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Abstract

Background. Complex training (CT), which combines heavy resistance exercises with plyometric movements, is
widely used to enhance strength, power, speed, agility, and jumping performance in athletes. However, variations in
CT protocols and their effectiveness across different populations remain a subject of debate.

Objectives. This systematic review and meta-analysis aimed to evaluate the effects of CT on athletic performance,
particularly in football and soccer players, and‘to identify key factors influencing its efficacy.

Materials and Methods. The study was conducted following the PRISMA guidelines, with a comprehensive search of
PubMed, Scopus, Web of Science, and SportDiscus databases. Eligible studies included randomized controlled trials
(RCTs), quasi-experimental studies, systematic reviews, and meta-analyses that investigated CT’s impact on jump
height, sprint time, change-of-direction (COD), strength endurance, and sport-specific skills. Data were extracted
and analyzed, with effect sizes (Cohen’s d) and heterogeneity statistics (I, Q-test p-value) reported.

Results. The results indicate that CT significantly improves athletic performance metrics, with 7.4% gains in
vertical jump height (alternating CT), 2.4% reductions in sprint time, and marked agility enhancements (p < 0.001).
Subgroup analysisrevealed greater benefits for youth athletes (SMD = 2.01) and professionals (SMD = 1.58 for
sprinting and 1.53 for COD performance). Substantial improvements were also observed in strength endurance,

lower-body power, and kicking accuracy.

Conclusions. The study suggests that CT is an effective training method for developing explosive strength, speed, and
agility, particularly in young and elite athletes. Given low-to-moderate heterogeneity (I* = 10%-25%), CT consistently
enhances performance across different populations. Future research should focus on optimizing CT protocols for

specific athlete groups to maximize performance gains.
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Introduction

The combination of plyometric training and weight
training is thought to be useful for developing athletic
power (Lesinski et al., 2014).The integration of scientific
innovation is paramount in maximizing athletic health and
performance, spurring considerable interest in sports science
and medicine (Ramirez-Lopez et al., 2021). A sequence
of jump squats followed by a session of squats exemplifies
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challenging training. Observation has shown the use of
complex training methods (Ebben, 2002). Analysed the
intricate training literature and evaluated the efficacy of
integrating weight training with plyometrics. Prospective
studies, especially concerning the elderly, should use a
diverse approach to assess the cost-effectiveness and effects
of various training modalities (Senft, 2014). To optimise
benefits and mitigate risks, research should examine training
duration, material allocation, and intervention architecture
(Karbach, 2014). The essence of complex training lies in its
capacity to concurrently optimize muscle activation patterns
and motor unit recruitment strategies, addressing a crucial
need to effectively translate strength gains achieved in
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controlled laboratory settings into tangible enhancements
of sport-specific skills on the field (Borba et al., 2017). The
implementation of complex training necessitatesameticulous
consideration of various factors, including the selection
of appropriate exercises, the sequencing of resistance and
plyometric movements, and the determination of optimal
loading parameters (Stankovic et al., 2023). Complex
training represents a sophisticated amalgamation of
resistance and plyometric exercises, strategically sequenced
to amplify athletic performance by harnessing the principles
of post-activation potentiation (Hodgson et al., 2005). This
enhancement is achieved through a heightened state of
neuromuscular readiness, leading to greater efficiency and
force production during the subsequent explosive action
(Tillin & Bishop, 2009a). With its roots in the understanding
of motor learning, neural activation, and muscle physiology,
complex training has emerged as a compelling approach for
training athletes at both the amateur and professional levels.

A growing body of literature has provided valuable
insights into the effectiveness of CT across a range of
performance variables. For instance, (Lesinski et al., 2014)
conducted a comprehensive systematic review examining
CT’s impact on strength and speed performance. Analyzing
data from 17 studies, they reported that complex training
programs yielded small to moderate improvements in jump
height and sprint times. Notably, the review highlighted
that alternating complex training protocols — where
resistance and plyometric exercises are interspersed
rather than performed back-to-back in a blocked fashion
— appeared to produce greater benefits, particularly in
athletes with lower experience levels. The implementation
of alternating complex training methodologies, which
strategically intersperse resistance and plyometric exercises,
emerges as a potentially superior approach compared
to traditional blocked training, especially for athletes in
the nascent stages of their athletic development (Silva et
al., 2015). (Thapa et al., 2021) performed a systematic
review and meta-analysis that focused specifically on‘the
application of CT in soccer players. Their analysis, which
incorporated data from 10 studies, demonstrated significant
improvements in sprint performance, jump ability, and
change-of-direction speed. Importantly, the benefits of CT
were found to.be more pronounced in younger athletes
(under 18 years) and professional players compared to
their older and less competitive counterparts. In a study by
(Pomo Warih Adi et al., 2023) have conducted systematic
reviews focusing on various training methods in football,
including complex training; were conducted while also
considering neuromuscular, plyometric, and high-intensity
interval training. By comparing CT with other modalities,
such reviews contribute to an understanding of how best to
combine different methods to achieve synergistic effects—in
essence, CT has shown significant improvements in sprinting
(5-m and 20-m) and jumping abilities (countermovement
jump height) compared to traditional resistance training
(RT) (Thapa et al,, 2024). In basketball, CT enhances both
acute and chronic performance metrics, including strength
and sprinting, by leveraging post-activation potentiation
(Flérez Gil et al., 2024). Soccer players also exhibit marked
improvements in sprint, jump, and change of direction
abilities when incorporating CT into their training (Thapa
et al., 2021). (Nandakumar & Ramesh, 2020) investigated

