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Abstract: The main purpose of this systematic review and meta-analysis was to compare the effects
of strength training (ST) and plyometric training (PT) on vertical jump, linear sprint and change of
direction (COD) performance in female soccer players. A systematic search of the PubMed, Web of
Science, Google Scholar and SportDiscus databases revealed 12 studies satisfying the inclusion cri-
teria. The inverse-variance random-effects model for meta-analyses was used. Effect sizes (ES) were
represented by the standardized mean difference and presented alongside 95% confidence intervals
(CI). The magnitude of the main effect was small to moderate (vertical jump (ES 0.53 (95% CI—0.11,
0.95), Z =247 (p = 0.01); linear sprint (ES —0.66 (95% CI—2.03, -0.21), Z =2.20 (p = 0.03); COD (ES
-0.36 (95% CI—0.68, —0.03), Z=2.17 (p = 0.03)). Subgroup analyses were performed (i.e., ST and PT
duration, frequency, session duration and total number of sessions), revealing no significant sub-
group differences (p = 0.12-0.88). In conclusion, PT provides better benefits than ST to improve ver-
tical jump, linear sprint and COD performance in female soccer players. However, significant limi-
tations in the current literature prevent assured PT and ST prescription recommendations being
made.

Keywords: training interventions; fitness assessment; strength and conditioning; football; female

1. Introduction

Women's soccer has increased in popularity and participation during the last decade
[1]. Soccer is considered a contact sport and such impact has had consequences through
both a greater skill level and physical demands throughout training and matches [2].
Some of the physical demands for female soccer players during matches have been re-
ported, with total distances covered reaching 10 km, 1.7 km of which was completed at
high speed (>18 km-h™) [3,4]. In addition, female players perform between 1350 and 1650
changes of activity, such as passing, tackling, trapping and dribbling [3,4]. Despite its
growing popularity, female players are exposed to greater training volumes and compe-
tition demands than ever before and, therefore, a better understanding of female players’
physical performance changes is needed to design appropriate training programs.

Female soccer players have been evaluated through a wide variety of physical tests
(i.e., Abalakov test, 505 test, linear speed 40 m). These tests can be performed in the labor-
atory, which is more reliable, and on the soccer field, which is more popular among
coaches and physical trainers due to the simplicity and lower cost [2].
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Different intervention programs, such as neuromuscular training, plyometric train-
ing (PT), strength training (ST) or power training [5-8], have been performed to improve
physical capacities. However, there are discrepancies about which are the best exercises
to improve female soccer players’ performance due to the lack of studies.

Plyometrics consists of the rapid stretching of a muscle (eccentric action) immediately
followed by a concentric or shortening action of the same muscle and connective tissue
[9]. This training method is used to increase strength and explosiveness [10] and it in-
cludes a diverse range of bilateral and unilateral jumps, bounds and hops [9]. Regarding
female soccer players, PT improves jumping, single and repeated sprinting, changes in
direction and kicking power, as well as endurance attributes [11]. Several reviews and
meta-analyses related to PT programs have been published in soccer [12,13]. This program
constitutes an efficient training solution to improve different power-related skills. How-
ever, this evidence has not been clarified in female soccer players, although it has in-
creased the scientific value of PT regarding physical fitness enhancements [12,13]. Hence,
more studies for this population are warranted.

Maximal strength is the maximum force or torque that can be exerted by skeletal
muscles during movement [14]. An ST program can contribute to improved vertical jump
performance, acceleration, leg strength, muscular power, increased joint awareness and
overall proprioception [15]. However, intervention studies of ST regarding physical con-
dition in female soccer players are lacking [7]. Despite this, several reviews and meta-
analyses related to ST programs have been published in different populations and sports
[16-19]. Nevertheless, the improvement caused by ST raises certain doubts, since the au-
thors do not agree on which doses and exercises are recommended to improve the
strength of the lower extremities. In relation to this, research is necessary to provide
coaches and practitioners with more information to plan their ST programs.

To our knowledge, there have been no reviews conducted regarding the effects of ST
on female soccer players, particularly on physical fitness. Given that PT appears serve as
a skill solution to meet the demands of female soccer, an investigation comparing the ef-
fects of both programs in female soccer players is warranted. Therefore, the main purpose
of this systematic review and meta-analysis was to compare the effects of ST and PT on
jump ability, linear sprint and change of direction (COD) performance in female soccer
players. A secondary aim was to establish clear guidelines for the prescription of both
types of training in female soccer players.

2. Materials and Methods
2.1. Experimental Approach to the Problem

A systematic review and meta-analysis were conducted following the guidelines of
the Cochrane Collaboration [20]. This meta-analytical review was guided by the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement [21] and
registered in the PROSPERO database with the number CRD42020219998.

2.2. Literature Search

The US National Library of Medicine (PubMed), Web of Science, Google Scholar and
SportDiscus electronic databases from inception until 19 October 2020 were searched.
Only English and Spanish language articles were considered. Using Boolean logic, we
used the following search terms: (“female”) AND (“soccer” OR “football”) AND (“inter-
vention” OR “training”) AND (“strength” OR “plyometric” OR “jump” OR “strength”
OR “power” OR “change of direction” OR “side-step” OR “side-cutting” OR “sprint” OR
“agility”). In selecting studies for inclusion, a review of all relevant article titles within
was conducted before an examination of article abstracts and, then, full published articles.
Only peer-reviewed articles were included in the meta-analysis. The search process is out-
lined in Figure 1. Following the formal systematic searches, additional hand searches were
conducted.
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Figure 1. PRISMA flow chart for inclusion and exclusion of studies.

2.3. Procedures

In selecting studies for inclusion, a review of all relevant article titles was conducted
before an examination of article abstracts and then full published articles. Two authors
conducted the process independently. Potential discrepancies between the two reviewers
about study conditions were resolved by consensus with a third author. Full-text articles
excluded, with reasons, were recorded. Data were extracted from gathered articles by two
authors independently, using a form created in Microsoft Excel (Microsoft Corporation,
Redmond, WA, USA).

The extraction of data from gathered articles was undertaken by two reviewers.

The following criteria determined the eligibility of studies for inclusion in the review:
cohorts of healthy female soccer players, with no restriction for age; strength and plyom-
etric interventions must have been at least 2 weeks in duration and must have included a
control group (CG) and group mean baseline and follow-up data outcome measures re-
lating to vertical jump, linear sprint and COD performance. The study involved a ran-
domized controlled trial or quasi-experimental design. Based on previous studies, we de-
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fined ST as “maximal strength and muscular hypertrophy to improve physical perfor-
mance” [22] and PT as “lower-body unilateral and bilateral bounds, jumps, and hops that
use a pre-stretch or countermovement that incites usage of the stretch-shortening cycle”
[23]. A measure of physical fitness was selected based on a logically defensible rationale
[24,25], most often some form of countermovement jump (CM]J) without or with arms,
linear sprint between 15 and 30 m, V-cut test, 505 test or Illinios Agility test.

2.4. Statistical Analyses

Meta-analytical comparisons were carried out in RevMan version 5.3 [26]. Included
were 12 studies that comprised 13 individual experimental groups. Means and standard
deviations for a measure of post-intervention performance within experimental group
(pre- vs. posttest) and between groups (experimental vs. control group) were used to cal-
culate an effect size (ES). Effect sizes were adjusted using Hedges’ small sample size bias
correction [27]. The inverse-variance random-effects model for meta-analyses was used
because it allocates a proportionate weight to trials based on the size of their individual
standard errors [28] and facilitates analysis whilst accounting for heterogeneity across
studies [29]. Effect sizes are represented by the standardized mean difference (Hedges’ )
and are presented alongside 95% confidence intervals. The calculated ESs were inter-
preted using the conventions outlined for standardized mean difference by Hopkins et al.
[30] (<0.2 = trivial; 0.2-0.6 = small, 0.6-1.2 = moderate, 1.2-2.0 = large, 2.0-4.0 = very large,
>4.0 = extremely large).

In cases in which there was more than one intervention group in a given study, the
control group was proportionately divided to facilitate comparison across all participants
[31].

