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Abstract. The objective of this systematic review with meta-analysis was to examine the effects of combined strength training methods 
on sprint and Strength performance, compared to controls groups (CG).The meta-analysis included peer-reviewed articles that incor-
porated Combined Training (CT) groups in healthy participants and athletes, a CG, and a measure of sprint (5m, 10m, 20m and 30m) 
and strength (1RM squat). Using the random-effects model, effect sizes (ES; Hedge’s g) were calculated for sprint and strength 
measures using means and SDs from pre- and post-tests for each dependent variable. Thirty-one studies were included, comprising 
1,271 participants.CT improved sprint tests, 10m (ES = 0.67; 95% CI = 0.37 to 0.97; p < 0.001), 20m (ES = 0.45; 95% CI = 0.21 
to 0.70; p < 0.001), 30m (ES = 0.46; 95% CI = 0.20 to 0.71; p < 0.001) and strength test, 1RM squat (ES = 1.53; 95% CI = 0.98 
to 2.07; p < 0.001). Results based in a specific combination found a significant statistically effect type (p = 0.010; ES = 1.03) after PL 
combined with speed training compared to PL combined with strength in 30m sprint and a significant moderator effect was noted (p 
= 0.013; ES = 2.02) after PL combined with strength compared to PL combined with two or more training methods in 1RM 
squat.Combined strength training methods is an effective way to improve sprint and strength performance on healthy participants and 
athletes in comparison to control conditions.  
Keywords: Agility, Speed, Acceleration, Plyometrics, Strength. 
 
Resumen. El objetivo de esta revisión sistemática con metaanálisis fue examinar los efectos de los métodos combinados de entrena-
miento de fuerza en el rendimiento de sprint y fuerza, en comparación con grupos de control (CG). El metaanálisis incluyó artículos 
revisados por pares que incorporaron métodos de entrenamiento combinado (CT) en participantes saludables y atletas, un CG y medi-
das de sprint (5m, 10m, 20m y 30m) y fuerza (1RM en sentadilla). Utilizando el modelo de efectos aleatorios, se calcularon tamaños 
de efecto (ES; g de Hedge) para las medidas de sprint y fuerza utilizando medias y desviaciones estándar de las pruebas pre y post para 
cada variable dependiente. Se incluyeron 31 estudios, con un total de 1,271 participantes. El CT mejoró las pruebas de sprint, 10m 
(ES = 0.67; IC del 95% = 0.37 a 0.97; p < 0.001), 20m (ES = 0.45; IC del 95% = 0.21 a 0.70; p < 0.001), 30m (ES = 0.46; IC del 
95% = 0.20 a 0.71; p < 0.001) y la prueba de fuerza, 1RM en sentadilla (ES = 1.53; IC del 95% = 0.98 a 2.07; p < 0.001).  Los 
resultados basados en una combinación específica encontraron un efecto estadísticamente significativo (p = 0.010; ES = 1.03) después 
del CT combinado con entrenamiento de velocidad en comparación con el CT combinado con fuerza en el sprint de 30m, y se observó 
un efecto moderador significativo (p = 0.013; ES = 2.02) después del CT combinado con fuerza en comparación con el CT combinado 
con dos o más métodos de entrenamiento en 1RM en sentadilla. Por lo tanto, los métodos combinados de entrenamiento son una forma 
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Introduction  
 
Actions of short-duration and maximal-effort, such as 

sprinting, characterized by being strength-power actions 
are decisive in different team sports (e.g., soccer, basket-
ball). Faude et al., (2012) analysed 360 goals in the first 
German national league through video analysis. Of all the 
goals analysed, 45% of the players who scored a goal per-
formed a straight sprint before scoring and most of them 
were scored without the ball and without an opponent. 
Also, the most frequent action for the assistant player in the 
goal actions was the sprint, in which most of them were 
carried out with the ball. Sprint-time comparisons among 
studies suggest professional players in the top European soc-
cer leagues sprint relatively faster than professional players 
in lesser level soccer nations leagues (Haugen et al., 2014; 
Haugen et al., 2012, 2013). In 20m sprints differences of 
~0.04-0.06 s (equivalent to 30-50cm) can be decisive in 
many sports in actions such as 1vs 1 duels where a position 

ahead of the opponent, with a shoulder forward or the body 
in front of the opponent allows to have a slight advantage 
(Haugen et al., 2014). It is important to achieve this in-
crease in speed with respect to the opponent both in offen-
sive and defensive positions because it can create an ad-
vantage or a space if the player is an attacker as well as elim-
inate an advantage or close a space to the opponent in a de-
fensive position (Haugen et al., 2014; Vigne et al., 2010). 
Therefore, the chances of success will be increased with a 
greater capacity for acceleration and maximum speed. 

Improving the sprint and strength-power performance 
does not depend on a single factor, but rather it depends on 
the combination of several factors that are interacting with 
each other. These factors include rate of force develop-
ment, maximal force capacity, muscle coordination and 
stretch shortening cycle (SSC) use (Arabatzi et al., 2010; 
Fatouros et al., 2000). To improve sprint and strength per-
formance, the use of different types of training has been 
studied. Among these methods we find plyometrics (PL), 

efectiva de mejorar el rendimiento de sprint y fuerza en participantes saludables y atletas en comparación con condiciones de control.

Effects of Combined Strength Training Methods on Athletes and Healthy Participants on Sprint and
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resistance training (RT), muscle electrostimulation (EMS), 
speed training, change of direction (COD) among others 
(Magyarosy & Schnizer, 1990; Sáez de Villarreal et al., 
2013, 2015; Sáez de Villarreal et al., 2012; Sáez-Sáez de 
Villarreal et al., 2010; Włodarczyk et al., 2021).  

It has been observed that there is a high correlation be-
tween sprinting, vertical jumping and change of direction 
with levels of strength, power and rate of force develop-
ment (RFD) (Swinton et al., 2014). Specifically in football 
players, it has been found in a review of the literature that 
they need high levels of muscular strength in the lower body 
to be able to perform high-intensity actions more efficiently 
and with better results (Prieto et al., 2020; Suchomel et al., 
2016). It has been demonstrated that strength and speed are 
key physical qualities for team sports in which power is a 
priority, such as football (Gissis et al., 2006; Reilly et al., 
2000). Because of this phenomenon, strength and speed are 
considered predictors of success (Kaplan et al., 2009; Mu-
jika et al., 2009). Finally, it is necessary to add that among 
the different methods that will be discussed below, the most 
commonly used training methods to improve both speed 
and strength are PL training, RT and overload sprint (Ra-
mos & López, 2016). 