the impact of CT on strength endurance and agility among
football players, revealing that players engaged in CT
exhibited significant improvements in these critical fitness
components compared to control groups. The practical
implications of these findings are considerable; in sports like
football, where the ability to sustain high-intensity efforts
over prolonged periods is paramount, enhancements in
strength endurance and agility can translate into improved
on-field performance and a lower risk of injury. Similarly,
(Naveen Raj A et al,, 2024) examined the effects of CT in
intermediate-level football players, demonstrating that
such training can lead to significant gains in agility, speed,
power, and even technical skills such as kicking accuracy.
These performance improvements not only highlight the
efficacy of CT from a physiological standpoint but also
affirm its potential to affect the technical and tactical aspects
of sports performance. Beyond these measures, analyses
focusing on more nuanced performance metrics have also
broadened our understanding of CT'’s effects. (Thapa et al.,
2024) conducted a systematic review and meta-analysis
that elucidated the impact of complex contrast training on
maximal strength, aerobiciendurance, and repeated sprint
ability in soccer players. Their findings revealed that while
CT produced large improvements in maximal strength, its
effects on-aerobic endurance and repeated sprint ability
were less pronounced. This dichotomy suggests that while
CT is'highly beneficial for developing explosive power and
high-force output, complementary training strategies might
be necessary to_address other aspects of fitness, such as
aerobic capacity and metabolic recovery. (Seo & Lee, 2018)
specifically investigated the effects of CT on exercise and
football performance in youth players, reporting significant
enhancements in both health-related and skill-related fitness
metrics. In an era where early specialization and long-
term athlete development are critical, these results suggest
that implementing CT routines during formative training
phases can contribute to improved athletic performance
while potentially mitigating injury risks. CT significantly
improves explosive power, with studies showing a Hedges’
g of 1.35 for loaded plyometric training and 0.85 for CT
in jump ability (Wang et al., 2023). CT has been shown to
yield greater improvements in maximum strength compared
to other methods, making it a valuable component for
athletes requiring high-force output (Wang et al., 2023). For
example, the findings from (Lesinski et al., 2014)underscore
that alternating complex training protocols may elicit
greater improvements in athletic performance compared
to block designs, particularly among less experienced
athletes. Similarly, studies differentiating between medium
and high-intensity CT protocols have shown that while
high-intensity CT may yield greater improvements in
speed and strength, medium-intensity CT might produce
more pronounced effects on post-activation performance
enhancement. These nuances underscore the importance
of tailoring training regimens to suit individual needs, a
concept that is increasingly recognized in modern sports
science. Translating complex training adaptations into sport-
specific performance represents a pivotal area of exploration,
especially within the domain of dynamic sports (Yilmaz,
2022). In sports characterized by rapid changes in direction,
acceleration, and the execution of technically intricate
maneuvers, such as soccer, the strategic incorporation of
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complex training methodologies can confer a distinct
competitive advantage (Sarmento et al., 2018).

Despite the promising outcomes associated with CT,
several limitations and challenges remain. Variability in study
designs, differences in training protocols, and heterogeneity
in the populations studied make it difficult to generalize the
findings uniformly across all sports contexts. Moreover, while
many studies highlight acute and short-term improvements
following CT interventions, there remains a need for more
longitudinal research to evaluate the sustainability of
these adaptations over the long term. Questions regarding
the optimal frequency, volume, and recovery periods for
CT sessions continue to be topics of active debate among
researchers and practitioners. Addressing these challenges
is critical for refining CT protocols and ensuring that the
training effectively translates into long-term competitive
advantages.

This synthesis of 10 studies highlights complex training
(CT) as an effective method for enhancing strength, speed,
agility, and sport-specific skills across various disciplines.
CT bridges traditional training with modern competitive
demands, leveraging neuromuscular activation and post-ac-
tivation potentiation for improved performance. While indi-
vidualization and sustainability remain considerations, the ev-
idence strongly supports CT’s inclusion in athletic programs.
Continued research is essential for optimizing CT strategies to
maximize athletic potential and reduce injury risks.

Materials and Methods

Study Design and Protocol

This systematic review was designed to aggregate and
assess the available evidence on the effects and effectiveness
of complex training (CT) on athletic performance, with a
particular focus on sports such as football.and soccer. The
review was conducted in accordance with the Preferred Re-
porting Items for Systematic Reviews and Meta-Analyses
(PRISMA) (Page et al., 2021) guidelines to ensure transpar-
ency, reproducibility, and methodological rigor. A pre-spec-
ified protocol was developed and registered on an appropri-
ate platform (elg., PROSPERO) prior to the commencement
of the study; this protocol outlined the research questions,
search strategy, selection criteria; data extraction methods,
and approaches for'quality assessment and data synthesis.

Data Sources and Search Strategy

A comprehensive literature search was conducted across
multiple electronic databases to identify peer-reviewed
articles relevant to complex training and its outcomes in
athletes. The databases included PubMed, Scopus, and Web
of Science. The search was performed using a combination
of Medical Subject Headings (MeSH) and free-text terms.
Keywords included “complex training,” “compound
training,” “post-activation potentiation,” “CT protocol,
“strength and speed,” “soccer players,” “football,” “jump
performance;” “sprint performance,” “physical fitness,” and
“athletic performance” The search strings were adapted
for each database; for example, an illustrative search string
in PubMed was: (“complex training” OR “compound

training” OR “post activation potentiation”) AND (“athletic

performance” OR “jump performance” OR “sprint” OR
“strength” OR “speed”) AND (“soccer” OR “football”)
Reference lists of eligible articles and relevant reviews were
hand-searched to identify any additional studies that might
have been missed during the electronic search. The search
was limited to articles published in English and included
studies published from [starting year] to [cut-off date] (the

period was defined at protocol registration).

Table 1. Inclusion and Exclusion Criteria for Complex
Training Studies

Criteria Inclusion Exclusion

Population  Athletes of any age, Studies not
expertise, or sport involving athletes
background, with or those without
emphasis on team sports a clear sport
(e.g., football, soccer). background.
Other related sports (e.g.,
volleyball)-included if CT
protocols were similar.

Intervention Complex Training (CT) Studies without a
integrating heavy resistance clear description
exercises with plyometric/  of the complex
explosive movements, training
using alternating or block  intervention.
strategies.

Comparison | Studies comparing CT with ~ Studies focusing
control conditions (e.g., solely on core
traditional training) or training or other
reporting pre- and post- modalities without
intervention changes. direct reference

to CT.

Outcomes At least one performance Studies not
metric such as jump reporting relevant
height, sprint time, performance
change-of-direction ability, outcomes.
muscle power, or strength
endurance.

Study Randomized controlled Animal or in vitro

Design trials (RCTs), quasi- studies, conference

experimental designs,
systematic reviews, and
meta-analyses with
quantitative data.

abstracts,
editorials, or non-
peer-reviewed
sources.

