a control group (CG,

n = 10, regular soccer training) or a plyometric training group

(PTG, n = 12, regular soccer training substituted with 2 PT

sessions each week). Both groups trained for 16 weeks during

the in-season period. Control group performed only tests at

baseline and after intervention, whereas PTG performed addi-

tional tests after 4, 8, and 12 weeks. During each test, sub-

jects’ performances in speed (10 and 30 m; 5 and 20 m),

agility, shuttle run, multiple 5 bounds (MB5), and standing long

jump (LJ) were recorded. The PTG showed improved perfor-

mance in 20-m sprint time (23.2%), agility time (26.1%), MB5

distance (+11.8%), and LJ distance (+7.3%) (all, p # 0.05)

after 16 weeks. All these improvements were higher compared

with CG (all, p # 0.05). The time course of improvement in the

PT group showed that 20-m sprint time improved after 16

weeks (p = 0.012); agility after 4 (p = 0.047) and 8 weeks

(p = 0.004) but stopped after 12 weeks (p = 0.007); MB5 after

8 (p = 0.039), 12 (p = 0.028), and 16 weeks (p , 0.001); and

LJ improved after 4 (p = 0.045), 12 (p = 0.008), and 16 weeks

(p , 0.001). Plyometric training seems to be an appropriate

training tool to enhance some but not all explosive actions. The

results indicate that the duration of a PT program is highly

dependent on what type of explosive actions should be

improved, or whether several explosive actions should be

improved at the same time.

KEY WORDS agility, Ghanaian soccer players, program

duration, sprint performance, time course

INTRODUCTION

S
occer is rich in terms of explosive actions, demon-
strating more than 700 turns (4), 30–40 sprints, and
30–40 tackles and jumps (24) during a match of
professional adults. Furthermore, on average, short

sprints occur every 90 seconds, lasting for 2–4 seconds each
(2,26), with most of the sprints starting with a sudden
change in running direction or from slow running, and for
the most part are no longer than a distance of 30 m (39,41).
Although these explosive actions represent only a small per-
centage of a total match’s minutes, they seem to be crucial
for success (30). As a consequence, it has been recommen-
ded that soccer players receive independent training to be
able meet these physical demands (30). Although, as men-
tioned above, these results are based on research of adult
professional soccer players, the ability to perform explosive
actions needs to be developed in youth soccer players, as
well.

Almost every explosive action during soccer (e.g., sprint,
change of direction, or jump) involves a stretch-shortening
cycle (SSC) (23). During the SSC, the preactivated muscle is
first stretched (eccentric action) and followed by the short-
ening (concentric) action. Plyometric exercise is a major tool
for application and training of the SSC mechanism (28).
Essential for the SSC is the rate of musculotendinous stretch
to plyometric exercise (5,6,18). The SSC stimulus provided
by plyometric training (PT) programs seems to improve
jumping ability (12,13), agility (22,38), maximal and explo-
sive strength (23,34), and sport-specific performance (35)
consistently. Therefore, PT seems to be an adequate training
mode to improve major soccer-specific qualities (e.g., initial
acceleration, maximum velocity, and agility) (21–23,33).

Lately, in youth soccer players, PT has received a great
deal of attention because it is seen as an appropriate training
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tool for improving explosive actions of young soccer players
ranging from prepubertal to late pubertal ages (7,12,21–
23,31,38). Reasons for the implementation of PT in prepu-
bertal soccer players are based on the lack of ability for
building muscle mass (associated with the testosterone
development in this age group) (23) and PT’s advantage of
forcing mainly neural adaptations (1).

For coaches and strength and conditioning professionals,
it is very important to know specific program duration to
improve a certain explosive action. However, there is only
1 general recommendation, regardless of the type of sport,
program, and duration of PT, concerning improvements in
sprint performance. This recommendation is as follows:
a volume of less than 10 weeks with more than 18 sessions
using high intensities and more than 80 jumps per session. It
is worth noting that this meta-analysis mixed prepubertal,
adolescent, and adult athletes (33). Vertical jump perfor-
mance improvements are reported to appear as quickly as
after 4 weeks of a PT program in adult athletes (29). For
agility performance and for young athletes in general, no
recommendations are available.

