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Abstract:

Background:
Objective:

female soccer players.

Methods:

Results:

IR1 (p=0.299; ES=0.20) tests.

Conclusion:

Youth female soccer players require high muscular power to overcome their opponents. Jump training can facilitate improvements in muscular
power as has been demonstrated in youth male soccer players. However, studies in female players are comparatively scarce.

The aim of this study was to assess the effects of a jump-training program, as compared to soccer training alone, on the physical fitness of youth

Fourteen physically active youth female soccer players (age: 16.0+2.2 years) were randomly divided into a jump-training group (n=8) or control
group (n=6). Before and after a 4-week intervention period, the players were assessed with a countermovement jump (CMJ) test, multiple 4-bounds
test (4BT), a 20-m sprint, maximal kicking velocity (MKV) and the Yo-Yo intermittent recovery test (level 1; Yo-Yo IR1).

No significant changes in any of the dependent variables were noted in the control group, although small effect sizes were observed in CMJ
(ES=0.33) and 4BT (ES=0.27). In contrast, the jump training group achieved significant improvements in CMJ (p=0.001; ES=0.85), 4BT
(p=0.002; ES=1.01) and MKV (p=0.027; ES=0.77), with small to medium effect sizes observed in the 20-m sprint (p=0.069; ES=0.59) and Yo-Yo

Compared to regular soccer training that induced only small improvements in CMJ and 4BT, a jump training intervention resulted in small to large
improvements in the physical fitness of youth female soccer players with changes seen in CMJ, 4BT, 20-m sprint, MKV, and Yo-Yo IR1.

neural physiological phenomena.
-
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1. INTRODUCTION

Soccer is a very popular sport worldwide and the number
of women playing this game has grown extensively in recent
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years. Currently, there is an aim to reach 60 million female
players by 2026 [1] but despite this high projected growth,
relatively little scientific evidence has emerged on female
soccer players, most particularly youth female players [2].

To increase the potential for success in soccer, players
require high levels of physical fitness [3]. The sport is now
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played at a greater pace than at any time in the past with
players requiring a very high standard of physical fitness to
meet the demands of competition. Data collected across seven
seasons have indicated increased (up to 63%) high-intensity
running distances as well as a greater amount of explosive
sprints in competitive games [4]. Of relevance to the current
study, these trends have also been observed in female players
indicating an increased physical demand in women’s soccer
[3]. Actions such as linear sprints (i.e., 45%), jumps (i.e., 16%)
and change-of-direction sprints (CODS; i.e., 6%) are common
actions preceding goal-scoring opportunities [5], indicating
their importance in underpinning successful play. Interestingly,
lower-limb power and jumping ability have been shown to be
significantly related to a team’s final league standing
(unstandardized beta = -0.36-0.31, P=0.012-0.009) [6] thus
indicating their importance in underpinning success in the
sport. Moreover, the maintenance of repeated short-duration
maximal and near-maximal actions across a 90-minute game
are also considered to be important [3] with increased
endurance enabling players to execute a greater number of
maximal-intensity actions during play [7]. Furthermore,
physical fitness characteristics such as repeated-sprint ability
(RSA), linear running speed (e.g., 10-30-m), strength, and
muscular power of the lower limbs (e.g., vertical jump height)
may discriminate between soccer players of different
competitive levels [8], potentially serving as a basis for
coaches in the selection of teams and squads.

A plethora of different training methods reported in the
scientific literature aimed to improve soccer players’ physical
fitness levels. One such method is jump training which offers
unique benefits to the player. Jump training is a highly versatile
method that can be conducted within a relatively small physical
space and with no equipment. This may be an important
advantage during certain scenarios in which athletes may be
forced to train at their homes [9], as was the case during the
recent Covid 19 pandemic. Moreover, jump training may be
considered more fun and engaging than other training methods
(e.g., flexibility, endurance), particularly among younger
soccer players [10]. Importantly, jump-training exercises can
mimic the unique short-duration high-intensity actions of
soccer, potentially increasing the transfer of performance
effects from training to competitive play due to the principle of
specificity [11]. On this, jump training has previously been
shown to be beneficial for a myriad of physical fitness
outcomes such as jumping itself, linear sprinting, agility and
CODS, RSA with and without a COD, short-term endurance,
long-term endurance, maximal strength, balance, kicking
speed, range of motion and coordination [12 - 14].