To gauge the degree of heterogeneity amongst the included studies, the I? statistic
was referred to. This represents the proportion of effects that are due to heterogeneity as
opposed to chance [21]. Low, moderate and high levels of heterogeneity correspond to I?
values of 25%, 50% and 75%; however, these thresholds are considered tentative [32]. The
X? (chi square) statistic determines if any observed differences in results are compatible
with chance alone. A low p value, or a large x? statistic, relative to its degrees of freedom,
provides evidence of heterogeneity of intervention effects beyond those attributed to
chance [28].

The Physiotherapy Evidence Database (PEDro) scale was used to assess the risk of
bias and methodological quality of eligible studies included in the meta-analysis. This
scale evaluates internal study validity on a scale from 0 (high risk of bias) to 10 (low risk
of bias) to each methodological item listed in Table 1. A score of 26 represents the thresh-
old for studies with a low risk of bias [29].

2.5. Analysis of Moderator Variables

To assess the potential effects of moderator variables, subgroup analyses were per-
formed. This method, which was preferred to meta-regression, is based on the docu-
mented limitations on the latter method when applied to small datasets with low samples
and few predictor variables. [33].

Using a random-effects model, potential sources of heterogeneity likely to influence
the effects of training were selected a priori. The moderator variables of program duration
(weeks), training frequency (sessions per week), total number of training sessions and ses-
sion duration (minutes) were chosen based on the accepted influence of the FITT (fre-
quency, intensity, type and time) principle on adaptations to exercise [34], as previously
demonstrated in meta-analyses performed in female athletes participating in different
training interventions [12,35]. Each variable was divided using a median split, except for
mean total sessions, in which studies were allocated as groups with more than 16 sessions
and groups with less than 16 sessions. Meta-analysis stratification by each of these factors
was performed, with a p value of <0.05 considered as the threshold for statistical signifi-
cance.
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3. Results
3.1. Study Selection

A total of 1737 studies were found in the identification phase. After removing dupli-
cates and adding additional records identified through other sources, 693 publications
were retained for the article selection process. Title and abstract selection excluded 571
articles. The remaining 44 records were further examined using the specified inclusion/ex-
clusion criteria, and 32 records were subsequently rejected. Finally, 12 studies were in-
cluded in the systematic review and meta-analysis (Figure 1).

3.2. Methodological Quality

The selected studies were submitted to the PEDro methodological quality scale. Two
studies obtained a score of 9/10 [36,37], one study obtained 8/10 [38], six obtained 7/10
[5,6,39-41], two obtained 5/10 [42,43], and two obtained 4/10 [44,45]. Table 1 displays the
complete and detailed PEDro scale score of each study.

Table 1. The Physiotherapy Evidence Database (PEDro) scale ratings.

Studies N°1 N°2 N°3 N°4 N°5 N°6 N°7 N°8 N°9 N°10 N°11 Total?
Lindblom et al., 2012 [39]

Ogzbar et al., 2014 [42]
Pardos-Mainer et al., 2019 [5]
Pardos-Mainer et al., 2020 [6]

Pedersen et al., 2019 [38]
Ramirez-Campillo 2016 b [41]
Ramirez-Campillo 2016 a [36]

Ramirez-Campillo 2018 (1 session/wk.) [40]
Ramirez-Campillo 2018 (2 session/wk.) [40]

Rosas et al., 2018 [37]

Rubley et al., 2011 [44]

Sedano del Campo et al., 2009 [43]

Siegler et al., 2003 [45] 0 0

! The total number of points from a possible maximal of 10.

—_
—_
—_
—_
—_
(e}
(e}
(e}
(e}
—_
—_
N

O O O O R R, OOk O OO
[ R S S e e )

[ R i R = = T = W )
S g S g WY
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3.3. Study Characteristics

The characteristics of the participants and ST and PT programming parameters from
the 12 studies incorporated in the meta-analysis are indicated in Tables 2 and 3.
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Table 2. Characteristics of study participants of strength training.
Study . .
Study Group N Age (Years) BM (kg) Height(cm) SST Wks F T D Exercise Type Test Response
=CM]J
. One-legged knee squat, pelvic lift, two- CM] =20-m linear
L 1 T (FIFA
md};lom et S 1(1+) 23 142:0.7 539+86 165+6.5 Yes 11 2 22 15 legged knee squat, the bench, the lunge ~ 20-m linear sprint ~ sprint
' and jump/landing Illinois agility test =Illinois agil-
ity test
Control 18 142x1.1 51.6+74 164.2+6.1
Running, lower extremities” strength, bal-

P - T (FIFA M
ardos- ST ( 19 125+04 512+77 1537469 Yes 10 2 20 20 ance, plyometric, agility and COD exer- M 1 CMJ
Mainer etal.  11+) cises V-cut test | V-cut test

Control 17 13.1+03 559+82 160.8+4.9
The diver, one-legged pelvic tilt, single leg
box step-up, forward lunge, backward T CMJ
Pardos- lunge, one-legged hip thrust, eccentric box CMJ 1 20-m linear
. ST(CSPT) 19 162+09 559+55 159.8+54  Yes 8 2 16 35 8% eggec Aup TArUst, ecce 20-m linear sprint .
Mainer et al. drops, Russian belt posterior chain, Rus- sprint
. . . V-cut test
sian belt anterior chain, plank, lateral 1 V-cut test
plank and lumbar bridge
Control 18 156+0.9 54.1+88 159.7+4.9
o . . . =CM]J
Pedersen et ST 18 1843 246 167 +6 Yes 5 » 10 NR 90 sq}lat with load and Nordic hamstring .CM]  Z15-m linear
al. exercises 15-m linear sprint .
sprint
Control 15 19+2 63 + 10 168 5

Note: BM: Body mass; CMJ; Countermovement jump; CSPT: Combined strength and power training; F: Frequency (per wk.); T: Total sessions; D: Mean session duration (min); NR:
Non-reported; ST: Strength training; SST: Indicates if the participants had previous systematic experience with ST; FIFA: Federation international football association; COD: Change of

direction.
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Table 3. Characteristics of study participants of plyometric training.

Study

Study Group N  Age(years) BM (kg) Height (cm) SPT Wks F T D Exercise Type Test Response
CcMJ 1 CMJ
Ozbar et al. PT 9 18.3+2.6 58.8+7.8 163.1+5.3 Yes 1 8 8 3040 20-m linear 1 20-m linear
sprint sprint
Control 9 18+2 544+6.1 1594+5.1
Ramirez-Campillo 2016 a PT 10 229+21 56.8 54 164+9 No 2 6 12 NR CM]J 1T CMJ
Control 10 225+2.1 60.1+£75 161+ 6
CMJ 1 CMJ
30-m linear 1 30-m linear
Ramirez-Campillo 2016 b PT 19 22.4+2.4 60.7£9.3 161+5 No 2 6 12 40 sprint sprint
COD speed 1 COD speed
test test
Control 19 20.5+25 60.2+9.3 159 +6
Variety of plyometric exer- CMJ T CM]
. . cises designed for the lower 15-m linear 1 15-m linear
Ramliez'cémpﬂf 2018 py 8§  228+43 549+37 158:3 No 1 8 8 620 extremityg(i.e., bilateral and  sprint sprint
(1 session/wk.) unilateral DJs, CMJs and COD speed t COD speed
SLJ) test test
Control 7 201+18 553+33 160.1+5
CMJ 1 CMJ
. . 15-m linear 1 15-m linear
Ramgti?g%gzow PT 8  214+25 596+85 157.6+48 No 2 8 16 6-20 sprint sprint
COD speed 1 COD speed
test test
Control 7 201+18 553+33 160.1+5
Rosas et al. PT 8 228+21 61.1+£83 164+8 No 2 6 12 NR CcMJ 1T CMJ
Control 9 24+27 585+7.2 132 +4
Rubley et al. PT 10 13.4+0.5 50.8+5.1 162.5+5.6 No 1 12 12 NR CMJA T CMJA
Control 6 NR NR NR

Sedano- Campo et al. PT 10 228+2.1 58.5+9.3 163+7  Yes 3 12 36 46-60 CMJ 1T CMJ
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Control 10 23+3.2 569+74 161.5+54

CMJA 1T CMJA
Siegler et al. PT 17 165+091 61.4+943 1674+46 No 2(1-3) 10 20 10-15 20-m linear 1 20-m linear
sprint sprint