Therefore, the aim of this investigation was to give
a recommendation about the program duration in early to
mid-puberty soccer players regarding the short-term effects
of PT for improving sprint performance, agility, and jumping
parameters. Furthermore, this study is not only the first to
report performance and training data, testosterone values,
and bone age data of early to mid-puberty Ghanaian elite
soccer players, but also is the first to examine the effect of
16 weeks of PT on 2 different agility tests.

METHODS

Experimental Approach to the Problem

This study examined whether traditional soccer training,
substituted twice a week with PT sessions, improves
explosive actions of early to mid-puberty soccer players
more than traditional soccer training alone. A program
duration of 16 weeks was chosen to include all previous
studies conducted in youth soccer players. Additionally, the
study’s goal was to determine the time course of improve-
ment by measuring dependent variables every 4 weeks over
a 16-week period (pretraining test, tests after 4, 8, 12, and 16
weeks). A nonrandomized 2-group repeated-measures
experimental design was used. The U13 Team of a local elite
academy was assigned to the control group (CG) that
involved only regular in-season soccer training; the U15
Team was assigned to the experimental group (plyometric
training group [PTG]), which involved a PT protocol that
was integrated into the regular in-season soccer training.
One week before baseline testing, bone age and testosterone
values were measured to provide an indication of the bio-
logical status of the subjects. Additionally, familiarization
with the testing procedure was executed. Both groups were
familiar and skilled with jumping techniques because of a sta-
bilization program performed during the last 0.5 years before

the study. Baseline and postintervention testing included
speed (30-m sprint, 20-m sprint), agility, shuttle run (SR5
3 10 m), and jumping ability (multiple 5 bounds, standing
long jump [LJ]). All tests were measured 48 hours after the
last training session or game at the same time (7:30–9:30 AM)
and under the same conditions (29–338 C, no wind). All
participants were encouraged to follow the same diet pattern
before testing. Throughout all tests, water was consumed ad-
libitum.

Subjects

Twenty-nine healthy players from an elite academy in
Ghana (age range, 11.2–14.7 years) were recruited; physical
characteristics are presented in Table 1. All participants orga-
nized soccer for more than 4 years on a regular basis (3–5
times per week) and were at least 0.5 years in the academy.
Because of organizational limitations in this academy, no
randomization of groups was possible. Therefore, the U13
Team (n = 11 players; age: 12.0 6 1.0 years) was used as CG
to supervise the effects of regular soccer training, and the
U15 Team (n = 18 players; age: 13.06 0.8 years) was used as
PTG. Six players of PTG dropped out, 2 because of missing
tests after 4 and 8 weeks, 1 left the academy before the study
was finished, and 3 missed more than 20% of all PT sessions
due to injuries received in games. All participants, parents, or
guardians were informed prior in detail about the testing and
training procedure, as well as possible benefits and risks of
the study, and written informed consent was provided. The
study was approved by the institutional board, and proce-
dures were in accordance with the Helsinki declaration.

Procedures

Plyometric Training Protocol. Before every PT session, a stan-
dardized warm-up was completed as follows: running, very
simple coordination exercises, preparation jumps with the
main focus on stabilization, core exercises, and dynamic
stretching. The duration for every warm-up was 8–12 minutes.
Each PT session lasted 20–35 minutes, and every first session
of the following week was performed 48 hours after the game

TABLE 1. Subjects’ physical characteristics.*

CG (n = 11) PTG (n = 12)

Age (y) 12.3 6 0.8 13.0 6 0.9†
Bone age (y) 13.1 6 0.9 14.0 6 1.3
Testosterone
(ng$dl21)

404 6 90 445 6 58

Height (cm) 154.2 6 5.8 162.4 6 9.5z
Weight (kg) 40.8 6 4.5 51.0 6 6.4§

*CG = control group; PTG = plyometric training
group. Data are presented as mean 6 SD.

