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Abstract

Background High, long, and triple jumps are athletic jumping events. Although they differ in technique and rules,
they share many similar biomechanical characteristics. Resistance training is a key method for enhancing jumping
performance and has gained attention. Different resistance training methods have been shown to significantly improve
jumping performance. However, current research on these events remains insufficient, particularly in systematically
analysing kinetic and kinematic indicators, exploring their relationships, and summarising common characteristics,
which are crucial. These gaps hinder a deeper understanding of how resistance training affects jumping performance.

Objective To explore the relationship between kinetic and kinematic indicators, examining how resistance training
influences force conversion into momentum, optimises body movement coordination, and enhances take-off perfor-
mance in jumping events.

Results The quality assessment results showed that four randomised controlled trials (RCTs) were evaluated using
the ROB-2 tool. Among them, two studies raised concerns about bias related to the randomisation process, and one
study also exhibited bias due to deviations from the intended interventions. Five non-randomised intervention stud-
ies were assessed using the ROBINS-I tool, with two studies judged to have a moderate risk of bias due to confound-
ing factors. Overall, five studies were identified as having a moderate risk of bias or raising concerns in specific areas.
Kinematic indicators (e.g., squat jump, countermovement jump, high jump height, standing long jump, and standing
triple jump) showed significant improvements. Jump height significantly improved (SMD=0.99; 95% Cl=0.56-1.41,
P<0.0001), and jump distance improved significantly (SMD=1.67; 95% Cl=0.93-2.40, P<0.0001).

Conclusion This review examines the significant effects of resistance training on kinetic and kinematic indicators

of jumping performance, emphasizing its critical role in enhancing athletic performance. Resistance training signifi-
cantly improves explosive power, take-off force, and maximal strength, particularly through exercises like squat jumps,
which are closely linked to enhanced jump performance. Additionally, neuromuscular adaptations stabilize the out-
put of antagonist muscles, further supporting performance enhancement. In terms of kinematic indicators, resistance
training enhances jump height and distance, with methods such as plyometric and barbell jump training proving
especially effective. These methods are beneficial for elite athletes and those with some training experience. However,
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the research highlights that gender and athletic level influence training outcomes, with females generally showing
less improvement. The review also underscores the need for more high-quality randomized controlled trials (RCTs)
to validate these findings further, as most current studies rely on non-randomized controlled trials (non-RCTs).

Systematic review registration https://www.crd.yorkac.uk/prospero, Identifier: CRD42025628838.
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Introduction

High, long and triple jumps are common athletic
jumping events. Despite differences in competition rules
and techniques, they share significant biomechanical
characteristics and performance mechanisms, which
rely on the ability to convert force into momentum
quickly in various events. This characteristic results in
similar responses to resistance training [1, 2]. From a
training perspective, the high, long, and triple jump all
involve rapid take-off movements and complex body
coordination, requiring consistent resistance training
interventions to enhance performance. These three
events share the core goal of take-off, requiring athletes
to coordinate body movements and efficiently generate
force to convert ground reaction force into an ideal
trajectory, optimising the distribution of the centre of
mass in space [1-4], as reflected in kinetic and kinematic
dimensions [4, 5]. Kinetics studies changes in mechanical
properties during force application (e.g., ground reaction
force Error! Reference source not found., joint torque
[6]. At the same time, kinematics focuses on trajectory
characteristics (e.g., the centre of mass height) [2]. These
factors jointly determine an athlete’s performance in
jumping events. Categorising these three events for
research enables a systematic summary of the effect of
resistance training on jumping performance. It reveals
commonalities in kinetics and kinematics, providing a
broader theoretical foundation for related fields [7].

In recent years, resistance training in jumping events in
track and field has received increasing attention, particu-
larly for its significant value in improving athletes’ kinetic
and kinematic capabilities [8, 9]. To comprehensively
evaluate the existing evidence, this study systematically
reviews the intervention effects of resistance training on
kinetic and kinematic indicators in athletes participat-
ing in events such as the long jump, triple jump, and high
jump. The included studies include RCTs and non-RCT
studies with clearly defined interventions. The forms of
intervention encompass systematic resistance training
programs, including free-weight training, plyometric
training, and Olympic weightlifting.

High jump, long jump, and triple jump are three rep-
resentative jumping events in track and field, each
demonstrating significant differences in technical struc-
ture, movement patterns, and competition rules. These

differences reflect diversified strategies in force produc-
tion and movement coordination. Specifically, the high
jump focuses on achieving vertical height, employing a
single-leg take-off technique, emphasising take-off angle
and aerial posture control. The approach run has a rela-
tively moderate speed, emphasising rhythmic execution
and spatial perception. In contrast, the long jump aims to
maximise horizontal displacement, also utilising a single-
leg take-off, but with a faster approach run. It requires
athletes to efficiently convert horizontal kinetic energy
into vertical impulse, with coordinated arm and swing-
leg actions playing a critical role in take-off effectiveness.

The triple jump comprises three consecutive move-
ment phases: the hop, step, and jump, each executed
rapidly and requiring uninterrupted take-off and landing
transitions. Complex, variable rhythmic patterns charac-
terise this event and impose high demands on lower limb
muscular endurance, movement continuity, and neu-
romuscular coordination [1, 10, 11]. Moreover, during
repeated effects and successive take-offs, the triple jump
places greater reliance on effect attenuation and the ath-
lete’s adaptability to ground reaction forces [11, 12].

Despite the technical heterogeneity among the three
jumping events in terms of take-off technique, movement
direction, approach rhythm, and upper limb movement
patterns, they exhibit a high degree of consistency from
training biomechanics and exercise physiology perspec-
tives. Specifically, they share similar requirements for
lower-limb explosive strength, rate of force development
(RFD), and neuromuscular activation characteristics
[13]. All three belong to skill-based sports predominantly
driven by explosive power output. Their common motor
core lies in the high-intensity, short-duration force exer-
tion of major lower-limb muscle groups, particularly the
extensor muscles around the ankle, knee, and hip joints,
to efficiently convert ground reaction force (GRF) into
centre of mass kinetic energy, thereby achieving optimal
spatial displacement [7, 14, 15].

At the kinetic level, the take-off phase of these three
jumping events typically demonstrates high peak ground
reaction force, short ground contact time (GCT), and a
high rate of power output [6, 14, 16]. In athletic train-
ing practice, these events commonly adopt similar
training strategies, including heavy resistance train-
ing, plyometric training, and power-oriented resistance
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training. Empirical studies have widely validated these
intervention methods as effective in enhancing athletes’
neuromuscular activation and improving their athletic
performance [15, 17].

In summary, although high jump, long jump, and
triple jump differ significantly in technical execution
and competition formats, they exhibit a high degree
of commonality in training adaptation mechanisms,
kinetic response characteristics, and neuromuscular
force production patterns. Based on this premise, clear
physiological foundations and biomechanical logic
support the incorporation of these events into a unified
analytical framework. This integrated perspective offers
research value for exploring the coupling mechanisms
among kinetics, kinematics, and athletic performance
in jumping events. Moreover, it facilitates the extraction
of universally applicable training intervention
strategies, provides theoretical support for performance
enhancement, and expands the scientific application
pathways of resistance training in competitive jumping
disciplines.

Although high, long, and triple jumps are often dis-
cussed in resistance training research, systematic analy-
ses of their shared biomechanical characteristics remain
insufficient. Studies on kinetics and kinematics are key
determinants of jumping ability and for optimising tech-
nical movements [16]. Kinetic analysis reveals how ath-
letes convert force into momentum, while kinematics
provides the theoretical basis for optimising movements
[15, 17, 18]. There is a close interaction between these two
fields: kinetic output influences kinematic performance,
and changes in kinematic characteristics adjust kinetic
demands [7, 15]. Summarising the effects of resistance
training from kinetic and kinematic perspectives can pro-
vide comprehensive guidance for theoretical research and
practical application.

Resistance training has become a widely recognised
intervention for enhancing jumping performance, with
numerous studies demonstrating its effectiveness in
improving athletesjumping abilities [15, 19]. However,
several gaps remain in the current research. First, there
is a lack of systematic analysis of kinetic and kinematic
indicators. Second, the relationship between these indi-
cators has not been fully explored. Lastly, the shared
characteristics of high, long, and triple jump have yet
to be analysed and unified. As a result, the mechanisms
and interactions between kinetic and kinematic factors
in resistance training for jumping events remain poorly
understood. This review aims to fill these gaps by syn-
thesising the effect of resistance training on kinetic and
kinematic performance and exploring how these changes
contribute to improved jumping ability. Ultimately,
the goal is to provide actionable insights for optimising
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resistance training in jumping events and to guide future
research in this area.