Resistance training is the most commonly used exercise 
intervention for increasing muscular strength. RT is under-
stood as a specialised form of training where individuals 
work against resistance provided by body weight or an ex-
ternal load in the form of free weights, medicine balls, elas-
tic bands or weight machines in a controlled manner and 
eccentric/concentric actions (American College of Sports 
Medicine, 2009; Lloyd et al., 2014; Vissing et al., 2008) In 
the last decade, it has begun to be sought that the move-
ments that are integrated into the RT are carried out with 
the intention of moving the external load as fast as possible 
(Franco-Márquez et al., 2015; McBride et al., 2002; Rodri-
guez-Rosell et al., 2017). The benefits obtained from RT in 
athletes includes increased ground reaction force genera-
tion capability, impulse (Aagaard et al., 2002) and RFD, 
therefore RT methods are highly used by coaches and re-
searchers (Aagaard et al., 2002; Hoff et al., 2002; Hoff & 
Helgerud, 2004). After the application of a RT intervention 
these mentioned adaptations are attributed to increased 
strength, enhanced recruitment of motor units and in-
creased firing rate of motor neurons (Häkkinen et al., 
1984; Komi, 1986; Schmidtbleicher & Buhrle, 1987). One 
commonly employed field-based assessment of strength is 
the one-repetition maximum (1RM) test. As its name im-
plies, the 1RM represents the maximum weight an individ-
ual can lift for a single repetition while maintaining proper 
lifting form (Grgic et al., 2020). The PL is a training 
method that is performed through jumping, hopping and 
bounding exercises both bilaterally and unilaterally, involv-
ing brief foot-ground contact times (e.g., short SSC move-
ments) around 100-250 ms (i.e. high or long jumps) and 
long SSC characterized by duration greater than 250ms (i.e. 
CMJ) (Cormie et al., 2011b). The use of PL with male and 
female soccer players has been shown to improve muscular 

power, maximal strength, sprinting and acceleration capa-
bilities (Ramirez-Campillo et al., 2020, 2021; Ramírez-
Campillo et al., 2015). Additional training methods such as 
electrostimulation program or COD have shown to be use-
ful in improving strength and speed performance (Babault 
et al., 2007; Beato et al., 2018; Filipovic et al., 2011).  
EMS involves artificially activation of the muscle offer neu-
romuscular stress and time-efficient benefits (Maffiuletti 
et al., 2009). Efficiently changing direction is crucial for 
success in multidirectional sports, where athletes encounter 
a diverse range of angles and approach velocities during 
sporting activities (Dos’Santos et al., 2018). Because each 
method obtains some benefits and all of them are interesting 
to improve the athlete's performance, combining several 
methods within the same training session seems to be an in-
teresting idea for the organization of the training session. It 
has been shown that the combination of PL with RT within 
the same training session can produce greater increases in 
performance in speed (Fathi et al., 2019; Guadalupe-Grau 
et al., 2009) and strength (Guadalupe-Grau et al., 2009; 

has become an increasingly popular training method, since 
it has been shown in different studies that it obtains better 
results for power improvement when compared to the use 
of PL or RT in isolation (Adams et al., 1992; Fatouros 
et al., 2000; Zghal et al., 2019). Since the performance of 
the sprint cannot be attributed to a single component, but 
will depend on the combination of several, using a single 
method will not be as effective as combining several training 
methods to provide variation in stimulus and to increase the 
overall training adaptation (Haugen et al., 2014, 2019). 

Due to the inconsistencies reported in the literature, 
with positive (ES = 4.19; 2.16; 2.22; 2.23) (Arede et al., 
2019; Guadalupe-Grau et al., 2009; Hammami et al., 
2019; Tricoli et al., 2005) and negative results (ES = -0.97; 
-0.345) (Perez-Gomez et al., 2008; Tricoli et al., 2005), 
due to the limitation of the sample size of the intervention 
study (simple size = 5; 6) (Alvarez et al., 2012; Redondo 
et al., 2014) and the lack of meta-analysis. Moreover, be-
cause so far, the systematic review and meta-analyses that 
have been done to date have analysed the combination of PL 
and strength within the same session, but only one system-
atic review has been found that analyses the combination of 
PL training with more than one methodology of training 
(speed, mobility, balance, etc.) (Ribeiro et al., 2021). For 
this reason, the idea of carrying out a systematic review 
with meta-analysis is because a meta-analysis seems to be 
necessary in order to have more evidence about whether it 
is interesting to combine several training methodologies 
within the same session. A meta-analysis can also provide 
valuable information for scientists and professionals to de-
tect gaps and limitations related to PL combined with other 
training methods, providing suggestions to future avenues 
of research. However, to the authors' knowledge, so far, no 
review has attempted to meta-analyse the large number of 
studies available in the literature despite the great potential 
that can be obtained from the combination of PL with other 

Ronnestad etal., 2008). Combining RT with PL training
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methodologies of training in Sprint and strength perfor-
mance. Therefore, the primary aim of this systematic re-
view with meta-analysis was to examine the effects of PL 
combined with additional training methods (e.g., strength, 
speed, COD, EMS) on sprint and strength performance, 
compared with active/passive controls groups. 

 
Methods  
 
A systematic review with meta-analysis was conducted 

following the guidelines of the Cochrane Collaboration 
(Cumpston et al., 2019). Findings were reported in accord-
ance with the Preferred Reporting Items for Systematic Re-
views and Meta-Analyses (PRISMA) (Liberati et al., 2009). 

 

Search Strategy 
The electronic search was conducted on the following 

electronic databases: PubMed, and Web of Knowledge. It 
considered articles published up until July 2021. The follow-
ing keywords, combined in pairs (e.g., “Plyometric” AND 
“combined”), were introduced in the selected databases: 
“plyometric”, “combined”, “plyometrics”, “stretch-shorten-
ing cycle”, “strength”, “strength training”, “resistance train-
ing” “sprint”, “speed”, “change of direction”, “agility”, “bal-
ance”, “flexibility”, “mobility” “electrostimulation”, “surface 
electrostimulation” 

 
Inclusion and Exclusion Criteria 
The inclusion and exclusion criteria are detailed in Table 

1.
Table 1. 
Inclusion and exclusion criteria for studies at the selection stage of the systematic review. 

Category Inclusion criteria Exclusion criteria 

Population 
Studies with no restriction of population were considered for inclusion 

 with no age or sex restrictions. 
Participants with health problems (e.g., injuries, recent surgery), the 

intervention was not performed in humans. 

