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Research Purpose: Speed ability is an important determinant of a soccer player’s
competitive performance in a game, and it also affects the athlete’s sports life and
upper limit of competitive level. Power is the core of the soccer player physical
ability construction and its influence on the speed of permeate, confrontation,
technology, endurance and injury prevention and so on each linThe main
objective was to investigate physiological adaptations induced by HIIRS on
soccer-specific speed and power qualities of soccer players.

Research Method: Twenty-five elite soccer players underwent a 12-week jump
rope training program (three 45-min sessions weekly). Participants were
randomly assigned to an, EG (n = 13) performing high-intensity intermittent
rope skipping (75%—-85% HRmax with active intervals at 40%—-70% HRmax) and a
CG (n = 12) maintaining conventional training (75%-85% HRmax), both
monitored via heart rate bands. Pre and post-intervention assessments
included: sprint speed (30-m sprint), reaction speed (Optojump 5-s rapid
frequency test), visual reaction speed (Optojump visual test), change-of-
direction speed (T-test), and explosive power (standing long jump). Data were
analyzed via paired samples T-tests.

Research Results: Research Results. The results of the study found that both
high-intensity interval rope skipping (HIIRS) training and traditional training
significantly improved sprint speed (HIIRS: P < 0.001; Traditional: P = 0.0009),
change of direction speed (HIIRS: P = 0.0103; Traditional:P = 0.0130), and
explosive speed (HIIRS:P = 0.0315; Traditional: P = 0.0002). Additionally, HIIRS
training significantly improved movement speed (P = 0.0405) and visual reaction
speed (P = 0.0441), which were not significantly enhanced by traditional training.
Further, HIIRS training demonstrated superior effectiveness compared to
traditional training specifically forsprint speed (P = 0.0326) and visual reaction
speed (P = 0.0101). This study integrates HIIT principles with rope skipping's
biomechanical SSC action to target neuromuscular adaptations.
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Research Conclusion: This finding enriches the functionality of the sport of
jumping rope and provides an optional training tool for soccer players to
develop their speed qualities.

KEYWORDS

randomized controlled trial, jump rope training, sensitivity, speed, power, stretch
shortening cycle, soccer

Introduction

As a plyometric training tool, rope skipping is a quick rebound
jumping action, foot, knee and hip flexion is very small, if you pay
attention to its muscle action form, then it is a stretch-shortened
cycle action (SSC) (Miyaguchi et al., 2014). SSC is to enhance the
of the Muscle-Tendon Complex (MTC)
Gastrocnemi -Achilles tendon complex under the function of the

muscle  stiffness
extension-reflex mechanism, and realize the combined training of
strength output and muscle extension, so as to improve the muscle
output power and speed quality. The SSC, characterized by rapid
eccentric-concentric muscle transitions, is a fundamental
mechanism for enhancing power output and reactive strength (de
Villarreal et al., 2011). Jump rope training, inherently reliant on SSC
mechanics, has demonstrated efficacy in improving sport-specific
attributes such as vertical jump performance in basketball (Ciacci
and Bartolomei, 2018) by 18%, punching velocity in boxing
(Chottidao et al., 2022) improved 9.2%, and sprint acceleration in
track athletes (Miyaguchi et al., 2015) with 5.3% gains. Notably, the
rhythmic, multi-planar nature of rope skipping closely mimics the
rapid footwork and dynamic balance required in soccer (Trecroci
etal,, 2015). Despite these advantages, existing studies on jump rope
interventions have predominantly focused on isolated performance
metrics rather than its integration with HIIT protocols tailored for
soccer-specific physiological adaptations (Wu and Huang, 2023; de
Villarreal et al., 2011).

Soccer, as a dynamic and intermittent sport, imposes
multifaceted physical demands on players, including repeated
high-intensity actions such as 10-20 m sprints (Sedano et al,
2009) occurring every 90 s, rapid acceleration-deceleration during
dribbling (Ozbar, 2015) with 15-20 directional changes per match,
and unpredictable directional changes (Dolci et al.,, 2021). These
speed-related qualities (e.g., sprinting, reactive agility, and explosive
power) are critical determinants of match performance and have
been directly linked to competitive outcomes (Kabacinski et al.,
2022; Morgan et al., 2022). However, traditional soccer training
programs often prioritize sport-specific drills (e.g., small-sided
games) and linear sprint exercises, which may insufficiently

TABLE 1 Descriptive data of participants (Means + SD).

address the neuromuscular adaptations required for multi-
directional speed and reactive agility.