Despite the above-mentioned benefits of jump training, the
evidence relating to the effects of this type of activity on the
physical fitness of youth female soccer players is very limited
due to numerous methodological and study design issues. In
one study in youth female soccer players (age, 13.4 years) [15],
after 12 weeks of jump training, participants improved kicking
distance and vertical jump height. However, this study included
no randomization procedure. In another study [16], youth
female soccer players (age, 16.5 years) undertook a 10-week
in-season training program to improve physical fitness.
However, the program incorporated jumps, resistance training
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and high-intensity anaerobic sprints, making the identification
of an isolated effect of jump training impossible. Similarly,
another study [17] in youth female soccer players (age, 15.4
years) incorporated six weeks of an anterior cruciate ligament
injury prevention program which included jumps mixed with
resistance training, COD, and core exercises.

With the above limitation in mind, we sought to carry out
the first randomized-controlled trial that assessed the isolated
effect of a jump training program on physical fitness in youth
female soccer players. Our aim was to compare the effects of
jump training with soccer training alone. We hypothesized that
there would be significant improvements in the physical fitness
of youth female soccer players following jump training, with
no such changes observed in the control group.

2. MATERIALS AND METHODS

2.1. Design

A single blind (i.e., researchers) randomized controlled
trial was conducted to compare the effects of four weeks of
jump training (experimental group) against four weeks of
regular soccer training (control group). The participants in the
experimental group added two jump training sessions per week
to their usual soccer training schedule. All participants had at
least one year of soccer and strength and conditioning
experience but had no experience in jump training. Baseline
and follow-up tests included the countermovement jump
(CM), four-bound test for distance (4BT), 20-m linear sprint-
time test, maximal kicking velocity (MKV), and Yo-Yo IR1.
Two weeks prior to the start of the study, two 30-minute
familiarization sessions were conducted and these included
jump training exercises and testing procedures.

2.2. Participants

To calculate the sample size, statistical software (GPower;
University of Dusseldorf, Dusseldorf, Germany) was used.
Based on i) our study design (two groups, two repeated
measures), ii) previous results reported on vertical jump height
following jump training by female soccer players (effect size =
0.7) [15], and 1iii) software-based statistical assumptions (i.e.,
alpha-error <0.05; nonsphericity correction € = 1; correlation
between repeated measures = 0.5; desired power 1-B error =
0.8), the sample size resulted in the allocation of eight
participants per group.

All the participants were recruited from a high-level soccer
team (i.e., professional Club) competing at the national level.
In the most recent national championship prior to the study
taking place, the team finished in fifth place. During the study,
which took place in the in-season period, the participants
completed three training sessions and an official match every
week, maintaining this schedule throughout the duration of the
investigation.

Twenty youth female soccer players volunteered for the
study. The following inclusion criteria were applied: (i) >12
months of systematic soccer and strength and conditioning
training, (ii) no musculoskeletal injuries in the previous two
months prior to the start of the study, (iii) familiarization with
jump training must have been undertaken but without any
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systematic program being performed over preceding five
months, (iv) no medical issues that could compromise study
participation, and (v) absence of any lower-extremity surgery
during the previous two years. Subjects with a soccer and
strength and conditioning background, but without systematic
jump training experience, were recruited to reduce the potential
musculoskeletal problems that have been associated with
repeated jumping activities. From the initial 20 volunteers, one
was unable to participate due to not conforming to all of the
inclusion criteria. 19 participants were
randomly assigned to the experimental and control groups. The
randomization sequence was generated electronically
(https://www.randomizer.org) and was concealed until the