Intervention 
Studies with experimental groups performing a combination of training 

methods (e.g., plyometric combined strength). 

Studies that do not perform comparison between plyometric training, 

strength training, or a combination of these training methods; used the 
complex training methodology; The duration of the intervention was less 
than three weeks; The training program that had been carried out was not 
clearly shown; used supplements; the training effect was acute; combined 

plyometrics with aerobic training. 

Comparator 
Traditional control group (i.e., athletes participating in regular training 

schedules) or specific control group (perform a specific training) 
Absence of control group. 

Outcome 
At least one measure related to physical fitness (e.g., 10m sprint tasks) 

before and after the training intervention. 
Lack of baseline and/or follow-up data; The results were not displayed 

clearly; the article was not in full text 

Study design Multi-arm trials. Single-arm trials/observational studies. 

 
Study Selection and Data Collection Process 
Database searches were performed independently by 2 

authors (C.L.M., and E.S.S.). After the removal of dupli-
cates, abstracts were screened, and studies not related to 
the review’s topic were excluded. The remaining articles 
that were not initially discarded were read. Then, inde-
pendently, and blindly, 2 reviewers selected the studies for 
inclusion (C.L.M. and E.S.S.), according to the inclusion 
and exclusion criteria. If no agreement was achieved, a third 
party intervened (R.R.C.).  

The current review focused on the physical fitness of 
athletes as the main outcome. Since strength and power 
characteristics are crucial during various athletic move-
ments, measures of physical fitness were considered but not 
limited to: (1) maximal strength (1 repetition maximum), 
(2) linear sprinting (i.e., time; velocity). In cases where the 
required data were not clearly or completely reported, the 
authors of the study were contacted for clarification. If no 
response was obtained from the authors (after one at-
tempts), or if the authors could not provide the requested 
data, the study outcome was excluded from further analy-
sis. If data were only displayed in the form of figures but not 
tables, the study outcome was excluded from further anal-
ysis. 

Data were extracted from the included studies using a 
form created in Microsoft Excel (Microsoft Corporation, 
Redmond, WA, USA). Extracted data included the follow-
ing information: the first author’s name, year of publica-
tion, number of participants per group. We also extracted 

data regarding the participants’ sex, age (years), body mass 
(kg), height (m), and previous RT/PL experience. If appli-
cable, the type and level (e.g., professional, amateur) of 
sport practice were also extracted. Regarding programming 
parameters, we reported weekly frequency of training 
(days/week), duration (weeks). 

 
Risk of Bias Assessment (Study Quality) 
The methodological quality of selected studies that con-

tained a control group was assessed with the Cochrane risk 
of bias tool (Higgins et al., 2011). Bias and study quality 
were assessed by (C.L.M., and E.S.S.) with any disagree-
ments resolved by a third reviewer (R.R.C.). No studies 
were eliminated based on methodological quality regardless 
of the score obtained. The assessment for each of the 7 items 
includes the answer to a question. In response to this ques-
tion, the term “Yes” was assigned when there is a low risk 
of bias, the term “No” was assigned when there is a high risk 
of bias and “Unclear” when there is not enough information. 
This evaluation scale has already been used by other reviews 
in this field using the same evaluation criteria (Cormier 
et al., 2020). 

 
Summary Measures, Synthesis of Results, and Pub-

lication Bias 
Studies were meta-analytically aggregated if three or 

more relatively homogeneous studies were available for the 
same outcome measure. Effect sizes (ES; Hedge’s g) were 
calculated for jumping measures using means and SDs from 
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pre- and post-tests for each dependent variable. For studies 
that reported standard error, SDs were calculated by mul-
tiplying the standard error with the square root of the sam-
ple size (Lee et al., 2015). Data were standardized using 
post-intervention SD values. The random-effects model 
was used to account for differences between studies that 
might affect the intervention effects (Deeks et al., 2008; 
Kontopantelis et al., 2013). The ES values were presented 
with 95% confidence intervals (95% CIs). The ES magni-
tudes were interpreted using the following scale: <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(Hop-
kins et al., 2009). In studies including more than one inter-
vention group, the sample size of the active and specific-
active control group was proportionately divided to facili-
tate comparisons across multiple groups(Deeks et al., 
2008). The impact of study heterogeneity was assessed us-
ing the I2 statistic, with values of <25%, 25-75%, and 
>75% representing low, moderate, and high levels, respec-
tively (Higgins & Thompson, 2002) . The risk of reporting 
bias was explored (with at least 10 studies) (Sterne et al., 
2011) using the Egger’s test (Egger et al., 1997), with 
p<0.05 implying bias. To adjust for risk of reporting bias, a 
sensitivity analysis was conducted using the trim and fill 
method (Duval & Tweedie, 2000) , with L0 as the default 
estimator for the number of missing studies (Shi & Lin, 
2019). All analyses were carried out using the Comprehen-
sive Meta-Analysis software (Version 2.0; Biostat, Eng-
lewood, NJ, USA). The level of statistical significance was 
set at p <0.05.  

 
Results 
 
The initial search yielded 1,271 articles from databases 

and 11 from other sources. After duplicates removal, 333 
remained and were screened by titles and abstracts. The re-
maining articles were screened based on the inclusion and 
exclusion criteria. After the study selection process, 31 
studies were included (Figure 1). 

 

 
Figure 1. Flow diagram for the different stages of the systematic review process.  

 
General characteristics of studies 
The basic characteristics of the participants and the pro-

gramming parameters of the combined interventions from 
the included studies are displayed in (Table 2). 