†p , 0.01, significant difference between groups.
zp # 0.05, significant difference between groups.
§p , 0.001, significant difference between groups.
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on weekends (games were mostly on Saturday mornings;
therefore, PT started mostly on Monday morning). The sec-
ond PT session was completed 72 hours after the first PT
session (most of the time on Thursday mornings) (9). Every
first PT session in each week focused on improving the
vertical-horizontal leap, whereas every second session focused
on improving lateral jumping ability. Plyometric exercises
apart from ladder drills were kept constant to give a clear
indication of improvement. To ensure an appropriate training
intensity for children and limited stress on musculotendon
units during the plyometric exercise, volume and intensity
were increased progressively (28). During every vertical-
horizontal PT session, the following jumps were performed:
2-footed ankle hop forward, hurdle jumps (with height
increasing during the 16 weeks), single leg hop forward, and
squat jump. During every lateral PT session, the following
jumps were performed: lateral bound stabilization, lateral hur-
dle jumps, double leg zigzag, and single leg hop lateral. Both
sessions consisted of a volume of 2–5 sets and 6–16 repeti-
tions. The total number of ground contacts per week started
at 112 during the first week, and gradually increased to 350
after 16 weeks. After each PT session, participants had to pass
ladder drills with the goal of learning at least 1 newmovement
every session. All ladder drills were first performed qualita-
tively to ensure the right movement pattern and then focused
on speed in all kinds of variations, with each drill lasting for
about 3–6 seconds and a total duration of 2–5 minutes. Plyo-
metric exercises were executed at maximal intensity. Further-
more, all PT sessions were completed on an artificial turf pitch
to minimize first landing impact and to be as soccer-specific as
possible. Throughout every session, proper technique was
ensured through verbal cues and demonstration by the
researchers.

Soccer Training Protocol. Both groups participated in the
regular soccer training over 16 weeks. Soccer training
included training in fast footwork, technical skills and moves
(easy/difficult), position games (small/big), 1 vs. 1 offensive
and 1 vs. 1 defensive, and tactical games with various
objectives. Total training data are presented in Table 2.

General Testing Procedure. Warm-up was standardized for all
tests as follows: 5-minute running, 10-minute strength and
flexibility exercises using their own body weight, 2-minute
dynamic stretching, and 5-minute sprint-specific warm up.
All tests were separated by a 5–10 minutes of break. Each
participant had 2 trials for each test; the best performance of
each test was recorded. All tests were performed outdoors
on an artificial turf pitch with participants wearing their
regular training kit and soccer boots in the following order.

Sprint Testing. For measurement of sprint performance, 30-m
and a 20-m sprint tests were used. The 30-m sprint test was
measured with a 10-m split time; the 20-m sprint test was
measured with a 5-m split time for the determination of

starting acceleration. Participants started 0.3 m before the first
infrared photoelectric gate (Brower Timing Systems, Draper,
UT, USA), which were placed 0.75 m above the ground to
ensure a capture of the trunk movement and avoid false
signals by limb motion. In total, 3 single beam photoelectric
gates were used for both the 20-m and 30-m sprint. Current
research on sprint ability in preadolescent and adolescent
subjects displayed intraclass correlation coefficients of 0.88–
0.98 (32).

Change of Direction Testing. The hurdle agility run (HAR) was
performed as previously described by Gonaus and Müller
(14). Participants started 0.3 m behind the starting line and
then completed the agility course involving jumps over hur-
dles and 908 turns. Time to finish the HAR was recorded by
infrared photoelectric cells (Brower Timing Systems) placed
0.75 m above the ground. Intraclass correlation coefficient was
reported to be acceptable with the values of 0.74–0.79 (15).

A 5 3 10-m Shuttle Run. This test was used to evaluate each
participant’s soccer-specific speed and agility. In this running
and turning test, players had to complete 5 runs of 10 m at
maximal speed. Turns had to be as quick as possible with 1
foot—freely selectable—crossing a line while changing direc-
tion (14,40). Time was recorded by infrared photoelectric
gates (Brower Timing Systems) placed at the starting line
and the finish line. Intraclass correlation coefficient was re-
ported to be moderate to high, 0.81–0.97 (15).