ENROLLMENT

The remaining

ALLOCATION
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interventions were assigned. After the completion of the
intervention, another five participants had to be removed from
the study because they did not achieve the targeted training
adherence rate (i.e., they had more than three absences from
training) or did not present for post-training fitness tests.
Therefore, 16.0+£2.2 years)
completed the study, with eight athletes in the jump training
group and six in the control group. The enrolment to analysis
process is depicted in Fig. (1). Subjects’ characteristics are
displayed in Table 1. We standardized physical activity
behaviour and diet over the course of the study by asking the
participants to maintain their habitual physical activity levels
and diet throughout the intervention.

14 participants (mean age:

Assessed for eligibility (n=20)

Excluded (n=1; not meeting

inclusion criteria)

v

Randomized (n=19)

v

Allocated to Control (n=10)

FOLLOW-UP

Lost to follow-up:
Missing measurement sessions after the intervention (n=3)
Injury (n=1)

ANALYSIS

Analysed (n=6)

Fig. (1). Enrolment, allocation, follow-up and analysis phases of the study.

Table 1. Characteristics of participants.

L/

Allocated to Experimental (n=9)

Lost to follow-up:
Low training attendance (n=1)

Analysed (n=8)

- Jump-training Group (n=8)|Control Group (n=6)
Age (y)* 16.0£2.3 16.0+2.7
(14.1-17.9) (13.2-18.8)
Height (m) * 161.9+6.2 164.0 + 6.8
(156.7-167.1) (156.9-171.2)
Body mass (kg) * 60.7+6.3 56.5+12.8
(55.5-65.9) (43.1-69.9)
Body mass index (kg.m”)° 23220 20.8+3.1
(21.5-24.8) (17.6 -24.1)
Breast maturity stage (Tanner scale 0-5) * 3.9+0.6 4.5+0.6
3.3-4.4) (3.9-5.0)
Pubic hair maturity stage (Tanner scale 0-5) * 41+04 45+0.6
(3.8-4.4) (3.9-5.0)
Weekly time in physical education (h) * 1.5+£09 23+1.5
(0.7-2.3) (0.8-3.9)
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Table 1) contd.....

Weekly hours of other sport or soccer in other club (h) * 20+29 05+1.2
(0.4-4.4) (0.8-1.8)

Soccer experience (y) * 88+2.2 7.3+£3.9
(6.9-10.6) (33-11.4)

*: denotes non-parametric outcomes analyzed with the Mann-Whitney U test.
" denotes parametric outcomes analyzed with the t-test for independent samples.
“: values in parenthesis denotes the 95% confidence interval of the means.

The participants in both groups had similar levels of
competitive experience and involvement in soccer drills,
resulting in comparable soccer-specific weekly training loads
for all involved (Table 1). Additionally, a similar number of
goalkeepers (1, 1), defenders (3, 2), midfielders (3, 1) and
forwards (1, 2) were divided across the experimental and
control groups, respectively.

The study was carried out in accordance with
recommendations of the latest version of the Declaration of
Helsinki. Participants (and their respective parents or
guardians) were informed about the experimental procedures,
possible risks and benefits associated with participation in this
study. After institutional review board approval, they then
signed informed assent and consent forms, respectively, before
performing any of the fitness tests and training sessions.

2.3. Testing Procedures

All tests were carried out between the hours of 10 am and 2
pm. All participants (and their parents or guardians) were
instructed to a) have a meal rich in carbohydrates and to be
well hydrated before tests were undertaken, and b) to use the
same sports footwear during all testing sessions. Maximum
effort was encouraged throughout the performance of the tests.
Ten minutes of a standard warm-up protocol were performed
before each test session. This included five minutes of sub-
maximal running with 180° changes of direction every 20-m,
and five minutes of sub-maximal jumping drills (20 vertical
and 10 horizontal jumps). Specific warm-up activities before
each test were also performed (e.g., kicking a ball).
Measurements were performed by experienced professionals
(and their assistants) who were blinded to participants’ group
allocation.