 
Table 2. 
Methodological quality. Risk of bias table: review of author´s judgmets about risk of bias item across all included studies (studies with control group) 

 

Random 
sequence 

generation 

(Selection 
bias) 

Allocation 
concealment 

(Selection bias) 

Blinding of 
participants and 

personnel 

(Performance 
bias) 

Blinding of 
outcome 

assessment 
(Detection bias) 

Incomplete 
outcome data 

(Attrition bias) 

Selective 
reporting 

(Reporting 
bias) 

Other bias 

Álvarez 2012 + - - - + + + 
Arede 2019 - - - - + + + 

Bouteraa 2018 + - - - + + + 
Chaouachi 2014 + - - - + + + 

Falces 2021 + - - - + + + 
Fathi 2019 + - - - + + + 

Fatouros 2000 - - - - + + + 

Faude 2013 + - - - + + + 
Franco 2015 - - - - + + + 

Guadalupe 2009 + - - - + + + 
Hammami 2018 + - - - + + + 
Herrero 2010 + - - - + + + 

Kargafard 2020 - - - - + + + 
Kijowksi 2015 + - - - + + + 
Lyttlee 1996 + - - - + + + 

Makhlouf 2018 + - - - + + + 
Newton 1999 + - - - + + + 

Otero 2017 - - - - + + + 
Peña 2019 - - - - + + + 

Pérez-Gómez 2008 + - - - + + + 
Pienaar 2013 + - - - + + + 

Qi 2019 + - - - + + + 
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Ramos 2014 + - - - + + + 
Redondo 2014 + - - - + + + 

Rodríguez 2016 + - - - + + + 
Rodríguez 2017 + - - - + + + 
Rodríguez 2017 + - - - + + + 
Ronnestad 2008 + - - - + + + 

Sáez de Villarreal 2015 + - - - + + + 

Tricoli 2005 + - - - + + + 
Zghal 2019 + - - - + + + 

 
Study quality 
The methodological quality of eligible studies is shown 

in Table 3. All studies should be considered at high risk of 
bias. Likewise, the overall assessment should be high risk of 
bias. Most studies (25/31, 70%) were at low risk of bias 

arising from randomization, and all studies had low risk of 
attrition bias, reporting bias, and other bias. High risk of 
performance and detection bias was found for every study, 
and high risk of selection bias was detected for most studies, 
there was only one exception.

 
Table 3. 
Characterization of participants groups and training interventions. 

 
Nº 

subjects 
Age 

(year) 
Weight 

(kg) 
Height 
(cm) 

Gender Years’ exp 
Strength 

exp 
Fit Group level Sport Treatment Duration 

Nº 
sessions 

Test 

Álvarez 2012 5 24.2 68.09 171.9 M 7.9 NR NR Reg Golf PL+RT 6 12 SQ 

Arede 2019 9 14 56.2 165 M 5 YES 
Goo

d 
Reg Bask 

PL+RT+SP+COD 
+BAL 

8 32 10M 

Bouteraa 2018 16 16 56.6 168 W NR NR NR REG Bask PL+BA 8 16 
5M, 
10M, 
20M 

Chaouachi 2014 14 13 45.9 158 M 0 NO Re No ath No sport PL+BA 8 24 
5M, 
30M 

Falces Prieto 2021a 15 14.2 56.9 169 M 5 NR 
Elit
e 

Reg Soc PL+SP 8 16 
10M, 
20M 

Falces prieto 2021b 15 17.2 65.3 171 M 5 NR 
Elit
e 

Reg Soc PL+SP 8 16 
10M, 
20M 

Fathi 2019 20 14.7 68.7 177 M NR NR 
Elit
e 

Na Vol PL+RT 16 32 
5M, 
10M 

Fatouros 2000 10 20 79.9 178 M NR NO NR NR NR PL+RT 12 36 SQ 

Faude 2013 8 23.1 78.9 183 M 10 NR Re Reg Soc PL+RT+SP 7 14 
10M, 

30M, SQ 

Franco-Márquez 
2015 

20 14.7 60.3 171 M 5 NO 
Goo

d 
Reg Soc PL+RT+SP+COD 6 12 

10M, 
20M, SQ 

Guadalupe 2009a 20 23.13 69.5 174.7 M NR NR Re NR NR PL+RT 9 27 30M, SQ 

Guadalupe 2009b 8 22.3 61.7 168.5 W NR NR Re NR NR PL+RT 9 27 30M, SQ 

Hammami 2018 14 14 69.3 178 M 4 YES 
Elit
e 

Na Hand PL+SP+COD 6 12 

5M, 
10M, 
20M, 

30M 

Herrero 2010 11 21 80.2 179 M 0 NR NR No ath No sport PL+RT+EL 4 16 20M 

Herrero 2010 8 21 79 172 M 0 NR NR No ath No sport PL+RT 4 16 20M 

Kargafard 2020a 9 18 64.2 173 NR NR NR 
Elit

e 
Na Soc PL+SP+COD 6 12 30M 

Kargafard 2020b 8 18 63.1 177 NR NR NR 
Elit
e 

Na Soc PL+ SP+COD 6 12 30M 

Kijowksi 2015 9 21.2 79.5 182 M NR YES NR NR No sport PL+RT 4 8 SQ 

Lyttlee 1996 11 24 72.5 178 M NR NO NR RE Mix PL+RT 8 16 20M, SQ 

Makhlouf 2018a 20 11 36.6 147 M 3 NR 
Elit
e 

Na Soc PL+COD 8 16 
10M, 
30M 

Makhlouf 2018b 21 11 36.9 145 M 3 NR 
Elit

e 
Na Soc PL+ BA 8 16 

10M, 

30M 

Newton 1999 8 19 84 189 M 5 YES 
Elit
e 

Na Vol PL+RT 8 16 SQ 

Otero-Esquina 

2017a 
12 17 69.4 176.7 NR NR NR 

Elit

e 
Inter Soc PL+RT+SP 7 7 

10M, 

20M 

Otero-Esquina 
2017b 

12 17 69.4 176.7 NR NR NR 
Elit
e 

Inter Soc PL+RT+SP 7 14 
10M, 
20M 

Peña 2019a 43 12.8 45.4 154.9 M NR YES 
Goo

d 
Na Soc PL+RT 8 16 30M, SQ 

Peña 2019b 36 13.8 55.8 165.9 M NR YES 
Goo

d 
Na Soc PL+RT 8 16 30M, SQ 

Peña 2019c 31 14.6 62.3 171.9 M NR YES 
Goo

d 
Na Soc PL+RT 8 16 30M, SQ 

Pérez-Gómez 2008 16 23.4 71.2 174.9 NR NR NR NR NR NR PL+RT 6 18 

5M, 
10M, 
20M, 

30M, SQ 
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Pienaar 2013 19 18.94 89.96 183.38 M 11 NR Re Na Rug PL+RT 4 12 
5M, 
10M, 