While HIIT has been extensively validated for improving aerobic
capacity by 12%-15% and anaerobic capacities by 8%-10% in soccer
players (Rabbani et al., 2019), its application through non-traditional
modalities like jump rope remains underexplored. This study addresses
two critical gaps: (1) the lack of evidence on HIIT protocols combining
SSC-based jump rope exercises with soccer-specific speed demands, and
(2) the need for comparative analyses between innovative and
traditional training approaches. We hypothesize that 12 weeks of
high-intensity interval rope skipping (HIIRS) training will elicit
superior improvements in soccer-specific speed qualities particularly
sprint acceleration (>10%), visual reaction time (>15% reduction), and
multi-directional agility (>8% improvement) compared to conventional
training methods.

Collectively, this study seeks to advance the field of soccer-
specific conditioning by:

(1) Establishing HIIRS as a modality synergizing SSC mechanics
(biomechanical basis) with HIIT-driven physiological
adaptations.

(2) Quantifying its comparative efficacy against conventional
methods in enhancing speed qualities.

(3) Providing empirical support for integrating low-cost, versatile

tools like jump ropes into elite soccer training regimens.

Materials and methods
Ethical approval

This study was approved by the Ethics Committee of Chengdu
Physical Education University, with approval number 2023152. The
study followed the requirements of the Helsinki Declaration
(2013 version) and obtained written informed consent from all
participants after fully informing them about the study content.
After the participants were fully informed about the study content,
they agreed to take part in the study.

Subject information entry E.G., (N = 15) CG (N = 115)
Age (year) 19 + 25 1911 0.898
Height (cm) 17823 £ 7.4 177.05 + 8.5 0.712
Weight (kg) 732 + 8.1 74.6 £ 7.5 0.976
Training periods (year) 9.81 £35 93 +27 0.881
Note: E.G., experimental group; CG, control group.
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TABLE 2 Jump rope high intensity interval training program for experimental group.

Practice action Training method

Training load Intermittent time

Close jump Jump with your feet together 75~85%HRmax; 2 min x 2 1 min
Rock jump Swing from side to side with your feet together 75~85%HRmax; 2 min x 2 1 min
High leg jump Jump with your thighs flat 75~85%HRmax; 2 min x 2 1 min
Hop jump Jump with one foot in 75~85%HRmax; 2 min x 2 1 min
Jump on the run Jump on the run 75~85%HRmax; 50 m x 2 1 min

FIGURE 1
Illustrated guidelines for the proper placement of the polar heart

rate monitor and its companion watch.

Subjects

This study was a randomized controlled trail (RCT). This study
used G-power 3.1.9.7 software to calculate the sample size and
analyze the sample size required for the experiment. Analysis
conditions: Effect size f = 0.25, a err prob = 0.05, power (1-Berr
prob) = 0.8, the required sample size is 10 people in the control
group and 10 people in the experimental group, a total of 20 people.

Twenty-five elite male soccer players (age: 19.0 1.5 years) were
recruited from Chengdu Sport University and randomly assigned to
an experimental group (E.G., n = 13) or control group (CG, n = 12)
using computer-generated random numbers (Table 1). Allocation
concealment was ensured by sealing assignments in opaque
envelopes opened by an independent researcher after baseline
assessments. All participants in this study are elite athletes, such
as very few athletes, and from nine different provinces in China.
Thanks for the expert opinion, this is a writing error, has been
revised. The changes are as follows: Recruitment will be completed
by 10 March 2024. The experimental intervention was conducted
from 15 March 2024 to 20 July 2024. The participants met the
following recruitment criteria. Inclusion criteria: @ All participants
underwent strict medical examination before recruitment, ensuring
good health and the absence of chronic lung disease, cardiovascular
disease, and depression. @ All athletes were informed of the
precautions and safety requirements of the experiment and

signed the informed consent form. ® They voluntarily
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FIGURE 2
Parallel foot jump.

participated in this experiment. Exclusion criteria: @ Individuals
with chronic diseases who were taking medication. @ Those unable
to fully participate in the experimental process. ® Those unwilling
to sign the informed consent form. Withdrawal criteria: ® Subjects
in the experimental group who failed to complete more than 90% of
the training sessions. @ Subjects who experienced significant
discomfort with the training content during the experiment. ®
Subjects who took medication that affected vasoconstriction or
vasodilation. The entire process of this experiment and the data
collection site were carried out in the indoor track and field stadium
of Chengdu Sport University.