Methods

The research team of this study followed the
guidelines outlined in the wupdated Preferred
Reporting Items for Systematic Reviews and Meta-
Analysis (PRISMA) statement. This protocol was
registered (registration number: CRD42025628838) at
the International Prospective Register of Systematic
Reviews (PROSPERO).

Literature search strategy

(“Explosive Resistance training” OR “strength” OR
“resistance training” OR “strengthening programs”
OR “progressive resistance training” OR “resistance
exercise” OR “weight lifting” OR “weight exercise”
OR “strength exercise” OR “weight training” OR
“intensive resistance training” OR “leg press” OR
“jumping”) AND ("Sport* performance*'OR"Athletic
performance*'OR"Physical performance*"OR"Exercise
performance*'OR"Fitness ~ performance"OR  “jump
performance*” OR “long jump performance*”
OR “performance*” OR “Explosive” OR “strength
performance” OR “Strength” OR “power” OR “force”
OR “velocity” OR “muscle performance*” OR “height”
OR “distance”) AND (“Long jumper*” OR “jumper*” OR
“jump Competitors” OR “High jumper”) From PubMed
(Title/Abstract), SCOPUS (Title/Abstract/Keywords),
Web of science (Abstract), EBSCOhost (Abstract) on
22/12/2024. Detailed search strategies for each database
are provided in Appendix 1.

Inclusion and exclusion criteria

Inclusion criteria

(1) Randomized controlled trials (RCTs) or non-rand-
omized intervention studies with clearly defined control
conditions, including longitudinal studies (i.e., studies
involving repeated measurements and data collection
over an extended period on the same group of partici-
pants) and quasi-experimental research (e.g., compar-
ing athletes’ performance across different competitive
seasons to evaluate causal relationships); In addition to
randomized controlled trials (RCTs), high-quality non-
randomized controlled trials (non-RCTs), including pre-
post studies and quasi-experimental designs, were also
eligible for inclusion. The decision to include non-RCTs
was based on two considerations: Methodological qual-
ity assessment, ensuring that studies featured clearly
described interventions, systematic training protocols,
and pre- and post-intervention measurements with efforts
to minimize bias; Feasibility considerations specific to the
study population. Given the scarcity of elite track and field
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jumpers and the ethical and practical challenges of ran-
dom assignment (e.g., fixed training schedules and limited
sample availability), high-quality non-RCTs provided a
crucial complementary source of evidence. (2) The inter-
vention must consist of a structured and systematic resist-
ance training program; (3) Participants must be athletes
involved in track and field jumping events; (4) The study
must report at least one kinetic variable (e.g., joint torque)
or one kinematic variable (e.g., velocity); (5) The language
of publication must be Chinese or English.

Exclusion criteria

Studies involving participants under the age of 18;
(2) Studies investigating only the acute responses to
a single training session or lacking a clearly defined
intervention period; (3) Studies involving injured
athletes, or interventions that include pharmacological
agents or nutritional supplements; (4) Literature types
such as unpublished manuscripts, theses or dissertations,
conference abstracts, review articles, and other forms of
grey literature that are not peer-reviewed; and (5) Studies
that do not report any kinematic or kinetic outcomes
and instead focus solely on other types of indicators (e.g.,
physiological or biochemical variables).

The illustration of inclusion and exclusion criteria
Participants characteristics

Participants were required to be athletes aged 18 years
or older, engaged in track and field jumping events (long
jump, triple jump, high jump), and possess a certain
level of competitive experience (e.g., collegiate athletes,
provincial/state-level athletes or above). If a study
included participants under 18 but reported an average
age of > 18 years and found no significant effect of age on
study outcomes, it was considered eligible. Conversely,
studies were excluded if the inclusion of minors was not
justified or if the majority of participants were under 18.

Intervention characteristics

This study defines resistance training as any training pro-
tocol involving external resistance to enhance muscu-
lar strength and power. Including but not limited to: (1)
Resistance training with free weights or machines; (2) Ply-
ometric training (e.g., loaded or unloaded jump exercises);
(3) Olympic weightlifting movements; (4) Combined or
periodised resistance training protocols; Studies involving
pharmacological, nutritional, psychological, or other mul-
timodal interventions were excluded.

Control conditions

While RCTs are considered the gold standard for evi-
dence, practical and ethical constraints in elite sports set-
tings often limit the availability of RCTs with high-level
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athletes. This review also included non-RCT designs such
as longitudinal studies and quasi-experimental research to
ensure comprehensiveness and practical relevance, pro-
vided they employed clearly defined interventions and
reported kinetic or kinematic indicators.

Study design

Only experimental studies with defined intervention and
comparison conditions were included. Observational
studies, methodological papers, audio-visual instructional
articles, and non-intervention designs were excluded.

Outcome measures

To be included, studies had to report at least one
performance-related kinematic or kinetic variable as an
outcome, such as: (1) Kinetic indicators: joint torque,
ground reaction force, power, maximal strength, peak
force; (2) Kinematic indicators: take-off velocity, peak
velocity, displacement; (3) Studies that did not include
such outcomes or reported only physiological or
biochemical variables were excluded.

Study selection

The studies retrieved from six international databases
and additional sources were imported into the literature
management software Zotero (version 6.0.37), and
duplicates were removed using the software’s built-in
function. The screening process adhered to pre-
established inclusion and exclusion criteria. In the title
screening stage, two independent reviewers (YZ and
WCR) reviewed article titles to exclude studies irrelevant
to the research topic. The inter-rater agreement was
Cohen’s kappa=0.78, indicating substantial agreement.
Another pair of independent reviewers (LC and XRZ)
screened the abstracts in the abstract screening stage.
The contract between them was Cohen’s kappa=0.82,
indicating substantial to excellent agreement.

In the comprehensive content screening stage, YZ and
WCR independently re-evaluated the full texts. Articles
not meeting the eligibility criteria were excluded,
and reasons for exclusion were documented. The
inter-rater agreement reached Cohen’s kappa=0.87,
indicating excellent agreement. Different reviewer pairs
were assigned at each screening stage to balance the
workload, minimise reviewer fatigue and enhance the
independence and objectivity of the review process. By
alternating reviewer combinations across title, abstract,
and full-text screening, potential bias introduced by
individual evaluators was reduced, thereby increasing
the overall reliability and transparency of the study
selection procedure [20, 21].

At any stage, if there was disagreement regarding the
inclusion of a study, a third independent reviewer (KGS)
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Table 1 Cohen'’s kappa values and interpretation of inter-rater reliability during study selection

Screening Stage Cohen’s Kappa Interpretation Reviewer Pair
Title screening 0.78 Substantial agreement YZ & WCR
Abstract screening 0.82 Substantial to almost perfect LC&XRZ
Full-text screeniing 0.87 Almost perfect agreement YZ &mp WCR

was consulted to re-evaluate the article and make the
final decision. The level of inter-rater agreement was
assessed using Cohen’s kappa coefficient in Table 1
Cohen’s Kappa Values and Interpretation of Inter-Rater
Reliability During Study Selection [22]. The kappa val-
ues were interpreted according to the following scale:
values below 0 indicate poor agreement, values between
0.01 and 0.20 reflect slight agreement, values between
0.21 and 0.40 suggest fair agreement, values between
0.41 and 0.60 denote moderate agreement, values
between 0.61 and 0.80 represent substantial agreement,
and values between 0.81 and 1.00 indicate almost per-
fect agreement [22].

Title and abstract screening

A total of 1,297 articles were initially identified. After
removing 231 duplicates and grey literature (n=22), 1,044
records remained. During the title screening phase, 255
articles were excluded due to irrelevant interventions
(non-resistance training), and 176 articles were excluded
for not reporting kinetic or kinematic outcome meas-
ures. This left 613 articles for abstract screening. Based on
abstracts, 93 studies involving injured or clinical popula-
tions, 89 studies unrelated to jumping events, 57 animal
studies, 69 studies involving resistance training combined
with pharmacological or nutritional interventions, and
79 studies with complex multi-component interventions
(where resistance training effects could not be isolated)
were excluded, leaving 226 articles.

Full text screening

Full-text reviews led to the exclusion of 31 methodologi-
cal studies focused on measurement tools, 102 studies
that only analyzed correlations between variables with-
out intervention, and 36 articles related to audiovisual
teaching content. Exclude 32 non-English and Chinese
studies. 16 studies examined only the acute responses
to a single training session. Finally, nine studies met all
inclusion criteria and were included. See Fig. 1.