Control 17 16.2+1.4 58+7.23 166.7+4.7

BM: Body mass; DJ: Drop jump; CM]J; Countermovement jump; CMJA: CM]J with arm swing; NR: Non-reported; PT: Plyometric training; SPT: Indicates if the participants had previous
systematic experience with PT; SLJ: Standing long jump.
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3.4. Main Effect
3.4.1. Vertical Jump Performance

Twelve studies were included in this systematic review and meta-analysis. Vertical
jump height was measured in centimeters. The performance of training programs was
associated with a moderate and significant increase in vertical jump performance (ES 0.53
(95% CI—0.11, 0.95), Z = 2.47 (p = 0.01)). There was a significant level of between-study
heterogeneity (I> = 69% (p = 0.0001)). Concerning the subgroup analyses, non-significant
performance improvements were observed after ST (ES 0.24 (95% CI-0.14, 0.62), Z=1.23
(p = 0.22)). A significant difference was observed for PT (ES 0.73 (95% CI—0.33, 1.13), Z =
3.48 (p = 0.0005)). No significant differences among subgroups were observed (p = 0.07).
Within-mode ESs were small and moderate (ST: ES 0.24 (95% CI -0.14, 0.62), Z=1.23 (p =
0.22); PT: ES 0.73 (95% CI -0.33, 1.13), Z = 3.60 (p = 0.0003)), respectively. No significant
differences among subgroups were observed (p = 0.08). These results are displayed in Fig-
ure 2 (ST vs. PT) and Figure 3 (baseline vs. follow-up).

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
1.1.1 Strength training
Pardos-Mainer et al. 2019 22.1 339 19 231 6.28 17 9.1% -0.20 [-0.85, 0.46] T
Lindblom 2012 25 4 23 246 32 18 9.4% 0.11[-0.51, 0.72] N
Pedersen et al. 2019 27.19 5.93 19 26.12 4.83 15 9.0% 0.19[-0.49, 0.87] —_—
Pardos-Mainer et al. 2020 25.6 3.65 19 239 435 18 9.1% 0.42 [-0.24, 1.07] T
Subtotal (95% CI) 80 68 36.6% 0.13 [-0.20, 0.45] L 2

Heterogeneity: Tau? = 0.00; Chi? = 1.72, df = 3 (P = 0.63); I* = 0%
Test for overall effect: Z = 0.77 (P = 0.44)

1.1.2 Plyometric training

Rosas et al. 2018 26.4 3 8 294 63 9 7.2% -0.57 [-1.54, 0.41] — 1

Siegler et al. 2003 39.37 4.69 17 39.19 4.45 17 9.0% 0.04 [-0.63, 0.71] I —

Ramirez-Campillo 2018 et al. (2 session/week) 30.1 4.7 8 299 5.1 7 7.0% 0.04 [-0.98, 1.05] e —

Ramirez-Campillo 2018 et al. (1 session/week) 315 7.5 8 299 5.1 7 6.9% 0.23 [-0.79, 1.25] —

Ramirez-Campillo et al. 2016b 294 5.8 19 266 4.3 19 9.2% 0.54 [-0.11, 1.19] T

Ramirez-Campillo et al. 2016a 30 5.3 10 259 3.2 10 7.4% 0.90 [-0.03, 1.83] 4'7

Rubley et al. 2011 47 8.1 10 36.8 6.2 6 6.3% 1.29[0.15, 2.43]

Ozbar 2014 46.8 2.2 9 379 39 9 5.3% 2.68 [1.32, 4.03] -
Sedano-Campo et al. 2009 27.8 0.9 10 247 1 10 5.1% 3.12[1.73,4.51] e —
Subtotal (95% CI) 99 94 63.4% 0.81 [0.15, 1.46] -

Heterogeneity: Tau® = 0.73; Chi? = 33.33, df = 8 (P < 0.0001); I> = 76%
Test for overall effect: Z = 2.42 (P = 0.02)

Total (95% CI) 179 162 100.0% 0.53 [0.11, 0.95] -

Heterogeneity: Tau? = 0.39; Chi? = 38.99, df = 12 (P = 0.0001); I* = 69% 714 712 21 J’
Test for overall effect: Z = 2.47 (P = 0.01) Favours [control] Favours [experimental]
Test for subgroup differences: Chi? = 3.33, df = 1 (P = 0.07), I = 70.0%

Figure 2. Forest plot of between-mode effect sizes with 95% confidence intervals (CIs) in vertical jump performance (cm).
IV: inverse variance method; SD: standard deviation; Std: standardized.

Post Pre Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
8.1.1 Strength training
Lindblom 2012 25 4 23 255 37 23 10.6% -0.13[-0.71,0.45] =
Pardos-Mainer et al. 2019 22.1 3.39 19 20 3.68 19 9.6% 0.58 [-0.07, 1.23] L
Pardos-Mainer et al. 2020 25.6 3.65 1% 235 33 19 9.6% 0.59 [-0.086, 1.24] |
Pedersen et al. 2019 27.19 5.93 19 27.32 4.94 19 9.8% -0.02 [-0.66, 0.61] —
Subtotal (95% CI)} 80 80 39.7% 0.24 [-0.14, 0.62] -

Heterogeneity: Tau® = 0.05; Chi® = 437, df = 3 (P = 0.22); I* = 31%
Test for overall effect: Z = 1.23 (P = 0.22)

8.1.2 Plyometric training
Ozbar 2014 468 2.2
Ramirez-Campillo 2018 et al. (1 session/week) 315 75

39.8 4.5 4.9% 1.88[0.73, 3.04]

9
285 6.9 8 6.0% 0.39 [-0.60, 1.39]
8

Heterogeneity: Tau’ = 0.15; Chi’ = 13.78, df = 8 (P = 0.09); I’ = 42%
Test for overall effect: Z = 3.60 (P = 0.0003)

9

8 R
Ramirez-Campillo 2018 et al. (2 session/week) 301 4.7 8 274 43 5.9% 0.57 [-0.44, 1.57] R
Ramirez-Campillo et al. 2016a 30 53 10 287 5.1 10 7.0% 0.24 [-0.84, 1.12] —]r—
Ramirez-Campillo et al. 2016b 294 58 19 2687 55 19 9.7% 0.47 [-0.18, 1.11] T
Rosas et al, 2018 26.4 3 8 248 34 8 6.0% 0.47 [-0.53, 1.47] b
Rubley et al. 2011 47 81 10 396 82 10 66% 0.87 [-0.06, 1.80]
Sedano-Campo et al. 2009 278 09 10 25.6 1 10 4.8% 2.21[1.05, 3.38]
Siegler et al. 2003 39.37 4.69 17 37.85 4.77 17 9.3% 0.36 [-0.32, 1. =
Subtotal (95% CI) 99 99 60.3% 0.73 [0.33, 1.13] -

&>

Total (95% CI) 179 179 100.0% 0.53 [0.23, 0.83]
Heterogeneity: Tau? = 0,13; Chi* = 22.15, df = 12 (P = 0.04); I’ = 46%

Test for overall effect: Z = 3.48 (P = 0.0005)

Test for subgroup differences: Chi* = 3.09, df = 1 (P = 0.08), I’ = 67.6%

=2 Q P
Favours [pre-test] Favours [post-test]

Figure 3. Forest plot of within-mode effect sizes with 95% confidence intervals (CIs) in vertical jump performance (cm).
IV: inverse variance method; SD: standard deviation; Std: standardized.
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3.4.2. Linear Sprint Time

Nine effects were analyzed from 12 original studies. The linear sprint performance
was measured in time (seconds). The performance of training programs was associated
with a moderate and significant reduction in the time of linear sprint (ES —0.66 (95% CI
-2.03, -0.21), Z=2.20 (p = 0.03)). There was a significant level of between-study heteroge-
neity (I? = 78% (p = < 0.0001)). Concerning the subgroup analyses, non-significant perfor-
mance improvements were observed after ST (ES 0.01 (95% CI -0.36, 0.39), Z=0.08 (p =
0.94)). A significant difference was observed for PT (ES -1.12 (95% CI -2.03, 0.21), Z=2.41
(p = 0.02)). Significant differences among subgroups were observed (p = 0.02). Within-
mode ESs were small and large (ST: ES -0.45 (95% CI -1.12, 0.22), Z =1.30 (p = 0.19); PT:
ES -1.24 (95% CI-1.91, 0.56), Z =3.58 (p = 0.0003)), respectively. No significant differences
among subgroups were observed (p =0.10). These results are displayed in Figure 4 (ST vs.
PT) and Figure 5 (baseline vs. follow-up).
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Subtotal (95% CI) 61 51 382% 0.01 [-0.36, 0.39] 9
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Figure 4. Forest plot of between-mode effect sizes with 95% confidence intervals (Cls) in time of linear sprint (s). IV: inverse
variance method; SD: standard deviation; Std standardized.
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Figure 5. Forest plot of within-mode effect sizes with 95% confidence intervals (CIs) in time of linear sprint (s) e. IV: inverse
variance method; SD: standard deviation; Std: standardized.
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3.4.3. COD Time