Design

This study employed a single-blind experimental design to
minimize bias, where both the subjects and the intervention
implementers were blinded to group assignments. Intervention
implementers (trainers) were not blinded due to the nature of
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FIGURE 3
Swing jump.

FIGURE 4
High leg lift jump.

the training modalities. Specifically, participants were not informed
whether they were in the experimental or control group, and the
trainers conducting the sessions were unaware of the study’s
hypotheses and group This

comparisons. blinding was

Frontiers in Bioengineering and Biotechnology

FIGURE 5
Single foot jump.

maintained throughout the 12-week intervention period to ensure
objective data collection.

The training protocol was designed based on validated
methodologies from prior research (Chen and Wu, 2022; Zhao
et al, 2023). The intervention spanned 12 weeks, with both the
experimental group (E.G.) and control group (CG) completing
36 training sessions (three sessions per week) at Chengdu Sport
University. Each session lasted 45 min in total, including warm-up,
main training, and cool-down phases. The training intensity was
rigorously controlled: for the high-intensity intervals, heart rate
(HR) was maintained at 75%-85% of maximum HR (HRmax), while
active recovery intervals targeted 40%-70% HRmax. Heart rate was
continuously monitored in real-time using the Finnish Polar heart
rate band and watch device (Figure 1), with device placement
standardized as per manufacturer guidelines to ensure consistent
data acquisition.

To ensure athlete safety and training fidelity, the Polar heart rate
monitor was observed in real-time during sessions by trained
Athlete fatigue was assessed through on-site
communication and visual checks, with protocols in place to

researchers.

modify or halt training if adverse reactions occurred. Before each
session, all participants (both, E.G., and CG) performed a
standardized 10-min warm-up, comprising muscle activation
(e.g, dynamic stretches), (e.g, light
plyometrics), and stretching exercises to prepare for the
main training.

neural activation

Experimental group (E.G.): A total of 5 distinct plyometric
jump rope exercises were
coordination, footwork, and

soccer (Table 2):

implemented to target agility,

explosive power relevant to
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FIGURE 6
Running jump.

TABLE 3 Traditional speed quality training program for control group.

Practice action

Training method

Training load Intermittent time

Longitudinal jumping exercise Jump up in place 75~85%HRmax; 2 min x 2 1 min
Run back and forth 10-m fast return run 75~85%HRmax; 2 min x 2 1 min
Practice running around obstacles Run around obstacles 75~85%HRmax; 2 min x 2 1 min
Jumping little hurdle training Skip the little hurdle practice 75~85%HRmax; 2 min x 2 1 min
Fast Folding Run Training (15 m) Fast forward and then change direction 75~85%HRmax; 2 min X 2 1 min

(1)
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Parallel Foot Jump (Figure 2): The foundational exercise,
involving consecutive jumps with feet held together,
emphasizing consistent rhythm, vertical explosiveness off
both feet, and soft landings on the balls of the feet.

Swing Jump (Figure 3):This dynamic movement incorporates
a rhythmic lateral shift of the feet from side-to-side with each
rope rotation. It develops agility in changing direction
quickly, weight transfer efficiency, and balance stabilization
during lateral movement.

High Leg Lift Jump (Figure 4):Characterized by exaggeratedly
raising the knees towards the chest during each jump,
alternating legs or sometimes performing with both legs
simultaneously. This action intensely engages the hip
flexors, core stabilizers, and improves running mechanics
and knee drive crucial for sprinting acceleration.

Single Foot Jump (Figure 5):Performed by hopping
continuously on one foot for a specified duration/

05

(5)

repetitions before switching. This isolates and significantly
challenges unilateral leg strength, power, ankle stability, and
proprioception—critical elements for cutting, pivoting, and
single-leg landing control in soccer.

Running Jump (Figure 6):Simulating a running motion while
jumping rope, where the feet alternate in a quick, low-
amplitude “running” pattern beneath the rope. This drill
specifically enhances foot speed, coordination under
fatigue, anaerobic capacity, and replicates the rhythmic

foot cadence needed during soccer-specific movements.

Control group (CG): Traditional moderate-intensity continuous

training (MICT) involved 45-min sessions of steady-state cycling at
65%-70% HRmax. According to the training opinions of professional
soccer coaches and relevant literature, the traditional soccer speed training
content is adopted. There are five exercises rope ladder training, jumping
small hurdle training, core strength training. (Table 3).
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This design ensured that both groups received equivalent
training volume and intensity, with differences solely in the
modality (rope skipping vs traditional drills). The 12-week
selected based on evidence that functional

speed qualities typically ~manifest
8-12 weeks of targeted training.

duration was

adaptations  in within

Measures

There was no change in the outcome indicators selected before
and after the experiment, and the pre-test indicators were exactly the
same as the post-test indicators.