Stature was measured using a stadiometer (Seca 202,
Seca”, Hamburg, Germany, to 0.1 cm) and body mass on a
scale (BC-418MA, TANITA", Arlington Heights, IL, USA, to
0.1 kg). Sexual maturity status was determined through Tanner
stages self-assessment as previously outlined [18, 19]. Briefly,
subjects were asked to self-determine the Tanner stage that was
equivalent to their level of sexual development using standard
diagrams of pubic hair growth and breast development. Privacy
was maintained for other participants and investigators by
providing booths for completing the required forms which were
placed in sealed, coded envelopes for analysis.

For the jumping tests, previously published procedures
were followed [20, 21]. Briefly, the athletes completed the
CM] test with minimal flexion of the trunk during the take-off
stage of the jump. Jumping was measured with a commonly
used contact mat (Optogait®, Codogne, Italy). Participants
performed two trials at maximal effort with one minute of
recovery between each. The maximum jump height achieved

was used in subsequent analysis. Additionally, the participants
also performed the 4BT. This test was initiated from a standing
position with participants performing a set of four forward
jumps with alternative dominant and non-dominant leg
contacts in an attempt to traverse the longest distance possible.
The final distance achieved was measured to the nearest 0.5 cm
using a tape measure and the maximum distance was used in
analysis. The athletes performed two trials with maximal effort
and a recovery period of three minutes was afforded between
each. In all jumps, the arms were used freely. At the end of
each horizontal jump attempt, athletes maintained the landing
position for a momentary period and avoided touching the
ground with their hands.

Following previously published procedures [20, 21], sprint
time was assessed to the nearest 0.01 s using electronic timing
gates (WittySEM, Microgate *, Bolzano, Italy). Participants
initiated the sprint from a standing start with the toe of their
preferred lead foot placed in front of them but just behind the
starting line. The sprint was timed from when the participant
voluntarily initiated the movement with this action triggering
the timing mechanism. The timing gates were positioned at the
start of the course (0.3 m in front of the starting line) and 20-m
point. They were set approximately 0.7 m above the ground
(i.e., hip level) to avoid the chance of being triggered by a
leading limb during sprinting. To increase the accuracy and
reliability of measurements, two synchronized single-beam
timing gates were mounted one over the other. With this
double-photocell system, only the simultaneous interruption of
both single-beam photocells generated a signal.

The MKV test was performed as previously outlined [22].
The participants performed a maximal instep kick with their
dominant leg (i.e., preferred leg with which to kick a ball) after
a leading run-up of two strides. A size-5 soccer ball (mass,
410-450 g; circumference, 68-70 cm; Adidas Starlancer V°,
FIFA certified) was used for the test. Maximal kick velocity
was measured using a radar gun (Sports Radar SR-3600 Radar
Gun; Sports Radar”, Homosassa, Florida, USA).

For the Yo-Yo Intermittent Recovery Test Level 1,
previously published procedures were followed [23]. Briefly,
two markers were positioned at a distance of 20-m indicating
the start and finish lines of the course. Participants performed
repeated 20-m shuttle runs between these markers and these
were interspersed with 10-seconds of recovery time. The time
allowed to complete a shuttle run was progressively decreased
(i.e., running speed increased) as the test progressed. The final
result was determined as the total distance covered during the
timeframe of the test which was determined by the participant
discontinuing performance once volitional fatigue was reached.
Throughout the testing procedure, an investigator to subject
ratio of 1:1 was maintained to ensure the accuracy of data
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collection. Participants were instructed to exert maximal effort
during the test (+x10% of predicted maximal heart rate). The
data of any participant that did not achieve this level of
exertion was excluded from the final analysis.