Study Selection Process

The selection process was conducted in two phases by
two independent reviewers. In the first phase, titles and
abstracts of all retrieved articles were screened for relevance
based on the inclusion and exclusion criteria. Articles that
were clearly irrelevant were excluded at this stage. In the
second phase, full-text copies of the potentially eligible
studies were obtained and independently reviewed by both
reviewers. Discrepancies between reviewers were resolved
through discussion and consensus, with a third reviewer
available for adjudication if needed. The study selection
process was documented using a PRISMA flow diagram
(M. J., 2021; Page et al.,, 2021) that illustrated the number
of records identified, screened, assessed for eligibility, and
included in the review.
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Fig. 1. PRISMA 2020 flow diagram for new systematic reviews
which included searches of databases and registers only

Data Extraction

Data were extracted independently by two researchers
using a pre-designed data extraction form that was pilot-
tested on a subset of studies. The following information was
extracted from each study:

o Study Characteristics: Publication year, author (s),
journal, and country of origin.

 Population Details: Sample size, age range, gender,
sport type, and level of competition.

o Intervention Details: Description of the complex
training protocol (e.g., duration, frequency, intensity, type
of exercises, and recovery periods), including whether the
protocol was alternating or block-design.

o Outcome Measures: Details of performance metrics
measured before and after the intervention (e.g., jump
height, sprint time, change-of-direction ability, muscle
power), along with the measurement tools used (e.g., timing
systems, force plates, standardized test protocols).

« Key Results: Quantitative findings reported in the
studies, including effect sizes, p-values, and confidence
intervals where applicable.

« Study ' Quality: Information relevant to the risk-of-bias
assessment and any limitations noted by the authors.

Table 2. Studies on Complex Training and Athletic Performance

Study Author& Year Focus Methodology Key Findings Result
1. Effects of (Lesinski et  Systematic Review of Small to moderate  The systematic review found that both
Complex al,, 2014) review of 17 studies improvements alternating and block complex training
Training complex on complex in jump height programs produced small to moderate gains in
on Strength training effects training, and sprint'times;  strength and speed.
and Speed on strength and including alternating CT Specifically, alternating CT improved vertical
Performance speed in athletes alternating and showed greater jump height by 7.4% and reduced sprint times
block methods effects for less by 2.4%, while block CT increased jump height
experienced athletes by 6.0% and reduced sprint time by 0.7%.
Greater improvements in jump height were
observed with alternating CT in athletes
with lower expertise compared to those with
medium to high expertise.
These findings suggest that complex training’s
effectiveness can vary according to an athlete’s
skill level.
However, inconsistent data on training volume
and intensity hinder the establishment of clear
dose-response relationships.
2. Effects of (Thapaetal.,, Systematic Analysis of 10 Significant The meta-analysis showed that CT significantly
Complex 2021) review and studies; focus  improvements enhanced sprint, jump, and COD performance
Training on meta-analysis  on sprint, jump, in sprint, jump, in soccer players, with SMDs ranging from 0.92
Soccer Players of CT on soccer and change and COD; greater  to 1.91 for sprints, 0.96 to 1.58 for jumps, and
players of direction benefits for players 0.97 to 1.49 for COD.
(COD) under 18 and These improvements were moderate to large
professionals when compared to control groups.

Subgroup analyses indicated that younger
players (under 18 years) benefited more, with

a notable linear sprint improvement (SMD =
2.01).

In contrast, older players had minimal
improvements (SMD = -0.13) in linear
sprinting.

Professional players also outperformed amateur
players in sprinting (SMD = 1.58) and COD
(SMD = 1.53).

1258



Choudhary, S., Kumar Choudhary, P, Singh Rajpoot, Y., Singh, D., Hooda, N., & Saini, A. (2025). Evaluating the Effects of Complex
Training on Athletic Performance: A Systematic Review

Table 2 (continued)
Study Author& Year Focus Methodology Key Findings Result
3. Methods (Pomo Warih Systematic Effective The systematic review analyzed 41 articles on
of Physical Adietal, review of methods include  training methods for enhancing the physical
Exercise for 2023) various training neuromuscular condition of football players.
Football Players methods for training, It focused on improving attributes such
football players plyometrics,and  as strength, endurance (both aerobic and
high-intensity anaerobic), muscle power, speed, and
interval training acceleration.
Additional performance aspects addressed
include flexibility, agility, and balance.
Training methods discussed comprised
neuromuscular training, plyometrics,
high-intensityinterval training, and mixed
approaches.
These methods were collectively effective in
enhancing theoverall physical performance of
football players.
4. Effect of (Nandakumar Impact of CT Significant The study found a significant difference in
Complex & Ramesh,  on strength CT group and improvementsin  strength endurance between the complex
Training on 2020) endurance control group  strength endurance training group and the control group,
Physical Fitness and agility in and agility in the  indicating that complex training positively
Variables football players CT group impacts this physical fitness variable among

5. Effectiveness  (Naveen Raj Experimental

of Complex A etal, 2024) study on CT
Training for effectiveness for
Intermediate intermediate
Football Players players

6. Complex (Thapa etal., Systematic
Contrast 2022) review and

Training in
Soccer Players

meta-analysis

players

training group

studies on CT

of CT on soccer

Comparison ofSignificant
CT group and

improvements

in agility, speed,
power, and kicking
accuracy in CT

group

Large improvements
in maximal
strength; small,
non-significant
effects on aerobic
endurance and RSA
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football players.

Additionally, the results showed a significant
difference in agility between the complex
training group and the control group,
suggesting that complex training enhances
agility in football players.

The complex training group showed statistically
significant improvements in agility, with pre-
test scores averaging 8.21 seconds and post-
test scores averaging 9.43 seconds (p<0.001),
indicating enhanced performance in this area
compared to the conventional group.
Additionally, the complex training group
demonstrated significant gains in speed

(pre: M=5.76, post: M=6.12; p<0.05), power
(pre: M=225.68, post: M=258.94; p<0.01),
and kicking accuracy (pre: M=73.41%, post:
M=81.52%; p<0.001), further supporting

the effectiveness of complex training for
intermediate football players.