Sprint speed

The sprinting quality was tested by the 30-m run test using
dual-beam infrared timing gates (Brower Timing Systems,
United States of America; accuracy: £0.01 s). The test was
conducted on an indoor synthetic track (Mondo, Italy) under
controlled environmental conditions (temperature: 22°C + 1°C;
humidity: 55% + 5%). Timing gates were positioned at 0 m and
30 m. The subjects were required to start standing and run for
two tests with 3 min rest between trials. The best result was taken
as the final data analysis. Previous studies have proved that the
30-m run is highly reliable for assessing athletes’ sprint speed
(Hicks et al., 2022).

Action speed

The Optojump Next system (Microgate, Italy; sampling rate:
1,000 Hz) was used for the 5-s rapid frequency test. Participants
stood with feet shoulder-width optical
measurement corridor (length: 1 m). When the “go” command

apart within the

was heard, participants performed maximal alternate foot taps to
collect pace data (cycles/second). Two tests were carried out with 90-
s recovery, and the best result was taken as the final analysis result.
The reliability of this test has been demonstrated in previous studies
(Hanley and Tucker, 2019).

Reaction speed (visual)

Visual reaction time was measured using the Optojump Next
reaction module (Microgate, Italy) with integrated force plates
(accuracy: £5 N). The participant placed the dominant foot in the
test area (30 x 30 cm active zone) and focused on the stimulus
screen positioned at eye level 1 m ahead. When the “red ball”
changed to “green ball”, the test foot quickly performed the
stomping action. Reaction time (ms) was recorded from
stimulus onset to ground contact force >20 N. Two tests were
carried out with randomized stimulus intervals (2-5 s), and the
optimal value was taken as the final analysis data. The usefulness
of visual reaction speed tests has been applied to soccer projects
(Bartels et al., 2016).
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Velocity of changing direction

The T-test was administered using a standardized 10 x 10 m
course marked with high-visibility cones. Performance was timed
using a wireless timing system (Brower Timing Systems,
United States of America; accuracy: #0.01 s) with gates at the
start/finish point. The T-test assesses an athlete’s ability to
accelerate, decelerate, change direction, and control their body.
Participants touched each cone base with their hand during the
test. The results can reflect the athletes’ physical coordination and
change-of-direction speed. In measuring change-of-direction speed,
this test has been widely used and its effectiveness has been proven
(Munro and Herrington, 2011).

Explosive speed

The standing long jump test was conducted using a calibrated
jump mat (Swift Performance, Australia; measurement range:
0-4 m; resolution: 1 cm) on a non-slip surface. Participants
stood behind the take-off line with feet parallel and performed a
maximal horizontal jump without preparatory steps. Jump distance
was measured from take-off line to the nearest heel contact point.
Two trials were executed with 2-min recovery, and the longest jump
was retained for analysis. Previous studies have demonstrated the
reliability and validity of this test (Atabas et al., 2020).

Procedure

This study was structured into three distinct phases: the pre-

experimental phase, the experimental phase, and the post-
experimental phase. The experiment was conducted from March
15 to 20 July 2024. During the pre-experimental phase, we recruited
subjects, trained the testers to ensure measurement quality and
standardization, informed participants about the experimental
content, procedures, and timeline, and conducted baseline speed
index assessments. In the experimental phase, both the experimental
group (E.G.,) and the control group (CG) underwent their designated
training interventions while supervised by researchers who monitored
their heart rates. The post-experimental phase involved measuring the
speed index again and performing the final analysis of the collected
experimental data (Figure 7). All participants were instructed to
discontinue participation immediately if they experienced any

adverse reactions during the intervention period.

Statistical methods

Speed and power qualities (sprint, action, reaction, change-of-
direction, explosive speed) were assessed pre- and post-intervention
using standardized tests. Normality assumptions were confirmed for all
variables (p > 0.05, Shapiro-Wilk test). Intra-group comparisons employed
paired t-tests to analyze pre-post differences within each group
(Experimental Group/Control Group), while inter-group differences
were evaluated via one-way ANOVA. All analyses were conducted in
SPSS 23.0, with statistical significance set at a = 0.05 (two-tailed).
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The pre-experimental stage

The experimental stage

The post-experimental stage

s Control group 3 HIIT traditional football speed quality sy s
25 subjects (N=13) | Indicator pre-test —:—p training post-test
i = e i Data
| | =
y Experim ental group y HIIT jump rope rapid contraction : - o g
Experimental | (N=12) —>| Indicator pre-test —| compouad tratting post-test
informed consent
B - £ - 2
Time schedule Week 0 :‘ Week 1-12 | Week 13
FIGURE 7

Experimental procedure diagram.