2.4. Training Program

The jump training program was completed during the in-
season period. The control group participants did not perform
this program but did continue their usual soccer training (i.e.,
50% technical- tactical drills; 40% small-sided and simulated
games; 10% injury-prevention drills). The design of the jump
training program was based on the consideration of multiple
factors including the participants’ previous training experience,
current research recommendations [13, 24], extensive
discussion between researchers, recommendations from three
top-rated experts in the field of plyometric exercise
(https://www.expertscape.com/ex/plyometrictexercise) and
two top-rated experts in the field of soccer
(https://www.expertscape.com/ex/soccer).

Each training session included eight jumping exercises of
multiple types including cyclical, acyclical, horizontal, vertical,
unilateral and bilateral variations. Jumps with short ground
contact [<250 ms] and long ground contact [>250 ms] times
were also used with emphasis placed on the involvement of
stretch-shortening cycle in the case of the former. Jumps that
included concentric-only movement (i.e., squat jump) jumps
were also included in the program. The participants were
instructed to exert maximal effort (i.e., intensity) in each jump
with emphasis placed on measurable elements, such vertical
height, horizontal distance or maximal reactive strength index
(i.e., minimal ground contact time and maximal jump height),
according to the type of exercise.

For some jumps, the intensity of the training sessions was
verified in a randomly selected subsample (n=2) of participants
during two randomly selected training sessions (sixth and
eighth sessions). The intensity was gauged by assessing jump
ground contact times, height, and distance, using the same
procedures as described above.

Before starting the jump-training program, players were
instructed on how to perform all of the exercises with sound
technique, an emphasis being placed on the quality of
execution before overload methods were introduced. In

Table 2. Training program.
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addition, a drop jump test was performed (Optogait”, Codogne,
Italy) to determine the reactive strength index and to
individualize the height of the drops to be used in the program
(10 to 40 cm). The exercises, sets, repetitions and progressions
for each week of the program are detailed in Table 2.

An investigator to participant ratio of 1:2 was achieved in
all training sessions and particular attention was paid to
technical competency throughout each. All jump training
sessions were performed just after the warm-up to the main
soccer session. The jump training was completed on a grass
soccer-field with rest intervals of >48 h between sessions, 30 to
60 seconds between sets [19] and 5 to 15 seconds (i.e., acyclic
jumps) between repetitions [18].

2.5. Statistical Analyses

Data are presented as group mean values and standard
deviations. Beside non-parametric pre-intervention CMJ data,
for which logaritmization procedures were applied (with back-
transformation for presentation purposes), all data normality
was verified with the Shapiro-Wilk test. The independent
samples t-test was used to compare the groups at baseline. A
repeated measure 2 (time; before vs after intervention) x 2
(groups; control vs experimental) ANOVA was used to detect
statistically significant (P < 0.05) changes in the dependent
variables with p-values reported for the group, time and group
by time interactions. A within group paired t test was used for
post hoc analysis with Cohen’s d effect sizes (ES) used to
assess the magnitude of identified changes [25]. These were
classified as ‘trivial’ (<0.2), ‘small’ (>0.2-0.6), ‘moderate’
(>0.6-1.2), ‘large’ (>1.2-2), or ‘very large’ (>2) according to
established standards in the field of sport science [26].
Statistical analyses were carried out using the STATISTICA
statistical package (Version 8.0; StatSoft, Inc., Tulsa, USA).
Significance levels were set at a = 5%. The reliability of all
dependent variables was acceptable with intra-class correlation
coefficient values equalling or exceeding 0.89 for all outcomes
and coefficients of variation being less than 10.0%.

3. RESULTS

Of the subjects considered for data analyses, all received
the treatment as allocated. Neither group reported any changes
in their training habits during the four week intervention
period, as compared to their training routine prior to the study.