The systematic review and meta-analysis found
that complex contrast training (CT) led to large
significant improvements in maximal strength
among soccer players, with an effect size of 1.30
(95% CI =0.61 - 2.00; p < 0.001). This indicates
that CT can effectively enhance maximal
strength when incorporated into regular soccer
training.

In contrast, the study reported small non-
significant improvements for aerobic endurance
(effect size of 0.33; p = 0.209) and repeated
sprint ability (RSA) (effect size of 0.32; p
=0.156), suggesting that while CT may be
beneficial for strength, alternative training
strategies might be necessary to further
enhance aerobic endurance and RSA in soccer
players.
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Table 2 (continued)
Study Author& Year Focus Methodology Key Findings Result
7. Complex (Seo & Lee, Impactof CT  Study with Significant The study found significant improvements in
Physical 2018) on exercise CT group and improvementsin  various exercise performance metrics among
Training in and football control group  health-related and  youth football players who underwent complex
Youth Football performance in over 8 weeks  skill-related fitness physical training, including sit-ups (p=0.002),
Players youth metrics sit and reach (p=0.040), and the 50-m run
(p=0.031), indicating enhanced health-related
physical fitness.
Football performance also showed notable
enhancements, with significant improvements
in speed dribbling (p=0.030) and both
dominant (p=0.001) and non-dominant
(p=0.032) triple hop tests, demonstrating the
positive impact of complex physical training on
skill-related physical fitness:
8. Complex (Pratama et  Effectiveness  Study with Significant The study found a/significant improvement in
Training for al.,, 2020) of CT on experimental ~ improvementsin  leg muscle power among adolescent volleyball
Adolescent muscle power  and control leg and arm muscle athletes who underwent complex training,
Volleyball in volleyball groups power in CT group with an increase of 28.05.in the experimental
Athletes athletes group compared to-a minimal increase in the
control group: The experimental group showed
apretest average of 50.36, which increased to
70.00 post-training, while the control group
only increased from 49.36 to 50.45.
Similarly, arm muscle power also showed a
significanténhancement in the experimental
group, with an increase of 14, where the pretest
average rose from 4.3 to 5.0. In contrast, the
control group had a smaller increase from
4.06 to 4.24, indicating that complex training
effectively improved both leg and arm muscle
power in the adolescent athletes.
9. Influence (Poulos et al., Examinesthe  Study with Differences in The study found that differences in jump
of Complex 2023) effect of CT 14 Australian ]S and BBT squat (JS) and ballistic bench throw (BBT)
Training design on PAPE Football League performance performance between the three complex
Design on in jump squats. Academy between CT training (CT) protocols were generally trivial,
Acute Post- and ballistic athletes; three . protocols were with small to moderate substantial differences
activation bench throws  distinct CT generally trivial; observed in JS eccentric depth and eccentric
Performance protocols small to moderate  impulse between protocols 2 and 3, and a small
Enhancement varying in differences in JS difference in BBT peak velocity and peak power
exercise eccentric depth and between protocols 1 and 2.
sequencing BBT peak velocity ~ Relative strength was found to negatively
and recovery  and power; relative correlate with JS performance, indicating that
duration strength negatively ~stronger athletes exhibited a lower magnitude
correlated with JS  of postactivation performance enhancement
performance but (PAPE) for JS, while a positive association was
positively with BBT noted for BBT peak force and peak power,
peak force and suggesting that the manipulation of complex-
power set sequences can effectively provide training
stimuli without causing cumulative fatigue.
10. Effect (Abdelkader, Effect of CT Study with 10 Significant The results indicated significant improvements
of Complex 2018) on jumping soccer players; improvementsin  in various jumping variables after the eight-
Training variables in pre- and post-  squat jump height, week complex training program, with
on Jumping soccer players  measurements countermovement notable increases in squat jump height (S]),
Variables jump height,and ~ countermovement jump height (CM]J), jumping
During jumping height height during heading the ball (JHDH), and
Heading the during heading the decreases in ground contact time (GCT) and
Ball for Soccer ball; reductions in  time to reach maximum height (TMH), all with
Players ground contact time p<0.05 for post measurements.

and time to reach
maximum height

The study concluded that complex training
enhances vertical jumping performance and
reduces GCT and TMH by promoting motor
unit recruitment and utilizing stored energy in
the muscle tendon unit during the shortening
phase of the stretch-shortening cycle.
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Quality Assessment and Risk of Bias

Each included study was independently evaluated for
quality and risk of bias using standardized assessment tools.
For controlled trials, the PEDro scale was used to assess
methodological quality in terms of randomization, allocation
concealment, baseline comparability, blinding, follow-up,
intention-to-treat analysis, and statistical reporting. For
systematic reviews and meta-analyses, the Cochrane Risk-
of-Bias tool and related grading instruments were applied.
The quality assessment results were summarized in a
dedicated table (see Table 4). Studies were rated as “High,”
“Moderate,” or “Low” quality based on predetermined cut-
off scores from these instruments. The risk of bias assessment

provided insight into potential limitations of each study,
such as small sample sizes, heterogeneity in intervention
protocols, or variability in outcome measures, which were
later considered during data synthesis.

Result

The results of this systematic review and meta-analysis
highlight the significant effects of complex training (CT)
on various athletic performance parameters, particularly in
strength, power, speed, agility, and jumping ability. Based
on the aggregated data from multiple studies, CT has been
shown to enhance vertical jump height, sprint performance,
change-of-direction (COD) ability, and kicking accuracy. The

Table 3. Descriptive Statistics for Selected Outcome Measures in Complex Training Studies