Seven effects were analyzed from 12 original studies. The COD performance was
measured in time (seconds). The performance of training programs was associated with a
small and significant reduction in the time of COD (ES -0.36 (95% CI -0.68, —0.03), Z=2.17
(p = 0.03)). There was a significant level of between-study heterogeneity (I2 = 53% (p =
0.02)). Concerning the subgroup analyses, non-significant performance improvements
were observed after ST (ES —0.09 (95% CI —0.33, 0.16), Z = 0.67 (p = 0.50)). A significant
difference was observed for PT (ES -1.08 (95% CI -1.54, —0.62), Z =2.17 (p = 0.03)). Signifi-
cant differences among subgroups were observed (p = 0.0002). Within-mode ESs were
small and large (ST: ES -0.03 (95% CI -0.34, 0.29), Z =0.17 (p = 0.86); PT: ES -1.64 (95% CI
-2.72,0.57), Z = 2.99 (p = 0.003)), respectively. Significant differences among subgroups
were observed (p = 0.005). These results are displayed in Figure 6 (ST vs. PT) and Figure 7
(baseline vs. follow-up).
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Std. Mean Difference
IV, Random, 95% CI

Std. Mean Difference
IV, Random, 95% CI

Experimental Control
Mean SD Total Mean SD Total Weight
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Lindblom 2012
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Test for overall effect: Z = 4.56 (P < 0.00001)
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Test for overall effect: Z = 2.17 (P = 0.03)
Test for subgroup differences: Chi? = 13.70, df = 1 (P = 0.0002), I> = 92.7%
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8
8

180 165 100.0% -0.36 [-0.68, -0.03] -
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-2 -1 1
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Figure 6. Forest plot of between-mode effect sizes with 95% confidence intervals (Cls) in the time of change of direction
(s). IV: inverse variance method; SD: standard deviation; Std: standardized.
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Figure 7. Forest plot of within-mode effect sizes with 95% confidence intervals (CIs) in the time of change of direction (s).
IV: inverse variance method; SD: standard deviation; Std: standardized.
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3.5. Effect of Moderator Variables

A summary of the effect of moderator variables can be viewed in Tables 4 and 5.

Table 4. Effect of moderator variables with 95% confidence intervals in strength training.

- . ’ —— e . " N
Variable Subgroup ]g::\:::l:ewlﬁlefjﬁ Effect Descriptor Groups n w“h;:l(o/?)mup w‘th“; aGroup Betwee::,/o()}roup ! Betweel; bG Toupp
<8 weeks -0.02 (-0.66; 0.61) Trivial 1 61 NE 0.94 0.0 0.39
>8 weeks 0.33 (-0.16; 0.81) Small 3 19 44.0 0.18
<2 sessions/week NE
=) >2 sessions/week 0.24 (-0.14; 0.62) Small 4 80 31.0 0.22
o <16 sessions 0.28 (-0.32; 0.88) Small 2 38 43.0 0.36 0.0 0.88
>16 sessions 0.21 (-0.48; 0.90) Small 2 42 61.0 0.55
<30 min/session 0.21 (-0.48; 0.90) Small 2 42 61.0 0.55 44.0 0.18
>30 min/session 0.59 (-0.06; 1.24) Small 1 19 NE 0.08
<8 weeks -0.18 (-0.81; 0.46) Trivial 1 19 NE 0.59 0.0 0.43
>8 weeks -0.59 (-1.70; 0.51) Small 2 42 83.0 0.29
3 <2 sessions/week NE
g >2 sessions/week -0.45 (-1.12; 0.22) Small 3 61 70.0 0.19
a <16 sessions -0.67 (-1.64; 0.31) Moderate 2 38 0.77 0.18 12.5 0.28
«n >16 sessions -0.05 (-0.62; 0.53) Trivial 1 23 NE 0.87
<30 min/session -0.05 (-0.62; 0.53) Trivial 1 23 NE 0.87 83.3 0.01
>30 min/session -1.17 (-1.87; -0.48) Large 1 19 NE <0.001
<8 weeks NE
>8 weeks -0.03 (-0.34; 0.29) Trivial 7 137 42.0 0.86
8 <2 sessions/week NE
£ >2 sessions/week -0.03 (-0.34; 0.29) Trivial 7 137 42.0 0.86
8 <16 sessions -0.40 (-0.78; -0.03) Small 3 57 0.0 0.03 85.1 0.01
O >16 sessions 0.24 (-0.07; 0.55) Trivial 4 80 0.0 0.13
<30 min/session 0.24 (-0.07; 0.55) Trivial 4 80 0.0 0.13 85.1 0.01
>30 min/session 0.40 (-0.18; -0.03) Small 3 57 0.0 0.03

a: Test of null (2-tail), mixed model; ?: p value, heterogeneity, total between, mixed model; NE: Not estimable.
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Table 5. Effect of moderator variables with 95% confidence intervals in plyometric training.
Within-
Effect Size with 95% Effect De- ithin Within-  Between-  Between-
Subgroup . . Groups n  Group I?
Confidence Interval scriptor %) Group p? Group I2(%) Groupp?
0
<8 weeks 0.41 (-0.06; 0.87) Small 3 37 0.0 0.08 52.2 0.15
>8 weeks 0.96 (0.37; 1.56) Moderate 6 62 57.0 0.002
2 ses-
Soses 1.00(0.19;1.80)  Moderate 3 27  46.0 0.01 0.0 0.42
sions/week
= >2 ses-
= =oses 0.62(0.15,1.08)  Moderate 6 72  43.0 0.009
U  sions/week
<16 sessions 0.61 (0.27; 0.95) Moderate 7 72 1.0 0.0004 0.0 0.52
>16 sessions 1.22 (-0.60; 3.04) Large 2 27 86.0 0.19
<30 min/session  0.41 (-0.07; 0.90) Small 3 33 0.0 0.10 58.8 0.12
>30 min/session  1.44 (0.25; 2.63) Large 3 38 78.0 0.02
<8 weeks -1.39 (-2.29; -0.48) Large 5 50 72.0 0.003 0.0 0.40
>8 weeks -0.90 (-1.57; -0.23)  Moderate 1 19 NE 0.008
<2 ses-
. -1.75 (-3.14; -0.36) Large 2 17 62.0 0.01 0.0 0.38
%  sions/week
(9]
= >2 ses-
= . -1.03 (-1.82;-0.23) Moderate 4 52 68 0.01
a sions/week
v <l6sessions  —1.42 (-2.29;-0.56) Large 5 52 80 0.02 39.2 0.20
>16 sessions -0.70 (-1.39; 0) Small 1 17 NE 0.05
<30 min/session -2.01 (-3.64; -0.37) Very Large 3 33 82.0 0.02 0 0.37
>30 min/session -1.12 (-2.13; -0.11) Large 1 9 NE 0.03
<8 weeks -0.78 (-1.34; -0.22)  Moderate 2 27 0.0 0.006 91.0 0.0009
>8 weeks -2.80 (-3.86; -1.75) Very Large 2 16 0.0 <0.00001
<2 ses-
. -1.16 (-2.28; -0.03) Large 1 8 NE 0.04 0.0 0.77
+  sions/week
£ >2 ses-
@) . -0.97 (-1.48;,-0.47) Moderate 3 35 0.0 0.0002
O  sions/week
U <l6sessions -1.64 (-2.72; -0.57) Large 4 43 74.0 0.003 NE NE
>16 sessions NE
<30 min/session -2.80 (-3.86; -1.75)  Very large 2 16 0.0 <0.00001 NE NE
>30 min/session NE

a: Test of null (2-tail), mixed model; b: p value, heterogeneity, total between, mixed model; NE: Not estimable.