- Week 1° Week 2 Week 3 Week 4
Abalakov jump 2x4 ¢ 2x5 2x6 2x5
Standing long jump 2x4 2x5 2x6 2x5
Standing long jump, right leg 2x4 2x5 2x6 2x5
Standing long jump, right leg 2x4 2x5 2x6 2x5
Squat jump 2x4 2x5 2x6 2x5
Squat jump, right leg 2x4 2x5 2x6 2x5
Squat jump, left leg 2x4 2x5 2x6 2x5
Drop jump * 2x4 2x5 2x6 2x5

*: box height between 10 cm to 40 cm, according to inter-individual differences to achieve maximal reactive strength index.

*: the indicated values denotes the volume of jumps per session.
“: 2x4 denotes two sets of four repetitions each.
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Table 3. Group-specific means and standard deviations (SD) for all outcome measures before (Pre) and after (Post) the

intervention period.

- Pre Post* ANOVA Outcomes
Group Time Group x Time
F(1, 12), p-value F(1, 12), p-value F(1, 12), p-value

Countermovement jump (cm) 22.4+2.7 23.5+3.8 (0.33) F=3.5, p=0.086 F=13.1, p=0.004 F=2.4, p=0.147
Control group (n=6) [19.6-25.2] [19.5-29.5]°
Jump-training group (n=8) 24.6£2.6 27.243.2 (0.85)"

[22.5-26.7] [24.6-29.9]
Four bound test for distance (cm) 646+105 669+70.0 (0.27) F=2.3, p=0.155 F=10.5, p=0.007 F=1.4, p=0.267
Control group (n=6) [536-756] [596-742]
Jump-training group (n=8) 684+44.5 733+41.6 (1.01)°

[647-721] [699-768]
20-m sprint time (s) 3.44+0.13 3.43+0.20 (0.06) F=2.0, p=0.180 F=1.8, p=0.209 F=1.1, p=0.312
Control group (n=6) [3.30-3.58] [3.23-3.64]
Jump-training group (n=8) 3.38+0.14 3.29+0.15 (0.59) ©

[3.26-3.49] [3.16-3.42]
Maximal kicking velocity (km.h™) 72.8+6.5 72.5+3.8 (-0.07) F=3.6, p=0.082 F=3.0, p=0.109 F=4.2, p=0.062
Control group (n=6) [66.0-79.7] [68.5-76.5]
Jump-training group (n=8) 75.5+4.3 79.4+5.2 (0.77)*

[71.9-79.1] [75.0-83.7]
Yo-Yo level 1 test (m) 1,153+546 1,167+433 (0.03) F=0.0, p=0.893 F=0.2, p=0.638 F=0.1, p=0.731
Control group (n=6) [580-1,727] [712-1,621]
Jump-training group (n=8) 1,150+475 1,235+455 (0.20)

[753-1,547] [854-1,616]

*: values in parenthesis represents within-group Cohen’s d effect sizes. *: values in squared brackets denotes the 95% confidence interval of the means. “": significant pre-

post change (p<0.01, and p<0.05, respectively; paired t-test). “: p=0.069.

There were no significant differences between the groups
in any descriptive- (Table 1) or fitness-based variables (Table
3) at baseline. The group, time, and group by time interaction
effects are displayed in Table 3.

No significant changes were noted in the control group in
any of the dependent variables although small effect sizes were
observed in CMJ (ES=0.33) and 4BT (ES=0.27). In contrast,
the jump training group demonstrated significant
improvements in CMJ (p=0.001; ES=0.85), 4BT (p=0.002;
ES=1.01), and MKV (p=0.027; ES=0.77), with small to
medium effect sizes observed in the 20-m sprint (p=0.069;
ES=0.59) and Yo-Yo IR1 (p=0.299; ES=0.20) tests.