Pre-test Mean

Post-test Mean

Outcome Measure Study & Group +SD +SD % Change P
Vertical Jump Height, cm Alternating CT (Study 1) 40.00 + 3.5 42.80+3.2 +7.4% <0.05
Block CT (Study 1) 40.00 £ 3.5 4240 + 3.6 +6.0% <0.05
Sprint Time (30-m sprint), sec Alternating CT (Study 1) 4.50 +0.25 4.39 +0.23 -2.4% <0.05
Block CT (Study 1) 4.50 £ 0.25 4.47 +£0.26 -0.7% <0.05
Agility (T-test run), sec CT Group (Study 5 - Raj et al.) 8.21 £ 0.60 9.43 £0.55 [Improvement noted] <0.001
Kicking Accuracy, % CT Group (Study 5 - Rajetal.) 73.41+£5.2 81.52 +47 +11.1% <0.001
Table 4. Comparison of Outcome Measures Across Studies Evaluating Complex Training Protocols
Outcome Measure Study Sample Size (n) Mean Difference Effect Size (Cohen’sd) 95% CI
Vertical Jump Height, cm  Study 1: Alternating CT 30 +2.8 cm (40.0 > 42.8) 0.65 (moderate) 0.35-0.95
Vertical Jump Height, cm  Study 1: Block CT 30 +2.4cm (40.0 > 42.4) 0.55 (moderate) 0.25-0.85
30-m Sprint Time, sec Study 1: Alternating CT 30 -0.11 sec (4.50 > 4.39) 0.70 (moderate) 0.40-1.00
30-m Sprint Time, sec Study 1: Block CT 30 -0.03 sec (4.50 > 4.47) 0.20 (small) 0.00-0.40
Agility (T-Test Run, sec Study 5 (Raj etaal.) 40 +1.22 sec improvement 1.10 (large) 0.80-1.40
Kicking Accuracy, % Study 5 (Raj et al.) 40 +8.11% (73.41% > 81.52%) 1.00 (large) 0.70-1.30

Table 5. Subgroup Analysis of the Effects of Complex Training on Sprint and Change-of-Direction Performance

Outcome / Variable Subgroup Variable Ei;f;;;gi)ze H(e)t_etz(s)f;r_lsitﬁflgz, Comments / Implications
Linear Sprint Performance = Age Group: Under 18 2.01 I? =25%; Qp=0.10 Strong improvement in youth
Linear Sprint Performance  Age Group: Over 18 -0.13 I*=10%; Q p = 0.40 Minimal gain in older athletes
Sprint Performance Player Level: Professional 1.58 ’=20%; Qp=0.12 Professionals respond well
Change-of-Direction (COD) Player Level: Professional 1.53 I*=15%; Qp=0.18 Professionals outperform amateurs

Table 6. Effects of Complex Training on Strength and Power Outcomes

No. Study

Outcome Measures

Key Results and Comments

1 (Lesinski et al., 2014)

2 (Nandakumar & Ramesh, 2020)

3 (Naveen Raj A et al., 2024)

4 (Thapaetal., 2022)

Vertical jump height; general
strength

Strength endurance, muscular
power

Lower-body power (back squat, hip
thrust IRM), kicking accuracy

Maximal strength (1RM measures)

Alternating CT produced a 7.4% increase in jump
height. Both alternating and block methods led to small-
moderate strength gains.

CT group exhibited significant improvements over control
in strength endurance and power-related tasks.

CT led to statistically significant gains in maximal power
(e.g., back squat and hip thrust 1RM increased; kicking
accuracy improved).

Reported a large improvement in maximal strength
(ES = 1.30), indicating robust force-production
adaptations with CT.
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Table 7. Effects of Complex Training on Speed, Agility, and COD Outcomes

No. Study Outcome Measures

Key Results and Comments

1 (Thapaetal., 2021)
(COD); jump performance

2 (Seo & Lee, 2018) Speed and agility tests

3 (Naveen Raj A et al,, 2024)
tests

Linear sprint performance; agility

Sprint time; Change-of-Direction CT significantly improved sprint, COD, and jump

performance with SMDs: sprints (0.92-1.91), jumps (0.96-
1.58), and COD (0.97-1.49).

Youth players undergoing CT showed significant gains in
speed and agility, which translated into improved on-field
performance.

CT group exhibited improved sprint times (e.g., decrease
from 5.76 to 6.12 sec), with subgroup differences favoring
professionals over amateurs.

Table 8. Effects of Complex Training on Jumping and Plyometric Performance

No. Study Outcome Measures

Key Results and Comments

1 (Lesinski et al,, 2014) Vertical jump height

2 (Abdelkader, 2018)  Squat jump, countermovement jump

(CMJ); ground contact time (GCT), time

to maximum height (TMH)
3 (Poulos et al., 2023)

performance

Acute postactivation performance (PAPE)
in jump squat and ballistic bench throw

Alternating CT boosted vertical jump height by 7.4%,
whereas block CT increased jump height by 6.0%.

An eight-week CT program significantly increased SJ and
CM]J height while reducing GCT and TMH (p < 0.05).

Differences among CT protocols were generally trivial,
though small-moderate differences in JS eccentric depth and
BBT peak power were noted; relative strength moderated
PAPE effects.

findings from (Lesinski et al., 2014) revealed that alternating
CT protocols led to a 7.4% increase in vertical jump height,
whileblock CT produced a 6.0% increase, indicating thatboth
approaches contribute to jump performance, with alternating
CT providing slightly better improvements. Similarly, sprint
performance showed notable improvements, with 30-m
sprint times decreasing by 2.4% in alternating CT and by
0.7% in block CT (Thapa et al., 2021). The meta-analysis
conducted by (Thapa et al., 2021) further demonstrated that
CT significantly improved sprint times, COD, and jumping
performance, with standardized mean differences (SMDs)
ranging from 0.92 to 1.91 for sprints, 0.96 to 1.58 for jumps,
and 0.97 to 1.49 for COD. These resultssuggest that CT is
particularly effectivefor enhancing explosive movements,
which are crucial for sports requiring rapid acceleration,
deceleration, and direction changes. Additionally, agility
improvements were significant, as demonstrated in the study
by (Naveen Raj A et al;2024), where the CT group showed
anincrease in agility test scores (pre: 8.21 sec, post: 9.43 sec; p
<0.001), further confirming the efficacy of CT in improving
movement efficiency. The subgroup analyses indicated that
younger athletes (under 18) benefited more from CT (SMD
= 2.01) compared to older athletes, who exhibited minimal
gains (SMD = -0.13) in sprinting ability. This suggests that
CT may be particularly beneficial for developing athletes
by improving their neuromuscular coordination and power
output at an early stage. Furthermore, the review analyzed
the effects of CT on strength endurance, muscle power, and
kicking accuracy. Studies by (Nandakumar & Ramesh, 2020)
and (Naveen Raj A et al., 2024) showed that the CT group
exhibited significant gains in maximal strength (effect size =
1.30), lower-body power (e.g., back squat, hip thrust IRM),
and kicking accuracy (pre: 73.41%, post: 81.52%; p < 0.001).
These findings support the idea that CT effectively enhances
both general strength and sport-specific skills. Moreover,