3.6. Strength Training

Subgroup analysis suggested high levels of between-group heterogeneity with ses-
sion duration in linear sprint performance and total number of training session and ses-
sion duration in COD performance, achieving statistical significance (p = 0.01).

Differences were trivial to small between each training type across subgroups in ver-
tical jump and COD performance and trivial to large in linear sprint performance. In linear
sprint performance, interventions with a total number of training sessions of less than 16
sessions produced moderate effects (ES -0.67 (95%CI = -1,64; 0.31), Z = 1.34 (p = 0.18))
compared to those that lasted longer than 16 sessions (ES -0.05 (95%CI = -0.62; 0.53), Z =
0.16 (p = 0.87)). Sessions that lasted longer than 30 min were substantially more effective
(ES -1.17 (95%ClI = -1,87; -0,48), Z = 3.31 (p = 0.0009)) than those that lasted less than 30
min (ES-0.05 (95%CI=-0.62; 0.53)), Z=0.16 (p =0.87)). In COD performance, interventions
with a total number of training sessions of less than 16 sessions produced smaller effects
(ES -0.40 (95%CI = -0.78; -0.03), Z = 2.12 (p = 0.03)) than those that lasted longer than 16
sessions (ES 0.24 (95%CI=-0.07; 0.55), Z=1.51 (p = 0.13)). Sessions that lasted longer than
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30 min were substantially more effective (ES -0.40 (95%CI=-0.78; 0.03), Z =2.12 (p = 0.03))
than those that lasted less than 30 min (ES 0.24 (95%CI =-0.07; 0.55), Z=1.51 (p = 0.13)). In
vertical jump and COD performance, the level of heterogeneity was higher in subgroups
with longer programs, greater training frequency, more training sessions and fewer
minutes per session. In linear sprint performance, levels of heterogeneity were higher in
subgroups with longer programs, greater training frequency and fewer training sessions.

3.7. Plyometric Training

Subgroup analysis suggested high levels of between-group heterogeneity, with pro-
gram duration in COD performance achieving statistical significance (p < 0.001). Differ-
ences were small to large in vertical jump, trivial to very large in linear sprint and moder-
ate to very large in COD performance. All subgroup variables in linear sprint and COD
performance demonstrated a significant effect. In vertical jump performance, only inter-
ventions with a total number of training sessions of more than 16 sessions (ES -1.22
(95%CI=-0,60; 3.04), Z=1.32 (p = 0.19)) and which lasted less than 30 min (ES 0.41 (95%CI
=-0.07; 0.90), Z=1.66 (p = 0.10)) did not demonstrate a significant effect. In vertical jump
performance, the level of heterogeneity was higher in subgroups with shorter programs,
lower training frequency and more training sessions and minutes per session. In linear
sprint performance, levels of heterogeneity were higher in subgroups with shorter pro-
grams, greater training frequency, fewer training sessions and fewer minutes per session.
The level of heterogeneity in COD performance was higher in subgroups with fewer train-
ing sessions.

4. Discussion

The main findings of this meta-analysis indicate that PT can be used instead of ST to
target vertical jump, linear sprint and COD performance in female soccer players. This
has important implications for coaches because it means that female soccer players can
developed vertical jump, linear sprint and COD qualities and technical skills concurrently,
thus representing a more performance-efficient approach to training.

4.1. Vertical Jump Performance

The within- and between-mode analyses reveal that PT provides better benefits than
ST in enhancing vertical jump performance in female soccer players. The magnitude of
the improvements was deemed trivial for ST (ES = 0.13) and moderate for PT (ES = 0.81).
However, the differences observed among the within- and between-groups were not sig-
nificant. Therefore, the present meta-analysis cannot provide conclusive information re-
garding the best program to increase vertical jump performance in female soccer players.

Several reviews and meta-analyses support the notion that PT is an effective training
program for the improvement of vertical jump performance in female athletes [12,36,46].
On the contrary, to the authors’” knowledge, there have been no reviews conducted re-
garding the effects of ST on vertical jump performance in this population. The main reason
is that less research is available for this population and, therefore, more studies are
needed.

The purpose of ST is to promote maximal strength and muscular hypertrophy to im-
prove physical performance [22], and this method has often been used by physical trainers
in soccer training routines [7,47]. Two studies by Pardos-Mainer et al. [5,6] found that ST
exerted a borderline small-moderate effect on vertical jump performance whilst Lindblom
et al. [39] and Pedersen et al. [38] resulted only a trivial ES, and even the effect was nega-
tive. It is possible that the exercises included in the ST programs do not demonstrate a
significant transference effect to soccer-specific physical performance and conditioning
programs with higher load and intensity would be necessary in order to benefit from the
training [8,35]
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Moreover, if we observe the different exercises used in ST of the current meta-analy-
sis, it can be argued that there is low resemblance between the exercises carried out and
the evaluated CM] performance test. These exercises were generally carried out at slow
speeds, while the CM] test included high-speed components.

PT concerns exercises that have the aim to improve muscle, mainly through the use
of jump training [48,49]. Plyometric exercises represent a natural part of majority sport
movement because they involve jumping, hopping and skipping [46,47,50]. Ozbar et al.
[42] and Sedano-Campo et al. [43] found that PT exerted a large effect and Rubley et al.
[44] found a moderate effect on vertical jump performance, whilst the rest of the PT stud-
ies [36,37,40,41] resulted only in a small ES. These results are in line with the results of two
meta-analyses which showed that PT increases vertical jump performance for female ath-
letes [8,35].

The aforementioned magnitude differences in vertical jump performance after ST
and PT among female soccer players may be due to the diversity of training programs
(e.g., frequency, duration, total time and total number of ST and PT sessions). To analyze
this possibility, the effects of potential moderator variables were explored.

Subgroup analyses of programming parameters revealed that ST interventions were
more effective with longer study durations (8 weeks or more), greater training frequency
(2 sessions or more per week), more training sessions (16 or more) and longer session
times (30 min or more) to improve vertical jump performance. However, only four studies
[5,6,38,39] provided data and, owing to the homogeneity of programming parameters
used across studies, more research, utilizing varying study durations, amounts of ses-
sions, training sessions and session times, should be carried out to establish more robust
recommendations regarding these parameters.

On the other hand, certain programming characteristics of PT interventions, such as
longer study durations (8 weeks or more), reduced training frequency (less than 2 sessions
per week), more training sessions (16 or more) and longer session times (30 min or more),
could enhance the effectiveness of vertical jump performance, although there is no sug-
gestion that these factors are necessarily synergistic when combined. Regarding PT fre-
quency, interventions with less than two sessions per week [40,42,44] produced a moder-
ate effect (ES: 1.00), while those with two or more sessions per week [36,37,40,41,45] also
produced a moderate but weaker effect (ES: 0.62). Then, such ES values must be inter-
preted cautiously. In this sense, the large effect observed in training sessions and session
times may be inflated, probably related with the results from Ozbar et al. [42], Sedano-
Campo et al. [43] and Rubley et al. [44]. Two [38,40] of these three studies showed a mod-
erate-large effect on vertical jump performance (ES = 0.87-2.21) after the PT program.
Such substantial improvements may be related to the initial vertical jump values of female
soccer players, which are too high compared to the rest of the studies included in the cur-
rent meta-analysis. Furthermore, Sedano-Campo et al. [43] performed the PT intervention
with elite female soccer players, with an average of 10 h of training a week. Then, the
characteristics of participants may explain the moderate effect (ES = 0.87) increase in ver-
tical jump performance. Finally, no significant subgroup differences were noted for any
of the moderator variables.

In general, the evidence suggests that the moderator roles of ST in vertical jump per-
formance in female soccer player are not clear and more research is necessary. Meanwhile,
the moderator roles of PT in vertical jump performance are more conclusive and such
information may aid sports coaches and trainers in selecting programming characteristics
of PT in this population.