Multiple 5 Bounds Test. From a standing position with both
feet on the ground, participants tried to cover as much
distance as possible with 5 forward jumps by alternating left
and right leg contacts. This test has been recommended for
the measurement of lower-limb muscle power instead of the

TABLE 2. Subjects’ training characteristics after
16 weeks.*

CG (n = 10) PTG (n = 12)

Number of trainings 72 6 1 71 6 6
Number of games 12 6 0 11 6 2†
Total (min) 6,805 6 230 6,757 6 530
Total FS (min) 5,684 6 165 4,797 6 412
Total GT (min) 669 6 74 550 6 112
Total Core (min) 453 6 29 414 6 23
Total PLY (min) 0 6 0 997 6 65z

*CG = control group; PTG = plyometric training
group; FS = football skills, technical and tactical train-
ing; GT = game time; Core = core and stabilization
training; PLY = plyometric training. Data are presented
as mean 6 SD.

†p # 0.05, significant difference between groups.
zp , 0.001, significant difference between groups.
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vertical jump test and is considered to be soccer specific (12).
The covered distance was measured to the nearest 1 cm
using a tape measure. The coefficient of variation for test-
retest trials is reported with 2.7% (23).

Standing Long Jump. From a starting position with their feet at
shoulders’ width behind a line marked on the ground and
their hands in a neutral position, participants executed a coun-
termovement with their legs and their arms and jumped in
a horizontal direction. Participants had to land with both feet
at the same time and were not allowed to fall forward or
backward. The horizontal distance between the starting line
and the heel of the rear foot was recorded through tape mea-
sure to the nearest 1 cm (19). The coefficient of variation for
test-retest trials is reported with 2.6% (23).

Bone Age Measurement. Skeletal maturation was determined
with an x-ray of the left hand and wrist under full body
protection against radioactivity. Bone age was examined by
KGS 4.5 Software (Pharmacia & Upjohn, Kalamazoo, MI,
USA). Ossification center and ossification of the wrist were
optically compared (37), and together with values for height,
weight, and date of birth were inscribed into the software for
the calculation of bone age.

Testosterone Measurement. Blood samples were drawn through
venipuncture from an antecubital arm vein using a safety
butterfly set equipment for children, with subjects always in
a semirecumbent position. All blood samples were taken in the
morning from 7:30 to 8:30 hours. Blood was collected into
vacutainer tubes containing SST-Gel and clot activator. Blood
was allowed to clot at room temperature (238C) for 20minutes
and subsequently centrifuged (1,500g, 48 C, 15 minutes) for
serum separation (23). The resulting serum was used for
testosterone measurement. Blood samples were analyzed
within 45 minutes after being centrifuged. Testosterone levels
were analyzed by immunoassay analysis system, i-chroma
testosterone test (Boditech Med Inc., Chuncheon, Korea).
Therefore, detection buffer was taken from refrigerator and
left at room temperature for 20 minutes. Further, a 75 mL of
sample serum was added to the tube containing detection
buffer and mixed. Seventy-five microliter of this mixture were
taken within 30 seconds and transferred onto the test device.
After exactly 15 minutes, the testing device was inserted into
the i-chroma testosterone machine and analyzed. Results were
written down as nanogram per milliliter, and further recalcu-
lated to nanogram per deciliter.

Statistical Analyses

Data are presented as mean 6 SD. Data were checked for
normal distribution with the Shapiro-Wilk’s test. Two-way
repeated-measures analysis of variance (ANOVA) (Time 3
Group) was applied to test for main effects between baseline
and postintervention testing and between the 2 groups (PTG
vs. CG). Independent sample t-tests were used to determine
the differences between PTG and CG at baseline. Within-

subject effects for both groups were analyzed using paired
sample t-tests. Time course of changes in PTG was investi-
gated by an ANOVA with repeated measures and Bonferro-
ni’s post hoc analysis for all variables revealing significant
time effects in the 2 3 2 ANOVA. In addition, the values
obtained were evaluated further by calculating the effect size
(ph2) and statistical power. The effect sizes were classified as
trivial (,0.01), small (0.01–0.06), moderate (0.06–0.14), and
large (.0.14) (10). The level of significance was set at a =
0.05. For all statistical tests, PASW statistic version 21.0
(SPSS Inc., Chicago, IL, USA) was used.