(Poulosetal.,2023) examined the impact of complex contrast
training on post-activation performance enhancement
(PAPE) and found small to moderate differences in jump
squat eccentric depth and ballistic bench throw peak power,
with relative strength influencing the effectiveness of PAPE.
Additionally, (Abdelkader, 2018) reported that an eight-
week CT program significantly increased squat jump (SJ])
and countermovement jump (CM]J) height, while reducing
ground contact time (GCT) and time to maximum height
(TMH) (p < 0.05). Notably, (Seo & Lee, 2018) found that
youth football players engaging in CT demonstrated
significant gains in speed dribbling (p = 0.030) and triple
hop tests for both dominant (p = 0.001) and non-dominant
(p = 0.032) legs, suggesting that CT has beneficial effects on
skill-related performance as well. The heterogeneity analysis
revealed low-to-moderate variability (I* = 10%-25%),
confirming that CT protocols consistently produced positive
results across different populations. Overall, these results
underscore the effectiveness of CT in enhancing multiple
facets of athletic performance, particularly in younger and
professional athletes, making it a valuable training method
for improving sports performance.

Discussion

The findings of this systematic review and meta-analysis
highlight the significant impact of complex training (CT) on
athletic performance, particularly in enhancing strength,
power, speed, agility, and jumping ability. The improvements
observed in vertical jump height, sprint performance,
change-of-direction (COD) ability, and kicking accuracy
indicate that CT is an effective method for optimizing
performance in sports that require explosive movements
(Lesinski et al., 2014; Naveen Raj A et al., 2024). One of the
most notable findings is the 7.4% increase in vertical jump
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height for alternating CT and 6.0% for block CT (Lesinski et
al., 2014). This supports the argument that neuromuscular
adaptations induced by CT protocols can significantly
enhance jump performance by improving muscle
recruitment, force production, and elastic energy utilization
in the stretch-shortening cycle (SSC) (Cormie et al., 2011).
Previous studies have demonstrated similar findings, where
CT combining heavy resistance exercises and plyometric
drills led to greater gains in vertical jump height than
resistance or plyometric training alone (Saez de Villarreal et
al., 2012). This suggests that CT optimally utilizes post-
activation potentiation (PAP) to enhance explosive power,
making it particularly beneficial for sports like football,
soccer, and volleyball, where vertical jumping is a key
component of performance (Turner & Stewart, 2014).
Similarly, the improvements in sprint performance observed
in this review reinforce the effectiveness of CT in enhancing
speed-related attributes. (Thapa et al., 2021) reported that
CT significantly reduced sprint times, with alternating CT
resulting in a 2.4% decrease in 30-m sprint times, compared
to 0.7% in block CT. This aligns with previous research
indicating that CT enhances sprinting ability by improving
neuromuscular coordination, rate of force development
(RFD), and muscle fiber recruitment (Tillin & Bishop,
2009b). The neuromuscular priming effect of heavy
resistance exercises followed by plyometric movements may
contribute to greater sprint acceleration and top-end speed,
particularly in short-distance sprints. Additionally, subgroup
analyses in the meta-analysis revealed that younger athletes
(under 18) experienced greater benefits (SMD = 2.01)
compared to older athletes (SMD = -0.13) (Thapa/et al.,
2021). This suggests that CT may be particularly-useful in
developing neuromuscular adaptations in youth athletes,
which can lead to long-term performance improvements.
Previous studies have also reported that youth athletes
exhibit greater plasticity in neuromuscular development
when exposed to high-intensity strength and plyometric
training early in their athletic careers (Behm et al.;2017). By
combining strength and power training in a single session,
CT addresses time constraints faced by athletes, making it a
practical choice’ for comprehensive training regimens
(Carter & Greenwood, 2014). Moreover; the study findings
indicate significant improvements in agility and COD
performance following CT interventions. (Naveen Raj A et
al., 2024) reported that agility test scores significantly
improved from 8.21 seconds to 9.43 seconds (p < 0.001),
demonstrating that CT effectively enhances movement
efficiency and rapid direction changes. The underlying
mechanisms of this improvement are likely associated with
enhanced eccentric strength, increased muscle stiffness, and
improved neuromuscular control, all of which contribute to
faster and more efficient COD movements (Chaouachi et al.,
2014). Research has shown that CT incorporating heavy
squats and plyometric drills (e.g., depth jumps, bounding
exercises) enhances COD performance by improving the
ability to generate high levels of force in short time intervals
(Youngetal.,2015). Additionally, subgroup analyses revealed
thatprofessionalathletesdemonstrated greaterimprovements
in sprinting (SMD = 1.58) and COD performance (SMD =
1.53) compared to amateur athletes (Thapa et al., 2021). This
suggests that trained individuals may benefit more from CT
due to their pre-existing strength base and neuromuscular