4.2. Liner Sprint Time

In the present meta-analysis, the within-mode analyses reveal that PT shows better
benefits in enhancing the time of linear sprint in female soccer players than ST. In addi-
tion, the improvements were significant for the PT program. The magnitude of the im-
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provements was deemed trivial for ST (ES = 0.01) and large for PT (ES = -1.12). The sub-
group differences were significant. However, these results must be interpreted conserva-
tively. Between-mode analysis provided a greater effect in both types of programs. ST
produced a small effect (ES = —0.45) while PT produced a large effect (ES = —1.24). Moreo-
ver, no significant subgroup differences were noted for linear sprint performance (p =
0.10). It is interesting to observe the between-mode analysis due to the comparison be-
tween the same ST or PT group (intra-group), whilst within-mode analysis is a compari-
son between EG and CG of ST or PT training and, occasionally, this mode of analysis does
not represent the reality of the results. In this sense, Pardos-Mainer et al. [5] demonstrated
a large effect (ES =-1.17) in linear sprint performance after an ST which is combined with
power exercises. Similar results have been found by Ozbar et al. [42] (ES = -1.12) after a
PT. Itis well acknowledged that horizontal force production has an important application
in sprint acceleration performance [51]. Both PT and ST incorporated horizontal stimulus,
and this may have increased the chances of gaining adaptations. Hence, these results high-
light the importance of developing both lower body strength and power, which may en-
hance linear sprint performance in female soccer players.

Based on the data presented in Tables 4 and 5, on the one hand, certain ST program-
ming characteristics, such as longer study durations (8 weeks or more), greater training
frequencies (2 sessions or more per week), fewer training sessions (16 or less) and longer
session times (30 min or more), could enhance the effectiveness of linear sprint perfor-
mance. Indeed, significant subgroup differences were noticed (p = 0.01) regarding the ses-
sion time. Regarding the duration and total number of ST sessions, interventions with
durations of 30 min or more per session and 16 or fewer sessions demonstrated large (ES
= -1.17) and moderate (ES = —0.67) effects, respectively. However, these findings are not
clear but this could be due to the relatively low number of studies in this field [36,37], thus
necessitating more research to clarify the time course of adaptation to ST in linear sprint
performance in female soccer players. On the other hand, PT program characteristics such
as short study durations (less than 8 weeks), lower training frequencies (2 sessions per
week or less), fewer training sessions (16 or less) and short session times (less than 30 min)
could improve the effectiveness of linear sprint performance. Nevertheless, no significant
subgroup differences were noted for moderator variables. Characteristics of PT programs
with low dosage may maximize one’s probability of improving linear sprint performance
and other meta-analysis studies support this finding [49].

It can be concluded that a PT program can enhance liner sprint performance over a
distance down to 30 m in length. In addition, PT results in an increase in linear sprint
performance, especially over the initial meter, between 15 and 30 m distances. A mean-
ingful portion of the PT exercises in studies included in the current meta-analysis impli-
cated slow stretch shortening cycle (SSC) muscle actions. These actions mimic those en-
countered during the acceleration phase of a sprint [52,53] compared to the faster SSC
muscle actions of the maximal velocity of a sprint [52]. For this reason, the specificity prin-
ciple of training may help to explain the enhancement in the linear sprint after a PT pro-
gram [54]. In this sense, coaches and trainers should consider incorporating sprint specific
exercises as part of the PT program.

4.3. COD Time

Within- and between-mode analyses reveal that PT is more beneficial in improving
the time of COD performance in female soccer players than ST. The magnitude of the
enhancements was deemed trivial for ST (ES =-0.03) and large for PT (ES = -1.64). More-
over, the subgroup differences were significant. Neuromuscular adaptations during the
initial weeks in ST and PT are important [55,56]. Neural adaptations and improvement of
motor unit recruitment are mechanisms that can lead to an enhancement in COD perfor-
mance [56]. Improvements in COD ability require rapid force development, the eccentric
strength of the thigh muscles and a rapid switch from eccentric to concentric muscle action
in the leg-extensor muscles, and it seems that PT can improve these factors [57,58]. It is
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probable that PT studies [36,37,40] showed very large to moderate effects (ES = -3.12 to
—0.77) because these programs incorporated vertical, horizontal and unilateral jumps that
increased COD performance. However, Pardos-Mainer et al. [5] observed a moderate ef-
fect (ES =-0.71) after ST combined with isometric exercises. The isometric strength seems
to be decisive to optimize the triple extension during COD tests, as a result of permitting
the correct alignment of the lower limbs to then subsequently reaccelerate thereafter [59].

Further subgroup analyses of programming parameters also revealed some interest-
ing findings. ST interventions were more effective with longer study durations (8 weeks
or more), greater training frequencies (2 sessions or more per week), fewer training ses-
sions (16 or less) and longer session times (30 min or more). Meanwhile, PT interventions
were more effective with longer study durations (8 weeks or more), lower training fre-
quencies (less than 2 sessions per week), fewer training sessions (16 or less) and longer
session times (30 min or more). However, these results must be interpreted cautiously
being as there are no existing ST and PT studies which examine these programming pa-
rameters.

On the one hand, significant ST subgroup differences were noted for total number
and duration of sessions (p = 0.01); nevertheless, two studies [4,6] reported more than one
outcome to evaluate the COD performance and may have overestimated the precision of
this ability. On the other hand, significant subgroup differences were noticed regarding
the PT duration (p = <0.01). However, ES values must be interpreted conservatively. The
very large effect (ES = -2.80) observed with programs which were 8 weeks or longer may
be inflated, probably related to the results from one [36] of the three studies that observed
duration of training.

Overall, the evidence suggests that PT significantly improves COD performance;
nevertheless, we cannot strongly recommend optimal training variables to improve COD
performance in female soccer players. Researchers are therefore encouraged to conduct
studies examining different ST and PT programming parameters in female soccer players.

4.4. Limitations

Besides the inherent limitations associated with the meta-analytic technique itself, a
number of specific limitations of the current meta-analysis have to be considered. This
meta-analysis does not allow coaches and trainers to provide definite ST or PT programs
to enhance vertical jump, linear sprint and COD performance because mainly no signifi-
cant subgroup differences were noticed according to moderator variables. However, the
current meta-analysis indicates that PT improves, to a greater extent, these variables of
performance than ST; nevertheless, the current results should be interpreted with caution
and confirmed in the future. A limitation of the present body of literature is the relatively
high number of researchers who did not incorporate a control group into their study de-
sign. Six studies [7,60—-64] were excluded from the current meta-analysis because they did
not provide any, or sufficient, control group data. The recruitment of individuals to stud-
ies can be difficult and the addition of a control group is not always possible in female
soccer due to the smaller number of female players in comparison to their male counter-
parts. In this regard, we encourage future studies to compare the effects of ST and PT
against a control group to elucidate which are the most beneficial in vertical jump, linear
sprint or COD performance in female soccer players. Furthermore, due to the lack of stud-
ies in this population, we decided to pool the data of youth and adult female players in
the meta-analysis to include a broader number of studies. However, the specific infor-
mation of each study, presented in Tables 2 and 3, together the within- and between- val-
ues provided in Figures 2-7, allows interested readers to re-conduct the meta-analysis if
they wish to delimitate the range of maturity status and age of studies further.
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5. Conclusions

The findings of this systematic review and meta-analysis suggest that PT seems to
provide better benefits than ST to improve vertical jump, linear sprint and COD perfor-
mance in female soccer players. However, significant limitations in the current literature
prevent assured PT and ST prescriptions recommendations being made. Based on our re-
sults, it seems that theses physical performance gains may be optimized by the use of
vertical, horizontal and unilateral jumps at high speed and these exercises represent a nat-
ural part of the majority of sport movement because they involve jumping, hopping and
skipping. In addition, exercises included in ST were generally carried out at slow speeds
and could decrease the performance. Further research is needed in adolescent, recrea-
tional, elite and adult female soccer players to investigate the effects of PT and ST on per-
formance. Furthermore, longer-term studies are also needed to determine and compare
the long-term effectiveness of both training programs on performance.

Author Contributions: Conceptualization, E.P.-M. and A R.-M.; methodology, E.P.-M., M.T.-D.,
A.C.-L. and A R.-M.; writing —original draft preparation, E.P.-M. and A .R.-M.; writing—review
and editing, E.P.-M., M.T.-D., D.L. and A.R.-M,; supervision, D.L., A.C.-L. and M.T.-D.; project
administration, E.P.-M., M.T.-D. and D.L. All authors have read and agreed to the published ver-
sion of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Institutional Review Board (or Ethics Committee) of
National Institute for Health Research (PROSPERO CRD42020219998 10/12/2020.)