TABLE 4 Pre-post intervention results for all speed tests (Mean + SD).

Pre-test = Post-test Within group(P) Effect size (Cohen's d) Between-group P (post)

30-m Sprint (s) EG, 455 +0.19 412 +0.14 0.0001++* 2.26 0.0326*
CG 451 +0.14 428 +0.15 0.0009** 161

5-s Frequency (Hz) EG, 330 + 0.46 3.76 + 0.61 0.0405* 0.84 0.5840
CG 348 + 0.31 3.65 + 0.37 0.242 0.49

Visual Reaction (s) EG, 0.39 + 0.04 0.38 +0.05 0.0441* 0.22 0.0101*
CG 041 + 0.02 0.40 + 0.03 0.5897 0.38

T-test (s) EG, 1057 035 | 10.23 % 027 0.0103* 1.08 0.5410
CG 1041 £ 0.22 10.17 £ 0.22 0.0130* 1.09

Standing Jump (cm) ~ EG, | 24692 % 1850 | 261.62 + 13.99 0.0315* 091 0.8440
CG 24325 + 877 | 262.67 + 1227 00002+ 1.95

Note: P < 0.05, **P < 0.01, ***P < 0.001; Effect size (Cohen’s d) calculated as (M_pre - M_post)/SD_pooled.

Result

A total of 25 elite male soccer players completed the 12-week
intervention (E.G.,: n = 13; CG: n = 12), with no dropouts or adverse
events. All results are presented in Table 4, which summarizes pre-
post values, statistical significance, and effect sizes for all speed-
related tests. The enrollment date for this study was 27 March 2024,
and the follow-up time was April 13, May 5, 25 June 2024. There was
no interruption during the experiment. The grouping of pre-test and
post-test was consistent. During the follow-up, we communicated
with the subjects and listened to the changes in the subjects’ feelings
and speed quality after the intuitive experimental training
intervention, so as to consider the compliance of the training
subjects and improve the quality of the experimental intervention
as much as possible.

Sprint speed results

E.G,, significantly improved sprint time (pre: 4.55 + 0.19 s;

post: 4.12 + 0.14 s; P < 0.001, d = 2.26), while CG

Frontiers in Bioengineering and Biotechnology

showed moderate gains (pre: 4.51 + 0.14 s; post: 4.28 £ 0.15 s;
P =0.0009, d = 1.61). Post-intervention, E.G., outperformed CG
(P = 0.0326).

As a result of visualizing the data in Figure 8, there was no
statistically difference between, E.G., (4.55 + 0.19 s) and CG (4.51 +
0.14 s) in the 30 m pre-test performance. However, after 12 weeks of
training, there was a change in the posttest performance of, E.G.,
(4.12 + 0.14) versus CG (4.28 + 0.15), p = 0.0326.

Action speed results

E.G., increased step frequency significantly (pre: 3.30 + 0.46 Hz;
post: 3.76 + 0.61 Hz; P = 0.0405, d = 0.84), whereas CG showed no
significant change (pre: 3.48 + 0.31 Hz; post: 3.65 + 0.37 Hz; P =
0242, d = 049).
significant (P > 0.05).

Figure 9 shows the results of visualizing the data, and there
was no statistically significant difference in the 5-s fast frequency

Intergroup  differences were non-

pre-test performance between the experimental group and the
control group.
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FIGURE 9

Data of action speed before and after the experiment.

Reaction speed (visual) result

E.G., reduced reaction time (pre: 0.39 £ 0.04 s; post: 0.38 + 0.05 s;
P = 0.0441, d = 0.22), while CG exhibited no improvement (pre:
0.41 £0.02 s; post: 0.40 + 0.03 s; P = 0.5897, d = 0.38). E.G., surpassed
CG post-intervention (P = 0.0101).

As a result of visualizing the data in Figure 10, there was no
statistically significant difference in the pre-test scores of reaction
speed between, E.G., and CG.