Data extraction and quality assessment

The risk of bias for each selected RCT was carefully
assessed using the revised Cochrane risk of bias tool for
randomised trials (RoB-2) [23]. This tool provides a com-
prehensive framework for evaluating potential biases in

various aspects of trial design and execution. The assess-
ment was conducted using the Risk of Bias in Non-
randomised Studies of Interventions (ROBINS-I) tool
[24] for non-RCTs. ROBINS-I is specifically designed
to evaluate the risk of bias in studies that do not employ
randomisation, addressing factors such as confounding,
selection bias, and measurement bias. Both tools ensure
a comprehensive evaluation of the studies, enhancing the
reliability of the overall analysis.

Statistical methods for effect size estimation

Review Manager 5.3 was used to analyse the outcome
measures of the included studies. Given that the outcome
measures were continuous variables, we chose the stand-
ardised mean difference (SMD) as the effect size metric
for statistical analysis. We used the SMD statistic to evalu-
ate effect size, where SMD<0.2: trivial; 0.2<SMD<0.6:
small; 0.6<SMD<1.2: moderate; 1.2<SMD<2.0: large;
2.0<SMD<4.0: very large; SMD>4.0: extremely large
[25]. We employed the I? statistic to test for heterogeneity,
with 12<40% indicating low heterogeneity, 40% <I*><70%
indicating moderate heterogeneity, and 1>>70% indicat-
ing high heterogeneity. We applied fixed-effect models for
analyses with no or low heterogeneity and random-effect
models for analyses with moderate to high heterogene-
ity [26]. Four of the included studies provided complete
effect size computation data (i.e., means, standard devia-
tions, and sample sizes) for both experimental and control
groups [1, 6, 27, 28].

The effect sizes for four studies were directly calcu-
lated using the reported means and standard deviations
[1, 6, 27, 28]. For the five studies without control groups
but with pre- and post-test data [3, 29-32], within-group
effect sizes (Cohen’s d) were calculated using the mean
difference between post- and pre-intervention scores
divided by the pre-test standard deviation. Effect sizes
were further adjusted using a standardized method for
repeated measures designs to address the dependency
between measurements, incorporating the correlation
between pre- and post-test scores [33]. A conservative
estimate of r=0.5 was assumed when a correlation coef-
ficient was not reported, as commonly practiced in pre-
vious meta-analyses. The formulas for the within-group
effect size and its adjustment are presented as follows:
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Identification of studies via databases and registers

Records removed before the screening:

» Duplicate records removed(n =231)

Grey literatures (n=22)

Records excluded (n =431)

By Title:

Excluded studies with independent variables not
mvolving resistance training (n = 255);
Excluded studies without kinetic or kinematic
outcome measures (n = 176)

Records excluded (n = 387)

By Abstract:

Excluded studies involving athletes with diseases
or injuries (n = 93);

Excluded animal studies (n=57);

Excluded studies combining resistance training
with pharmacological or nutritional interventions
(n=169);

Excluded studies involving athletes in multi-sport
or non-long jump events (n = 89);

Excluded studies in which the independent effect
of resistance training could not be isolated due to
multi-component interventions (n = 79)

Record identified from:
— Searching (n=1297)
& PubMed(n=28)
= SCOPUS(1n=786)
Q‘ Web of Science(n=143)
g EBSCOhost(SPORT
. Discus)(n=340)

Records screened

(n=1044)
wn
g Reports assessed for |
g eligibility (n=613) o
@ l
Reports assessed for

eligibility (n=226)
E; Reports of included
;Q studies
_ (n=9)

Fig. 1 Flow diagram of the study selection
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orr Tepresents the corrected effect size, “d” is
the unadjusted effect size, and r denotes the correlation
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In this systematic review, we evaluated the effect of
intensity training on athletic performance by calculating
the effect sizes of each included study. The effect size was
calculated using Cohen’s d, a standardised indicator for
measuring the differences between the two groups. The
specific calculation formula is as follows:

Records excluded (n =217)

By full text:

Excluded studies focusing on measurement
methods (n = 31);

Excluded studies mvestigating correlations between
variables (n=102);

Excluded studies on audiovisual-based teaching or
mstruction (n = 36);

Exclude non-English and Chinese studies (n=32);
Excluded studies examining only acute responses to
a single training session (n = 16)
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Among them, M1-M2 is the mean of the experimental
group and the control group, respectively, SD pooled is
the combined standard deviation of the two groups, and

the calculation formula is:
_ Mait
SD i
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Risk of bias domains

Study

©
®
@

Domains:

Judgement

D1: Bias arising from the randomization process.

D2: Bias due to deviations from intended intervention.
D3: Bias due to missing outcome data.
D4: Bias in measurement of the outcome.

- Some concerns

. Low

D5: Bias in selection of the reported result.

Fig. 2 ROB-2 assessment results

Among them, nl and n2 are the sample sizes of the
experimental and control groups, respectively, and SD1
and SD2 are the standard deviations of the two groups.
Cohen’s d calculation formula:

Results

Study quality assessment

The ROB-2 tool was applied to assess four RCTS [1, 6,
26, 27], while the ROBINS-I tool was used for five non-
RCTs [3, 29-32]. Among these studies, five were rated

as having a moderate overall risk of bias or some con-
cerns, as illustrated in Figs. 2 and 3. Figure 2 ROB-2
Assessment Results shows the ROB-2 assessment
results. Two studies were rated as having some concerns
due to issues related to bias arising from the randomiza-
tion process, and one of these studies also showed some
concerns in the domain of bias due to deviations from
intended interventions. Figure 3 ROBINS-I Assessment
Results shows the ROBINS-I assessment results. Three
non-RCTs were judged to have a moderate risk of bias

Risk of bias domains

Study

Domains:

000 O
0000
000 O
o) Ol 1O

Judgement

D1: Bias due to confounding.

D2: Bias due to selection of participants.
D3: Bias in classification of interventions.
D4: Bias due to deviations from intended interventions.

- Moderate

. Low

D5: Bias due to missing data.
D6: Bias in measurement of cutcomes.
D7: Bias in selection of the reporied result.

Fig. 3 ROBINS-I assessment results
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due to concerns in the domain of bias due to confound-
ing [29, 31, 32].

The results are summarised as percentage changes for
the following variables: Kinetic indicators in this study
include pushing force, peak torque and peak power.
Kinematic indicators include approach speed, cruising
angle, long jump, flight time (bilateral CM]J action), flight
height, standing long jump, standing triple jump, maxi-
mal voluntary contraction, squat jump (bilateral), and
peak concentric and eccentric force.

Participant characteristics

The characteristics of the participants in the ten studies
included in this review are summarised as follows. A total
of 61 male and nine female participants were involved.
Two studies included mixed-gender samples [3, 32].
Among them, one study reported the gender distribution
in detail (five males and two females), which was included
in the overall gender count [3]. Additionally, one study
did not specify the participants’ gender, and thus, its 20
participants were not included in the gender statistics
[28]. Regarding event types, 81 participants were from
long jump, 11 from high jump, seven from triple jump,
and seven from studies involving mixed jump events.
See Table 2 for detailed Characteristics of the studies
examined in the present review.

Among the included studies, seven studies reported the
participantsages [1, 3, 6, 27-30], with the minimum age
being 18.6 years [3], the maximum age being 23.9 years
[1], and the average age being 20.98 years. Two studies did
not report age (31, 30). One study reported a squat 1RM
to body mass ratio of 1.9+0.2 [27], and one study reported
resistance training experience as 6.6 +2 years. Two studies
did not report the participants’level or related information
[29, 32]. Five studies reported the athletes'competitive level
[1, 3, 28, 30, 31]. The lowest level was second-tier athletes
[3], four studies of the highest level were professional
athletes participating in national or international top-level
athletics events [1, 28, 30, 31].

Study design

Except for one study [3], which lasted 48 weeks, the remain-
ing studies lasted 4—12 weeks [1, 6, 27, 28, 31]. One study did
not mention the duration [6], as it involved adding isokinetic
resistance training to the athletes’base training weeks [6].
Four studies included a control group [1, 6, 27, 28]. Five stud-
ies included only an experimental group [3, 29-32].

Training programs

Among the included studies, resistance training methods
aimed at enhancing jump-specific performance could
be classified into four main categories: (1) pure weight
training, (2) barbell resistance training combined
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with jump training, (3) bodyweight jump training (i.e.,
plyometric training), and (4) jump training combined
with sprint training.

Pure weight training

Pure weight training typically consists of traditional
weightlifting or machine-based exercises, with the
primary goal of improving maximal strength of the
lower limbs. Jumping movements are excluded from
this training modality. Some studies employed isokinetic
training devices to perform ten repetitions of knee
extension and flexion at angular velocities of 60°/s
and 120°/s, with each set consisting of either 5 or 10
repetitions, respectively [6]. Other studies increased
training load by using weighted vests adjusted to 10-13%
of the subject’s body weight. Participants wore the vests
during daily physical activities and resistance exercises,
training three times a week for 10 weeks [32]. This type
of training emphasizes the foundational development of
muscular strength.