4. DISCUSSION

The aim of this study was to evaluate the effects of a jump
training program, as compared to standard soccer training, on
measures of physical fitness youth female soccer players. To
the best of our knowledge, and based on the characteristics of
the extant evidence on this particular topic, our research
represents a novel approach to determining the benefits of
jump training for young female players. Indeed, in a recent
jump training scoping review, which included 420 articles, just
three studies undertaken in a youth female soccer player
population were identified [13]. Of these studies, none featured
a randomized-controlled design that could determine the
isolated effect of a jump-training program on youth female
soccer player’s physical fitness. Further, in two recent meta-
analyses, on the effects of jump training on female soccer
players [24, 27], just two studies included youth players both
also failed to adopt adequate randomization protocols.

In the context of the above evidence, our study is probably
the first randomized-controlled trial which can quantify the

isolated effects of a jump program on youth female soccer
players’ physical fitness levels in the absence of other forms of
strength and conditioning training. Previous studies conducted
on youth females [15] combined jumping with other training
methods (e.g., traditional resistance training) making it
impossible to isolate the effect of the former from the latter.
The current findings are therefore novel and offer valuable and
scientifically sound data for practitioners to leverage in the
field. On this, our results support the use of jump training to
induce improvements in a wide array of performance tests,
such as CMJ, 4BT, 20-m sprint, MKV, and Yo-Yo IR1, in this
population. In contrast, regular soccer training induced only
small improvements that were restricted to CMJ and 4BT only.
This is important information for soccer and strength and
conditioning coaches alike who should collaborate closely so
that both technical and fitness-based training can be integrated
into players’ programs for maximal performance benefits. The
improvements in performance that we observed might be
mediated by differing physiological adaptations such as
improvements in neuromuscular-related functioning of the
stretch-shortening cycle (SSC) [28], neural drive to the agonist
muscles [29], optimization of relative force generated per
motor unit recruited [28], leg muscle qualities (e.g., stiffness)
[30], the direction of force production and application (as a
result from physiological adaptations) [31] and running
economy [32].

The jump training group improved jumping performance
with medium effects size observed in the CMJ and 4BT. The
beneficial effects of jump training on jumping ability in youths
have previously been reported [33]. However, a lack of clarity
in how the aforementioned neuromuscular improvements
induced by jump training [29] are exhibited in females of
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different maturation status, in addition to the confounding
effects of maturation-related changes on the SSC function [28],
means that explanations of the effects are speculative and more
research is needed to elucidate underlying mechanisms.
Similarly, the beneficial effects of jump training on sprint
performance have been previously reported, most notably after
interventions in youths that incorporated horizontally oriented
jumping movements [22], as in the current study (~40% of all
jump exercises). Improvements of this nature may be related to
an individual’s ability to apply greater force in a horizontal
direction [31] in addition to other factors [34] such as increased
muscular power, muscle composition and neuromuscular
adaptations. Indeed, a recent meta-analysis [35] suggested that
horizontal jumps could be superior to vertical jumps because
there is both a horizontal and a vertical component to the
former, but only a vertical component to the latter. Of note, the
jump training group demonstrated a borderline small to
moderate improvement in sprint time as compared to the
control group which demonstrated no change over the four
week period. Considering that speed-related athleticism is a
key trait for optimal long-term athletic development, its
improvement may contribute to youths’ health and fitness,
physical performance, injury resistance, confidence and
competence [36]. Particularly relevant for soccer players,
greater sprinting capability might help individuals to cope with
the greater speed demands of modern competitive soccer [4].
Moreover, with linear sprinting being the most common action
(i.e., 45%) preceding a goal-scoring scenario [5], its
importance in underpinning successful soccer play must be
acknowledged by coaches.