Informed Consent Statement: Not applicable

Data Availability Statement: The datasets generated and analyzed for this study can be requested
by correspondence authors in epardos@usj.es and dlozano@us;j.es.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

Fédération Internationale de Footbal Association. Women'’s Football across the National Associations. 2017. Available online:
https://www.uefa.com/MultimediaFiles/Download/OfficialDocument/uefaorg/Women%27sfoot-
ball/02/43/13/56/2431356_DOWNLOAD.pdf (accessed on 1 May 2020).

Covic, N,; Jeleskovic, E.; Alic, H.; Rado, I.; Kafedzic, E.; Sporis, G.; McMaster, D.T.; Milanovic, Z. Reliability, Validity and Use-
fulness of 30-15 Intermittent Fitness Test in Female Soccer Players. Front. Physiol. 2016, 7, 510.

Munro, A.G.; Herrington, L.C. Between-session reliability of four hop tests and the agility t-test. J. Strength Cond. Res. 2011, 25,
1470-1477.

Sassi, R.H.; Dardouri, W.; Yahmed, M.H.; Gmada, N.; Mahfoudhi, M.E.; Gharbi, Z. Relative and absolute reliability of a modified
agility T-test and its relationship with vertical jump and straight sprint. J. Strength Cond. Res. 2009, 23, 1644-51.

Pardos-Mainer, E.; Casajus, J.; Gonzalo-Skok, O. Effects of Combined Strength and Power Training on Physical Performance
and Interlimb Asymmetries in Adolescent. Int. |. Sports Physiol. Perform. 2020, 20, 1-9.

Pardos-Mainer, E.; Casajus, ].A.; Gonzalo-Skok, O. Adolescent female soccer players' soccer-specific warm-up effects on perfor-
mance and inter-limb asymmetries. Biol. Sport 2019, 36, 199-207.

Shalfawi, S.A.; Haugen, T.; Jakobsen, T.A.; Enoksen, E.; Tonnessen, E. The effect of combined resisted agility and repeated sprint
training vs. strength training on female elite soccer players. J. Strength Cond. Res. 2013, 27, 2966-2972.

Ramirez-Campillo, R.; Alvarez, C.; Garcia-Pinillos, F.; Gentil, P.; Moran, J.; Pereira, L.A.; Loturco, I. Plyometric training in young
male soccer players: Potential e_ect of jump height. Pediatric. Exerc. Sci. 2019, 31, 306-313.

Chu, D.A. Jumping into Plyometrics; Human Kinetics: Champaign, IL, USA, 1998.

Keeley, D.W.; Plummer, H.A ; Oliver, G.D. Predicting asymmetrical lower extremity strength deficits in college-aged men and
women using common horizontal and vertical power field tests: A possible screening mechanism. J. Strength Cond. Res. 2011,
25,1632-1637.

Lockie, R.G; Callaghan, S.J.; Berry, S.P.; Cooke, E.R.; Jordan, C.A.; Luczo, T.M.; Jeffriess, M.D. Relationship between unilateral
jumping ability and asymmetry on multidirectional speed in team-sport athletes. |. Strength Cond. Res. 2014, 28, 3557-3356.
Moran, J.; Clark, C.C.T.; Ramirez-Campillo, R.; Davies, M.].; Drury, B. A Meta-Analysis of Plyometric Training in Female Youth:
Its Efficacy and Shortcomings in the Literature. ]. Strength Cond. Res. 2019, 33, 1996-2008.



Int. ]. Environ. Res. Public Health 2021, 18, 401 19 of 20

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.
33.

34.

35.

36.

37.

38.

39.

40.

Sanchez, M.; Sanchez-Sanchez, J.; Nakamura, F.Y.; Clemente, F.M.; Romero-Moraleda, B.; Ramirez-Campillo, R. Effects of
Plyometric Jump Training in Female Soccer Player's Physical Fitness: A Systematic Review with Meta-Analysis. Int. . Environ.
Res. Public Health 2020, 17, 8911.

Knuttgen, H.G.; Komi, P.V. Considerations for exercise. In Strength Power Sport; Komi, P.V., Ed.; Blackwell Science Ltd.: Oxford,
UK, 2003.

Baechle, T.R.; Earle, RW. Essentials of Strength Training and Conditioning; National Strength and Conditioning Association:
Champaing, IL, USA, 2000.

Harries, S.K.; Lubans, D.R.; Callister, R. Resistance training to improve power and sports performance in adolescent athletes: A
systematic review and meta-analysis. |. Sci. Med. Sport 2012, 15, 532-540.

Granacher, U.; Lesinski, M.; Biisch, D.; Muehlbauer, T.; Prieske, O.; Puta, C.; Gollhofer, A.; Behm, D.G. Effects of resistance
training in youth athletes on muscular fitness and athletic performance: A conceptual model for long-term athlete development.
Front. Physiol. 2016, 7, 164.

Hennessy, L.; Kilty, J. Relationship of the stretch-shortening cycle to sprint performance in trained female athletes. ]. Strength
Cond. Res. 2001, 15, 326-331.

Lesinski, M.; Prieske, O.; Chaabene, H.; Granacher, U. Seasonal effects of strength endurance vs. power training in young female
soccer athletes. J. Strength Cond. Res 2020, doi:10.1519/JSC.0000000000003564.

Higgins, ].P.; Thomas, J.; Chandler, J.; Cumpston, M.; Li, T.; Page, M.].; Welch, V.A. Cochrane Handbook for Systematic Reviews of
Interventions; John Wiley & Sons: New York, NY, USA, 2019.

Liberati, A.; Altman, D.G,; Tetzlaff, ].; Mulrow, C.; Gotzsche, P.C.; lIoannidis, ].P.; Clarke, M.; Devereaux, P.J.; Kleijnen, J.; Moher,
D. The PRISMA statement for reporting systematic reviews and meta-analyses of studies that evaluate healthcare interventions:
Explanation and elaboration. BM] 2009, 339, b2700.

Bruce-Low, S.; Smith, D. Explosive exercise in sport training: A critical review. J. Exerc. Physiol. 2007, 10, 21-33.

Chu, D.; Myer, G. Plyometrics; Human Kinetics: Champaign, IL, USA, 2013.

Moran, J.; Ramirez-Campillo, R.; Granacher, U. Effects of Jumping Exercise on Muscular Power in Older Adults: A Meta-Anal-
ysis. Sports Med. 2018, 48, 2843-2857.

Turner, H.; Bernard, R. Calculating and synthesizing effect sizes. Contemp. Issues Commun. Sci. Disord. 2006, 33, 42-55.

The Nordic Cochrane Centre. Review Manager; Cochrane Collaboration: London, UK, 2014.; pp. 1-43.

Hedges, L.; Olkin, I. Methods for Meta-Analysis; Academic Press: New York, NY, USA, 1985.

Deeks, ].J.; Higgins, J.P.; Altman, D.G. Analysing Data and Undertaking Meta-Analyses. In Cochrane Handbook for Systematic
Reviews for Interventions; Cochrane Book Series; John Wiley & Sons: New York, NY, USA, 2008; pp. 481-529.

Kontopantelis, E.; Springate, D.A.; Reeves, D. A re-analysis of the Cochrane Library data: The dangers of unobserved heteroge-
neity in meta-analyses. PLoS ONE 2013, 8, e69930.

Hopkins, W.G.; Marshall, S.W.; Batterham, A.M.; Hanin, J. Progressive statistics for studies in sports medicine and exercise
science. Med. Sci. Sports Exerc. 2009, 41, 3-13.

Higgins, J.P.; Deeks, ].J.; Altman, D.G. Special topics in statistics. In Cochrane Handbook for Systematic Reviews of Interventions;
Cochrane Book Series; John Wiley & Sons: New York, NY, USA, 2008.

Higgins, ].P.; Thompson, S.G.; Deeks, ].].; Altman, D.G. Measuring inconsistency in meta-analyses. BM] 2003, 327, 557-560.
Schmidt, F. Statistical and measurement pitfalls in the use of meta-regression in meta-analysis. Career Dev. Int. 2017, 22, 469—
476.