Barbell weight training combined with jump
training

One study employed a hypergravity training method,
in which participants wore a weighted vest equivalent
to 13% of their body weight throughout the day, in
conjunction with 150-180 min of jump training. This
approach aimed to simulate a constant external load
condition and simultaneously stimulate physical loading
and sport-specific jump performance. The weighted vest
was worn 6-7 times per week over a training period of
3—4 weeks [1].

Bodyweight jump training (Plyometric Training)

In this study, plyometric training is defined as a specific
form of jump-based training that utilizes the stretch—
shortening cycle (SSC) mechanism, enhancing neuro-
muscular function through rapid eccentric-concentric
contractions. Jump training is generally used as an
umbrella term for various jumping movements. This
study proposes that, when jump training incorporates
SSC characteristics and explosive demands, basic jump
training (particularly bodyweight-based jump training)
can be considered a form of plyometric training. There-
fore, in this review, such jump training is classified under
plyometric training, aiming to provide a more system-
atic framework for summarizing intervention strategies
and facilitating outcome comparisons. Some studies
use various jumping exercises, including basic move-
ments e.g., two-leg hurdle jumps, squat jumps, and step
jumps) and advanced variations (e.g., single-leg jumps
and bounding). The training duration in one study lasted
48 weeks [3]. Another study implemented nine sets of six
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maximal-effort jumps with 3-min rest intervals between
sets, focusing on maximizing peak power output under
light-load conditions. This protocol was performed 2-3
times per week for 12 weeks [27].

Other studies further classified jump exercises into
sport-specific forms such as approach jumps, five-step
approach jumps, and single-leg jumps. These studies
emphasized the coordination of horizontal and vertical
force application during the jumping process. Accord-
ingly, horizontal and vertical jumps were integrated into
the training sessions at 60% to 80% of each athlete’s maxi-
mum capability. Each session involved 6 to 12 repeti-
tions, with active rest of 3 min between sets and 40-90 s
between repetitions) over an 8-week period [28].

One study employed jump training as the core inter-
vention, introducing additional external load via
handheld weighted discs (2-5 kg), and training was
conducted 6 times per week for 3—4 weeks. Each ses-
sion included 5 sets of 10 repetitions, with 1-2 min of
rest between sets [30]. Another study incorporated jump
training within a single training unit, along with exer-
cises such as high pulls, power cleans, weighted squats,
and lunges; however, the exact load and number of sets
were not reported [31].

Jump training combined with sprint training

Some studies combined plyometric training with sprint
training, utilizing 30-m and 50-m sprints performed at
90-100% of maximal sprinting effort, alongside jump-
based exercises such as hurdle sprints and standing
jumps. This represents a model that combines discrete
and continuous high-intensity resistance training.
The purpose of this approach is to enhance athletes’
mechanical output and neuromuscular control through
explosive sprinting and jumping stimuli. The training
frequency was three sessions per week, with each session
lasting 50—60 min, over a total duration of 10 weeks [29].

The results of kinetic indicators

Kinetic indicators emphasise intrinsic aspects of the
movement process, including force, power, and velocity.
Existing literature has extensively examined the effects
of resistance training on kinetic and mechanical perfor-
mance metrics in jump athletes. Scholars indicate that
the following indicators are crucial for improving per-
formance in jumping events:Error! Reference source
not found. peak force [27], peak power, and rate of force
development, although the improvement in RFD was not
statistically significant [27]. Research has also investigated
maximal torque at specific joints, particularly the ankle
and knee flexors [6]. No significant changes were observed
in the maximal torque of the antagonist muscles involved
in jumping, particularly the knee flexors [6]. Thrust
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performance and peak power have also been identified as
key indicators, demonstrating significant improvements
[27]. The indicators above collectively represent essen-
tial kinetic parameters that contribute to improved jump
performance, reflecting the neuromuscular and mechani-
cal adaptations elicited by resistance training. However,
the maximal torque of antagonist muscles, or relatively
non-primary movers, does not show significant improve-
ment [34, 35]. This outcome may be explained by the fact
that resistance training primarily enhances thrust and
power output through improvements in neuromuscu-
lar transmission, optimisation of muscular coordination
and increased neural activation of the primary movers.
In contrast, antagonist muscles may maintain a relatively
stable output level due to adaptations in neuromuscular
regulatory mechanisms [36—38].

One study included in this review reported that a com-
bination of sprint and jump training enhanced the explo-
sive power of long jump athletes after 10 weeks. This
study adopted a within-subject pre—post experimental
design. The results demonstrated marked improvements
in both upper and lower limb explosive power following
the intervention, with upper limb performance showing
a moderate increase and lower limb performance exhibit-
ing a more substantial enhancement. Statistically signifi-
cant differences were observed within the group before
and after the training period [29].

In this review, the combination of sprint and jump train-
ing was found to enhance pushing force, with a significant
within-group improvement observed in post-interven-
tion, particularly during the take-off phase in long jump
athletes after 10 weeks [29]. One study included in this
review demonstrated that peak force in long jump athletes
was significantly enhanced (12.6%) through squat jump
training with peak power output training after 12 weeks.
Additionally, peak power was also significantly increased
(21.6%) [27]. The correlation coefficients between peak
force and both average and peak power in squat-related
jump tests ranged from 0.78 to 0.84, indicating a strong
positive correlation. One study reported that peak power
increases significantly at 120°/s, particularly in the knee
flexors and extensors, which play a crucial role in enhanc-
ing high jump performance [6]. One study reported an
improvement in RFD following peak power output train-
ing in long jump athletes, although this change did not
reach statistical significance.

The results of kinematic indicators

Kinematic indicators emphasise parameters such as
position, velocity, and acceleration during the movement
process, which primarily describe the performance and
Kinetics of the movement, rather than directly involving
the generation of force or power [39, 40]. Kinematic
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indicators infer an athlete’s movement abilities by
analysing their temporal and spatial trajectories, as
well as the kinematic characteristics of the movement,
particularly in explosive actions like jumping and
running. These indicators typically do not rely on direct
external force measurements but reflect an athlete’s
explosive power, movement technique, and performance
through characteristics such as movement trajectory,
velocity changes, and height. They provide direct insight
into an athlete’s skill performance and movement
efficiency [41-43]. The kinematic indicators discussed
in this review for the long jump include approach speed,
cruising angle, long jump, standing long jump, standing
triple jump, vertical jump height, horizontal velocity at
take-off, CMJ displacement, speed, running and jumping
to touch height, five jumps, and timed single-foot jump
[3, 27-29, 32]. Kinematic indicators for the high jump
include high jump height [31], while those for the triple
jump include squat jump, countermovement jump, and
flight time [30]. In mixed studies, kinematic indicators
include the centre of mass height [1].

Five studies evaluated jump height using parameters
such as the squat jump [30], countermovement jumps
[30], running jump to touch height [3], centre of mass
height [1], vertical jump height [28], and high jump
[31]. The studies reported significant improvements in
these parameters after resistance training, ranging from
7 to 13% (SMD=0.99; 95% CI=0.56-1.41, P<0.0001),
(I2=0%, P=0.46). The effect size (SMD=0.99) is consid-
ered small.

This study included five studies on the effects of resist-
ance training on jump height, consisting of two RCTs
[1, 28] and three non-RCT studies [3, 30, 31]. According
to the RoB-2 and ROBINS-I tools, all four studies were
assessed as having a low risk [1, 3, 28, 30]. The overall
findings of these studies reported statistically significant
positive effects, with 95% confidence intervals not cross-
ing zero (SMD of 1.67 [0.40, 2.95] [1], 1.52 [0.55, 2.49] [3]
and 1.12 [0.04, 2.20]) [3], indicating that resistance train-
ing, including plyometric training [3, 28, 30] and barbell-
loaded jumps [1] can significantly enhance jump height.
In contrast, the non-RCT study [30] and the RCT study
[28], while high-quality studies, show that the confidence
intervals for the effect size cross zero (SMD=0.39; 95%
Cl=-0.67-1.45) [30], (SMD=0.42; 95% CI=-0.65—
1.48) [30], and (SMD=0.92; 95% CI=—0.01-1.85) [28],
with only one study, which including female participants,
whose 95% confidence interval lower bound was the low-
est compared to other studies [30].