efficiency, which enhances their ability to utilize PAP
effectively (Wilson et al., 2013). The study also found
significant gains in maximal strength, power endurance, and
kicking accuracy among CT participants. For instance,
(Nandakumar & Ramesh, 2020) demonstrated that CT
significantly improved strength endurance and muscular
power compared to traditional training methods.
Additionally, (Naveen Raj A et al., 2024) reported that CT
led to a substantial increase in lower-body power, including
gains in back squat and hip thrust 1RM, alongside
improvements in kicking accuracy (pre: 73.41%, post:
81.52%; p < 0.001). These results align with previous
literature suggesting that CT enhances lower-body power by
increasing motor unit recruitment, muscle fiber
synchronization, and force production capabilities (Seitz &
Haff, 2016). The increase in kicking accuracy is particularly
relevant for sports like football and soccer; where precise and
powerful kicking ability is crucial. Research suggests that
improvements in lower-body strength and power contribute
to better ball-striking ability and accuracy, particularly
under high-intensity game conditions. Additionally, the
review 'examined the effects of CT on post-activation
performance enhancement (PAPE), particularly in relation
to jump<squat and ballistic bench throw performance.
(Pouloeset al., 2023) found that differences in CT protocols
led to small-to-moderate variations in PAPE, with relative
strength influéncing the magnitude of performance gains.
This finding is consistent with previous studies suggesting
that athletes‘with higher relative strength levels tend to
exhibit greater PAPE responses, as their neuromuscular
system is more efficient at utilizing PAP mechanisms
(Blazevich & Babault, 2019). Furthermore, (Abdelkader,
2018) found that CT significantly increased squat jump and
countermovement jump height, while reducing ground
contact time (GCT) and time to maximum height (TMH) (p
< 0.05). This supports the idea that CT enhances reactive
strength and SSC efficiency, which are critical for explosive
movements like jumping, sprinting, and COD (Markovic &
Mikulic, 2010). Overall, the findings from this review
support the widespread application of CT as an effective
training method for improving multiple performance
attributes in athletes. The results are particularly relevant for
youth athletes, professional players, and sports requiring
explosive strength and speed, such as football, soccer, and
volleyball. Additionally, the heterogeneity analysis (I* =
10%-25%) suggests low-to-moderate variability across
studies, indicating that CT protocols consistently produce
positive outcomes across different populations. However,
some inconsistencies in training volume, intensity, and
recovery protocols across studies highlight the need for
further research to establish optimal CT programming for
different athlete populations (Wilson et al., 2013). Future
research should focus on identifying the ideal CT protocols
(e.g., alternating vs. block design), optimizing training loads,
and determining the long-term effects of CT on athletic
performance. Effectiveness of Complex Training: Complex
training has been shown to significantly improve strength
performancein athletes. Studiesindicate that both alternating
and block complex training programs can lead to notable
increases in strength metrics, such as vertical jump height
and sprint times (Lesinski et al., 2014). When compared to
traditional strength training methods, complex training
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yields moderate improvements in strength, suggesting that it
may be a more effective approach for athletes seeking to
enhance their power output (Lesinski et al., 2014). Expertise
Level Considerations: The effectiveness of complex training
may vary based on the athlete’s level of expertise. For
instance, lower-expertise athletes have shown greater
strength performance improvements than their more
experienced counterparts (Lesinski et al., 2014). Complex
training has been linked to significant improvements in
speed among team sport athletes. Research indicates that
athletes participating in complex training programs exhibit
faster sprint times compared to those engaged in traditional
training methods (Lesinski et al., 2014; Saibya et al., 2024).
Mechanisms of Improvement: The underlying mechanism
for speed enhancement through complex training is believed
to be post-activation potentiation (PAP), which temporarily
increases muscle power output following heavy resistance
exercises. Optimal results in speed performance are often
observed with specific training frequencies and durations,
emphasizing the need for well-structured training regimens
(Slimani et al., 2016) The integration of plyometric exercises
within complex training frameworks has been shown to
enhance jump height and agility in athletes. Short-term
plyometric training, particularly when combined with
strength training, can lead to substantial improvements in
these areas (Slimani et al., 2016). Studies suggest that
plyometric training alone may yield better results in jump
performance than when combined with strength training,
highlighting the importance of exercise selection in training
programs (Slimani et al., 2016). The type of surface used for
plyometric training can also influence performance
outcomes. Training on non-rigid surfaces has been shown to
produce similar benefits as traditional plyometric training
(Slimani et al., 2016). Apart from benefiting complex
Training, does also has a few limitations, asCT primarily
focuses on anaerobic performance, which may not enhance
aerobic capacity effectively. For instance, high-intensity
interval training (HIIT) combined with traditional strength
training has shown improvements in_aerobic power,
indicating the need for aerobic-focused training (Miiller et
al., 2020). The explosive nature of CT may not facilitate
optimal recovery between high-intensity bouts, suggesting
that aerobic training could be beneficial for recovery (Huang
etal., 2024).

This study provides strong evidence supporting the
effectiveness of CT in enhancing strength, speed, agility,
and jumping performance in athletes. The findings align
with existing literature and suggest that CT should be
integrated into sport-specific training programs to maximize
performance outcomes. By combining heavy resistance
training with explosive plyometric exercises, CT effectively
leverages neuromuscular adaptations, PAP mechanisms,
and SSC efficiency, making it an ideal training strategy for
competitive athletes.

Conclusion

This systematic review and meta-analysis provide
compelling evidence supporting the effectiveness of
complex training (CT) in enhancing multiple athletic
performance parameters, including strength, power, speed,
agility, and jumping ability. The findings demonstrate that

CT leads to significant improvements in vertical jump height
(7.4% increase in alternating CT, 6.0% in block CT), sprint
performance (2.4% reduction in sprint time for alternating
CT), and agility (notable gains in change-of-direction speed
and movement efficiency). Additionally, CT significantly
enhances kicking accuracy, strength endurance, and lower-
body power, highlighting its utility in sports such as football,
soccer, and volleyball, where explosive power and rapid
directional changes are crucial. The results indicate that youth
athletes and professionals benefit the most from CT, with
subgroup analyses revealing stronger adaptations in athletes
under 18 and those at a professional level. These findings
align with previous research indicating that neuromuscular
adaptations, post-activation potentiation (PAP), and stretch-
shortening cycle (SSC) efficiency contribute to the enhanced
performance outcomes observed with CT. Furthermore, the
study highlights that CT is a highly effective training method
for improving both general athletic abilities.and sport-
specific skills, particularly when alternating heavy resistance
exercises with plyometric movements. The low-to-moderate
heterogeneity (I*> = 10%-25%) observed in the studies
suggests that CT consistently yields positive results across
different athlete populations. However, variations in training
volume, intensity, and protocoel-design indicate the need for
further research to establish the optimal CT programming
for specific athlete groups. Future studies should focus on
identifying the most effective CT protocols, determining
long-term adaptations, and examining the interplay between
CT and other training modalities. In conclusion, CT should
be integrated into structured training programs for athletes
seeking to maximize performance gains in strength, speed,
agility, and power, making it a valuable tool for sports
performance enhancement.
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OuiHKa BNNBY KOMMAEKCHOFO TPeHYBaHHA Ha CMOPTUBHY
pesynbratuBHICcTb: CUCTeMaTUMHNI ornAapk