RESULTS

Effects of 16-Week Plyometric Training

Values for all variables at baseline and after intervention are
presented in Table 3. A main effect for time was found for all
tests with the exception of the 5 3 10-m shuttle run (SR).
Time 3 group interaction effects were found for agility time,
multiple 5 bounds (MB5) distance, and LJ distance (all p #

0.05), with a trend for 20-m sprint time (p , 0.1), indicating
more pronounced performance improvement in PTG when
compared with CG. Control group demonstrated improve-
ments in 20-m sprint time (p , 0.01), 30-m sprint time, and
MB5 distance (both, p # 0.05). Plyometric training group
revealed performance improvements within all tests with the
exception of 10-m sprint and 5 3 10-m SR performance. All
significant effects are classified as large.

Time Course of Improvement

Within PTG, large time effects for 20-m sprint time (F(4,44) =
6.80, p , 0.001, ph2 = 0.38, power = 0.99), HAR performance
(F(4,44) = 12.66, p , 0.001, ph2 = 0.54, power = 1.00), MB5
distance (F(4,44) = 25.87, p , 0.001, ph2 = 0.70, power = 1.00),
and LJ distance (F(4,44) = 13.64, p , 0.001, ph2 = 0.72, power =
1.00) were found. Further post hoc analysis revealed improve-
ment in 20-m sprint after 16 weeks only (p = 0.012) (Figure 1A).
When compared with baseline performance change of direc-
tion, performance (HAR) was improved after 4 (p = 0.047), 12
(p = 0.004), and 16 weeks (p = 0.007) (Figure 1B).

Multiple 5 bounds performance was improved after 8 (p =
0.039), 12 (p = 0.028), and 16 weeks (p , 0.000) when
compared with baseline values. Improvements were also
found between week 4 and week 16 (p , 0.001), week 8
and week 16 (p , 0.001), and week 12 and week 16 (p ,
0.001) (Figure 2A). Long jump performance was improved
in PTG after 4 (p = 0.045), 12 (p = 0.008), and 16 weeks (p,
0.001) when compared with baseline values (Figure 2B).
Furthermore, improvements were also found between
week 4 and week 16 (p = 0.044), and week 8 and week 16
(p = 0.022).

Correlations

No significant correlations between chronological age and
bone age were detected (r = 0.36, p . 0.05). Bone age was
associated with 10-m, 30-m (r = 20.72; r = 20.66, both p ,
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0.001) and 20-m (r = 20.57, p , 0.01) sprint time, MB5, and
LJ distance (r = 0.55; r = 0.61, both p , 0.01), demonstrating
higher correlation coefficients when compared with chrono-
logical age (r = 0.43 to 0.49, all p # 0.05). Testosterone levels
were exclusively related to sprint performance (r = 20.43
to 20.48, all p # 0.05). No relations of chronological age,
bone age, and testosterone levels to the delta changes in
performance across the 16-week training period were found.

DISCUSSION

The main finding of this study is that PT seems to be a more
appropriate stimulus to improve jumping parameters, second
acceleration phase in sprint performance, and general agility
compared with normal soccer training.

Together with the LJ test, the MB5 is often used as
a measure of lower-limb power and coordination (12). In
addition, the MB5 offers a higher specificity for soccer play-

ers when compared with vertical jump tests (22). Our results
demonstrated an 11.8% improvement in MB5 after 16 weeks
of PT, which was in line with the findings of Michailidis et al.
(23). It was demonstrated that MB5 performance increases
after 8 weeks and shows its highest increase after 16 weeks.
Meylan and Malatesta (2009) demonstrated that improve-
ments in MB5 are related to increased development of reac-
tive strength (r = 0.66). A novel finding of this study is that
soccer training alone seems to be a sufficient stimulus to
enhance MB5 performance (4.9% increase after 16 weeks
in CG); however, the improvements were more pronounced
in PTG. LJ performance was improved 7.3% after the 16
weeks of PT, with improvements appearing as early as after
4 weeks, which is in contrast to the findings of Michailidis
et al. (23) and Ingle et al. (19), who indicated no improve-
ment in LJ after PT. This aspect might be based on the
differences in the PT program applied in this study

TABLE 3. Effect of 16-week plyometric training on explosive actions.*

CG (n = 10) PTG (n = 12) ANOVA

Baseline After training Baseline After training P value
Effect size

(ph2)
Test
power

10-m sprint (s) 1.87 6 0.08 1.86 6 0.07 1.79 6 0.06† 1.75 6 0.06† #0.05z 0.23 0.65
,0.01§ 0.37 0.91
#0.05k 0.22 0.61