After a 10-week intervention combining sprint and
jump training, a revised Cohen’s d of approximately 1.76
was observed [29]. Additionally, seven eligible stud-
ies were included to examine the effects of resistance
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training on jump height. The methodological quality
of these studies ranged from moderate to low risk, and
the study designs included non-RCTs and RCTs. Among
them, studies reporting larger effect sizes were all classi-
fied as moderate-risk non-RCTs, including (SMD =4.91;
95% CI=1.88, 7.94) [32], (SMD=2.31; 95% CI=0.52—
4.11] [32], (SMD=2.19; 95% CI=0.88-3.50) [29], and
(SMD=1.90; 95% CI=0.26-3.53) [32]. Most of these
studies involved male or mixed-gender participants. All
reported statistically significant effects. However, this
also indicates that the primary conclusions rely consider-
ably on non-RCTs with moderate methodological quality
and relatively weaker study designs.

Four studies assessed jump distance using parameters
such as the standing long jump, standing triple jump,
long jump, broad jump, and five jumps [3, 28, 29, 32].
These studies found significant improvements in jump
distance after resistance training, with enhancements
ranging from 4 to 15% (SMD=1.67; 95% CI=0.93-
2.40, P<0.0001), (I>?=38%, P=0.13). The effect size
(SMD=1.67) is considered moderate, indicating
that resistance training has a significant promoting
effect on improving horizontal jump distance, with
low heterogeneity. One low-risk RCT study reported
a statistically significant effect (SMD=1.57; 95%
CI=0.54-2.60). However, the effect size was notably
smaller than that observed in most moderate-quality
non-RCT studies [28].

Discussion

Discussion on resistance training for kinetic indicators
Explosive power refers to generating maximal force in the
shortest possible time [44]. Previous research has shown
that lower limb explosive power is significantly correlated
with jump height or distance [45], This research finding
is also validated in the present review, where resistance
training significantly enhanced both explosive power and
long jump distance [29]. Furthermore, some studies have
indicated that short-distance sprint training combined
with multiple jumps can effectively stimulate the neuro-
muscular system, improving muscle explosive capacity
and increasing athletes’'muscle force output levels [16].
This finding suggests that incorporating sprinting and
jumping elements into training can activate different
lower limb muscle groups from multiple angles, thereby
enhancing overall explosive performance.

In addition, pushing force is actively exerted by muscles
against an external object (e.g., the ground or equipment)
through voluntary contraction. Its primary function is
to enable acceleration, displacement, or stabilisation of
the body or external objects. The applied pushing force’s
magnitude, direction, and timing influence athletic per-
formance and training effectiveness [7, 15, 46]. Previous
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research has investigated the influence of kinetic parame-
ters on vertical jump performance, revealing that combin-
ing short sprint training with jump training can enhance
lower limb muscle force output during rapid movements,
thereby providing greater propulsion during the take-off
phase. The study further indicated that complex training
contributes to the improvement of the elastic storage and
release capacity of the muscle—tendon complex, a mecha-
nism that plays a significant role in facilitating force trans-
mission during take-off [16].

Experimental evidence indicates that during the rapid
stretch—shortening cycle, muscle spindles and Golgi
tendon organs provide critical proprioceptive feedback,
regulating motor neuron excitability and the timing of
muscle activation, thereby optimizing the storage and
release of elastic energy in tendons [47, 48]. Ultrasono-
graphic observations have shown that the Achilles ten-
don stores elastic energy during the eccentric phase of
jumping and rapidly releases this energy during the con-
centric phase to enhance explosive force output [49]. Fur-
thermore, electrophysiological studies demonstrate that
increased stretch reflex sensitivity and pre-activation of
the agonist muscles help improve the efficiency of tendon
elasticity utilization, preparing the muscle—tendon unit
for rapid force transmission. This neuromuscular coor-
dination mechanism not only reduces electromechani-
cal delay but also maximizes explosive force production,
highlighting the crucial role of tendons as biological
springs in dynamic movements [47].

Peak force refers to the maximum force output produced
by an athlete during a specific movement [50]. It measures
the most significant muscular force that can be generated
instantaneously, typically assessed at a critical moment of
the movement, such as the initial phase of a jump or the
lowest point of a squat [19]. Increasing peak force mark-
edly enhances athletesjumping ability. The peak force is a
key to jumping performance [51]. The findings of this study
are consistent with previous research, which has reported
a significant correlation between peak power output and
peak force in jump-based resistance training.

The correlation coefficients between peak force and
both average and peak power in squat-related jump tests
ranged from 0.78 to 0.84, which suggests that, during the
squat jump, as the instantaneous maximum force (peak
force) generated by the muscles increases, the power out-
put (peak power output) also increases accordingly[52].
A scholar reported that combining strength and plyo-
metric training enhances explosive strength and jumping
performance, especially in short and vertical sprints [16].
Scholar found that peak force improvements are strongly
linked to coordination. Scholars have observed that peak
force correlates with ground reaction forces during jump-
ing, ultimately enhancing performance in experimental
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settings [53]. This review concludes that resistance train-
ing increases peak force, enabling greater thrust at take-
off and improving jump height or distance. Multiple
lines of experimental evidence have revealed the specific
neuromuscular mechanisms by which neural coordina-
tion influences peak force. In athletic movements, neu-
romuscular coordination is reflected in the effective
synchronous activation of motor units, the sequencing
of activation, and the modulation of firing frequency, all
of which jointly determine the magnitude of peak force
output [54-56]. Electromyographic studies have indi-
cated that rapid neural transmission and pre-activation
of muscles reduce electromechanical delay and increase
contraction velocity, thereby contributing to the produc-
tion of higher peak force [57, 58].

Moreover, training enhances coordination between
agonist and antagonist muscles, minimizes unnecessary
antagonistic interference, and improves net force output.
These neuromuscular adaptations enable athletes to
utilize muscular strength more efficiently, improving
explosive power and overall athletic performance.
Empirical studies further support that targeted
neuromuscular coordination training can significantly
enhance peak force and related performance indicators.
Thus, neuromuscular coordination is a key mechanism
underlying improvements in peak force and plays a
critical role in understanding how resistance training
contributes to enhanced athletic performance [59-61].

Peak torque refers to the maximum torque (moment
of force) that a muscle or joint can generate during a
specific movement or motion [62]. Multiple studies
have demonstrated that increased peak torque is
closely associated with enhanced explosive power and
neuromuscular coordination during jumping tasks.
Study reported that peak torque measured at 120°/s was
significantly correlated (r=0.82, p<0.01) with vertical
jump height, indicating that faster muscle contraction
speeds promote neural adaptations that enhance strength
output [6]. Compared to 60°/s, 120°/s velocity induces
faster muscle contraction, which improves explosive
power by enabling more effective utilization of stored
elastic energy during jumps [63]. This mechanism relies
on better control of movement trajectories during
complex athletic tasks [64].

Isokinetic resistance training enhances muscle strength
and coordination by increasing peak torque, thereby
improving high jump performance. For instance, a ran-
domized controlled trial showed a significant increase
in peak torque and vertical jump height (p<0.05) [65].
Neural adaptations also play a crucial role; studies using
electromyography (EMG) have documented increased
muscle activation levels following isokinetic training pro-
tocols, alongside morphological changes such as muscle
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hypertrophy and fiber-type transitions [66]. Addition-
ally, later-stage neural adaptations, including improved
motor unit recruitment and synchronization, have been
observed, which are critical for optimizing explosive
power and coordination in complex movements like
high jumping [67, 68]. Collectively, these findings pro-
vide robust evidence that isokinetic resistance training-
induced increases in peak torque are underpinned by
both mechanical and neural adaptations, which together
enhance athletic explosive performance.

The rate of force development refers to the speed at
which force is produced within a unit of time, reflect-
ing the rate of change in the muscle’s ability to gener-
ate force from the onset of exertion to the attainment of
peak force. It is typically expressed in newtons per sec-
ond (N/s). It represents the neuromuscular system’s abil-
ity to produce force rapidly over a short period, serving
as an essential indicator for assessing explosive strength
characteristics [41]. The study suggested that although
the athletes altered their jumping technique by increasing
the amplitude of the eccentric phase, this adjustment did
not result in a significant enhancement of RFD during the
concentric phase [27]. Previous research has discussed
the negative correlation between the eccentric utilisa-
tion ratio and RFD during countermovement jumps. This
suggests that although athletes may attempt to enhance
power output through technical adjustments, such as
increasing the amplitude of the eccentric phase, these
modifications do not necessarily result in significant
improvements in concentric RFD. This conclusion is con-
sistent with the study mentioned above, which reported a
trend towards increased RFD following peak power train-
ing in long jump athletes, yet without achieving statistical
significance, suggesting that the technical changes dur-
ing the eccentric phase were not effectively transferred to
force production during the concentric phase [69].