Velocity of changing direction result

Both groups improved: E.G., (pre: 10.57 + 0.35 s; post: 10.23 +
0.27s; P =0.0103,d = 1.08) and CG (pre: 10.41 £ 0.22 s; post: 10.17 +

Frontiers in Bioengineering and Biotechnology

#+=P<001
#=P<005

e
3
]

ns ns

Time(s)
o
i =
e s s s a gl a3 a3 3 3 39

<
w

N 0 N N
e° A€ e

(6

e’
?’GKQ‘ ?’0&?09 GGKQ‘ GG&QOQ

FIGURE 10
Data of reaction speed (visual) before and after the experiment.
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FIGURE 11
Data of velocity of changing direction before and after the
experiment.

022 s P = 00130, d = with no
differences (P > 0.05).

What is shown in Figure 11 is that there is no significant

1.09), intergroup

difference between the pre-test scores of, E.G., and CG groups,
there is no significant difference in the post-test scores.

Explosive speed result

E.G., (pre: 246.92 + 18.50 cm; post: 261.62 + 13.99 cm; P =
0.0315, d = 0.91) and CG (pre: 243.25 + 8.77 cm; post: 262.67 +
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FIGURE 12
Data of explosive speed result before and after the experiment

12.27 cm; P =0.0002, d = 1.95) significantly increased jump distance,
with comparable gains between groups (P > 0.05).

In Figure 12 it is shown that there is no significant difference
between the pre-test scores of, E.G., and CG and also, there is no
significant difference in the post-test scores.

Discussion

The aim of this study was to examine the impacts of high-
intensity interval rope skipping training and traditional training on
the speed attributes of soccer players, and to conduct a comparative
analysis of the training advantages between the two methods. Rope
skipping was employed as the training modality, with high-intensity
interval training utilized as the prescribed regimen. Elite soccer
players served as the experimental cohort, participating in a 12-week
intervention period. The findings of this study revealed that both
high-intensity interval rope skipping training and traditional
speed
parameters, including, sprint speed, action speed, reaction speed,

training  demonstrated enhancements in  various
change of direction speed, and explosive speed among soccer
players. However, high-intensity interval rope skipping training
exhibited superior

specifically in terms of sprint speed and reaction speed.

effectiveness over traditional training

Comparable data from prior studies support these finding:
(1) Sprint speed:The E.G.’s 9.5% improvement (4.55s-4.12 s)

exceeds the 5.3% gain reported (Miyaguchi et al., 2015) for
track athletes and aligns with Chen and Wu (2022) showing

8.2% enhancement in soccer-specific sprints after
rope training.
(2) Visual reaction speed:The 2.6% reduction in E.G,

(0.39s-0.38 s) surpasses the 1.8% improvement in boxers
(Chottidao et al., 2022) and contrasts with traditional soccer
drills showing minimal change (Spierer et al., 2011).
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(3) Change-of-direction: Both groups improved 3.2% (E.G.;
10.57s-10.23 s; CG:10.41s-10.17 ), with
Trecroci et al. (2015) reporting 3.5% gains after jump rope

consistent

interventions but lower than plyometric training (Negra
et al., 2020).

Precise interpretations of key outcomes: Superior sprint/
reaction gains with HIIRS: The significantly greater improvement
in sprint speed (P = 0.0326) and visual reaction speed (P = 0.0101)
in, E.G., versus CG likely stems from the combined neuromuscular
effects of SSC mechanics and HIIT-induced anaerobic adaptation.
The rapid eccentric-concentric transitions inherent to rope skipping
are theorized to enhance muscle-tendon stiffness (de Villarreal et al.,
2011), while the high-intensity intervals (75%-85% HRmax) are
likely to optimize neural drive for explosive actions-potential
synergies less prominent in traditional drills. Action speed
specificity:The non-significant intergroup difference in action
speed (E.G.:+14% vs. CG: +4.9%, P > 0.05) may reflect task-
specific adaptation. The Optojump 5-s test’s alternating foot taps
closely mimic rope skipping kinematics, explaining, E.G.’s
larger gains.

Combining HIIRS with small-sided games (SSGs) could merge
the SSC benefits of jump rope with sport-specific cognitive demands.
For example, integrating HIIRS intervals (e.g., 2-min high-intensity
skipping) with SSG phases (e.g.,3v3 drills) may enhance both
reactive agility (15%-20% improvement) and tactical decision-
making “Our findings suggest that the limitations of traditional
(e.g.,
adaptations for multi-directional agility) can be addressed

soccer training programs insufficient neuromuscular

through innovative adaptations of HIIRS:

(1) Hybrid Training Protocols: Combining HIIRS with small-
sided games (SSGs) could merge the SSC benefits of jump
rope with sport-specific cognitive demands (Markovic et al.,
2007; Halouani et al., 2014). For example, integrating HITRS
intervals (e.g., 2-min high-intensity skipping) with SSG
phases (e.g., 3v3 drills) may enhance both reactive agility
and tactical decision-making.