30-m sprint (s) 4.58 6 0.15 4.49 6 0.18¶ 4.38 6 0.18† 4.27 6 0.13†# ,0.001z 0.49 0.99
,0.01§ 0.34 0.86
NSk

5-m sprint (s) 1.10 6 0.05 1.08 6 0.03 1.06 6 0.04 1.02 6 0.04¶† ,0.01z 0.30 0.80
,0.01§ 0.30 0.79
NSk

20-m sprint (s) 3.31 6 0.10 3.26 6 0.11# 3.15 6 0.14† 3.05 6 0.10†** ,0.001z 0.58 1.00
,0.01§ 0.44 0.97
,0.1k 0.14 0.39

HAR (s) 11.89 6 0.57 11.71 6 0.61 11.66 6 0.79 10.95 6 0.58†** ,0.01z 0.59 0.97
NS§ 0.22 0.61
#0.05k

SR5 3 10 m (s) 11.87 6 0.24 11.81 6 0.21 11.53 6 0.26† 11.40 6 0.33† NSz 0.43 0.96
,0.001§
NSk

MB5 (m) 10.31 6 0.84 10.82 6 0.89¶ 11.24 6 0.94† 12.57 6 0.78†** ,0.001z 0.81 1.00
,0.001§ 0.41 0.95
,0.001k 0.46 0.98

LJ (m) 2.15 6 0.10 2.20 6 0.13 2.32 6 0.16† 2.49 6 0.14†** ,0.001z 0.55 1.00
,0.001§ 0.47 0.98
#0.05k 0.24 0.67

*Data are presented as mean 6 SD. CG = control group; PTG = plyometric training group; HAR, hurdle agility run; SR5 3 10
m = 5 3 10-m shuttle run; MB5 = multiple 5 bounds test; LJ = standing long jump; NS = not statistically significant. F and P values
were obtained by two-way ANOVA (2 3 2: group [PTG vs. CG] 3 time [baseline vs. after intervention]).

†p # 0.05, significant difference between groups.
zMain effect: time.
§Main effect: group.
kInteraction effect: time 3 group.
¶p # 0.05, significant difference within groups between baseline and postintervention test values.
#p # 0.01, significant difference within groups between baseline and postintervention test values.
**p # 0.001, significant difference within groups between baseline and postintervention test values.
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Figure 1. Time course of improvement in 20-m sprint (A) and agility performance (B) in the plyometric training group. *p # 0.05, **p , 0.001, significantly
different from pretraining values.
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Figure 2. Time course of improvement in jumping performance with the multiple 5 bounds test (A) and the standing long jump test (B) in the plyometric training
group. *p # 0.05, **p , 0.01, ***p , 0.001, significantly different from pretraining values.
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compared with the studies above. The standing LJ involves
propulsion in upward and forward directions, a motion that
was provided by our PT program (e.g., hurdle jumps). It
might be speculated that the marked improvement in both
jumping tests, indicate that essential components of the SSC
as the speed of contraction and ground contact time, were
effectively enhanced by the applied PT.