This review examines the effect of power and speed-
related indicators on jumping performance. Peak power
and peak velocity are key indicators of athletic perfor-
mance in sports physiology and training. Researchers
have indicated that peak power is the maximum value of
the product of force and velocity at a specific moment
during the entire movement, which directly enhances
athletes’performance in explosive movements [7, 14].
Increasing peak power enables athletes to generate greater
explosive force quickly, which is crucial for jumping
events [19]. A combined training approach that integrates
strength, explosive power, and speed training is the opti-
mal strategy for increasing peak power. Research shows
that combined training improves an athlete’s strength,
speed, and explosive power simultaneously, maximising
peak power [15, 45]. Combined training can effectively
utilize the post-activation potentiation (PAP) effect to
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enhance muscle strength and contraction speed, thereby
increasing power output. The underlying mechanism is
that after high-intensity resistance training, the neuro-
muscular system enters a highly excited state, improving
motor unit recruitment efficiency, particularly enhancing
the activation capacity of fast-twitch muscle fibers.
Meanwhile, the sensitivity of muscle fibers to calcium
ions increases, facilitating a stronger muscular contraction
response. In addition, the heightened excitability of the
central nervous system contributes to faster muscle
contraction and improved movement coordination.
Through this series of physiological regulatory processes,
combined training significantly enhances both force and
velocity output in explosive movements, thereby effectively
improving overall power performance [27, 45, 70, 71].
Additionally, research indicates a significant positive
correlation between peak power and jump performance
[72]. During a jump, athletes must generate sufficient
force quickly to overcome gravity and complete the
leap effectively. Increasing peak power is key to achiev-
ing this [63]. Therefore, improving an athlete’s maximal
strength and contraction speed through resistance train-
ing increases power output, significantly enhancing jump
explosiveness and effectiveness. Other speed-related
indicators, such as approach speed and timed single-
foot jumps, also improve with resistance training inter-
ventions. Increasing speed helps athletes generate more
momentum during the approach phase, resulting in a
more decisive thrust at takeoff. This has been verified,
particularly in the long and triple jump [15, 19, 32].

Discussion on resistance training for kinematic indicators

Five studies evaluated jump height and reported signifi-
cant improvements following resistance training, indicat-
ing that resistance training has a pronounced effect on
enhancing jump performance [1, 3, 27, 29, 30]. The het-
erogeneity among these studies was low. The absence of
heterogeneity (I?=0%) further strengthens the reliability
and consistency of this finding across the included stud-
ies. These consistent results across diverse contexts not
only support the generalizability of the findings but also
underscore the foundational role of resistance training in
sports performance enhancement programs designed to
improve vertical power. This study included five studies
on the effects of resistance training on jump height, con-
sisting of two RCTs [1, 28] and three non-RCT studies [3,
30, 31]. According to the RoB-2 and ROBINS-I tools, all
four studies were assessed as having a low risk [1, 3, 28,
30]. The overall findings of these studies reported statis-
tically significant positive effects, with 95% confidence
intervals not crossing zero (SMD of 1.67 [0.40, 2.95] [1],
1.52 [0.55, 2.49] [3] and 1.12 [0.04, 2.20] [3], indicating
that resistance training, including plyometric training
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[3, 28, 30] and barbell-loaded jumps [1] can significantly
enhance jump height. Thus, the primary conclusion of this
study on jump height largely relies on the evidence pro-
vided by high-quality studies, which strengthens the con-
clusion’s robustness and reliability. Previous research has
found that plyometric training has significantly improved
strength, power, and jump performance [65].

Furthermore, the study pointed out that plyometric
jump training protocols can effectively improve vertical
jump height [73], further confirming the effectiveness of
plyometric training in improving jump performance. As
a form of resistance training, barbell-loaded jumps apply
additional load during the jump, increasing the external
resistance that athletes must overcome during actual
work. Research showed that when load centralisation is
effectively performed during weighted jumps, peak jump
power can be improved within a specific load range,
increasing vertical jump height [74].

Moreover, the dual stimulation of muscle fibres and the
nervous system from weighted jump training can promote
simultaneous improvements in the agility and strength
of muscles to counter external weight during long-term
training [74]. In contrast, although both the non-RCT
study [30] and the RCT study [28] are of high quality,
their effect size confidence intervals cross zero. Notably,
only one study [30], which included female participants,
had the lowest lower bound of the 95% confidence inter-
val compared to all other studies. This may be related to
the participantsgender, as research has indicated that the
improvement in jump performance after resistance train-
ing is lower in females than in males [75]. Overall, RCTs
provide high-confidence causal inferences, while non-
RCTs reflect the broad applicability and diversity of real-
world intervention effects. All studies were rated as low
risk, which enhances the credibility of the findings, with a
consistent and significant positive effect forming a stable
foundation for the conclusion.

Furthermore, this study identified that among resist-
ance training modalities aimed at improving jump height,
barbell jump training exhibited a larger effect size than
traditional plyometric training. Specifically, the maxi-
mum effect size for plyometric training was 1.52, whereas
that for barbell jump training reached 1.67 [1]. Both
interventions were associated with substantial improve-
ments in jump performance.

From a mechanistic perspective, plyometric training
primarily enhances explosive strength and neuromuscu-
lar coordination by stimulating the stretch—shortening
cycle (SSC). During the rapid transition from eccentric
(lengthening) to concentric (shortening) contraction,
the elastic energy stored in muscles and tendons can be
released. The effective utilization of the SSC improves the
efficiency and speed of muscle contraction. In addition,
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SSC-based training can increase the excitability of
a-motor neurons and enhance the responsiveness of
motor units, thereby optimizing the synchronization and
coordination of muscle contractions [76, 77].

Barbell jump training, on the other hand, combines SSC
activation with external loading, thereby increasing muscle
tension and the recruitment level of motor units. Studies
have shown that external resistance can significantly enhance
the activation rate of high-threshold motor units, particularly
fast-twitch fibers, and improve the nervous system’s control
over muscular force output. Compared with traditional plyo-
metric training, barbell jumps provide a more potent stimu-
lus to neural drive, effectively improving the overall output
efficiency of the neuromuscular system [78, 79]. Therefore,
barbell jump training can elicit a stronger neural drive, that
is, faster and more intense signaling from the central nervous
system to the muscles, and more effectively convert strength
into speed, producing more significant improvements in
explosive, high-velocity, lower-limb coordination tasks, such
as jumping movements [80].

It is essential to note that one study included in this
review involved an international-level high jumper [31].
Due to its limited generalizability, it was classified as a
case study. Furthermore, as the mean and standard devia-
tion could not be computed from a single competition,
this study was excluded from the effect size synthesis.
In this case, the training approach primarily included
strength and hopping exercises, supplemented by hurdle
drills, resulting in an average jump height of 2.23 m and
average placements within the top two across eight inter-
national competitions.

Four studies assessed jump distance using parameters
such as the standing long jump, standing triple jump,
long jump, broad jump, and five-bound jump. The effect
size (SMD=1.67) was considered moderate, indicat-
ing that resistance training had a significant promoting
effect on improving horizontal jump distance, with low
heterogeneity observed. The absence of heterogeneity
(I’=38%) further strengthens the reliability and con-
sistency of this finding across the included studies [3,
28, 29, 32]. The studies included in this analysis encom-
passed diverse athletic backgrounds and varying resist-
ance training interventions. Despite such variability, a
consistently positive effect was observed. An I* value
of 38% indicates low heterogeneity among the included
studies, remaining within an acceptable range and thus
reflecting the robustness of the pooled results. This rela-
tively low heterogeneity further enhances the credibility
of the findings, suggesting that resistance training con-
sistently yields beneficial outcomes across different par-
ticipant populations and intervention designs. Moreover,
jump distance is a key indicator of lower-limb explo-
sive strength and technical coordination. The observed
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improvements in this parameter suggest that resistance
training effectively enhances athletes’ horizontal propul-
sion capabilities and overall performance, particularly in
disciplines such as long jump, triple jump, and compos-
ite physical fitness assessments. Taken together, these
results reinforce the fundamental role of resistance train-
ing in enhancing athletic performance and provide solid
evidence to inform the development of evidence-based
training programmes.

Furthermore, this study identified that among three
resistance training modalities aimed at improving jump
distance, plyometric training was less effective than both
barbell jump training and sprint-integrated jump train-
ing. Specifically, the maximum effect size for plyometric
training was 1.83, slightly lower than that for sprint-inte-
grated jump training (1.87), and markedly lower than
the maximum effect size observed for loaded deep squat
training (4.91) [1]. All three modalities made meaningful
contributions to performance enhancement.

From a mechanistic perspective, plyometric train-
ing enhances neuromuscular reactivity and explosive
strength by activating the stretch—shortening cycle. The
SSC mechanism improves the efficiency of the transition
from eccentric to concentric muscle contraction, thereby
enhancing muscle reactivity and the utilization of elastic
potential energy, which in turn improves jumping per-
formance. However, due to the lack of significant exter-
nal load stimulation, plyometric training has relatively
limited effects on the improvement of maximal strength
and lower-limb rate of force development. Therefore,
although plyometric training effectively improves move-
ment speed and reactive explosiveness, its contribution
to the development of foundational strength and the effi-
ciency of strength transfer is relatively weak [60, 81-83].