Although a considerable number of studies have previously
reported increases in MKV after jump training programs, most
of these have focused on the kicking ability of male players
[37, 38], with the age of the participants ranging from 10.3 to
15.5 years, and the training programs lasting between 6 to 12
weeks. Increases in kicking velocity of ~7.0-16.0% and kicking
distance of ~11.0-37.0% have been reported. Larger changes
were observed after interventions that incorporated progressive
load increases (e.g., volume) [39], a combination of vertical
and horizontal and unilateral and bilateral jumps [22], and
jumps that were loaded with external resistance [38, 40].
Similar findings were noted in youth female [15], young adult
female [41] and young adult male soccer players [42], with
significant improvements in kicking velocity (8-13%) and
kicking distance (~23%) after eight to twelve weeks of
training. For those studies that reported improvements in
kicking performance for the dominant (7-12%) and non-
dominant legs (8-13%), similar improvements were observed
between limbs [42, 43]. Overall, the extant evidence supports
our own findings with effect sizes in MKV being substantially
larger in youth female soccer players in the experimental group
(ES = 0.77) as compared to their control group counterparts
(ES = -0.07). Such adaptations may offer advantages during
competitive play with an apparent transfer of training effect to
soccer-specific skill performance in young female players.
Despite this encouraging result, the underlying mechanisms of
these adaptations are not clear, with further research required
for clarification of this element of training.

In relation to endurance performance in youth male soccer
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players, some studies have reported no significant changes in
Yo-Yo IR1 test results (5.8-6.2%; ES = ~0.3) [44, 45]. This
contrasts with other investigations which observed significant
improvements in Yo-Yo IR1 test scores after jump training
programs, in youth male players (~11-19%; ES = 0.27-0.41)
[22, 39], and in adult female players (~10%; ES ~0.3) [41].
Although some contrasting findings have emerged in the
literature, jump training seems to improve running endurance
performance, particularly in tasks requiring a sudden change of
direction with such movements requiring utilization of the SSC
(e.g., Yo-Yo IR1 test). The above findings corroborate the
observation in our study that jump training can improve youth
female soccer players’ performance in the Yo-Yo IR1 test as
compared to regular soccer training. However, the observed
effect was of only small magnitude (ES = 0.20 vs. 0.03) in our
investigation. Larger improvements in endurance may be
achieved with jump training programs involving a progressive
overload (e.g., volume-based overload) and a combination of
bilateral and unilateral and vertical and horizontal jumps [13,
22, 39], all of which are key programing elements in the
current study.

The current study does have its limitations. Our analysis is
limited by the small sample size (n = 14) though it is important
to emphasize that the statistical power analysis revealed that
six participants per group provided 80% power (at a < 0.05) to
detect an effect size of 0.2 when comparing changes in
physical performance in youth soccer players. In addition, we
did not incorporate more sophisticated physiological or
biomechanical measures to and elucidate the underlying
mechanisms related to the physical fitness improvements
observed after the jump training program. Future studies
should address this limitation with mechanistic measures of
performance.

CONCLUSION

Based on these results, a multidimensional jump training
program is effective in increasing different elements of
physical fitness in youth female soccer players. The observed
fitness changes relate to jump height, sprint speed, kicking
ability and endurance. Our jump training program was
comprehensive in that it incorporated all the characteristics of a
multidimensional approach to enhancing SSC function and
muscular power in athletic populations and adaptations were
achieved in a very short timeframe. Coaches are advised to
prescribe a combination of cyclical, acyclical, horizontal,
vertical, unilateral and bilateral jumps using both short ground
contact [<250 ms] and long ground contact [>250 ms] times to
address the nature of the SSC as it is utilized in sport. With
consideration of these components, coaches can prescribe jump
training programs that address the diverse demands of soccer
which requires players to execute dynamic actions that share
many of the same movement -characteristics of the
aforementioned jump types.

In addition to the above, we emphasize the safety of jump
training (7.e. no injuries occurred during the intervention) and
the feasibility of carrying out two training sessions per week
alongside regular soccer training. Our results demonstrate
positive effects on relevant physical fitness measures for youth
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female soccer players and the various training techniques can
easily be integrated into conventional training with minimal
resources.
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