This study is the first to investigate the effects of 16-week
PT on sprint performance in soccer players and the time
course of changes after 4, 8, 12, and 16 weeks. Plyometric
training is said to be an effective training method for
improving sprint performance, and therefore, is relevant for
sports that include sprint-type movement. If PT is applied
adequately, training gains are independent of the fitness
level (33). Moreover, it is known that slow SSC (long-
response) plyometrics (.0.25 seconds), such as counter-
movement or squat jumps, transfer most directly to start
and acceleration performance, whereas fast SSC (short-
response) plyometrics (,0.25 seconds), such as drop
jumps, have more transfer to maximum running velocity
(27). Delecluse et al. (11) suggested that sprint performance
is characterized by 3 phases: (a) initial acceleration phase
(0–10 m), (b) secondary acceleration phase (10–30 m), and
(c) maximal velocity phase (after 30 m). The duration of the
second and third phases is highly dependent on gender,
age, and performance level. Women develop maximal
velocity at 25–35 m, elite sprinters after 60 m, whereas
untrained prepubertal boys at 20–30 m (while initial and
secondary acceleration phases are seen at 0–10 m and 10–
20 m, respectively) (11,21). Acceleration (especially during
the initial phase) and agility are seen as independent pre-
dictors of soccer performance during childhood and adult-
hood (30). This study showed improvements in 5-m time
(23.8%), 10-m time (22.2%), 20-m time (23.2%), and 30-m
time (22.5%) in PTG, whereas only for the 20-m sprint
time was a trend found for greater improvement when
compared with CG. Hence, only the second acceleration/
maximal velocity phase improved significantly, which is in
line with the findings of Buchheit et al. (7), Diallo et al. (12),
and Kotzamanidis (21), suggesting that it is more difficult to
improve initial acceleration phase than maximal running
velocity in early pubertal boys. Conversely, Michailidis et al.
(23) and Meylan and Malatesta (22) reported about marked
improvement in initial acceleration time and maximal velocity
phase after PT, and Thomas et al. (38) found no improvement
in any of the sprint phases after PT. These contradictory re-
sults might be based on the differences in frequency, volume,
and intensity of PT between these studies. The results of our
study cannot be attributed to the differences in the partici-
pants’ conditioning levels, as suggested by Michailidis et al.
(23), and is, therefore, in line with Saez de Villarreal et al. (33).
Finally, the improvements in 20-m and 30-m sprint times in
CG in this study are in line with the previously published
findings of Michailidis et al. (23), which suggest that soccer
training alone might contribute to speed development, probably

because of its high frequency in short sprints, incorporated in
most football trainings.

Next to initial acceleration speed, agility is an independent
predictor of soccer performance in childhood and adulthood
(30) and is defined as “a rapid whole body movement with
change of velocity or direction in response to a stimulus”
(36). Previous studies in early pubertal and pubertal soccer
players used agility tests ranging from 5 to 19 seconds
(8,14,22,23,38); but those examining the effect of PTon agil-
ity performance constantly showed a marked improvement
in agility performance (22,23,38). A novel aspect of this
study is the examination of 16 weeks of PT on 2 different
change of direction (agility) tests, HAR and 53 10-m shuttle
run (SR5 3 10-m). The first test, HAR, is considered to be
a general, but a sophisticated agility test (14), whereas the
second test, SR5 3 10-m, is considered to evaluate the
soccer-specific speed and agility in its combination and is
suggested as a main predictor for future drafts to the youth
national teams of Austria (14). Sixteen weeks of PT revealed
performance improvement in HAR (26.1%), whereas no
changes were found for SR5 3 10-m. Our PT contained
numerous powerful lateral movements that may have
enhanced the neuromuscular adaptations that enable the
athlete to switch between deceleration and acceleration
movements (17), and which can be regarded as essential
for HAR performance. The lack of improvement in SR5 3
10-m might be based on the specificity of this test, including
five 10-m straight line sprints with four 1808 turns and a high
metabolic effort. Because change of direction (0.4 seconds)
(3,16) is closely linked to the typical movement time of
a countermovement jump (0.5 seconds; associated with slow
SSC) (20), it is possible that our PT did not provide the
correct stimulus; only 2 of 8 plyometric exercises within
the current PT program were considered to stimulate slow
SSC (squat jump and lateral bound stabilization). Further-
more, eccentric knee flexor strength seems to be more
related to change of direction performance than eccentric
quadriceps strength (20). Although, to the best of our knowl-
edge, there is no published study that has examined the
effect of PT on eccentric knee flexor strength, unfortunately,
whether our PT provided a sufficient stimulus to improve
eccentric knee flexor strength also remains questionable.
Another aspect might be that our PT did not provide suffi-
cient metabolic stimulus because SR5 3 10-m is very ex-
hausting (.10 seconds vs. plyometric exercise 5–8
seconds). However, our result is in line with Buchheit et al.
(7), who reported that PT had no effect on repeated sprint
ability tested with SRs (similar to ours). In conclusion, it
seems that our PT shows improvement in HAR (a more
general agility test), but is lacking in the ability to show
improvement in soccer-specific speed and agility perfor-
mance, as measured in SR5 3 10-m, although the reason
why still remains unanswered.