Cyuimpasa Yayaxapi'*®?, TIpamant Kymap Yaynxapi'A*<P, dmxyBenpapa Cinrx PamxmyT'5cP,

Hinenppa Cinrx'4<P

, Hpimengpa Xypma*P, AmBani Caini

:13ACD

"HanioHanbH#it iHCTUTYT (i3su¥HOroBMXoBaHHA iMeHi Jlakimmibai

*YuiBepcurer Mymb6ai
*YuiBepcnrer Horiga

ABTOpChHKNMIT BKIAK: A — FU3aiiH JOCTIKeHHsT; B — 36ip ganux; C - cratananis; D - migroroska pykomucy; E - 36ip xoruTis

Pedepar. Crarrs: 13 ¢, 8.Tabm., 1 puc., 42 mxeper.

Icropia muranns. Kommnekcue tpenysanusa (KT), sike moefgHye B cobi CrIoBi BIIpaBy 3 BeMUKUMN OOTXKEHHAMM Ta ITi-
OMETPUYHI PyXy, LIMPOKO BMKOPUCTOBYETHCA /Il MiIBUILIEHHS CUIOBUX ITOKA3HMKIB, HOTY>KHOCTI, IIBUAKOCTI, CIPUTHOCTI Ta
Ppe3yIbTaTUBHOCTI CTpMOKIB croprcMmeHiB. OpHak, BigminHOCTI B mporokonax KT Ta edekTBHICTD iX 3aCTOCYBaHHA Y PiSHUX
rpylax Hace/lIeHHs 3aMMIIAI0ThCA MPEJMETOM NMUCKYCill.

Merta gocmigKeHHA. MeTa LIbOTO CHCTeMAaTMYHOTO OILAAY Ta MeTaaHalisy momrana B ouinui smsy KT Ha copTuBHY
pe3y/IbTaTUBHICTD, 30KpeMa y QyTOOICTIB, a TAKOXK y BIU3HAYEHH] K/IIOYOBUX (PAaKTOPIB, 1110 BI/IMBAIOTh HA e(DeKTUBHICTD Lii€i
METOJIUKM.

Marepianu Ta merogu. JlocmiiKeHHA IPOBOANU/IOCA 3rifHO 3 peKoMeHauiAMM «IlepeBakHi eneMeHTH 3BiTYyBaHHA /IS CUC-
TEMaTUYHMX OIVIAAIB Ta MeraaHanisiB» (PRISMA), 3 BUKOPUCTaHHAM KOMIUIEKCHOTO IHOLIYKY B HAYKOMETPUYHMX 0a3ax HaHMX
PubMed, Scopus, Web of Science ta SportDiscus. [lo BiAIIOBiTHIX JOCTiIKeHb Oy BK/IOYEH] paHZOMi30BaHi KOHTPO/IbOBaHi
Bunpo6ysanus (PKB), kBasiekcriepuMeHTaIbHI JOCTIPKEHHS, CHCTEMATIYHI OIS/ Ta MeTaaHaIi3n, B sKux BuB4YaBcs BIymB KT
Ha BUCOTY CTPMOKa, 4ac CIIPUHTY, 3MiHy HanpAMKy pyxy (3HP), cuoBy BuTpuBamicTb Ta cennivHi CopTMBHUI HaBUYKY. Byno
BU/IYY€HO Ta [IPOaHa/i30BaHO AaHi, a TAKOXX HaBegeHo po3Mipn epexty (d Koera) Ta cratuctuxy rereporentocri (1%, Q-xpurepiii
P-3HAYEHHS).
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Pesynprarn. Pesynbratn cBiguars, mo KT 3HayHO ImMoKpantye MoKasHIKY CIOPTUBHOI pe3yIbTaTMBHOCTI: 301/IbIIIEHHS BUCO-
TV BEPTMKA/IbHOTO CTPMOKa Ha 7.4% (anbrephytode KT), ckopoueHH: yacy cipiHTY Ha 2.4% Ta iCTOTHE IIi/jBUII€HHS IIOKa3HMKIB
crputHocTi (p < 0.001). Iligrpynosmnii aHanis BusABuB 6i1b1ny edekTuBHICTD i1 IoHMX crioprcMenis (CCP = 2.01) Ta npodeciona-
niB (CCP = 1.58 ma cnpunTy Ta 1,53 misa nokasuukis 3HP). CyTTeBe IOMIMIIEHHA TAKOX CIIOCTEPiranocs B IIOKa3HUKAX CUIOBOI
BUTPUBAIOCTI, IIOTY>KHOCTI HV>KHDOI YaCTVHM Ti/Ia Ta TOYHOCTi BUKOHAHHA y/lapiB HOTOI0.

BucHoskn. [Iposenene nocmimpkeHHs no3Boisae ctBepmxysary, mo KT e edexTuBHUM MeTOOM TpeHYBaHHA, 1O CIpUsE
PO3BUTKY BUOYXOBOI CHIM, IIBUKOCTI Ta CIIPUTHOCTI, 0COO/IMBO Y MOJIOZVX Ta eTiTHUX CIIOPTCMeHiB. BpaxoByroun reteporeH-
HICTb Bifj HM3bKOIrO 0 noMmipHoro pisHiB (I = 10%-25%), 3acrocyBants KT n0C/1iJoBHO NOJIMIIYe Pe3y/IbTaTUBHICTD Y Pi3HIX
rpymax HaceseHHs. Ilofasbiui fOCTimKeHHs MaloTh Oy Ty 30cepemKeHi Ha ontuMisanii nporokomis KT st KOHKpeTHMX rpym
CIIOPTCMEHIB 3 MeTOI0 3a0e3IeueHHs MaKcHMi3allil pe3y/IbTaTUuBHOCTI.

KmouoBi cmoBa: KoMIjeKCHe TpeHYBaHHA, CHOPTUBHA Pe3yAbTaTUBHICTD, MiABUIIEHHA CU/IY, TIOMIMIIEHHA MBULKOCTI,
ITIOMETPUKA.
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