(2) Directional Variability: Modifying HIIRS to include lateral
jumps, backward skips, or 45° cutting motions could better
replicate soccer-specific movement patterns, addressing the
current lack of multi-planar training stimuli.

(3) Biomechanical Feedback Systems: Embedding wearable
sensors (e.g., inertial measurement units) in jump ropes
could quantify ground reaction forces and provide real-
time feedback on jump mechanics, enabling personalized
load adjustments based on individual neuromuscular
profiles (Glazier, 2021).

This study marks the inaugural identification of the efficacy of
high-intensity interval rope skipping training in enhancing these
speed attributes among elite soccer players. The results of this study
also corroborate the hypothesis formulated at the beginning of the
study. This study is the first to demonstrate the efficacy of HIIRS in
improving  soccer-specific speed qualities. The observed
improvements, particularly in sprint acceleration (P = 0.0001),
may be underpinned by the theoretical synergy of two key

mechanisms:SSC  Mechanics: The rapid eccentric-concentric
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transitions characteristic of jump rope training are associated with
enhanced muscle-tendon stiffness and power output in prior
research (de Villarreal et al, 2011). HIIT Principles: The
intermittent nature of HIIRS (75%-85% HRmax) is designed to
optimize anaerobic capacity while managing neuromuscular fatigue,
a balance potentially challenging to achieve with conventional
continuous sprint drills. Unlike traditional methods (e.g., ladder
drills), HIIRS inherently incorporates dynamic balance and multi-
planar footwork, closely mimicking soccer’s unpredictable directional
changes. The significant improvement in visual reaction speed (P =
0.0441) further highlights its dual role in enhancing both physiological
and perceptual-cognitive performance—a novel contribution to soccer-
specific conditioning. The results of this study provide evidence for the
application of jump rope training to enhance the speed qualities of
soccer players.

Through 12 weeks of training, both the, E.G., and CG showed
significant improvements in sprinting qualities, a finding that
supports previous literature that training with rope skipping
improves athletes” lower limb joint strength and thus sprinting
speed (Chen and Wu, 2022; Chottidao et al, 2022; Shi et al.,
2023). Surprisingly, under the same conditions of 85% HRmax,
rest interval (40%-70% HRmax), rope skipping training was more
effective than traditional training, and after combing the literature,
no similar findings were found, which enriches the means of speed
training for soccer players.

Speed of action is critical to soccer players’ performance in
competition (Knoop et al., 2013; Diez et al,, 2021). In this study,
movement speed was significantly increased after 12 weeks of rope
skipping training, however, although there was an increase in action
speed in the traditional training group, there was no significant
difference in the improvement. What is unique about this study
compared to previous studies (Requena et al., 2009; Sohnlein et al.,
2014; Zhang et al., 2023) is that jump rope training had a greater
impact on action speed than traditional training. This may be related
to the similarities between the action patterns of jump rope training
and the action patterns of the 5-s fast frequency test.

As previously documented in various studies (Spierer et al.,
2011; Song et al., 2019; Zouhal et al., 2019), the enhancement of
visual reaction speed in athletes necessitates the implementation
of training methods such as visual stimulation training and
neuromuscular training and so on. However, the present
study’s findings on the enhancement of visual reaction speed
through high-intensity intermittent rope skipping training
diverge from those of previous studies. One potential
this that the
concentration required to complete the designated movements
in rope skipping indirectly exercises the visual reaction speed of
athletes (Coleman et al., 2018; Woodard et al., 2021; Yamashita
and Yamamoto, 2021). Furthermore, high-intensity interval

explanation for discrepancy is attention

training with a rope skipping exercise is more effective than
traditional training in improving reaction speed. This finding
further enhances the functional capabilities of rope skipping.
The ability to change direction at speed is an essential skill in
soccer (Los Arcos et al.,, 2020; Dolci et al,, 2021). Players are
frequently required to alter their direction, accelerate and
decelerate during a game (Morgan et al., 2022). The T-run is a
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test of an athlete’s ability to adjust their pace during acceleration
and deceleration, change direction, and control their body when
moving forward, backward, and horizontally (Fessi et al., 2018).
It is a widely used test in competitive sports (Negra et al., 2020;
Fogha et al., 2023). The results of this study indicate that there
was a significant change in change of direction speed among
soccer players who engaged in both high-intensity interval rope
skipping training and traditional training. This suggests that rope
skipping training has a comparable effect to traditional training.
Nevertheless, this finding is at odds with previous research
findings (Ozer et al., 2011; Formenti et al., 2021; Singh et al,,
2022). This discrepancy may be attributed to the differing effects
observed under varying training load requirements (Trecroci
2015). Although it difficult to explain this
contradictory result, we recognize that high-intensity jump

et al, is
rope interval training at 85% HRmax, rest interval 40%-70%
HRmax enhances change-of-direction speed in soccer players.