Combining sprint-jump training on this basis can
further enhance running speed during the approach
phase and optimize the transfer of strength at take-off,
particularly by improving the recruitment efficiency of
lower-limb type II muscle fibres and strengthening the
nervous system’s adaptability to high-speed contrac-
tions. Studies have shown that sprint-jump training
helps strengthen the synergistic force production of
the lower-limb neuromuscular system, improve motor
unit synchronization and reaction speed, and effectively
enhance horizontal propulsion capability, which plays a
significant role in improving performance in horizontal
jumping events [84, 85].

In contrast, loaded squat training, through sustained
high-intensity external load stimulation, significantly
enhances the muscular strength and neural drive
capacity of lower-limb extensors (such as the quadriceps,
gluteus maximus, and hamstrings). This training method
can activate high-threshold motor units, improve the
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recruitment capacity of the neuromuscular system, and
increase the frequency of action potentials, thereby
contributing to the enhancement of lower-limb maximal
strength and explosive strength. Moreover, long-term
squat training can induce adaptive structural changes in
muscles (e.g., hypertrophy), providing a solid foundation
for force output during jumping movements and
demonstrating its excellent training effects in improving
jump distance [86-88].

In summary, although plyometric training and sprint-
jump training each have unique value in improving
movement speed, reactivity, and technical execution,
loaded squat training, as a high-load resistance training
method, shows more significant effects in enhancing
athletes'foundational strength, neuromuscular control,
and force output capacity. These findings underscore
the pivotal role of foundational strength development in
enhancing horizontal jumping performance, suggesting
that it should form a key foundation in designing training
programs for jumping events.

Additionally, three studies investigated speed-related
parameters: approach speed, timed single-foot jump,
and peak velocity [3, 28, 29]. All results showed signifi-
cant improvements after resistance training. One study
reported a substantial increase in cruising angle [29].
The cruising angle: It is the angle confined between the
intersection of the straight line connecting the center
of gravity of the body at the moment of leaving the
board with the horizontal line parallel to the ground
and towards the front. It is measured in degrees [29].
Previous studies have shown that this angle is a criti-
cal determinant of performance, as it reflects the bal-
ance between vertical lift and horizontal velocity during
take-off [89, 90]. An optimal cruising angle enables effi-
cient conversion of approach speed into flight distance,
maximizing horizontal displacement while minimiz-
ing excessive vertical motion [90]. Seven eligible stud-
ies were included to examine the effects of resistance
training on jump height, which involved male or mixed-
gender participants. All reported statistically significant
effects. However, this also indicates that the primary
conclusions rely considerably on non-RCTs with mod-
erate methodological quality and relatively weaker study
designs [29, 32].

The effect size of one low-risk RCT study [28] was
notably smaller than that observed in most moderate-
quality non-RCT studies. It is worth noting that the
participants in this study were elite athletes with expe-
rience competing internationally. Previous studies have
suggested that elite athletes, due to their performance
levels approaching the ceiling of training potential,
have limited room for improvement and, thus, may
exhibit smaller training responses than amateur or
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semi-professional participants. This finding indirectly
highlights the important moderating role of athletic
level in the effectiveness of training interventions [91].
In addition, two non-significant results were obtained
in one study [3], which employed the five-bound jump
as the testing method. This test differs from the standing
long jump, long jump, and triple jump tests used in other
studies. The five-bound jump demands greater coordina-
tion and rhythmic movement, which may limit its sen-
sitivity in detecting improvements in pure strength or
explosive power [92, 93]. Therefore, the lack of statisti-
cal significance in these results may not entirely reflect
the ineffectiveness of training interventions, but rather
the misalignment between the testing method and the
targeted training outcomes. Previous studies have indi-
cated that the five-bound jump test is a skill that highly
depends on overall coordination and rhythm control. Its
performance is influenced by direct factors such as mus-
cular strength, explosive power, and indirect variables
including stride consistency, movement coordination,
and technical execution [94, 95].

In contrast to assessments like the standing long
jump or vertical jump, which focus on measuring pure
muscular strength or explosive capacity, the five-bound
jump consists of a more extended movement sequence
and requires multiple consecutive take-offs. Therefore,
its performance is more strongly associated with the
athlete’s ability to control complex motor patterns [96].
This implies that although training interventions may
significantly enhance instantaneous muscular force
output and explosive performance, the five-bound jump
test may not fully capture such improvements. The test’s
emphasis on technical execution and rhythm increases
the threshold for detecting improvements limited to
strength or power capacities [94, 96].

In summary, although numerous studies support the
positive effect of resistance training on jump perfor-
mance, the current body of evidence remains derived
mainly from studies with moderate methodological qual-
ity and relatively limited experimental rigour. Further-
more, the effectiveness of interventions may be affected
by multiple variables, such as participant sex distribution,
training experience, and the specific performance assess-
ment tools utilised. Therefore, future research should aim
to improve methodological quality, reduce sample het-
erogeneity, and refine measurement protocols. Special
attention should also be given to the training responses of
high-performance athletes, whose adaptations may differ
due to limited room for improvement. These improve-
ments would strengthen the robustness and external
validity of research conclusions.
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Differences in the adaptability of different
resistance training methods

According to this review, pure resistance training,
weight training combined with jump trainingbodyweight
jump training, and jump training combined with sprint
training have become the primary training methods for
improving jumping events in track and field sports. In
jump-specific training, different approaches have distinct
characteristics and varying effects on strength, explosive
power, and performance optimisation. However, each
method has certain limitations, making it essential to
consider their advantages and drawbacks when designing
a comprehensive training program. Pure resistance
training has significantly improved lower limb maximal
strength and relative strength, effectively increasing
muscle cross-sectional area and laying the foundation
for explosive power development, as well as enhancing
movement efficiency [7, 97, 98]. However, pure resistance
training alone has limited direct benefits for speed-
strength conversion and lacks sport specificity, making
it more suitable for beginners who require fundamental
strength development [28, 69].

Resistance training combined with other training
methods can optimise the conversion effect. For example,
combining resistance training with jump training
can simultaneously enhance maximum strength and
explosive power, thereby improving jump height and
distance. It also optimises neuromuscular adaptations,
increasing motor unit recruitment efficiency and making
this training approach more specific to jumping events
[99, 100]. Bodyweight jump training can directly improve
take-off speed and movement efficiency, enhance
jumping ability, and optimise speed, coordination,
and rhythm control, making it suitable for beginners
or athletes aiming to refine their jumping technique
[29, 101]. However, this method lacks an external load
stimulus, has limited effects on maximal strength
development, and provides only minor improvements for
athletes with a strong foundation in strength [100, 102].
Jump training combined with sprint training can improve
speed-strength conversion, optimise approach run
quality, and enhance the fast-twitch fibres recruitment of
the lower limbs, making it particularly beneficial for long
jump and triple jump athletes [103, 104]. However, this
training method requires a solid technical foundation; if
an athlete’s technique is underdeveloped, it may lead to
compensatory movements or an increased risk of injury
[105]. Table 3 Comparison of Training Methods: Utility,
Benefits, Limitations, and Recommendations presents
a comparison of various training methods, highlighting
their utility, benefits, limitations, and the recommended
athlete profiles for each approach.



Rong et al. BMC Sports Science, Medicine and Rehabilitation

(2025) 17:210

Table 3 Comparison of Training Methods: Utility, Benefits, Limitations, and Recommendations
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Training Method Utility

Benefits

Limitations

Recommended For

Pure Resistance Training Develop fundamental

strength

Resistance+Jump Training  Strength-power integration

Bodyweight Jump Training  Technique refinement

and coordination

Jump + Sprint Training Speed-strength conversion

for event specificity

Increases maximal

and relative strength;
enhances muscle cross-
sectional area

Enhances both maximal
strength and explosive
power; improves
neuromuscular efficiency

Improves take-off speed,
movement efficiency,
coordination, and rhythm
control

Optimizes approach run;
enhances fast-twitch fiber

Limited speed-strength
conversion; low sport
specificity

Requires careful load
management

Limited maximal strength
development; less effective
for advanced athletes

Requires strong
technical foundation;

Beginners; off-season base
building

Intermediate to advanced
athletes; preseason
preparation

Beginners; technique-focused
phases

Elite athletes; in-season fine-
tuning

recruitment

risk of compensatory
movement or injury

Conclusions

This review consolidates the significant effects of
resistance training on kinetic and kinematic indicators
of jump performance, highlighting its critical role in
enhancing athlete performance.