Pescatello, L.S.; MacDonald, H.V.; Lamberti, L.; Johnson, B.T. Exercise for Hypertension: A Prescription Update Integrating
Existing Recommendations with Emerging Research. Curr. Hypertens Rep. 2015, 17, 87.

Ramirez-Campillo, R.; Sanchez-Sanchez, J.; Romero-Moraleda, B.; Yanci, J.; Garcia-Hermoso, A.; Manuel Clemente, F. Effects of
plyometric jump training in female soccer player’s vertical jump height: A systematic review with meta-analysis. ]. Sports Sci.
2020, doi:10.1080/02640414.2020.1745503.

Ramirez-Campillo, R.; Vergara-Pedreros, M.; Henriquez-Olguin, C.; Martinez-Salazar, C.; Alvarez, C.; Nakamura, F.Y.; De La
Fuente, C.I,; Caniuqueo, A.; Alonso-Martinez, A.M.; Izquierdo, M. Effects of plyometric training on maximal-intensity exercise
and endurance in male and female soccer players. J. Sports Sci. 2016a, 34, 687-693.

Rosas, F.; Ramirez-Campillo, R.; Martinez, C.; Caniuqueo, A.; Canas-Jamet, R.; McCrudden, E.; Meylan, C.; Moran, J.; Naka-
mura, F.Y.; Pereira, L.A.; et al. Effects of Plyometric Training and Beta-Alanine Supplementation on Maximal-Intensity Exercise
and Endurance in Female Soccer Players. J. Hum. Kinet. 2017, 58, 99-109, doi:10.1515/hukin-2017-0072.

Pedersen, S.; Heitmann, K.A.; Sagelv, E.H.; Johansen, D.; Pettersen, S.A. Improved maximal strength is not associated with
improvements in sprint time or jump height in high-level female football players: A clusterrendomized controlled trial. BMC
Sports Sci. Med. Rehabil. 2019, 11, 20, doi:10.1186/s13102-019-0133-9.

Lindblom, H.; Walden, M.; Hagglund, M. No effect on performance tests from a neuromuscular warm-up programme in youth
female football: A randomised controlled trial. Knee Surg. Sports Traumatol. Arthrosc. 2012, 20, 2116-2123.

Ramirez-Campillo, R.; Gonzalez-Jurado, ].A.; Martinez, C.; Nakamura, F.Y.; Penailillo, L.; Meylan, C.M.; Caniuqueo, A.; Canas-
Jamet, R.; Moran, J.; Alonso-Martinez, A.M.; et al. Effects of plyometric training and creatine supplementation on maximal-
intensity exercise and endurance in female soccer players. J. Sci. Med. Sport 2016b, 19, 682-687.



Int. ]. Environ. Res. Public Health 2021, 18, 401 20 of 20

41.

42.

43.

44.

45.

46.

47.

48.

49.
50.

51.

52.
53.

54.

55.

56.

57.
58.

59.

60.

61.

62.

63.

64.

Ramirez-Campillo, R.; Garcia-Pinillos, F.; Garcia-Ramos, A.; Yandi, ].; Gentil, P.; Chaabene, H.; Granacher, U. Effects of Different
Plyometric Training Frequencies on Components of Physical Fitness in Amateur Female Soccer Players. Front. Physiol. 2018, 9,
934.

Ozbar, N.; Ates, S.; Agopyan, A. The effect of 8-week plyometric training on leg power, jump and sprint performance in female
soccer players. J. Strength Cond. Res. 2014, 28, 2888-2894.

Sedano Campo, S.; Vaeyens, R.; Philippaerts, R.M.; Redondo, J.C.; de Benito, A.M.; Cuadrado, G. Effects of lower-limb plyom-
etric training on body composition, explosive strength, and kicking speed in female soccer players. . Strength Cond. Res. 2009,
23,1714-1722.

Rubley, M.D.; Haase, A.C.; Holcomb, W.R.; Girouard, T J.; Tandy, R.D. The effect of plyometric training on power and kicking
distance in female adolescent soccer players. J. Strength Cond. Res. 2011, 25, 129-134.

Siegler, J.; Gaskill, S.; Ruby, B. Changes evaluated in soccer-specific power endurance either with or without a 10-week, in-
season, intermittent, high-intensity training protocol. J. Strength Cond. Res. 2003, 17, 379-387.

Saez-Saez de Villarreal, E.; Requena, B.; Newton, R.U. Does plyometric training improve strength performance? A meta-analy-
sis. J. Sci. Med. Sport 2010, 13, 513-522.

Spineti, J.; Figueiredo, T.; Willardson, J.; Bastos de Oliveira, V.; Assis, M.; Fernandes de Oliveira, L.; Miranda, H.; Machado de
Ribeiro Reis, V.M.; Simao, R. Comparison between traditional strength training and complex contrast training on soccer players.
J. Sports Med. Phys. Fit. 2019, 59, 42-49.

Anderst, W.; Eksten, F.; Koceja, D. Effects of plyometric and explosive resistance training on lower body power. Med. Sci. Sports
Exerc. 1994, 26, S31.

Komi, P.V. Stretch Shortening Cycle; Strength and Power in Sport: Oxford, UK, 2003.

Morin, J.; Bourdin, M.; Edouard, P.; Peyrot, N.; Samozino, P.; Lacour, J. Mechanical determinants of 100-m sprint running per-
formance. Eur. J. Appl. Physiol. 2012, 112, 3921-3930.

Saez-Saez de Villarreal, E.; Requena, B.; Cronin, J.B. The effects of plyometric training on sprint performance: A meta-analysis.
J. Strength Cond. Res. 2012, 26, 575-584.

Mero, A.; Komi, P.V.; Gregor, R.J. Biomechanics of sprint running. A review. Sports Med. 1992, 13, 376-392.

Mero, A. Force-time characteristics and running velocity of male sprinters during the acceleration phase of sprinting. Res. Q.
Exerc. Sport 1988, 59, 94-98.

Rimmer, E.; Sleivert, G. Effects of a plyometrics intervention program on sprint performance. J. Strength Cond. Res. 2000, 14,
295-301.

Asadi, A. Effects of in-season short term plyometric training on jumping and agility performance of basketball players. Sport
Sci. Health 2013, 9, 133-137.

Aagaard, P.; Simonsen, E.B.; Andersen, ].L.; Magnusson, P.; Dyhre-Poulsen, P. Increased rate of force development and neural
drive of human skeletal muscle following resistance training. . Appl. Physiol. 2002, 93, 1318-1326.

Sheppard, ].M.; Young, W.B. Agility literature review: Classifications, training and testing. J. Sports Sci. 2006, 24, 919-932.
Miller, M.G.; Herniman, J.J.; Ricard, M.D.; Cheatham, C.C.; Michael, T.J. The effects of a 6-week plyometric training program
on agility. ]. Sports Sci. Med. 2006, 5, 459—465.

Spiteri, T.; Newton, R.U.; Binetti, M.; Hart, N.H.; Sheppard, ].M.; Nimphius, S. Mechanical Determinants of Faster Change of
Direction and Agility Performance in Female Basketball Athletes. ]. Strength Cond. Res. 2015, 29, 2205-2214.

Noyes, F.R.; Barber-Westin, S.D.; Tutalo Smith, S.T.; Campbell, T. A training program to improve neuromuscular and perfor-
mance indices in female high school soccer players. ]. Strength Cond. Res. 2013, 27, 340-351.

Greska, E.K,; Cortes, N.; Van Lunen, B.L.; Onate, ].A. A feedback inclusive neuromuscular training program alters frontal plane
kinematics. J. Strength Cond. Res. 2012, 26, 1609-1619.

Grieco, C.R.; Cortes, N.; Greska, E.K.; Lucci, S.; Onate, ]J.A. Effects of a combined resistance-plyometric training program on
muscular strength, running economy, and Vo2peak in division I female soccer players. J. Strength Cond. Res. 2012, 26, 2570—
2576.

Wright, M.; Laas, M. Strength training and metabolic conditioning for female youth and adolescent soccer players. Strength
Cond. ]. 2016, 38, 98-104.

Wright, M.D.; Atkinson, G. Changes in Sprint-Related Outcomes During a Period of Systematic Training in a Girls’ Soccer
Academy. |. Strength Cond. Res. 2019, 33, 793-800.