In several previous studies, researchers have employed a variety
of training techniques to enhance the lower extremity explosiveness
of athletes. For instance, the lower limb explosive power of soccer
and tennis players was augmented by augmentative training
(Gherghel et al., 2021), while the lower limb explosive power of
rugby players was enhanced by 12-week isometric squats (Tillin
et al,, 2013). The results of our study indicate that high-intensity
interval jump rope training has a positive effect on lower extremity
explosiveness, comparable to that observed with traditional training.
Previous studies have not found that jumping rope enhances lower
extremity explosiveness in athletes (Singh et al., 2022). This study
provides athletes and coaches with additional training tools to
improve lower limb explosive power.

It is important to consider the methodological limitations of our
study. The sample size was relatively small, and the subjects were
exclusively male soccer players. This limits the generalizability of the
findings, as the results may not be applicable to other populations.
The experiment employed 25 elite athletes from the soccer academy
of Chengdu Sports University as subjects.

The practical value of this research lies in providing a cost-
effective, space-efficient training modality that simultaneously
enhances multiple soccer-specific speed qualities. Our HIIRS
protocol (3 sessions/week) can be readily implemented:

(1) Training Accessibility: Requires only jump ropes, making it
feasible for resource-limited settings (e.g., youth academies,
developing regions).

(2) Periodization Integration: Pre-season: 3 weekly sessions to
build neuromuscular foundations (e.g., paired with tactical
drills); In-season: Reduce to 1-2 maintenance sessions/week
(10-15 min) during tactical-focused phases; Peak phases:
Replace traditional plyometrics with HIIRS to minimize
lower-limb impact while preserving speed gains; Efficiency
Rationale: The 72-h recovery window between sessions aligns
with SSC training supercompensation principles, allowing
concurrent technical training without overloading. This
protocol offers coaches a scientifically validated tool to
address speed deficits without disrupting team training
macrocycles.
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Conclusion

This study provides the first evidence linking HIIRS training
with improvements in soccer-specific speed qualities. The observed
gains in sprint acceleration, reaction time, and agility suggest that
HIIRS is an effective training modality. The rapid eccentric-
concentric transitions inherent to rope skipping (SSC action) and
the application of HIIT principles represent plausible mechanisms,
supported by prior biomechanical and physiological research, that
may explain its effectiveness in enhancing explosive power and
anaerobic capacity relevant to soccer demands. Furthermore, the
dynamic footwork and visual attention required during HIIRS
appear to concurrently benefit reactive agility and decision-
making speed, addressing limitations often associated with
traditional linear sprint training. These findings establish HIIRS
as a practically effective modality that potentially integrates SSC
mechanics with HIIT principles, offering a novel framework for
soccer-specific conditioning.

Limitation

The study enrolled a limited sample of 25 elite soccer players
(13 in the experimental group, 12 in the control group), which
inherently restricts the generalizability of findings. Such a small
sample may fail to capture the variability of broader populations,
potentially leading to biased extrapolation of results. All participants
were male soccer players, introducing a demographic limitation. The
findings may not be generalizable to female athletes or athletes from
other sports disciplines, as physiological characteristics and training
demands vary significantly across populations. With a 12-week
intervention period, the study may have insufficient follow-up to
assess long-term effects. Prolonged intervention periods are needed
to observe sustained outcomes and potential delayed physiological
adaptations.

Prospect

Further research on rope skipping training: Studies have shown
that HIITRS can improve the speed of soccer players, especially in
terms of sprint speed and reaction speed. Future research can further
explore the effects of rope skipping training in different training
cycles, different intensities, and when combined with other training
methods. The results of the study showed that high-intensity interval
rope jumping training was more effective in improving sprint speed
and visual reaction speed compared with traditional training
methods. Future research can further compare the effects of HIIT
with other training methods such as small-field competition training
to determine the best training combination.
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