20M 

Qi 2019 31 10.6 37.5 142.9 NR NR NR Re NR NR PL+RT+SP 4 8 30M 

Ramos Veliz 2014 16 20.43 81.43 180.33 M 8 NR 
Goo

d 
Na Wat PL+RT 18 36 SQ 

Redondo 2014 6 24.8 70.46 173.3 M 9.7 NR NR Na Fen PL+RT 6 12 SQ 

Rodríguez-Rosell 
2016 

15 12.7 47.6 158 NR 3 NO 
Goo

d 
NR Soc PL+RT+SP 6 12 

10M, 
20M, 

Rodríguez-Rosell 

2017a 
10 24.5 74.5 176 NR 8 NO Re Reg Soc PL+RT+SP+COD 6 12 

10M, 

20M, SQ 

Rodríguez-Rosell 
2017b 

15 12.6 46.3 158 NR 2 NO NR Reg Soc PL+RT+SP+COD 6 12 
10M, 

20M, SQ 

Rodríguez-Rosell 

2017c 
14 14.6 59.6 170 NR 4 NO 

Elit

e 
Reg Soc PL+RT+SP+COD 6 12 

10M, 

20M, SQ 

Rodríguez-Rosell 
2017d 

14 16.4 69.1 172 NR 6 NO NR Reg Soc PL+RT+ SP+COD 6 12 
10M, 

20M, SQ 

Ronnestad 2008 8 24 73.5 180 M NR YES 
Elit

e 
Na Soc PL+RT 7 14 10M, SQ 

Sáez de Villarreal 
2015 

13 15 57 168 NR 6 NR 
Goo

d 
Na Soc PL+SP 9 18 

5M, 
10M 

Tricoli 2005 8 22 73.4 179.4 M NR YES Re Amat NR PL+RT 8 24 
10M, 

30M, SQ 

Zghal 2019 14 14.5 60.2 172 NR 5 NO 
Goo

d 
Reg Soc PL+RT + SP 7 14 

5M, 
10M, 
20M 

Abbreviation’s descriptions ordered alphabetically. Avalakov: AVA; Amat: Amateur; Balance: BA; Basketball: Bask; B: Both; Change of direction: COD; 
Electrostimulation: EL; Exp: Experience; F:Female; Fencing: Fen; Fit: Fitness; Flexibility: FL; Handball: hand; Int: Internat ional, M: Male; Mixed sports: Mix; Na: 
Nacional; No athletes: No ath; NR: No report; PL: Plyometrics; Reg: Regional, Re: Regular; RT: Resistance training; Rugby: Rug; Soccer: Soc; Speed: SP; Squat: SQ; 
Track and Field: Tra; volleyball: Vol, Water polo: War, 

 
Meta-Analyses 
Eight studies provided data for 5-m sprint performance, 

involving 8 experimental and 8 CG (pooled n = 240). Re-
sults showed a small non-significant effect of trained partic-
ipants on 5-m sprint performance (ES = 0.39; 95% CI = -
0.25 to 1.04; p < 0.228; I2 = 83.1%; Figure 2) when com-
pared to controls.  

Results were not analysed as per athlete’s involvement 
in specific-active or traditional-active CG, as only one study 
included specific-active control condition.  

 
 
Figure 2. 5m. Forest plot of changes in 5-m sprint performance, in athletes 

participating in plyometric jump training compared to controls. Values shown 

are effect sizes (Hedges’s g) with 95% confidence intervals (CI). The size of the 
plotted squares reflects the statistical weight of the study. The white rhomboid 

reflects the overall result. 

 
Eighteen studies provided data for 10-m sprint perfor-

mance, involving 23 experimental and 21 CG (pooled n = 
595). Results showed a moderate effect of trained partici-
pants on 10-m sprint performance (ES = 0.67; 95% CI = 
0.37 to 0.97; p < 0.001; I2 = 66.6%; Figure 3 when com-
pared to controls.  

Results were not analysed as per athlete’s involvement 
in specific-active or traditional-active CG, as only one study 

included specific-active control condition. 
No significant moderator effect was noted for training 

combination-type (p = 0.682), with an ES = 0.61 after PL 
training combined with an additional training method (12 
data points; I2 = 72.9) and an ES = 0.73 after PL training 
combined with two or more training methods (11 data 
points; I2 = 60.1%).  

No significant moderator effect was noted for training 
combination-type (p = 0.263), with an ES = 1.01 after PL 
training combined with speed training (5 data points; I2 = 
60.0), an ES = 0.32 after PL training combined with RT (7 
data points; I2 = 73.7%), and an ES = 0.73 after PL training 
combined with 2 or more training methods (11 data points; 
I2 = 60.1%). 

 

 
Figure 3. Forest plot of changes in 10-m sprint performance, in athletes partici-
pating in plyometric jump training compared to controls. Values shown are ef-

fect sizes (Hedges’s g) with 95% confidence intervals (CI). The size of the plot-
ted squares reflects the statistical weight of the study. The white rhomboid re-

flects the overall result. 