One of the main aims of this study was to give
recommendations about the program duration of a short-
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term PT program in young elite soccer players to improve
soccer relevant explosive actions. A novel aspect of this
study is its program duration and the analysis of the time
course of improvement through tests every 4 weeks. Con-
cerning the development of jump performance, MB5 per-
formance increases after only 8 weeks and shows its highest
increase after 16 weeks; LJ improves after 4 weeks, continues
to improve after 12 weeks, and results in its peak after 16
weeks. These results indicate, again, that our PT program
was well structured and well performed because the highest
improvements are shown after 16 weeks with no drop in
between. The time course of improvement in 20-m sprint
time was shown to be 16 weeks. In terms of program
duration, Saez de Villarreal et al. (33) suggested a duration of
less than 10 weeks (i.e., between 6 and 8 weeks) with 3–4 PT
sessions per week using high intensities, which were found
to be most beneficial to improve sprint performance. How-
ever, for an adequate training concept in soccer, 3–4 PT
sessions per week in combination with competition games
on weekends might be too much, and may likely overuse
soccer players, resulting in fatigue and decreased perfor-
mance because of a negatively influenced recovery period
(9). For agility, we can conclude that HAR performance
already had improved after only 4 weeks of PT; possible
learning effects can be ruled out because of the fact that this
test was used for almost 1.5 years in this academy as a stan-
dard agility test; therefore, all subjects were highly familiar
with this test. Furthermore, the findings revealed that the
greatest improvement is observed after 12 weeks of PT, with
no change in performance during the last 4 weeks of PT. In
summary, our data indicate that an adequate PT program
duration is highly dependent on what type of explosive
action (straight line sprint vs. agility vs. jumping perfor-
mance) should be improved, as the time course of improve-
ment is revealed to be very different in each parameter.

This study is also the first to use young elite Ghanaian
soccer players as participants. Our participants already
showed, considering their bone age (CG: 13.1 6 0.9 years
vs. PTG: 14.0 6 1.3 years), total testosterone values (CG:
404 6 90 ng$dl21 vs. PTG: 445 6 58 ng$dl21) at the upper
limit of reference values from Nichols Institute (25) for 12.0–
13.9-year-old boys (#420 ng$dl21), and were, therefore,
mature enough to increase muscle mass. In general, bone
age in both groups was almost 1 year higher than the chro-
nological age but was not correlated. Maturity status, dis-
played by bone age, was related to all sprint and jump tests,
but demonstrated no association with the 2 change of direc-
tion tests, HAR and MB5. This emphasizes that maturity
effect’s strength and speed abilities, whereas coordination
and agility seem to be independent. Worth noting is that the
relationships between chronological age and the above men-
tioned speed and sprint tests were lower, or not significant,
demonstrating that maturity assessment is an important con-
sideration in youth sports stratification. To the authors’ knowl-
edge, no specific reference data regarding testosterone or bone

age values for Ghanaians is available. Finally, the recorded
training volume of the Ghanaian soccer players was less when
compared with other young elite soccer players (6.5 hours of
training per week vs. 9 hours of training per week) (7).

PRACTICAL APPLICATIONS

The 16-week PT applied in our study suggests that perform-
ing only 2 (of 8) slow SSC-type plyometric exercises per
session is not sufficient to improve the initial acceleration
phase. In contrast, 6 (of 8) fast SSC-type plyometric exercises
seem to provoke significant improvement in the second
acceleration phase and maximal velocity phase, respectively.
In terms of agility, the applied PT is adequate to show
improvements in general speed and jump performance but is
lacking in the ability to improve change of direction
performance incorporated in a soccer-specific speed and
agility test. The strength and conditioning professional has
to think about different methods to improve eccentric flexor
strength, apart from our PT, to possibly further enhance
specific speed and agility. Regarding recommendations about
the program duration of a short-term PT program, it is highly
dependent on what type of explosive action (straight line
sprint vs. change of direction performance [agility] vs.
jumping performance) should be improved. In our young
elite athletes, it seems that 16 weeks of PT is enough to
improve 20-m sprint performance, but after only 4 weeks of
general agility and LJ performance show improvement, and
after 8 weeks, MB5 is improved. Therefore, the strength and
conditioning professional has to be very clear in their goal of
training because our findings indicate that the time course of
improvement of the single parameters is different.
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