In terms of kinetic indicators, resistance training signifi-
cantly improves athletes’explosive power, take-off force,
and maximal strength. Studies have shown that combin-
ing sprinting and jumping training can increase lower
limb muscle strength, promote explosive power, and thus
improve jump height and distance. Notably, resistance
training is crucial for increasing maximal strength, par-
ticularly in exercises like squat jumps, where improve-
ments in maximal strength are closely associated with
enhanced jump performance. Furthermore, due to adap-
tations in neuromuscular regulation mechanisms, the out-
put of antagonist muscles remains relatively stable, further
supporting the improvement in athletic performance.

In terms of kinematic indicators, resistance train-
ing significantly enhances jump height and distance.
Research indicates that training methods such as plyo-
metric training and barbell jump training are particularly
effective in improving vertical jump height. Plyometric
training boosts explosive power, while barbell jump train-
ing increases muscle strength, promotes higher power
output, and improves kinematic performance. These
findings provide strong evidence supporting the effec-
tiveness of these training methods, especially for elite
athletes and those with some training experience.

However, the research also indicates that gender and
athletic level are essential factors influencing training
outcomes, with females generally showing less improve-
ment in jump performance compared to males. The
review further notes that most existing studies are
based on non-randomized controlled trials (non-RCTs).

Although these non-RCT studies involved highly trained
athletes, future research should incorporate more high-
quality randomised controlled trials (RCTs) to validate
the current conclusions further.

Research limitations

Although this study identified over 1,200 relevant arti-
cles, only 9 met the predetermined inclusion criteria and
were included in the analysis. This relatively small num-
ber of included studies reflects the stringent selection cri-
teria applied during the literature screening process. The
requirements were designed to ensure that the included
studies were experimental research with clear interven-
tion plans, with systematic resistance training as the inter-
vention, aimed at enhancing the neuromuscular power of
athletes in track and field jumping events, and requiring
the reporting of at least one kinematic or kinetic indica-
tor. While this process improved the internal validity of
the studies and reduced methodological heterogeneity, it
also somewhat limited the generalizability of the findings,
specifically excluding studies involving minors, those with
additional pharmacological or nutritional interventions,
studies lacking a clear intervention period, or those that
did not report relevant performance indicators resulted in
a final sample composed mainly of adult competitive-level
athletes, with training content primarily focusing on stand-
ardized resistance training. Therefore, caution is advised
when generalizing the findings to other populations (such
as adolescent athletes), different training strategies, or
broader training practices. Future reviews should consider
expanding the range of populations and intervention types
to enhance the external validity and practical applicabil-
ity of the conclusions. The number of studies included in
this review was relatively small (n=9), which somewhat
limits the robustness and generalizability of the findings.
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Although the strict selection criteria ensured the quality of
the included studies, the limitation in sample size meant
that we were unable to conduct a more extensive analysis
or draw more representative conclusions. Therefore, the
small sample size may have influenced the results, causing
them to be affected by random factors, which in turn affect
their applicability to a broader population.

The heterogeneity in training protocols and outcome
measures across the included studies had a significant
impact on the synthesis of the research findings. Specifi-
cally, there were differences in the design of the training
interventions, primarily in terms of the training methods
used. These factors directly influenced the assessment
of intervention effects, leading to substantial variability
among the study results. Regarding the outcome measures,
the studies included in this review used different measure-
ment conditions, categorized as either competition condi-
tions or experimental conditions. The differences in these
conditions introduced additional heterogeneity into the
results, which may affect our comprehensive understanding
of the intervention effects. Results measured under differ-
ent conditions may differ due to contextual factors, further
increasing the variability between studies. Therefore, future
research should consider conducting more intervention
studies under actual competition conditions to enhance
the external validity of the findings and should also explore
ways to narrow the gap between laboratory-based results
and performance in real-world competition settings.

Another notable limitation is the small number of female
participants in the included studies, which limits the abil-
ity to assess gender-specific responses to strength training
interventions accurately. Given the known physiological
and biomechanical differences between men and women,
this underrepresentation may affect the generalizability of
the findings. However, this also points to a clear direction
for future research. As more high-quality studies incorpo-
rate adequate samples of both genders, the evidence will
become more comprehensive and representative.

In this review, the quality of the included studies was
assessed using the ROB-2 and ROBINS-I tools. The
results showed that one RCT study and three non-RCT
studies were of moderate quality. For the RCT studies,
the primary limitation of the moderate-quality studies
was the imperfect randomization process and the poten-
tial deviation from the intended intervention, which
could lead to bias in the results and affect the accuracy
of the conclusions. For the non-RCT studies, the primary
limitation was bias due to confounding factors. As non-
RCT studies lack randomization, their results are more
susceptible to interference from other potential variables,
which can influence the internal validity of the research.

Additionally, this study only included Chinese and Eng-
lish literature, which helps improve the controllability
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of literature quality and research reproducibility [106].
However, this may still lead to language bias [107]. Pre-
vious study has highlighted that excluding non-English
literature may overestimate the intervention effect or
overlook research evidence from specific regions, thereby
affecting the representativeness and external applicability
of the results [108]. Therefore, future systematic reviews,
resources permitting, are encouraged to expand the lan-
guage scope, particularly by including research from
other representative languages, to enhance the robust-
ness and universality of the conclusions.

Despite the limitations of this review, it still makes a
significant academic contribution to the current body
of research in the field. Firstly, although the number of
studies included is relatively small, this is due to our strict
adherence to clearly defined criteria during the literature
selection process, which ensured that the included
studies had high-quality experimental designs and
intervention plans. While this stringent selection limited
the number of studies included, it ensured the scientific
integrity and internal validity of the analysis, making the
conclusions of this review more credible. Additionally,
despite the heterogeneity in training protocols, sample
sizes, and measurement environments, these differences
underscore the complexity of research in this field and
provide clear directions for future studies. For example,
the heterogeneity between different training protocols
and outcome measures highlights the need for more
unified standards and consistent evaluation methods in
future research, thereby improving the consistency and
comparability of studies.

This review employed standardized methods to calcu-
late effect sizes in non-RCT studies, accounting for pre-
and post-measurement correlations. However, there are
some limitations. Firstly, without a control group in non-
RCT studies, baseline differences between groups cannot
be directly compared, which may affect the effect sizes,
especially if there are significant baseline differences.
While standardized effect sizes were used to minimize
this, caution is needed when interpreting the results.
Secondly, despite standardization, baseline imbalances
and confounding factors could still influence the results.
Future studies could use methods like ANCOVA to con-
trol for these factors. Finally, the variety of non-RCT
designs, such as pre-post comparisons and quasi-experi-
mental designs, may lead to differences in effect size esti-
mates. Readers should consider these design differences
when interpreting the results.

In conclusion, despite the limitations of this review,
stemming primarily from the stringent selection criteria
and existing constraints in the field, it still provides a clear
overview of the research, highlighting the potential and
direction for future studies. This review provides strong
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theoretical support and practical guidance for future
research in this area, enabling researchers to identify key
issues and gaps that still require attention, thereby laying
the groundwork for further academic exploration.

Research and application

Based on the results of this study, resistance training,
particularly plyometric and barbell-loaded jump training,
holds significant applied value in enhancing the kinetic
and kinematic performance of jump athletes. The findings
reveal that resistance training substantially improved key
performance metrics, including peak force, peak power,
rate of force development, and both jump height and dis-
tance. Notably, these improvements were most evident
in the thrust and power output during the jump propul-
sion phase, critical factors in overall jump performance
enhancement. Specifically, plyometric and barbell-loaded
jump training were particularly effective in increasing
vertical jump height, demonstrating that such training
methods significantly enhance explosive strength and
jump performance. Therefore, training programs aimed
at improving jump performance should prioritize these
types of training, carefully considering load and intensity
adjustments to optimize the athletes’training outcomes,
particularly in vertical jump development.

Moreover, the study found that resistance training led to
significant improvements in the thrust and power output
of primary driving muscles (such as the quadriceps and
calf push muscles). However, no significant change was
observed in the maximum torque of antagonist muscles
(such as the knee flexors). This suggests that the neural
adaptations from resistance training primarily target the
primary driving muscles. As such, training interventions
should focus on enhancing the force output of these mus-
cles, with less emphasis on the antagonist muscles. The
study also highlighted that gender differences significantly
improve jump performance, with female athletes showing
a generally smaller performance increase than male ath-
letes. This finding suggests that training programs should
consider gender specific physiological differences, adjust-
ing load and intensity accordingly to achieve optimal
training outcomes. Based on these unique findings, future
research should investigate how fine-tuned load manage-
ment and targeted training can further enhance training
effects for athletes of different genders and muscle group
types, enabling more personalized training strategies to
achieve the best possible results.
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