Study name Statistics for each study Hedges's g and 95% CI

Hedges's Standard Lower Upper 
g error Variance limit limit Z-Value p-Value

Fathi 2019 0.000 0.310 0.096 -0.607 0.607 0.000 1.000

Perez-Gomez 2008 -1.468 0.367 0.135 -2.186 -0.749 -4.001 0.000

Pienaar 2013 0.550 0.338 0.114 -0.112 1.213 1.628 0.104

Saez de Villarreal 2015 0.968 0.403 0.162 0.179 1.758 2.404 0.016

Zghal 2019 0.962 0.450 0.203 0.079 1.845 2.136 0.033

hammami2018 1.715 0.433 0.187 0.867 2.563 3.965 0.000

bouteraa2018 0.000 0.390 0.152 -0.765 0.765 0.000 1.000

Chaouachi 2014 0.576 0.389 0.152 -0.187 1.339 1.480 0.139

0.394 0.327 0.107 -0.246 1.035 1.207 0.228

-2.00 -1.00 0.00 1.00 2.00

Favours control Favours trained

Study name Statistics for each study Hedges's g and 95% CI

Hedges's Standard Lower Upper 
g error Variance limit limit Z-Value p-Value

Bouteraa2018 0.722 0.403 0.162 -0.068 1.512 1.792 0.073

adere 2019 4.192 0.881 0.776 2.466 5.919 4.758 0.000

falces prieto 2021 a 0.451 0.360 0.130 -0.255 1.156 1.252 0.211

falces prieto 2021 b 0.818 0.371 0.137 0.092 1.545 2.208 0.027

Fathi 2019 0.980 0.329 0.108 0.336 1.624 2.981 0.003

FAUDE 2013 0.756 0.491 0.241 -0.207 1.719 1.540 0.124

Franco-Márquez 2015 0.326 0.320 0.103 -0.301 0.954 1.019 0.308

hammami2018 2.234 0.473 0.224 1.307 3.161 4.722 0.000

Makhlouf 2018 a 0.569 0.535 0.286 -0.480 1.618 1.064 0.287

Makhlouf 2018 b 0.574 0.534 0.285 -0.472 1.620 1.075 0.282

Otero-Esquina 2017 0.381 0.480 0.231 -0.561 1.323 0.793 0.428

Otero-Esquina 2018 0.000 0.476 0.227 -0.933 0.933 0.000 1.000

Perez-Gomez 2008 -0.978 0.344 0.118 -1.653 -0.304 -2.844 0.004

Pienaar 2013 0.420 0.335 0.112 -0.237 1.077 1.252 0.210

Rodríguez-Rosell 2016 0.906 0.374 0.140 0.173 1.639 2.422 0.015

Rodríguez-Rosell 2017 a 1.084 0.461 0.213 0.179 1.988 2.349 0.019

Rodríguez-Rosell 2017 b 1.165 0.386 0.149 0.409 1.921 3.020 0.003

Rodríguez-Rosell 2017 c 0.485 0.373 0.139 -0.245 1.216 1.303 0.193

Rodríguez-Rosell 2017 d 0.703 0.379 0.143 -0.039 1.446 1.856 0.063

Ronnestad 2008 0.941 0.517 0.267 -0.071 1.954 1.822 0.068

Saez de Villarreal 2015 1.065 0.408 0.166 0.266 1.864 2.614 0.009

Tricoli 2005 -0.345 0.491 0.241 -1.308 0.618 -0.703 0.482

Zghal 2019 0.000 0.426 0.182 -0.836 0.836 0.000 1.000

0.668 0.152 0.023 0.371 0.966 4.403 0.000

-4.00 -2.00 0.00 2.00 4.00

Favours control Favours trained
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Twelve studies provided data for 20-m sprint perfor-
mance, involving 18 experimental and 16 CG (pooled n = 
464). Results showed a small effect of trained participants 
on 20-m sprint performance (ES = 0.45; 95% CI = 0.21 to 
0.70; p < 0.001; I2 = 43.3%; Figure 4) when compared to 
controls.  

Results were not analysed as per athlete’s involvement 
in specific-active or traditional-active CG, as no study in-
cluded specific-active control condition.  

No significant moderator effect was noted for training 
combination-type (p = 0.139), with an ES = 0.25 after PL 
combined with an additional training method (9 data points; 
I2 = 59.9) and an ES = 0.63 after PL combined with two or 
more training methods (9 data points; I2 = 0.0%).  

 

 
Figure 4. 20m. Forest plot of changes in 20-m sprint performance, in athletes 
participating in plyometric jump training compared to controls. Values shown 

are effect sizes (Hedges’s g) with 95% confidence intervals (CI). The size of the 
plotted squares reflects the statistical weight of the study. The white rhomboid 

reflects the overall result. 

 
Ten studies provided data for 30-m sprint performance, 

involving 15 experimental and 12 CG (pooled n = 437). 
Results showed a small effect of trained participants on 30-
m sprint performance (ES = 0.46; 95% CI = 0.20 to 0.71; 
p < 0.001; I2 = 25.9%; Figure 5) when compared to con-
trols.  

Results were not analysed as per athlete’s involvement 
in specific-active or traditional-active CG, as no study in-
cluded specific-active control condition.  

A significant moderator effect was noted for training 
combination-type (p = 0.010), with an ES = 1.03 after PL 
training combined with speed training (4 data points; I2 = 
11.8) and an ES = 0.22 after PL training combined with RT 
(9 data points; I2 = 0.0%).  

 
Fifteen studies provided data for maximal squat perfor-

mance, involving 21 experimental and 19 CG (pooled n = 
547). Results showed a large effect of trained participants 
on maximal squat performance (ES = 1.53; 95% CI = 0.98 
to 2.07; p < 0.001; I2 = 85.2%; Figure 6) when compared 
to controls.  

Results were not analysed as per athlete’s involvement 
in specific-active or traditional-active CG, as only 2 studies 
included specific-active control conditions. A significant 
moderator effect was noted for training combination-type 

(p = 0.013), with an ES = 2.02 after PL training combined 
with RT (15 data points; I2 = 89.2) and an ES = 0.90 after 
PL training combined with two or more training methods 
(6 data points; I2 = 0.0%).  

 

 
Figure 5. 30m. Forest plot of changes in 30-m sprint performance, in athletes 
participating in plyometric jump training compared to controls. Values shown 

are effect sizes (Hedges’s g) with 95% confidence intervals (CI). The size of the 
plotted squares reflects the statistical weight of the study. The white rhomboid 

reflects the overall result 

 
 

Figure 6. Squat. Forest plot of changes in maximal squat performance, in 
athletes participating in plyometric jump training compared to controls. Values 

shown are effect sizes (Hedges’s g) with 95% confidence intervals (CI). The size 
of the plotted squares reflects the statistical weight of the study. The white rhom-
boid reflects the overall result. 

 
Discussion  
 
The purpose of this meta-analysis was to determine the 

effects of CT in comparison to control conditions on speed 
and strength performance. We found that CT can be em-
ployed to improve performance in sprint time and Lower 
body 1RM (squat). In addition, we aimed to identify train-
ing characteristics that may have a greater moderating ef-
fect. The main findings indicate that there were statistically 
significant differences between CT and CG. CT had positive 
moderate effects on 10m sprint ES=0.67; small effects on 
20m sprint ES=0.45; small effects on 30m sprint ES=0.46; 
and large effects on 1RM squat ES=1.53 compared to con-
trol conditions. This implies CT does significantly affect 

Study name Statistics for each study Hedges's g and 95% CI

Hedges's Standard Lower Upper 
g error Variance limit limit Z-Value p-Value

bouteraa2018 0.242 0.392 0.154 -0.526 1.010 0.618 0.537

falces prieto 2021 a 0.307 0.357 0.128 -0.394 1.007 0.858 0.391

falces prieto 2021 b 0.756 0.368 0.136 0.033 1.478 2.051 0.040

Franco-Márquez 2015 0.294 0.320 0.102 -0.333 0.921 0.918 0.358

hammami2018 1.514 0.419 0.176 0.693 2.335 3.613 0.000

Herrero 2010 a -0.179 0.656 0.430 -1.464 1.106 -0.274 0.784

Herrero 2010 b 0.246 0.658 0.432 -1.043 1.535 0.373 0.709

Lyttlee 1996 -0.192 0.411 0.169 -0.998 0.614 -0.468 0.640

Otero-Esquina 2017 a 0.490 0.483 0.233 -0.457 1.437 1.014 0.310

Otero-Esquina 2017 b 0.128 0.477 0.227 -0.806 1.062 0.269 0.788

Perez-Gomez 2008 -0.652 0.333 0.111 -1.306 0.001 -1.956 0.050

Pienaar 2013 0.729 0.343 0.118 0.057 1.401 2.126 0.033

Rodríguez-Rosell 2016 1.005 0.378 0.143 0.263 1.746 2.656 0.008

Rodríguez-Rosell 2017 a 0.952 0.454 0.206 0.062 1.842 2.097 0.036

Rodríguez-Rosell 2017 b 1.045 0.380 0.144 0.300 1.790 2.749 0.006

Rodríguez-Rosell 2017 c 0.462 0.372 0.138 -0.268 1.191 1.241 0.215

Rodríguez-Rosell 2017 d 0.647 0.377 0.142 -0.092 1.386 1.717 0.086

Zghal 2019 0.138 0.427 0.182 -0.699 0.975 0.323 0.747

0.454 0.127 0.016 0.205 0.704 3.573 0.000

-2.00 -1.00 0.00 1.00 2.00

Favours control Favours trained

Study name Statistics for each study Hedges's g and 95% CI

Hedges's Standard Lower Upper 
g error Variance limit limit Z-Value p-Value

Qi 2019 0.695 0.318 0.101 0.073 1.318 2.189 0.029

Chaouachi 2014 0.485 0.387 0.150 -0.273 1.244 1.255 0.210

FAUDE 2013 0.630 0.486 0.236 -0.322 1.582 1.298 0.194

Guadalupe-Grau 2009 a 0.000 0.300 0.090 -0.588 0.588 0.000 1.000

Guadalupe-Grau 2009 b 1.113 0.453 0.205 0.226 2.000 2.458 0.014

hammami2018 1.240 0.403 0.162 0.451 2.029 3.080 0.002

Kargafard 2020 a 0.563 0.592 0.351 -0.598 1.724 0.951 0.342

Kargafard 2020 b 1.946 0.717 0.515 0.540 3.352 2.712 0.007

Makhlouf 2018 a 0.410 0.531 0.282 -0.630 1.450 0.772 0.440

Makhlouf 2018 b 0.529 0.534 0.285 -0.519 1.576 0.989 0.322

Peña-González 2019 a 0.352 0.411 0.169 -0.454 1.158 0.857 0.392

Peña-González 2019 b 0.000 0.414 0.171 -0.811 0.811 0.000 1.000

Peña-González 2019 c 0.325 0.420 0.176 -0.498 1.147 0.774 0.439

Perez-Gomez 2008 0.000 0.325 0.105 -0.636 0.636 0.000 1.000

Tricoli 2005 -0.290 0.490 0.240 -1.250 0.671 -0.591 0.554

0.455 0.128 0.016 0.204 0.706 3.553 0.000

-2.00 -1.00 0.00 1.00 2.00

Favours control Favours trained

Study name Statistics for each study Hedges's g and 95% CI

Hedges's Standard Lower Upper 
g error Variance limit limit Z-Value p-Value

Alvarez 2012 1.015 0.615 0.378 -0.190 2.219 1.651 0.099

fatouros2000 9.138 1.507 2.271 6.184 12.091 6.064 0.000

FAUDE 2013 1.064 0.509 0.259 0.067 2.061 2.091 0.037

Franco-Márquez 2015 1.016 0.339 0.115 0.352 1.680 2.998 0.003

Guadalupe-Grau 2009 a 1.885 0.362 0.131 1.175 2.595 5.200 0.000

Guadalupe-Grau 2009 b 2.222 0.534 0.285 1.175 3.269 4.159 0.000

Kijowksi 2015 0.692 0.453 0.205 -0.196 1.580 1.527 0.127

Lyttlee 1996 0.544 0.418 0.175 -0.276 1.364 1.301 0.193

Newton 1999 0.013 0.473 0.223 -0.913 0.940 0.028 0.977

Peña-González 2019 a 1.265 0.438 0.192 0.407 2.123 2.889 0.004

Peña-González 2019 b 1.015 0.437 0.191 0.159 1.872 2.323 0.020

Peña-González 2019 c 0.649 0.433 0.188 -0.200 1.499 1.499 0.134

Perez-Gomez 2008 9.131 1.110 1.232 6.955 11.307 8.226 0.000

Ramos Veliz 2014 0.572 0.388 0.150 -0.188 1.332 1.475 0.140

redondo 2014 0.139 0.534 0.285 -0.907 1.185 0.260 0.795

Rodríguez-Rosell 2017 a 0.724 0.443 0.197 -0.145 1.593 1.634 0.102

Rodríguez-Rosell 2017 b 1.196 0.387 0.150 0.436 1.955 3.086 0.002

Rodríguez-Rosell 2017 c 0.981 0.390 0.152 0.217 1.744 2.516 0.012

Rodríguez-Rosell 2017 d 0.423 0.378 0.143 -0.318 1.164 1.119 0.263

Ronnestad 2008 13.097 2.440 5.955 8.314 17.880 5.367 0.000

Tricoli 2005 2.161 0.627 0.393 0.932 3.390 3.447 0.001

1.526 0.277 0.077 0.982 2.069 5.504 0.000

-4.00 -2.00 0.00 2.00 4.00

Favours control Favours trained
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performance in healthy and sport population.  
When results were analysed as per athletes’ involve-

ment in PL training combined with one compared with two 
or more training methods no significant moderator effects 
were found in 10m and 20m. Also, no significant modera-
tor effects were found in 10m when results were compared 
between PL combined with speed training or PL combined 
with RT or PL combined with 2 or more training methods, 
this result suggests that sport scientists and strength and 
conditioning professionals may use either combination 
method to achieve positive adaptations on neuromuscular 
performance variables in sport and healthy population. In-
terestingly, significant improvements in sprinting perfor-
mance (30m) were observed after combining PL with speed 
compared PL with RT, it is plausible that higher volumes or 
changes in sprint stimulus are needed to elicit adaptations 
on athletes and healthy participants over the studies that did 
not have a sprint stimulus (Hammami et al., 2019; Makh-
louf et al., 2018; Prieto et al., 2021; Saez de Villarreal 
et al., 2015). The same results occurs in 1RM squat where 
significant moderator effects after combining PL with RT 
(Alvarez et al., 2012; Fatouros et al., 2000; Guadalupe-
Grau et al., 2009; Peña-González et al., 2019; Ronnestad 
et al., 2008; Tricoli et al., 2005) were observed compared 
with PL combined with two or more methods. These find-
ings suggest training specificity plays a key role in the im-
provement of speed and strength. Although indirectly, im-
provements in speed were obtained in the groups that 
worked PL plus RT (Bouteraa et al., 2020; Fathi et al., 
2019; Perez-Gomez et al., 2008; Pienaar & Coetzee, 2013; 
Ronnestad et al., 2008) and improvements in strength in 
the groups that trained PL plus two or more methodologies 
(Faude et al., 2013; Franco-Márquez et al., 2015; Rodri-
guez-Rosell et al., 2016, 2017). The improvements were 
greater for the groups that worked this quality specifically. 
This supports the hypothesis that the combination of differ-
ent methods within the same session could be an important 
solution to work on all the qualities and be able to develop 
them in an optimal way. The results of this meta-analysis 
provides confirmation to previous narrative reviews (Bauer 
et al., 2019; Cormier et al., 2020; Thapa et al., 2021) on 
the effects of PL training combined with RT training for the 
improvement of strength and speed.  

The improvements obtained in strength and speed per-
formance after the application of a CT program may be due 
to both mechanical and physiological adaptations similar to 
those obtained with a PL or RT program, but these im-
provements may be enhanced if they are combined in the 
same training (Carter & Greenwood, 2014; Robbins, 2005; 
Sale, 2002). Within these adaptations, we can find them at 
the hormonal level (e.g., testosterone increase) (Ali et al., 
2019; Beaven et al., 2011) and cellular adaptations favour-
able to strength-power generation. In addition, at the level 
of structural adaptations, it has been reported that after 19 
weeks of RT alone, the number of type IIx fibers was re-
duced (Stasinaki et al., 2015), type IIx fibers are the fibers 
that contract at higher speed and therefore they are capable 

of generating higher levels of power and therefore im-
portant during maximal-intensity and short-duration ac-
tions (e.g., acceleration and sprint) (Bottinelli et al., 1996; 
Fry et al., 2003; Harridge et al., 1996; Macaluso et al., 
2012). Against it was seen that after a program that includes 
CT these are preserved compared to a RT program (Sta-
sinaki et al., 2015). Other studies that have included PT or 
CT obtained similar results (Grgic et al., 2021; Macaluso 
et al., 2012, 2014). A greater recruitment of fast-twitch 
muscle fibers was also seen during CT, possibly due to the 
combination of high loads at low speed with low loads at 

high speed (Gołaś et al., 2016). In addition, CT can help to 
produce a better coordination and synchronization of the 
muscle groups that are developing the action to improve 
and enhance motor skills, this can be seen by a better trans-
fer of energy in the concentric and eccentric phase of mus-
cle movement (Cronin et al., 2001; Robbins, 2005). The 
improvements of these adaptations will therefore improve 
speed, jumping and agility (Cavaco et al., 2014; García-
Pinillos et al., 2014). From another point of view, CT can 
lead to optimize the strength-velocity curve of the athlete 
due to the fact that low loads (i.e., PL) are combined with 
high loads (i.e., RT) (Cormie et al., 2011a). In this way, 
when prescribing this training, the coach ensures that the 
athlete has worked on the two broad components of the 
continuum. Due to the importance of the force-velocity 
spectrum parameters (Jiménez-Reyes et al., 2022), it can 
be thought that these performance improvements obtained 
after CT can be understandably believed to be due to an op-
timization of the force-velocity spectrum. The results from 
our meta-analysis may offer a positive finding amongst a 
wider population of athletes. 

Some limitations are acknowledged. First, a high heter-
ogeneity was observed in the studies included in this analysis 
as they had different populations and training characteris-
tics. Secondly, the findings of our systematic review suggest 
the absence of CT studies involving female, only two stud-
ies (Bouteraa et al., 2020; Guadalupe-Grau et al., 2009). 
Therefore, current findings should not be simply extrapo-
lated to female athletes. Future CT research should involve 
females to overcome this shortcoming in literature. An-
other major shortcoming noted in this systematic review is 
there was a greater amount of plyometric combined 
strength studies included compared with plyometric com-
bined with other methodologies (e.g., speed, COD, three 
or more methods combined).  

Our results substantiate our hypothesis that PL training 
combined enhances Strength and Speed compared to CG. 
Although the heterogeneity observed among the studies was 
high. However, three of four speeds tests and strength test 
improve significantly after the combined interventions. 
From an applied perspective, CT may be used to achieve 
positive adaptations on neuromuscular performance varia-
bles in athletes. This may be of interest for coaches and ath-
letes seeking a more time-efficient way to incorporate 
lower-load and higher-load exercises in their training pro-
gram (Bauer et al., 2019; Cormier et al., 2020).  
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Conclusion  
 
Combined strength training is effective to improve 

sprint time and strength on healthy participants and ath-
letes. Likewise, compared to PL combined with RT, the 
combination of PL with speed training is more effective to 
improve sprinting performance (30m). Further, combining 
PL with strength training appears to provide greater im-
provements in maximal strength (1RM squat) compared to 
PL combined with other (two or more) training methodol-
ogies not focused on strength gains. However, the role of 
potential moderator variables such as frequency, duration, 
or total number of sessions, and the specific dose-response 
relationships following combined training, particularly in 
the long term, are unclear at present.  
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